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Preface
One of the most pressing topics within the realm ofeducational reform is
that of assessment. How can we find out what students know, how well
teachers teach, whether our schools work, if New York is doing as well in
its reform as Maryland, or whether the performance ofU.S. students still
lags behind that of students in Korea? In fact, "How well are our students
doing?" seems to be discussed more than "What should students know or
be able to do?"

Some policymakers have used the data thatassessments provide to argue
for reform. Educatice in science is "high-stakes" when our economy is
increasingly dominated by science and technology. Others dismiss the
message that such testing brings because the details are garbled and
implications unclear. But the central theme remains: by almost any stand-
ard that has been used in assessing science learning in the United States,
U.S. students do not measure up, and the implications for the nation are
Om. On the other hand, if curriculum and teaching are to improve, new
and more effective ways to assess student learning are needed. The central
message of this volume on assessment in the service of reform is that there
should be some basic givens, whatever system of assessment is used. At a
minimum, the system should be free of bias; it should reflect what is being
taught and give us information to improve classroom instruction, to diag-
nose problems, and to identify misconceptions of individual students; it
should provide a measurement of the effectiveness of a teacher or a
curriculum; and, finally, it should reflect what shouldbe valued and taught
about science as both a body of knowledge and a method for discovering
new knowledge. Clearly, those givens have the potential to improve the
science and mathematics curriculum in every school that understands and
heeds the message.

The education reform movement has been driven by assessments. It was
the steady decline of SAT scores and the international comparisons be-
tween the U.S. students and those of other countries that attracted the
attention of legislators and business people. It was the gender and race and
ethnic group differences in scores that compelled the educational commu-
nity to look at differentia) course taVing, uneven treatment of students by
teachers, and bias in placement and grouping. And it has been student
performance on the state-mandated assessments that have maintained the
focus of local school districts on the need for adopting the standards
proposed by science and mathematics educators.

We both know from personal experitnce the difference that assessment
can make in opportunities for students. As high school science and mathe-
matics teachers, we were not prepared to address assessment issues, even
though it was a requirement to assign grades As with most teachers, we
experienced the prevailing pressures such as preparing students to take
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state-mandated standardized tests (even though it interfered with teaching
inquiry and reasoning), or being told not to assigm Rs in certain classes, or
giving department-wide tests. We also experienced students who were
motivated through high expectations, achieving well beyond those who
had been identified as being more capable. And those students who selected
an easier course than they were capable of in order to get a higher grade.

We have spent much of our professional careers worrying about how to
make better distinctions among what students know, what they can do, and
what they are capable of knowing and doing. Too often, early and inaccu-
rate assessments of children's abilities become self-fulfilling prophesies
that limit their opportunity to learn and, later, to contribute as full citizens
in this democracy. Assessment can never be the exclusive domain of
psychometricians, educators, and cognitive researchers. What we find out,
how we find out, and what we come to understand about students all exist
in a larger social and political world that affects what we do with this
knowledge, once acquired.

This volume, which presents papers by assessment and curriculum
specialists, psychologists, researchers, and teachers, is particularly timely.
The theme throughout, assessment in the service of reform, relates curricu-
lum to assessment reforms and both to the structural reforms that must be
made in the educational system of this nation if we are to remain a world
power in the 21st century. We believe this volume will help to inform a
discussion that by its nature is and, in this country, must be politically
based..

Assessment must complement and inform instruction. Readers of this
volume will find much to use immediately in making assessment a tool for
the meaningful reform of school science. But thoughtful readers will also
find meat for many discussions about the future of assessment, and of
science and mathematics education, in the United States. What is needed
is more than a few minor adjustments in our present system. What is needed
is a revolution in outlook that will bring all children the education they
need to realize the American dream.

Gerald Kulm
Professor of Mathematics Education
Texas A&M University

Shirley M. Malcom
Head, Directorate for Education and Human Resources Programs
American Association for the Advancement of Science
July 1991
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Part I

Policy Issues in Science Assessment

Shirley M. Malcom

The publication of A Nation at Risk is viewed by many as signalling the
call to arms for educational reform in the United States. The message was
clearly sent that otr standards had fallen; we needed to regain lost ground
by having our schools work harder, our students work harder, and our
teachers work harder. In science and mathematics the message was clear:
students needed to take more of both subjects. Little was said about what
would comprise more, what outcomes we were looking for, or the need to
reach all students. The states responded to the first wave of mform largely
by increasing the requirements for high school graduation; mostly in the
fields of science and mathematics. The second wave of reform was ushered
in with the publication of A Nation Prepared: Teachers forthe 21 st Ce ntury
by Carnegie Forum on Education and the Economy and A Time for Results
by the National Governors' Association. The arguments here were differ-
ent: the pmblem is not the loss of standards we once had, but rather the
need to meet challenges in education we had never had to face. Focusing
on teachers as key in meeting these new world class standards, the report
argued for increased professionalism for teachers and restructuring for
schools.

In science and mathematics the major reform projects began around the
mid 1980s with a recognition that there needed to be a rethinking of the
goals for teaching and learning in these fields. What did students need to
know and be able to do? What science was worth knowing and what
knowledge, values, and habits of mind regarding science, mathematics,
and technology should characterize a high school graduate in the 21st
century? What sense of mathematics did all students need and what
knowledge and skills in mathematics would allow them to use and apply
mathematics in their lives?

As we go about the task of reinventing schooling in Ammica we realize
that this is not only a conversation for content experts, but a major aspect
of national, state, and local politics. The President of the United States has
declared himself to be the "Education President"; in meetings the 50
governors, who have likewise committed themselves to education reform.
have joined the President in declaring among the reform goals that we

1 _2



2 Policy Issues in Science Assessment

should be first in the world in math and science by the year 2000. Those
who stancd out wanting simply to get the science and math right for what
students will need have ended up in the middle of major league politics.
Clearly, the policy agenda affects the resources available for reform, the
direction of refonn, the purposes of reform, and the targets of reform. Part
One of this volume addresses this agenda, beginning with discussions of
the role of assessmesit in structural reform, control of testing, and equity
issues in assessment. Included among the authors are some of the major
architects and voices wittji the current reform movement Tucker sets the
stage for the discussions ot asv...ssment in the book by explaining how and
why assessment has assumed such a prominent role in the refotm debate.
Marshall connects the economic competitiveness arguments a ma,Or
engine driving reform discussions to concerns fcc equity,t, aking the case
that science and technology have become basics in a knowledge-driven
economy and that assessment allows us to monitor attainment of higher-
order skills by all. Harmon discusses bias in science testing and raises
concerns about the multiple roles assessment has been asked to play. Kuhn
summarizes the discussion of a panel on who should control assessment,
noting the practical, political, pedagogical, and ethical concerns that arise
as the stakes within assessment increase. Together, these papers detail the
major policy issues that must be addressed in the years ahead as this nation
strives to meet the year 2000 goals.

1 3



1

Why Assessment Is Now
Issue Number One

Marc S. Tucker

There is, I think, some mysterious unseen hand that shapes the consensus
in American education. Almost overnight, assessment has become the focal
point of a &eat debate about the purpose, shape, and control of American
education, and it seems more likely than not that, within a decade, the
United Statm will have a national examination system. My purpose in this
chapter is to offer my personal views about how that extraordinary change
happened and what it might mean.

A Nation at Risk

For those of us with a pmfessional interest in American educational policy,
modern history beg* with A Nation at Risk, released in 1983 by the National
Commission mi Excellence in Education? That report did an extraordinary
job of calling the nation to arms, but I consider its analysis to be way off the
mark. In essence, the report stated that the problem with American education
is one of &cline and that the response should be dm restoration of lost
standards. A Nation at Risk recommended a return to the standards that
were considered ideal for those who completed high school and went on
to college during the 1950s. It recommended restoring the Carnet& units

the time on task, as it were for the major core curriculum subjects.
The states reacted immediately by focusing on two areas: minimum

standaids for students and minimum standards for teackrs. By 1985 more
than 22 states had instituted minimum competency standards for student
graduation. Almost as many imposed minimum competency standards for
teachers, setting basic literacy standards without which teachers could not
continue their employment. This was the first indication of the increased
importance of assessment in the new movement. The culmination of the
line of thought with which A Nation at Risk began was the release of the
James Madison High School proposal by William Bennett, then U.S.
Secretary of Education.2 It almost perfectly described the high school that

14



4 Why Assessment Is Now Issue Number One

I attended in the 12.te 1950s. It captured the idea that if only we returned to
how things were, the country wou'id be okay.

Two New Reports

In 1986, within a period of only three months, the ground shifted substan-
tially. Two reports A Nation Prepared, released by the Carnegie Forum
on Education and the Economy, and A Time for Results by the National
Governors' Association (NGA) produced a thorough reconception of
both the problem and the appropriate response.° According to these
reports, the problem is not that American schools have fallen from some
former achieved standard, but that the world has changed and the United
States has failed to respond. The international economy has taken a new
direction, these reports said, aid for our nation to prosper in the years atr-ad,
we must completely rethink how we develop and use our human resources.

Since the turn of the century, the implicit view guiding American
educational policy has been that we could do quite handsomely by educat-
ing only one quarter of the population to a high standard requiring inde-
pendent thinking. Now, however, we are entering an era when virtually
everybody nee& to bc able to think independently, act autonomously, and
behave professionally in the workplrice. With a whole new set of specifi-
cations emerging for American education, we need teachers not just for
a few students, but for everyone who can prepare, deliver, and teazh a
thinking curriculum. This situation requires a reconception of the role of
teachers and teaching in the United States and the development of a true
profession of teaching. The question is how to get thse teachers and
how to keep them. I will try to boil down to one paragraph a very complex
answer to that question.

Reorganizing American Education
The nation needs to reconceive the organization and management of its
educational system. We must restructure The schools in much the sante way
that leading ccaporations around the world are restructuring themselves for
high performance. We must set very clear goals for students. We must
accurately measure student progress against those goals. We must push
decisions about how education is delivered to students down to the teachers
and the principals, eliminating as much of the intervening bureaucracy as
possible, and hold those teachers and principals accountable for the results.
Simple to write down, but an extraordinary change for American education

a whole new view about how to organize the educational enterprise.
At the core of the formulation are the pivotal requirements of explicit

goals and appropriate measures. The Carnegie and NGA reports were
published in the spring and summer of 1986. What happened next was

15,



Mew S. Tucka 5

remarkable. All over the country, a new concern for goals arose. Not for
the kind of goal statements that we used to produce vague formulations
that we wrote out and then tucked away in the bottom drawer but real
agreements specifying in detail what students ought to know and be able
to do. AAAS's Project 2061 report, the Mathematical Sciences Education
Board's Everybody Counts, and the National Council of Teachers of
Mathematics' Curriculum and Evaluation &andante for School Mathe-
matics are examples of real standards, evidence not only of a concern for
goals, but also of a virtual renaissance in new modes of assessment." The
National Board for Professional Teaching Standards, the National Com-
mission on Testing, and Project Zero at Harvard all developed an interest
ia what came to be called "authentic assessment." The Secretary of
Labor 's Commission on Achieving Necessary Skills is also looking at work
force readiness goals and new measures, and California and Connecticut
have invested millions of dollars in the creation of whole new assessment
systems and new syllabi to guide them.

The Charlottesville Summit

All of that initial activity culminated in an extraordinary eventthe 1989
summit in Charlonesville, Virginia. For only the third time in U.S. history,
the President called the governors together to discuss a particular topic
in this case (and for the first time), education. The primary focus of this
meeting between President Bush and the governors was the production of
a set of educational goals for America. The second focus was how to assess
propess toward achieving those goals, and the third was how to restructure
the U.S. educational system.

I believe that we cannot achieve the goals without resnucturing the
system very much along the lines that I outlined above. In short, the issue
of assessment arises immediately out of the need to specify goals. Partici-
pants at the Charlottesville meeting realized that just assessing results will
do little or no good unless new modes of assessment and new items
assessed are seen as part of a much larger scheme for restructuring
American education. This view was spelled out in the statement emerging
from Charlottesville and by ensuing events such as President Bush's
January 1990 State of the Union address and a February statement released
by the governors.5 Making it clear that they were serious, the governors
and the president appointed a panel, chaired by Colorado Governor Roy
Romer, to monitor the nation's progress toward educational goals.

The Romer Panel

The first and most interesting question that the panel faces is whether it
will stick with the charge with which it began that is, monitoring

-



6 Why Assessment Is Now Issue Numba One

progress toward the goals enunciated by the nation's leaders or whether
it might go beyond that; whether the panel might set up some kind of
assessment system that would not simply monitor progress, but would
produce it. The other interesting issue with regard to the Romer panel is
the conflict that exists about who will cany out this important monitoring
function. That conflict is driving both the goal-setting pirecess and the
definition of the means by which we assess our progress towards those
goals. Members of the U.S. Congress, angry that they were not given a
voting role on that panel, offered legislation, Senate Bill 2, to set up another
mechanism in which it would have a much stronger role.

Issues of assessment and goal setting, far from being window dressing,
have become so important to the future of education in this country that
they are worth fighting about in a very serious way. This nation, unlike
most others, has no means of determining who is to decide who is going
to run the show.' Now, for the fifst time in my memory, this country is
groping toward a real national policy on education, and the issue of
aneSSMel".. is square in the middle.

Recommendations from An:mica's Choice

In June 1990, my organization, the National Center on Education and the
Economy, released the report of the Commission on the Skills of the
American Workforce called America's Choice: High Skills or Low
Wages.11° The report's first recommendation was the creation of a national
examination system for the United States. Until very recently, few people
would have invested even five minutes in developing a proposal for a
national examination system, because prospects for its implementation
appeamd nil. Nevertheless, we proposed a national examination system
that would establish a Certificate of Initial Mastery, which most students
would be expected to achieve by age 16.

One key idea in the proposal by the commission was that the examina-
tion system should be designed to provide incentives to American students
to take tough courses and to work hard to succeed in them. The study on
which the commission's work was based made it clear that America is
almost alone among the industrialized countries in having a 3ystem in
which, for most students, there is no necessary connection between how
they do in school and what they want to achieve later in life. More than 75
percent of America's students need only a dipltmna to get a job or go to
college. Scores on examinations have no bearing on what job they will get,
what pay they will receive, what their career prospects are, or even whether
they will get into college. That is not true for any other leading industrial-
ize1 country." What we have managed to do in this country is to rob ourselves

the most important asset our schools can possibly have: the effort of students
to succeed in school and to do men than the bare minimum.
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Max S. Tacky: 7

Second, and no less important, the proposal called for a system that
sets high standards fer everyone and in which everyone can succeed.
This is a dramatically new idea about assessment. Since the 1920s,
American psychometrics and, more importantly, our thinking about
learning and teaching in the United States has been based on the idea
that ability is distributed on a bell curve, that achievement is thc result
of ability, and, therefore, it, too, will be distributed on a bell carve. Thus,
it has been accepted that an important psychometric property of tests is
the ability to distinguish sufficiently among the people taking them so
that the results will produce a bell curve. In other words, in order for a
testing system to be accepted as technically sound, some students must
fail. This is a central feature of American testing theory and of American
educational practice.

The commission's prop.isal said, "Let us move to a criterion-referenced
system; let us decide wIra it is that the students need to know and be able
to do; let's set that objective very high; and then let's make sure that
everyone gets there." A very different idea. But if our economy is to
succeed in the future, we must produce an entire population that possesses
skills that most of us think only professionals or managers need. It is not
only morally satisfying to conceive of a system in which everyone can
succeed at a high level, it is now essential for the future of the country. 12

Next, the proposal called for multiple modes of assessment: perform-
ance examinations, portfolios, examples of best work. It advocated an
examination system, not a single examination a standard to which a
number of exams can then be calibrated, enabling us to have one national
system that will accommodate more than one national exam. This is not a
uniquely American idea; it actually occurs in a number of other countries.
It represents an enormous but not insuperable technical challenge. Politi-
cally, it is an essential requisite for developing a national examination
system to reflect a national set of goals."

Next, the commission recommended moving toward a system that is
based far more on the judgment that human beings make about the
competence of others based on their work. Given the qualities that we arc
lo3king for in students that is, thinking skills it is an inescapable fact
that we must move toward a system based far mole on judgment than the
cunent one, which is based largely on machine scoring.

Finally, the recommendations said that we need to move toward a
syllabus-driven examination system. These ought to be exams one can
study for. The idea of the whole system is that such exams will drive
improvement, which can only come about if one can study for them.
This implies a major change in the way we think about assessment. To
study for the examinations, students have to know what their goals and
objectives ar.... They have to see most of the questions that were asked
each year.
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Emetging Educational Policy Ctitefia

In the following paragmhs, a set of criteria that emerge from the policy
environment are described. Fast, as we move toward new examination
systems and new assessment modes, it must be possible to compare the
performance of one student to another, one school to another, one school
system to another, one state to another, and, without doubt, one nation to
another. Second, these examination systems must be syllabus driven; that
is, they must be based on explicit statements about goals for students in
the domain for which the assessment is being produced. What should
students know and te.: able to do? Third, these systems must be conceived
of as driving changes in curriculum and teaching. We are not talking about
examination systems designed merely to monitor how the system and the
students are doing. The purpose is far more important than that: it is to
change the curriculum and the way students arc taught. Next, and critically
important, the assessment needs to incorporate and bc guided by the need
to develop thinking skills not simply routine skills in students across
the board. By the word "thinking," however, I do not mean aridly aca-
demic. There is a consensus emerging that what is truly important is the
capacity to apply what one knows te tile problematic, chaotic settings of
real life.

For more than a century. American education has made a fairly sharp
distinction between those persons with academic skills who get academic
work and those persons who don't have these skills and who therefore arc
suited only for work that doesn't require much facility with abstractions.
My view is that we arc moving toward a consensus that that distinction no
longer holds. The students who are going directly into the workforce from
high school will need a vcry high level of academic skills, as most of the
rest of the industrialized world concluded years ago. Students who are
college bound need to experience a school environment in which they are
constantly applying what they know to real-world situations, because that's
the only way for them to really master the material.

I believe we are moving toward a consensus in this country that assess-
ment systems need to be criterion-referenced for all of the reasons sug-
gested earlier. That is, these systems should reflect a consensus about what
students should know and bc able to do, and they should also reflect the
concomitant and critically important assumption that everybody can suc-
cessfully learn.

I believe we are also moving toward a consensus that multiple modes
of assessment are required and that no single mode wili do. In addition to
performance tests, the accumulation of work over time is a critically
important part of the system that we need to create. Those multiple modes
of assessment should include opportunities for trained assessors to make
judgments about the competence of the people being assessed. This is not
to say that the nation has decided to abandon multiple-choice tests. Most
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thoughtful people find that neither necessary nor wise. Multiple-choice
tests have a role to play, but probably a greatly diminished one.

There is growing agreement that the system used for assessment should
bc tied to incentives that operate on both teachers and students. That is, we
must embed assessment in a policy such that, when students do better, their
teachers do better, and when the students do not do better, their teachers
suffer real consequences. Those are incentives for education professionals.

Student incentives are also critically important. Clearly, what makcs
students in other countries invest far more effort in school than most
Americans do is that something hinges on it. This is not a complicated idea,
but it does mean that the assessment system has to be designed for that
purpose. We have to assess skills that colleges think are important for doing
well in college and that employers think are important for doing well in
the workplace. When students do we'41 on these examinations, it will make
a difference later in life because the decisions that colleges and employers
make will bc based on the results of the examinations.

Next and at least Ls important as any item here these examinations
have to be fair. We are already concerned about bias in examinations, but
another aspect of fairness is more important. If American schools move
toward an examination system at the local, state,or national level in which
performancx on the examinatic, makes an enormous difference with
respect to life chances, and if the U.S. education system moves toward
examinations that are based on a syllabus, then it is critically important that
all students be exposed to a curriculum that will prepare them to do well
on the test. That is the central fairness challenge, in my view. lf we move
toward a system in which examinations makean enormous difference, and
students out in the suburbs, particularly the wealthy ones, are those who
are prepared for those examinations while students in the inner city arc not,
then we will have set up a large proportion of students for failure.

Conclusions

I think that any system that attempts to establish a single national exami-
nation will not succeed in the United States. Wc need a system; we do not
need a single exam. We need a standard to which all of us can compare
ourselves to see how we compare to others. We need a systemic view of
the entire educational system into which assessment fits. One of my
primary themes is that this overpowering interest is not in assessment for
its own sake, but rather is an interest that flows from a changed conception
of the requirements of the American education system. Accompanying that
change in outlook is a new sense that the entire system needs to bc
overhauled.

The design of new assessment procedures must be tied to a new
conception of how schools are governed, what the cuniculum is going to

4
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look like, how the teachers are going to be trained, what the consequences
of the assessment are (that is, the uses to which it will be put), and a host
of other things. In effect, the restructuring agenda lies just below and is
broader than the assessment agenda, and includes teacher professionaliza-
tion. The latter has very important consequences for the way wc think about
assessment. In the future, tewhers will not be simply the recipients of new
assessment systems; they will be creating them and will undoubtedly be
doing most of the scoring because teachers can make judgments and
machines cannot. Only teachers can make the system work.

What we do about assessment will have an important bearing on the
professionalization of teaching. The conduct of student performance as-
sessment may turn out to bc the means by which teachers gain control over
their profession. It may bc in the end what drives their reflection on their
own work, as they assess the work of others. As teachers all over this
country assess the work of students in other classrooms, they will examine
MOAT dir ..f their own curriculum and the way they teach. That is one of
the great hopes of the new approach to assessment.

The events described earlier in this chapter occurred during only four
years 1986 to 1990. The best way for me to convey my amazunent
at how far we've come is to recount what happened in the sumir if
1990 after I gave a speech describing America's Choice to a g of
superintendents and principals from about 10 school districts in the
lower Hudson River Valley. When I finished the speezh. a man in the
back of the room, unable to contain himself, jumped up and waved his
hand. He said,

Look, I think this idea for a national examination system is abso-
lutely terrific, but it will never fly. It will never fly because of the
people in this room, my colleagues. I've been a school board
member for 20 years or more. They will never buy it. School
boards all over the country couldn't possibly buy it. Think about
what you have said. Mr. Tucker. It flies in the face of local control,
everything this country has ever stood for, the very basis of schooi
district authority.

And he went on in the same vein. I replied, "Okay, let's put it to the test.
How many of you are school board members?" About 100 hands went up.
I asked, "Of those of you who are school board members, how many think
this idea for a national examination system as I have laid it out is a good
idea?" About 70 hands went in the air. I then asked, "About bow many of
you think it's not a good idea, and would be opposed to it?" Fewer than 15
raised their hands. Everybody in that room looked at each other in complete
amazement. They couldn't believe it. A great deal has changed in the past
four years.
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economy, and that is what they told us. When employers use the
diploma as their hiring standard, it means absolutely nothing to them
with respect to what high school graduates know and are able to do.
All it means is that the applicant had the "stick o-itiveness" to stay
to the end and so is mole likely to show up for work than those who
didn't get their diplomas.

We found that employers very rarely get transcripts. We asked
employers whether they wanted transcripts and they said it wouldn't
make any difference because they have no idea what "Math III," for
example, means. Also, employers profess not to believe in the grades.
Wc surveyed high school students in Rochester, New York, on the same
subject. They indicated that if they show up most of the time, turn in
something, and don't cause trouble, they'll get a passing grade. The
students stated that "most of us know we're filling, and we get passing
grades all the time." The employers know that, too. So they don't
request the transcripts, they don't know what courses the students took,
and they don't know what grades they got. All that's left is the diploma.
That is not the case in most of the countries of central and western
Europe, in Japan, even in Singapore. In those countries, the courses,
the gades, and teacher recommendations are very important in getting
an apprenticeship, which is the key to a career, because these indicators
really mean something in those countries.

With regard to college admissions, 58 percent of the young people
in the United States who graduate from high school go on to college,
but to what college do they go? More than half attend colleps that
require only a diploma for entrance. What happens to the students after
they get in is another matter. What I am concerned about are entrance
requirements, especially since community colleges all over the United
States are now petitioning their state boards of education to allow them
to admit students who do not have a high school diploma.

Imagine how this entire system looks to the students. For more than
75 percent of America's high school students, "if you're not going to
college, you're finished." High school makes absolutely no difference
and leads only to dead-end jobs. And it doesn't make any difference,
they tell us, what courses they took or how hard they worked. It's
utterly irrelevant.

In Rochester, we also set up focus groups of college admission
officers and the people who do hiring in firms and asked the college
represmtatives what their standards were. They said, "We don't have
any standards, we have no requirements, what we have is preferences."
"What do you mean?" we countered. They replied, "Look, it's a real
world supply and demand. If we insisted that high school students
in this country have the qualifications necessary to do okay not real
well. just okay we wouldn't have enough applicants and would have
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to start closing our doors. We're not about to do that." That's what they
said, that's what the students know, and that's the system we have in
the United States. For more than three-quarters of our young people,
the system produces a world in which it is not worth making an effort
in school. Do just enough to get by, just enough to get a diploma. We
would be delighted to find evidence to the contrary, but so far we have
not found any.

Of course, another aspect of a new national assessment is that
employers must be convinced to accept it. It has been suggested that
it would be much mor cost effective and probably easier to go
directly to industry and essentially ask them to use the assessment data
we already have from local schools. Perhaps industry should just ask
for more substantiation of student performance, as measured by as-
sessments already in place. If industry would do this and if students
saw that performing better did make a difference, perhaps there would
be no need to put another assessment system in place.

The answer to that suggestion is, What data arc now available that
represent not only an honest estimate of the performance of the
students but also an acceptable standard of performance? Should wc
use, for example, the school system's data from the Iowa Test of Basic
Skills as the examples of student performance to be shared with local
employers? Knowing that if the employas then use thme data to
decide who gets jobs, what the pay rates should be, and what career
opportunities will be available, we will, in effect, cement in place the
curriculum that is represented by the Iowa Tests of Basic Skills?

The central issue is that the nation needs a new curriculum, a new
instructional style, and new objectives for students. and that assess-
ment can play a powerful role in bringing that about. My view is that
it can and will. The implicit or explicit syllabus and the assessment
tool that we use makes a profound difference. Students' performance
on all the existing measures could be shared with employers, but it
would set the nation back substantially by keeping in place a system
that is inadequate for today's needs.

12. Some thoughtful people have expressed concern about the impact that
comparing students to a standard might have on the tradition of
competition in the United States. My response is that, for 15 years or
so, we've had one international assessment of mathematics and science
capabilities after another. Each one has been more devastating than the
last, to put it mildly. What effect has this had on the American people?
There are data that show that most Americans think that U.S. schools
are pretty bad except for those where they themselves live. How can
this be? These two facts that is, our capacity to igpore the interna-
tional data and what the poll data show about our general view of the
quality of education in the United States versus that in our local school
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come down to the same explanation. If you go to a working-class
community and talk to parents whose children are attending the same
school they did, the parents will say that it looks like their children are
taking the same courses that their parents did, using textbooks that look
similar, and going through at about the same rate. So what is the
problem? If you go into a fairly well-to-do community in the suburbs
where real estate prices are determined by the quality of the schools,
parents have two questions: Do the same proportion of kids get into
Harvard, Yale, Stanford. and Cornell that used to? and, How does this
district compare with other upper-crust districts in the state? If the
answers to those questions are "yes" and "just as good," then parents
ask, "What do these international comparisons in math and science
mean? What exactly is the problem? The chance that my child will go
to Yale and become an investment banker in Manhattan is just as good
as when I went to school 20 years ago."

Comparing themselves :o other districts within their state is similar
to what General Motors and Ford and Chrysler did at the beginning of
the 1980s. Each competed only with the other big two. We can continue
to send the same proportion of students to Harvard, Yale, and Cornell;
there may even be the same chance of getting a job in the working-class
community as there was 20 years ago; yet, the whole country can fail
in the international arena. We need a way of comparing ourselves to
other nations in terms that the American people can understand and
appreciate. We haven't learned how to do that yet.

Even at the school level, there are numerous ways that the data can
be used to make useful comparisons. One issue of particular impor-
tance is, How can data from student performance assessment be used
to structure teacher incentives? Most people assume that that means a
pay-for-performance scheme, with individual teacher bonuses related
to the progress of the students in their class. What I have in mind is a
system in which staffs of entire schools might receive a bonus at the
end of some period, with the bonus dependent on the progress that all
of the students in the school make. It might be in the form of pay or it
might bc increased resources for the school. The point is, if the rewards
that went to the school were based on the progress that all its students
made, there would be an enormous incentive for the staff to collaborate
and for the most able teachers to help their colleagues with lesser
abilities. These incentives do not now exist in most schools.

One can use these assessment data to structure incentives for com-
petition within the school, or such information could be used to
construct an incentive system that would produce more cooperation,
more coliegial work, and so on. Furthermore, in the assessment system
that we have in mind, a large part of the basis for evaluating a student's
competence would be project work, much of it done in collaboration
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with other students. It's possible to produce data about student per-
formance that are designed to encourage collaboration and cooperation
among students. Obviously, it's also possible to construct a situation
that prodwes only competition. We do that all the time now. Interest-
ingly, the biggest complaints about that arc coming from employers
who say, "Once these kids come into the workplace, what counts most
is their capacity to cooperate with one another. We don't want to hire
people, ne matter how good they are, who can't work as members of
a team. You educators have a system in which only individual effort
counts." Cooperation is now seen as cheating. But one can design an
assessment system that encourages cooperation, collaboration, and
quality because, in effect, the score obtaimd is based on the degree to
which the work that is produced collaboratively is first class.

13. Calibration is an important step in making possible different forms of
exams and avoiding a single national examination. It should be possi-
ble to reach a consensus (at least in some areas) on what students ought
to know and be able to do. The Mathematical Sciences Education
Board and the National Council of Teachers of Mathematics brought
us a long way toward a consensus about what students should know in
mathanatics. We're moving toward a consensus in science and writ-
ing. In addition, a number of states are developing exams to take
advantage of the emerging consensus in those and other subjects.

As agreements emerge, a number of organizations and states may
be expected to develop examinations loosely related to consensus on
the goals. That would provide a series of exams with a number of
variations, some of which might be quite significant, but which would
still be related to a developing consensual view about what students
ought to know and be able to do. It should be possible to calibrate these
to one another. At present, however, we have not yet developed the
calibration mechanism, or the standard, or even the consensus on
content. Nevertheless, for a whole host of reasons, the idea seems not
only plausible but necessary.
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Equity in Science Education

Ray Maishall

Three very important questions are related to equity in science education.
The first is, Why is science education important for everybody in today's
world, and not just for the elite (which is what we've been doing)? The
second question is, Why is equity important today, particularly in the
United States? Finally, we need to ask, What is the relationship of equity
to assessment? I will argue that equity and national performance have
merged as joint concerns because we will not achieve one without the other.
That means that equity is no longer simply a moral issue, but has become
a very important economic and political issue. And while moral issues are
fundamental and terribly important, my experience is that ideas cannot be
sold mainly on moral grounds to other than moral people. One needs to
hook into some kind of economic or political interest. I will argue that this
is where we are now in the United States and that equity should sell because
it makes economic sense.

Why Science Education for All?
Today, science education is important for all people, not just for a few, for
economic and technological reasons that have come to the fore in the past
two decades. To understand this, we must look at what has happened to the
U.S. economy in this cennzy.

Physical and Human Resources

We know that the United States became the world's leading economy
without having all its citizens understand science. This was so because
the mass production system that has dominated the American econ-
omy since early in this century organized the work so that only
managerial, professional, scientific, and technical workers had to have
higher-or ier thinking skills. Most workers could earn a living with
basic literacy and numeracy. One reason for that is fairly simple and
straightforward: The United States had abundant natural resources.
Now, however, natural resources are no longer very important; they
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have been superseded by science and technology.
Theodcce Schultz won the Nobel Prize in economics fix demonstrating

that the contribution of physical resources to improvements in American
productivity is zeso for as far back as records have been kept.li2 We are
continuing to substitute knowledge awl information for physical resources

that's what technical psogress is all about. For example, Schultz and
otha agricultural economists have demonstrated that there has been no
increase in physical resources in American agriculture since 1925. Today,

we use less labor, less land, less physical capital than in 1925, yet we have

tripled, even quadrupled, agriculivral output. Ideas, skills, and knowledge
are substituting for physical resources.

Consider information technology. Today, approximately eight poimds
of fiber optics can substitute for several hundred tons of copper. This is
knowledge substituting for physical resources, and one cannot make that
substitution without the necasary human resources. Schultz's work also
demonstrated ihat human capital (ideas, skills, and knowledge) not

commodities has always been our most important resource. About 80

percent of America's increased productivity since 1929 has been due to
technology and changes in human capital, 'th only 20 percent due to
increases in physical (or machine) capital. The return on investment in
people is higher than the return on investment in physical resources. Yet
too many of our social and economic policies are still designed to deal with
physical rather than human resources.

Mass Production and Economies of Scale

Another reason for America's economic success was economies of scale.
Mass production made it possible, for example, for Hemy Ford to reduce
the cost of a touring car from $850 to $360 over six years. He did that via
large-scale organization, reducing the cost ofproduction by manufacturing
millions of units. The system was organized so that the few people at the

top managers, scientists, engineers were the thinkers. A laborer did
not require much education to make a good living on the line. Most people
could go to work in a mass production factory and, because of economies
of scale, could greatly improve their standard of living.

The United States used mass production in many different areas,
and for a while it was easy to raise the nation's standard of living by
doing relatively routine work. The organization of the mass produc-
tion factory system, called "scientific management," was developed
by Frederick Winslow Taylor. He believed that work should be organ-
ized so that the least intelligent workers could do it. In fact, if workers
had to do any thinking, something was wrong. In his view, workers
should be appendages to machines. Thinking would interfere with the
routine.

0u
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The mass producticm system served America very well for years, but
then two things happened.

First, technology changed the basic organizational structure of mass
production, and now, information technology pennits many of the advan-
tages of economies of scale without requiring the scale. In other words, we
are now reprogramming computers instead of retooling machines. Econo-
mies of scope Rs well as scale result; many differeAtt products can be
produced using the same teehnology.

The second thing that happened was the internationalization of the
American economy. Henry Ford could produce many cars because he and
General Motors and Chrysler ultimately had the American market pretty
much to themselves. They learned early on to organize the market, split it
up among themselves, and fix prices, thereby xhieving economies of
scale. But in an American market open to 40 or 50 foreign automobile
manufacturers the old economies of scale are gone. One has to be competi-
tive in a different way than Henry Ford and Chrysler and General Motors
were earlier.

The Need for a New Education System

The United States can no longer rely on economies of scale and what
economists term "interindustry shifts" to provide easy improvements in
its standard of Eying. Production has changed. The way work is organized
today, one cannot make a good living without being able to handle science
and technology. The new technology is ubiquitous and the economic gap
between people with and without technical education is widening (see
Table 1). And for the nation's economy to be world class, all its workers
must be educated and trained to world class randards.

The American educational system was organized like Ford's factory:
its function was to turn out people who did not have to think, educated
by teachers who did not have to think. It was assumed that the people
in charge of the system would know what everybody needed to do; just
like Frederick Taylor, they assumed that there was one best way to do
it. The professor of education's job was to find out what that best way
was; the job of the men who ran the school system was to impose that
method on the women who did the teaching. Prior to the mass produc-
tion system, more teachers were male. One reason women replaced men
as teachers was that women bad less power thanmen. Just like Taylor's
factories, people with limited power are needed to make the mass
production school system work. In fact, not so long ago, if a woman
teacher got married, she got fired. Marriage brought women additional
power; they could no longer be as easily controlled, so out they went.
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Table 1. Income and Educational Attainment: Median Income for
Variors Levels of Education (1987 dollars)*

Median
Income

High School
Graduate as

1 to 3 4 Years % of
Years College or College

Year Elementary High School College Mcre Graduate

1973 $J9,562 S31.677 $37,730 $49,531 64.0%

1979 18.013 30,038 35.902 47,011 63.9

1987 16,094 27,733 36,392 50.115 55.3

Annual Rate of Change in Real Income at Various Levels of Educatkm
1973-79 -1.4% -0.9% -0.8% -0.9%

1979-87 -1.4 -1.0 0.2 0.8

1973-87 -1.4 -0,9 -0.3 0.1

Sourix: Lawrance Mishel and Jacqueline Simon, The State of Working America (Washington.
D.C.: Economic Policy Institute, 1988), table 21, p. IL
9ncomes of families by educational auamment of householders. 25 years of age

or MOM.

Why Is Equity important?

At the most fundamental level, equity is important because it holds a
society together. Any organization depends heavily on internal unity and
appeals to higher values to achieve its goals. But people don't give their
lives for a few more groceries. Economists miss the boat whenthey assume
that all people want are material rewards. Nonmaterial. or higher, values
are what people will die for.

A country that has internal unity will be great. Unfortunately, the United
States has been losing its internal unity since World War II. WWII unified
us because it was an all-out war, something certainly not possible in the
nuclear age. The real challenge for a democratic society is to unify people
in the absence of war. What we must search for is what William James
called the moral equivalent of war. This is true of every society, and it is
especially true in the unique, increasingly multicultural, multiracial society
that is America.

Our Multicultural, Multiracial Society

Some time during the next century, non-Hispanic white people will be a
minority of the U.S. population. This will happen in California by the year
2000, in Texas by 2010, and in New York by 2015, depending on the
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assumptim made about immigration and birth rates. It is already happen-
ing in the schools, which are a kind of early warning system for society as
a whole. Mmost all of the growth in the work force between now and the
year 2000 will be women and minorities. A majority of minorities. And
that is not speculation. Economists have to speculate about many things
but not about demographics, because those are fixed by the people who arc
already here, by their age composition, and by what present trends arc
likely to produce in the future.3

A multicultural, multiracial society has many advantages over a ho-
mogenous society. We don't appreciate or celebrate that enough. Ifwe have
diversity, we have creativity. The quality of life is much better. One thing
this new world is going to require is an abundance of creativity and the
ability to deal with diversity that many people the Japanese, for instance

have trouble understanding. Americans have the real advantage because
most of the people in the world are not white, and the number of white
people will decline absolutely and relatively as far as we can see into the
future certainly well through the 21st century. Most of the young adults
who will enter the work force over the next 50 years are in the Third World,
and they are mainly nonwhite.4 What we learn about our own multiracial
society could give us real insights into the rest of the world if we take
advantage of the knowledge.

It is not necessary to emphasize the downside of being a multicultural,
multiracial society. Nothing is more deadly than racial, ethnic, and relig-
ious conflict. History provides many lessons about the consequences of
ignoring equity and not making sure that people are treated justly. And what
I mean by equity and justice is doing the most for those who need the most
help. In fact, one of the most important equity concepts is that nothing is
more unjust than the equal treatment of unequals.

People are going to be either assets or liabilities We can say -- as
economists frequently do that equity costs too much, and that equity
conflicts with efficiency. That view is nonsense. Equity and efficiency
work together. We must educate people so that they can take care of
themselves or crime will escalate and it costs much more to keep people
in prison than it does to educate them. In my state of Texas, $25,000 to
$30,000 a year is spent on eleh prisoner and more prisons arc being built
each year. The correlation between dropping out of school and being
incarcerated is higher than the correlation between cigarette smoking and
lung cancer. We can prevent these problems by seeing to it that people arc
well trained and well educated.

Equity, Performance, and Assessment

What does it mean to say that America is a competitive society, and what
does this have to do with assessment? In today's internationalized environ-
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meat, one can compete in only two ways. The first is by cutting workers'
real, after-inflation income, which is what the United States has been doing
sit= 1973. The second is by paying much greater attention to productivity
and quality. Them are no other options.

In 1990 the Commission on the Skills of the American Workforce
(CSAW), which I co-chaired, compared the United States with six other
countries (four European nation, Japan, and Singapore).5 The study found
that the United States is unique when compared to these six other countries
because most American companies am competing by trying to cut wages
rather than by becoming more productive through improving the quality
of their products. Less than 10 percent ofAmerican companies were trying
to compete in ways that make it possible for their workers to maintain and
improve their incomes. Most were focusing on reducing wages and costs
rather than reorganizing the work to become more competitive.

From a Producer-driven to a Quality-driven System

What kind of organization is required to ;"-sCrease productivity and quality,
whether in a school, a government, or General Motors? There are some
important principles at work here. First, the organization must be quality
driven. Why? Because quality really means meeting the student's, client's,
or customer's needs. Mass production systems are producer driven. Today,
consumers are driving the system, and the principles of a consumer-driven
system are very different from those of a producer-driven cme. According
to Henry Ford, the buyer could have any color car as long as it was black.
Today, to sell the product successfully, we need to customize it to meet the

customer's requirements.
Second, management has to become much leaner. Whether in a school

or a factory, a quality-driven system turns decision-making over to the
people who are actually doing the work. In the mass production factory, a
large part of the work was directly on the product putting bolt #35 on
the rear left wheel. Workers didn't need much skill and the work was
controlled by the line. Today, most workers do indirect work, which means,
among other things, using the information that machines make available.
Knowledge of science aad technology is necessary for understanding and
imposing order on information.

Ordered information is necessary for improving the quality of the
product, reducing costs, and increasing productivity. For example, com-
puters can make more information about students available to teachers,
which can be used to meet each student's unique learning needs. Similarly,
computerized infonnation can help teachers understand what teaching
methods produce the best results or help schools understand which students
are most likely to drop out and why. In the work place, information can bc
used to help workers understand why defects occur at particular points in

32.:



Ray Marshall 23

the twoduction process or to help companies identify markets with greater
precision. Information can help companies undergand which productsare
selling and which arc not, as well as how much of a particular product or
part is in the supply lines. None of this ordered informatitm would be
available or could be used effectively without knowledge of science and
technology.

Making Everyone Personally Responsible

it is more efficient to prevent defects than to try to catch them at the end
of the process. Making everyone in the school, factory, or government
agency responsible for quality, or excellence, prevents defects. This is
illustrated by thecase of a worker in a California plant that was reorganized
to make all workers part of a team and responsible for product quality.
When asked if he noticed a difference between the new system and the old,he said,

Well, everything is different. In the first place, I feel a lot better about
it because now they at least recognize that I know something and that
I can participate in this process. The second thing is that now I know
that it is my job to prevent quality defects and, therefore, I do it I
can stop the line. In the old system, ifa three-wheel car or five-wheel
car had come by, I'd just ignore it. If I had said, "Look, there goes a
three-wheel car," my foreman would have said, "Mind your own
damn business. We've got inspectors to catch three-wheel cars.
That's their business." But now, it's everybody's business.

The same thing should happen in schools teamwork to see to it that
students learn. It ought to be everybody's business, not just certain teach-
ers, or certain counselors, or certain students. That is a very important
difference in the management system.

There are many illustrations of the effectiveness of a team approach to
manufacturing. In general this approach improves productivity, quality,
and flexibility by reducing the need for supervisors, inspectors, and other
support workers; by increasing the number ofskills each worker has (thus
avoiding the wasted time that was common in the mass production system,
when some workers had to wait for others to finish their specialized tasks);
and by making all workers in the team responsible for the group's work
assignments. The concentration of the group's collective skills greatly
facilitates problem solving,

An illustration of a team approach in education was the one used in
James Comer's schools in New Haven, Connecticut. Comer and his
colleagues took some of the worst schools in New Haven and made them
among the best. His model is now being used in over a hundred schools
throughout the country. When asked what he and his associates did to
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produce these results, Comer gives two answers. First, they changed

attitudes. They caused everybody teachers, parents, students to

believe that these poor, predominantly black children could learn. Second,

the school management was reorganized on a team basis. The management
board consists of the principal, representatives of teachers and parents, and

child development (or mental health) specialists. Parents not only serve on

the management board, but also work as teachers' aides and perform other

tasks in the whools. The main objective of Comer's method is to focus

school and family attention on student learning. This contrastsvividly with

the traditional mass production model where teacher.; work in isolation and

without the help of child development specialists or parents, and where the

main standard for measurement is average daily attendance and time in

school, not student achievement. The Comer model likewise has the

students learning and working in teams.'

Sharing information

The second major reason for lean management systems in high-perform-

ance organizations is that fewer bosses are required if employees can do

their own work, impose order, think, and solve problems. The old system
the hierarchy system that still exists in most of our schools and factories

was based on the assumption that workers didn't know much and didn't

need to know much. In the old system, foremen withheld information from

workers; in fact, that management system came from the Prussian military

doctrine of "need to know" (that is, "we [bosses] will not share informa-

tion with you unless we think you need to know"). The new organization

of work depends on everyone using shared information to improve the

performance of the whole organization. That also means that management
doesn't have to supervise people they don't trust. That's quite different

from Taylor's system where management believed that the workers would

loaf if they weren't continually watched.

Creating Positive Incentives

A high-performance organization uses a positive incentive system. That's

how one gets people to work together. Unfonunately, most U.S. organiza-

tions employ either negative Or perverse incentives. Negative incentives
tell employees that if they don't do right, they'll be fired or reprimanded.

Fear is the motivating force. People are not likely to go all out on the basis

of fear rather, they have to want to go all out. A petverse incentive
system is one in which employers say they want one thing but mward

employees for doing something else, which is the case in most of our
colleges and universities. We say, for example, that we want the faculty to

be good teachers, but they know that good teachers don't go anywhere.
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Professors know that they can only advance on the basis of research; they
also understand that if they arc not good teachers, it won't cause too much
damage provided their research is good. But if they are just good teachers,
they will not go very far in most universities.

Worse yet, in American factories, most workers believe that if they go
all out and increase productivity, they'll lose their jobs. If we want workers,
teachers, people in our organizations to go all out, we must give them better
incentives than to threaten their jobs. That's why IBM and a few other U.S.
companies and most companies in foreigncountries provide job security,
sometimes even offering life-time employment. That's the way to tell a
worker that he or she will not get fired for improving the performance of
the organization.

All kinds of perverse incentives exist in school systems. Think of the
perversity in saying, "we're going to cut the money for programs for lower
income kids but leave it wide open for the educable mentally retarded."
One doesn't need much insight into human nature to know that the number
of "educable mentally retarded" students is suddenly going to increase.
Officials will start labeling everyone they can as educable mentally re-
tarded even though one of the worst things one can do to a child is give
him or her that label without any basis in fact.

Incentives and Assessment

What does a positive incentive system do? First, it rewards what it says it
wants to achieve. That's why assessment is so important. The old system
was process-driven rather than outcome-driven. It was assumed, for exam-
ple, that people who followed all the rules welt going to be successful
teachers. There were no measures to show whether cA not that was true. A
positive incentive system employs accurate assessment techniques, then
gears rewards to the desired outcome. This doesn't mean simply financial
rewards because people are not motivated just by money it means
recognition. Participation itself is an important part of a positive incentive
system. People need to know that they have contributions to make. They
need to know that others believe in the value of their work. Then they build
on that knowledge to do their best.

A positive incentive system also is concerned about equity and about
the internal unity of the organization. Nothing destroys an organization
faster than injustice and unfairness. That's the reason that the Japamse do
things that Anagicans consider to be "Mickey Mouse." When the Japanese
took over the NUMMI plant in California, they eliminated all the elitist
trappings of American managers the opulent offices, private dining
rooms, different pay scales. It's difficult to convince workers that they and
management are all in this together and that everyone should go all out
when the executives vote themselves a $21 million increase in salary and
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cut the workers' pay! That won't build internal unity. The Japanese under-
stand this, and that's one of the reasons that they are running rings around
the United States in the car manufwturing business.

Another reason why a positive incentive system is so important is that
this new kind of work setting evCs everybody a great deal of discretion.
Since it is difficult to compel excellence, workers must want to go all out

to improve quality and productivity on a continuing basis.' But this new
kind of organization not only requires equity, it requires people with
higher-order thinking skills of all kinds. Workers need an experimental
frame of mind, which is probably the most important thing that can come
from science education. It is not whether one learns biology, chemistry, or
physics, it's developing the ability to deal with ambiguity while knowing
'Nat, in the real world, there are no answers at the end of the book. I've
stair books that state, "We're going to teach you how to solve problems

here's a problem, and you go through these steps to solve it." I say,
"Wait a minute the most important thing I must do in my life is figure

out what the problem is." An experimental frame of mind for teachers, for
workers, for everyone is what we need if America is going to be world

class.

How Are We Doing in This Country?

The CSAW study found that very few U.S. companies were seeking to
reorganize work to increase productivity and quality. Most were sticking
with the traditional system and were trying to competeby reducing wages,
directly or indirectly. It is difficult to change a system that has a history of
success. The United States did very well with the old system and

developed a great deal of hubris shout it early on. (Hubris is when the
learning stops. In 1977, the chairman of the board of one of our major
automobile companies told me, "The Japanese can have those little cars

there's no money in that. You know, we're world class. They'll never
get the big cars." We all know what happened.)

The same thing has happened in our schools. Our system was designed
to turn out people who were literate and polite because that was what
employers wanted. The commission study asked employers whether they
perceived a skill shortage today. About 20 percent of them said yes. When
asked to describe a worker with the skills they needed, three-fourths
described people who can read, write, show up on time, and be polite; only
5 percent wanted people who could think and deal with problems. The
second thing employers told us was that America doesn't give companies
any incentives to work toward achieving a high-income, high-quality
country. There is no industrial policy and no educational policy.

Other countries have plans to help theircompanies become world class,
and that includes plans for quality educational systems. Those plans
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include edtwatirz all their people in science and technology. While all of
the other countries we studied differ in economy and culture, they sharea
commitment to the education and training of their workers and to high-per-
formance work organizations; we do not. They have national consensus on
building high-performance economies; we do not. They insist that virtually
all of their students reach a high educatimal standard before leaving
secondary school; we do not. They provide high-quality, technical educa-
tion for noncollege-bound students; we (Pa not. They operate comprehen-
sive labor market information, job search, training, and income support
systems; we do not. They support company-based training for frontline
workers; we do not.

U.S. schools are not organized to provide that type of training for
everyone. We have a very inequitable, two-tiered education system that
does a lot for students who are going to college. Those who are not are
largely ignored, and, unfortunately, it is determined very early who is going
to college and who is not. American educators keep talking about not
wanting to track students when they are 15 or 16 years old as the Germans
do. But we track them when they arc born; we track them when they enter
the first glide; wc decide that early that some people we not going to make
it. In the Year 2000, only about 30 percent of U.S. workers will be college
graduates. About a third of our work force growth during the 1990s will
be high school dropouts; another 30-35 percent will be high school
graduates who do not go to college, and very few of these will receive any
formal job training.

Developing a Policy to Change the System

The question then becomes, How shouldwe change the system? The most
important initial action is to develop a policy. We need to develop a
consensus that America wants to be a world-class, high-income country.
If we do that, then we are likely to pay much more attention to quality
education for everybody. Once that need is understood, all other actions
will fall in line.

The next most important action is to develop strategies for improving
our learning systems, with emphasis on equity for all. Improved math and
science education is often missed when dealing with a two-tiered system
because some students get math and some don't, some get exposed to real
science and some get exposed to something else that may or may not be
real science. It usually is not.

All children should start school ready to learn and they don't. The
Head Stan program can help. Schools should be restructured into high-per-
formance organizations where student achievement is the driving force.
Equity, science, and mathematics must be deeply embedded in whatever
assessment scheme is adopted because those are the things that are likely
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to be left out of the system. School governance needs to be changed,
teachers must be responsible for teaching that is what restructuring
ought to be about. Special attention needs to be given to mincwity education.
Already, many students in urban districts are members of minorities, but
there are fewer minority teachers about 30 percent minority students.
10 percent minority teachers and it's going to be 40 percent and 5 percent
by the end of the decade if present trends continue. It's worse in science,
technology, and math than in other subjects because only about 4.5 percent
of the math and science teachers are minorities.

We need alternative learning systems for students who don't do very
well in schools or for whom the schools don't do a good job. The Science
Skills Center in Brooklyn, New York (described in chapter 15), is a good
example of the type of program needed, along with the Job Corps and the
Summer Training &location Program (STEP), w help overcome summer
loss. Eighty percent of the educational achievement differential between
advantaged and disadvantaged students is due to summer loss. We can
make a lot better use of summers than we do now by incorporating science,
math, and technology into summer programs.

We should pay more attention to on-the-job training. On-the-job training
is terribly important because 85 percent of income-producing education
"income-earning learning" comes on the job, not in school. Who gets
the best opportunities on the job? Mainly white males. Minority males get
the worst chances on the job, regardless of education. R ace doesn't seem
to make a difference with regard to women, who get second best to white
males. Our study found that only 7 percent of American front-line workers
get work-related education and training. Elsewhere in the industrialized
world, a majority of the noncollege-bound get some kind of scientific or
technical training for work. We need to create a system that makes it
possible for the noncollege-bound to keep their options open. They art not
going to do that if they don't get science and math in school. Everyone
should graduate with the same basic skills, especially in science and
mathematics. This is why we should adopt national standards that all
students are expected to meet before they leave secontuy school, as is
done in most other industrialized countries.

In addition to a new education performance standard that all students
are expected to meet, the CSAW 's recommendations include the following:

States should take responsibility for ensuring that virtually all smdents
meet this new standard. What we need, of course, is a wogram to
prevent and recover the mcre than 20 percen. of our students who drop
out of high school almost 50 percent in many urban areas who
will ccatstitute over a third of our frcan-line workers. This could be done
by creating and funding youth centers as alternative learning
environments for those who cannot meet these standards in regular
schools. Incentives for schools to improve learning opportunities for
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these students would be created by allowing the students to take the
money allocated for their education with them to the youth centers. In
orckr to provide incentives for young people to continue their formal
education, once the youth centers have been established, children
should not be allowed to work before theage of 18 unless they meet the
basic educatico standards or are enrolled in a prop= to meet them.
Wc also need to develop a high-quality education and training system
for the great majority ofour students who do not pursue baccalaureate
degrees. We therefore need to develop a comprehensive system of
professional certificates and associate degrees for adults and
noncollege-bound students. The CSAW recommends the convening
of national committees of business, labor, education, and public
representatives to define certification standards for two- and four-year
programs of technical preparation in a broad range of occupations. This
system should be "open ended" in the sense that students would be
able to move easily between certificate programs and college. The
system could be financed through "GI Bill" type entitlements of four
years of post-secondary education and training for all who meet the
basic standards for secondary school leavers. The GI Bill for World
War II veterans is one of the best investments the United States ever
made. It should be reworked and made universal.
As noted, a very small minority of American employers are moving to
high-performance work organizations or investing in training of
front-line workers. The CSAW therefore recommends that all
employers bc required to invest 1 percent of payroll in the training and
education of their workers. Those who do not wish to participate would
be required to contribute the 1 percent to a general training fund to be
used by states to upgrade worker skills. The commission further
recommends that public technical assistance be provided to
companies, particularly small businesses, to assist them in moving to
high-performance work organizations.

The United States is still the world's strongest economy, but we are
weakening rapidly. Whether or not wc make it depends heavily on whether
we give attention to science education throughout life not just when a
student gets to middle school or high school, but when he or she begins
preschool. People wed to be able to think in ways that make it possible for
them to function in this society not just on the job, but throughout life.
Imposing order on information, making choices, and thinking are much
more complicated than in the past. Paying attention to equity will avoid
the fragmentation and polarization currently rife in the United States.
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Fairness in Testing: Are Science
Education Assessments Biased?

&Wye lien Harmon

This chapter examines the issues of bias and fairness in science testing and
their implications for future developments in the assessment of science
programs and pupil achievement. It is timely to do this for two reasons.
First, pressure for reforms in science and mathematics education at the
elementary and secondary school levels has been intensified further by
reports from the National Assessment of Educational Progress (NAEP),1
the International Association for the Evaluation of Educational Achieve-
ment,2 and the American Association for the Advancement of Science by
the implications of Workforce 2000;4 and by President Bush's recently
annotmced "Goals for Education." The resultant consensus for change
forces reconsideraticm of all aspects of science education, including the
role of assessment. Second, there has been increasing pressure from people
involved in developing new science currieula to have student achievement
measured by instruments congruent in philosophy and content with the
materials concerned. And while the developers proclaim that current,
standardized assessment instruments are biased against their students in
the area of content, there are other issues relevant to bias that must also be
examined.

The issue of bias in science assessments cannot be explored without
looking rust at concerns related to bias and fair testing in general. A few
years ago, there was considerable activity in connection with the questions
raised about assessmatt instruments whose language and content could
militate against the success of certain gmups notably, African-Ameri-
cans, other ethnic groups, linguistic minorities, and women. At a superficial
level, bias in test items was identified with language diakctic and
phonological differences between ihespoken language of a minority group
and that of the mainstream and with item examples and content areas
less familiar, say. to females, or to members of ethnic minorities, than they
were to white males. At this level, the problem was addressed carefully by
the testing community; items were reviewed by adult representatives of
the groups in question as well as by experts in measurement and were
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prmounced acceptable or were corrected. The Code of Fair Testing Prac-

tices in Education" was prepared by the Joint Committee on Usting
Practices of the American Educational Research Association (AERA), the

American Psychological Association (APA), and the National Council on
Measurement in Education (NCME) (in 1985 the Standards for Educa-

tional and Psychological Testing had been published under the aegis of the

same three organizations). But the problem did not go away.

It is notable that on the most recent NAEP,7 at all levels above basic

arithmetic, girls scored consistently below boys, and African-Americans,
while showing significant progress since the preceding examination, still

lagged from 20 to 40 points behind whites in problem solving, It is also
significant that, on the Scholastic Aptitude Us! (SAT) for college admis-

sions in 1988, women averaged 56 points lower than men, and African-

Americans and Puerto Ricans some 90 points below whites. Apparently,
nothing is changed by mere emphasis onguidelines, rules, and codes unless

the codes are related to existing law and reinforced by something with teeth

in it, such as litigation.9'1°
The matter of bias versus fairness in testing is a complex one and must

be viewed from at least three perspectives: the test items themselves, the

test-takers, and the uses to which the test results are directed versus those

uses for which they were intended by the test-makers. In examining the

test items, we must be concerned with issues of the content of the field
tested, the language and context in whkh it is tested, and the match of that
content with the curricular and instructional patterns of the classroom as

well as with the mental constructs that tie each item to the content
knowledge presumably measured. The content of items also must be
scrutinized for its congruence with the life experiences of the test-takers.

America is a diverse nation and contexts perfectly normal and under-
standable to college-bound students of Weston, Massachusetts, may be
foreign to those from poverty-structured villages of Appalachia, the Ameri-

can Indian reservations of the far West, or the "Black Bottom" of down-

town Dtgroit, not for reasons of lack of schooling, but because of a total

cultural mismatch. Construct validity has another and technical meaning

to measurement specialists: the match between the item on the test and its

significance for, and ability to measure, aptitude for the type of job or
educational competence it is supposed to predict. Does it, in fact, measure.

and measure effectively, higher-order thinking or some other competence?
To what use will the test results be applied in determining the test-taker's
future and has the test any demonstrable authority with respect to that use?

The following discussion is divided into three sections. In the first, I
shall distinguish the terms "bias" as understood in the psychometric
community, "bias versus appropriateness" as popular'y understood, and
"fairness." I shall then explain some of the sources of bias or lack of
fairness in testing, which may throw light on our concerns as we approach
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a new era in seieme assessment. For it is a fact that we are at the beginning
of a new era. Across the country, science generally is not being assessed
by external tests administered in schools except where schools use man-
dated batteries of which science is a part.11 Even then, many states require
only the reading, language arts, and mathematics portions of the balmy.
Because concerns about the validity of the tests in question will be
discussed, I shall review very briefly the various ways of regarding validity
and reliability.

In the gecond section, I shall consider samples of cting national
norm-referenced testi and text-embedded tests12 in science from the point
of view of content and construct validity and any evidence of bias. It is true
that statisticians have methods of detecting test bias in their analyses of
test results, but this type of analysis is not available in a mere consideration
of the text of the items. The current review is an early part of continuing
research taking place at the Center for the Study ofTesting, Evaluation and
Educational Policy (CSTEEP) at Boston College and further analysis will
be forthcoming.

In the final section, I shall look at fairness in testing from the viewpoint
of single test fragility when it is used as a sole measure of need or
achievement, at some of the uses and misuses to which scores art directed.
and at what actually is being measured and itsrelationship to reform efforts
in science and mathematics education." I shall then consider a few exam-
ples of new efforts to construct alternative modes of assessment and the
task that these alternatives will present to all of us to ensure that they do,
in effect, measure what we want to measure and are used in ways that are
both fair and useful to those who must be informed by them: teachers,
students, parents, and policymakers.

Bias and Validity: Defined and Reviewed

Terms

Bias is commonly defined in the psychometric community as the over- or
underprediction of performance on a criterion.14 The key word in this
definition is "criterion." Suppose that thecriterion is a grade point average
or another test. Measurement specialists, using sophisticated statistical
analyses of the results of a given test, can point out that correlations
between test scores and these criteria have about the same accuracy for
minorities as for any other identifiable group taking the test; that is, if the
test is biased, it is equally biased for all! Hence, they conclude that the test
is not biased. This begs the question because there is no guarantee that the
grades used as a criterion were not based on tests or other measures just as
tainted (if, in fact, bias is present) as the one in question, and the grades
set up a self-fulfilling prophecy. It also begs the question in another way,
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as we shall see farther on: the issue of the appropriateness of the ways in

which the results are used.
Alternatively, bias may be dermed as a quality of the test itself that

causes it to measure differentially in different populations. I shall consider
below examples of language and context that illustrate this type of bias. In

the more popular defmition of the tenn, bias means that the test is unfair,

Imding to faulty predictions even when scores are used awropriately, or
excluding students from oppectunities in a way that is unfair, given the
nature of the test. That is, the student may know MOM about a particular
objective than the test score indicates (or possibly may know much less),
but because of the wording, format, speededness (time constramts), or
other factors, cannot demonstrate that knowledge as reliably as other
test-takers can. A test is biased if its results do not match the actual situation

of student competency. Racial or ethnic bias, in this sense, means that the

test systematically reads low or high for particular racial orethnic groups.
It predicts inaccurately for these gaups as compared with the reliability
of its predictions for the norming or mainstream group. Again, there is a
key word: "prediction." In both of these senses, we are concerned with the

test as a "gatekeeping instrument" and its ability to reliably predict future

success in the next grade, in college, in graduate school, or in employment.
We seem to have closed a circle without being much nearer to the issue

of bias. That is, someone could argue that if the future into which the test
is the gate is "more of the same" as far as lectures, note-taking, and
multiple-choice tests are concerned and if it requires the very performance

knowledge of vocabulary, a recall/application-level knowledge of con-

tent, competitive attitude, and individualistic work habits that renders
the test unfair to certain ethnic groups, then as a "gatekeeper" it is not
biased, even though its outcomes impinge more heavily on one ethnic
group than another. Such an argument must lead us into a much larger topic:

a definition of what we want the future and its actors to be at the university

or in the job market. lf, es reformers urge, we want to define future
education or performance on the job diffamtly from the way it is being
demonstrated at present, perhaps we need to change the gatekeeper.

In using the test as a gatekeeper in this way, we are presumably interested
in its ability to classify test-takers into those who will succeed and those
who will not succeed in the talks of the future. it is when the test is used as
the sole predictor of success or failure, when an absolute cutoff score is
defined, that we open ourselves to a kindof "classification bias." Recently,
the National Commission on 'Mating and Public Policy (NCIPP) noted:

[W]henever pecple are classified on the basis of cutoff scores on tests,
misclassifwations are bound to occur. Some who score below the
cutoff score could perform satisfactorily in school or on the job, and
some who "pass" cannot perform satisfactorily. The solution to this
problem is not to avoid classifying pewle: such classificaticas are
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essential and inevitable in modern society. Instead, it is to avoid
classifying solely on the basis of one imperfect instnunent.

When test results are used independently of other relevant infonna-
tion about people to classify them in ways that affect their opportu-
nities, misclassificaticm can amount to substantive unfairness....
Moreover, when test results alone are used to allocate opportunities,
unfairness often falls disproportionately on certain ethnic, linguistic,
and cultural minority groups. By unfairness, the Commission is
referring to the fact that disproportionately fewer minorities who
could perform successfully had they been given the opportunity will
be selected."

Arguably, one of the best criteria for future performance should be
present performance on related tasks. The commission goes on to note the
discrepancy between the "relatively large test score differences between
majority and minority candidates" and the "relatively smaller differences
between majority and minority candidates on the actual performance that
these scores may be used to predict" in other words, the kinds of tasks
that constitute the job or schooling opportunity for which the test is the
gatekeeper.

However, there are other homes about the uses of tests that must be
addressed. What kinds of judgments are being made, for example, by the
state certification systems, based on the outcomes of the National Teacher
Examination, and by future employers, based on the SATs or minimum
competency tem? What is the relationship between the itemson these tests
and the tasks in the future job? By naming them "aptitude" or "minimum
competency," are wc deceived into thinking that that is what they measure
so that we do not ask, "Competency to do what?" Fairness in testing is
primarily an issue not of the wording of the items, but of the validity of the
test for the uses that will be made of the scores. And if the scores are used
to predict smnething they were never intended to predict, then tlm test is
inappropriate, the prediction absurd, and the situation unfair to the test-taker.

Therefore, the discussion of test bias and fair testing cannot be limited
to the shape and language of the test questions or to the characteristics
discussed below of various societal subgroups, but must extend to the
question: Testing for what? What information do we want tests in science
to yield now and in the future? Who will use this information and for what
purposes? Of course, tests must be robust and reliable, but the primary
comern today must be with the multiple aspects of validity.

Sources of Possible Bias in the Test Itself

Mary Catherine O'Connor, in "Aspects of Differential Performance by
Mimprities on Standardized Tests," ID reviews the research literature on the
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causes of poor performance on standardized tests by certain ethnic groups.
Her review focuses on a search for causes of the differential performance.
She sets aside the heritability theoel8 as well as the sociological theories
that see

"performance on tests as merely one of a number of measures of
school success or failure, including gades and teacher evaluations,
retention, and the acquisition of degrees" all of which are determined
by "macmlevel social factors and the individual's and community's
response to them?'"

Although the sociological position has merit, it ascribes failure on tests
to "society's failure to address the basic economic and social structural
factors that reproduce and maintain relations ofinequality."2° This position
does not address directly O'Connor's immediate concern with the ques-
tion: Why do members of certain ethnic minorities do poorly on stand-
ardized measures where other minority groups are able to succeed? In fact,
I might add, the macrolevel approach distances us from the level of the
tests themselves and the uses to which their results are directed and seems
to require a reform of the total society before we can consider possible
correctives for bias. The theme of O'Connor's analysis leads in a different
direction:

[Tihe failure of researchers and cducators to change test scores is a
function of many things; but at least one of them is the possibility that
we do not yet understand the correct way to approach the sociocul-
tural differences among groups in the schools with respect to the
activity of taking tests, with all that that implies.21

Although her excellent paper addresses the characteristics of test-takers
and only indirectly the quality of items, it bears upon our current issue. She
looks at language, at construct validity as mediated through the language
of non-native English speakers (NNESs),22 and at sociocuhural attitudes
and practices. For the NNES child, the test may be a test of language and
literacy rather than a test of mathematics, science, or social studies.

NNESs (children from homes where the first language is not English)
may be so familiar with conversational English as to bc considered com-
petent to take tests in English. But their first language has influenced both
the ease and the speed with which they read English and the ways in which
they intopret certain nuances of syntax or vocabulary.23 This influence
lasts for years beyond the point where they have achieved conversational
fluency for some, a lifetime.24 Also, familiarity with the language has
a lot to do with confidence in one'sjudgment. For example, if certain words
among the distractors on a multiple-choice test are unfamiliar, the NNES,
or the child in the process of acquiring English, does not have the same
probability of eliminating wrong choices as the native English speaker has.
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In addition, reading for understanding is not merely decoding words, but
consists of an interaction between the reader and the author ROI that the
reader, competent in a content area, anticipates OT infers much MOM than
is tented" and is meant to do so by the author. But the NNESs may
make quite different inferences from the ones you or I would make,
depending upon the extent of their vocabulary, their cultural background,
and what to them are relevant data. Is translation then a remedy? The fict
is that it is very difficult to get dialectical and idiomatic accuracy in
translations, and unless the translatim is validated independently, serious
questions of test validity arise. While there is ccesiderableconsensus among
researchers that language is a factor in test performance, there is no
consensus on what to do about it. Several suggestions for remedies are
addressed by O'Connor,24 which go beyond the scope of the discussion
here!"

Mother area, possibly even more important, is that of cultural differ-
ences between minority and mainstream groups. Among cultural differ-
ences that seem to be significant in test-taking, O'Connor includes the
attitude toward time,211 the perceived nature of the outcome in the test-
taker's mind, the test-taker's belief in his or her ability, past experience
with whites in authority, attitudes toward competition versus collabora-
tion," culturally specific interpretations of a task, the amount of personal
anecdotal data that should be brought to bear," early experiences with
verbal directions, and cultural practices with regard to children speaking
in the presence of adults.

D. McShane gave the following example in testimony at a hearing on
The Effects of Testing on American Indians:31

A young Ojibwe (Chippewa) student was tested by several profes-
sionals and classified as having certain learning and behavioral
problems. In part, this occurred because he stared vacantly into space,
completed tasks very slowly, and gave unonreality-based" responses.
As it turned out, the boy had a special relationship with his traditional
Ojibwe grandfather, who encouraged his dreaming whether it oc-
curred by day or by night and often discussed the nature of dreams
with him.

In Ojibwe thought and language, ganawaabandarning, which means
seeing without feeling (objectivity), carries less value than rnoozhi-
taming, which means feeling what you do not see (subjectivity). The
Pascua Yaqui, Northern the, and Red Lake Chippewa Nations have
enacted education codes that include the ability to daydream as a
criterion for identifying gifted and talented students.32

Thus, far from being a negative symptom of "nonreality-based behav-
ior," day dreaming is supported by the culture as a means to, and sign of,
creativity.
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One further example of the influence ofearly childhood experiences on
school success will have to suffice here. O'Connas connasts two parental
teaching styles during a child's first few years.33 One, characteristic of
middle-glass educated whites in this country, is verbal. The child is given
directions step by step cif "talked through" a task such as making cookies
or riding a bike. The parent may demonstrate the behavior at the same time,
explaining each step and querying the child to be sure he or she understands
both the step and the reason for it. In contrast, Native Americans, Hispan-
ics, and some others teach by modeling, but with very little verbalization.
The child watches, tries the task, is helped to mita mistakes, and tries
again." It is easy to see which style matches school learning and school
test-taking modes and, consequently, by familiarity, prepares the child for

success in school tasks.
Thus, tests can be unfair in themselves: not measuring what they purport

to measure or testing it in ways less accessible to certain populations than
to others. In some cases, the testbecomes not so much a test of mathematics
or science as a test ofreading ability. Some of the ways in which items can
be biased are by the use of language that is not part of the everyday
language of certain minorities, item contexts where people of another
culture bring a special framework," and items that call upon background
information not equally available in everyone's biwkground.36 The items

are constructed out of a white, middle-class context and are most suitable
for that context."

Tests can violate the Code of Fair Testing Practices in Education even
more in the way in which they are used. The first and most appropriate use
for test scores is to supply information to the teacher on which to base
decisions about curricula and instruction. Have the students learned what
I thought I was teaching? If not, what evidence is there about where their
misconceptions lie? How do these test results compare with my own
assessment of students' understanding and ability," with other test scores
and grades, with daily work, class discussion, and other indicators? If there
is a problem, is it the test, the student, or my teaching that needs to change?

A second appropriate use for the scores ofwell-constructed, valid tests
is to permit the monitoring of programs or pupil progress by policymakers.
If the information yielded by the test is indeed representative of the
situation, then such policy decisions as providing more money for materi-
als, more time for instruction, and more in-service training for teachers can
be informed thereby. But to use test scores for appropriate policy decisions
requires that those using them know what the scores mean. It is not possible
to "raise the mean score in every state above the national average." '4or
can tests, nationally nonned for groups of students, bc used to make
decisions about individual snidents in defiance of the test pubiisher's
caveats, as was done in one rural school system.33 Over and over, test
publishers, measurement specialists, and other educators emphasize that
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decisions should not be made cm one indicator alone, even if that indicator
can be demonstrated to be free of bias.4°

itsts intended to monker programs could rightly sample a somewhat
different domain from the specific curriculum of a given school: the
universe of corrent that a consensus of science and science educators
believe ought to be in the curriculum. If tests are used for mcmitoring
purposes to validate the adequacy of a local curriculum, it is imperative
that (i) the universe of concepts and skills they assas be truly adequate
acccaling to the best natiimal consensus available and (ii) they assess in
ways that are unbiased, unambiguous, and directed to probing the process
of thinking.

Teacher decisionmaking is clearly not the primary use for which the
scores from standardized tests are intended. They are used for purposes of
sorting and stratifying pupils,43.42 for gatekeeping, for evaluating programs,
and even for monitoring teachers' judgments and teaching performance:

The education reform movement in state legislatures has produced
even more pressure upon school administrators and teachers to dem-
onstrate success in terms of test performance...it is becoming all too
common for school districts and school personnel to use a numerical
score on some standardized instrument to makea "yes or no" decision
about an irxlividual stucknt, or to place the student in an instructional
level or grouping, without adequate understanding or recognition of:
(1) what the test is actually measuring; (ii) the strength of the relation-
ship between the test content and the local instructional program; or
(iii) the appropriateness of using the test instrument to make that kind
of individual decis:on at all.°

As has been noted already, such use ofien fails to take into consideration
the caveats and warnings of the test publ;sher until a lawsuit forces such
consideration."

Validity Concerns

The issue of appropriate use is a question of test validity and pan of a much
broader issue. The need for content validity of standardized tests for
science reform curricula is one of the driving forces behind the alternative
assessment movement." "The issue of validity is the most important
consideration in test evaluation. The concept refers to the appropriateness,
meaningulness, and usefulness of the specific inferences made from test
scores.

How valid is a particular test for the judgments that may be based on it?
To clarify the technical aspects of validity: Tests may be considered from
the viewpoint of content validity, criterion validity, and construct validity.
There is also the question of alignment of the curriculum and instruction
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with the test content, sometimes called instructional/curricular validity,
which Mehrenin considers test preparedness," but which the courts con-
sidered of first-level importance in the Florida case Debra P. V. Turfing-
ton." The court ruled:

We hold, however, that the State may not deprive its high school
seniors of the economic and educational benefits of a high school
diploma until it has demonstrated that the SSAT II [Secondary School
Achievement Test] is a fair test of that which is taught in its class-

rooms.*

That is, for a test to be fair, both curriculum and instruction, and not
simply the goals and objectives defined bythe state for that subject (content
validity), must match the content coverage of the test. If the content of a
test is drawn from a specifically defined domain and samples that domain
adequately, then the test is said to have content validity. A score on such a
test could be said to indicate a certain level of mastery of the concepts and
processes appropriate to that universe. For example, if the experimental.
"hands-on," problem-solving aspects of elementary school science arc
considered to be as important as the conceptual network and are integrated
with it, then assessment must sample experimental, "hands-on" compe-
tency as well as verbal conceptual content if it is to have content validity.
It is to ensure content validity that test publishers make great efforts to
review the curricular guidelines of all 50 states and to include in tests only
those items that presumably are being taught everywhae. The fact that
such an approach, compassing a broad range of topics in limited space and
limo, produces only very limited and wateird-down items is to be regretted.

There must be another way to achieve. content validity, perhaps by
abandoning the "national cuniculwn" that is thus created by textbooks and
allowing again individualized local curricula and tests in the good old
American tradition of local control. To do so also abandons the possibility
of comparing nue state's achievements with another's (a goal of the Chief
State School Officers). Until a national consensus is reached on what
constitutes the domains of school science in the various disciplines and
whether or not achievement should be measured externally (perhaps only
at exit points like 8th and 12th grades?), true local control may be the only
way. Such a consensus seems to r-quire at least 10 years of exploration
and experimentation with both cuiricular and measurement innovations.
Premature foreclosing of experimentation and debate could result in
"top-down" content and pedagogical ckcisions, to be discarded ultimately
as were many of the new mathematics and new science efforts of the
1960s. Content validity, which must be established as the tests are con-
structed, is judged only after the fact by someone competent in both the
subjezt matter area and test construction.51 It is a primary determinant of
whether the test is fair.
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Criterion-related validity evidence demonstrates that the items being
tested do measure, in fact, those criteria judged to be necessaty for a future
task: college work; the practice of law cc medicine; competence to handle
safely and maintain big guns; readiness to pursue higher studies in science;
ability to solve problems or to design, conduct, and interpret experiments;
or ability to think as mathematicians do. If a test has criterion validity, it is
predictive of future performance in a specific domain. Obviously, to
evaluate this kind of validity requires a clear description of the tasks and
underlying conceptual structures of the future performance in question.

The above seem fairly obvious, although predictive validity is harder to
attain than content validity. It was for this reason that, years ago, the United
States military, as well as those for whom artists audition and many other
organizations since, moved to performance assessment, wherein the can-
didates actually demonstrate the competencies that constitute their future
tasks.

To establish criterion validity, the limitations of testing have to be
recognized. At best, a test is a small sample of the possible range of items
in a much larger domain, a sample taken on a particular day and hour, in a
particular set of physical and emotional circumstances. In tuldition, the
information it accesses is mediated by the limitations of the printed word
and even the multinle-cboice format. Recently, I spoke with two of the
developers of the National Assessment Project for the new National
Curricula in Science and in Mathematics in England. They told me that
they had piloted a particular set of items on a test in primary school
mathematics in three different forms: by word descriptions of the problem,
by word descriptions accompanied by pictures, arid by word descriptions
with manipulatives which the children couldu.v.: in answering the question.
There was about a 20-point differential between the scores for each of these
approaches, with those using manipulatives scoring some 46 points higher
than those who received the problem in word form alone. That is not a
surprising result, but a graphic one, indicating that the items using words
alone might have been assessing reading ability, or ability to create the
scene imaginatively, or even the developmental level of the child, rather
than the child's actual grasp ofconcepts and procedures a grasp that the
child could demonstrate easily using manipulatives, even while recording
the answer in written form.

The issue in question is that of construct validity: What inferences can
wc make from the test item to what the child actually knows and can do?
In every test question, them is the assumption that a correct response on
this item indicates "right" thinking and an incorrect choice indicates the
opposite. But just how close is the connection between this mediator (the
words of the item) and the actual concept in a student's mind? Haney
conducted a study of test ambiguity with first-grade students and reports
many samples of "unusual and perceptive interpretation."52 For example.
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when students were confronted on a standardized test with pictures of a
geranium in a pot, a cabbage, and a cactus in a pot and asked, "Which plant
needs the least amount of water?" 2 out of I I children chose the cabbage:

Q: Which one needs the least amount of water?

A: That does.

Q: Why is that?

A: 'Cause it's a cabbage. Doesn't need as much water. Only when
you clean it.

This child apparently reasoned that the cabbage needed less water
than the two potted plants because it was not depicted as a potted
cabbage. From this point of view, the logic of the child's reasoning
is hard to deny. A head of cabbage once harvested can be kept well
and long without water water is needed only when you clean
it."

In another example, when shown a carrot. a cabbage, and a tomato and
asked, "Which one is the root of a green plant?" only 3 out of I 1. -hildren
selected the carrot. Others either rejected the carrot because "it the root
of an orange one" or disregarded the word "root" and selected the cabbage
as the only thing green in sight. What was being measured here may have
been concrete sequential reasoning or the "child's-eye view," but it was
not the ability to identify carrots, tomatoes, and cabbages.

To put the question differently: Does a student's inability to solve a
"word problem" involving addition indicate that he or she has no concept
of addition, cannot read, cannot visualize the problem, does not know the
procedure, or what? What exactly is being measured? How valid is our
construct that ties this particular item to that skin? It is arguable that the
only valid assessment of people's ability to do something is to watch them
do it and/or have them explain why they did what they did.

Mehrens discusses the validity required in tests used for different
purposes.54 For insuuctional decisions, we require content and construct
validity, with content being broadened to include not just "what ought to
be in the domain of eighth-grade science," for example, but what la actually
in the curriculum." For guidance decisions, such as clwosing electives and
colleges, we require some measure with predictive or criterion-related
validity. For placement in a remedial or gifted program, the test should
show us that this is the least restrictive environment that matches the
student's present concept, skills, and needs levels and, therefore, is the one
in which he or she could be expected to grow.
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Standardized Tests in Science: is There Bias?

In science education, ifwe are ckfming unfairness in tests by the way they are
being used, this becomes a moot question because few states mandate
externally developed science tests and in none that we have been able to find
is science a part of the minimum ccanpetency tests required fir graduatim
However, some states require two or three units of science kr graduation and
an external, end-of-course examinatkm in each that counts as a part of the final
grade. So, while the results of elemenuny school science tests seem to be "low
stakes" (that is, do not prevent ptonxitirm or graduation, or have other serious
=sequences) everywhere, at the high school level in some states the stakes
are very high. Many states that do not mandate any extanal science 'ming
leave such decisions to the districts, many of which have mar stringent
criteria for promotion aiglior graduation. But the fact remains that, at dm KI3
levels, science is largely untested. An what is the outcome? It is a lowering
of motivation to teach science. When time is short to "prepare" students for
tests in reading, language arts, and mathanatics, science untested can also be
science untaught.

Having acknowledged the state of affairs, it is still worthwhile to look
at the issue of bias in the traditional sense. Are there test items that, by their
content or structure, militate against succe for members of a certain
racial, sexual, or ethnic group? This is an area that test publishers take very
seriously and, as indicated above, they make strenuous efforts to keep test
items racially and sexually unbiased. However, there are still some items
whose context a given population would have less opportimity to be
familiar with than would others. For instance, fatm content very familiar
to rural students, and adequately familia to well-read, middle-class sub-
urbanites, might be so far outside the exserience of urban, inner-city youth
as to place them at a disadvantage." The issues of language access
mentioned earlier ease of reading, likelihood of appropriate inferencing,
as well as home attitudes toward cooperation and social interaction are
as likely to be operative in science testingas elsewhere and are not entirely
limited to NNESs.

The biggest WC= involves the content validity of the tests and the pupils'
opportunity to access die content in meaningfulways through the curricular
and instructional patterns of individual schools and districts. This issue has
an added power in elementary school science. Science is generally taught
in elementary schools by homeroom teachers, most of whom do not have
majors or minors in the sciences. If teachers are relatively insecure in their
knowledge of science, to what extent can science testing have instructional
validity? There is a strong likelihood that teachers will use precious time
for other, tested, curricular areas or will unknowingly introduce miscon-
ceptions.

I reviewed several examples of standardized tests in an effort to detect
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bias in the items themselves but, in fact, did not find it at the language level

of native English speakers except, possibly, with respect to inner-city
students. For a few items on each test, I believe that inner-city students
would not have background informationequal to that of other test-takers"
(see Table 1). What I did find was an astonishing range of domains being
assessed on a single test at each level: from astronomyand biology to light,

sound, beat, motion, earth science, nnwhines, and MOre. The questions
called for responses chiefly at the levels of recall (facts, information) and
learned application. A need for analysis was found mainly in questions
based on reading and interpreting charts or graphs or decoding carefully
the text of a question expressed negatively: "Which of the following is
NOT a cause of...?" and, with the exception of the material of one
publisher I reviewed, even these were few.

A large part of one of the tests actually measured reading ability in the
science context. This test eliminated much of the recall by providing
scenarios containing facts from which inferences and implications are to
be drawn. It is a contemporary implementation of Ralph Tyler's recom-
mendations of some 50 years ago." Thus, the test-makers really are
assessing: (i) a student's ability to read and interpret text and to see the
relationship between the choices and the text certainly, a general
thinking skill suitable to all subject areas; (ii) some processes, such as
identifying variables or controls, weighing evidence (to eliminate unjusti-
fied statements), or interpreting data; and (iii) the ability of the student to
analyze an experiment to identify the question under investigation, the
tools required for data collection, and/or the conpuence between the
experimental design and the conclusions drawn.

Although highly sophisticated in the context of the rest of the test, these

are certainly valid items for the kind of science now broadly recommended.
It must be noted that this test was revised in 1985, and its newness gives
it an advantage over others available for analysis. In fairness, it also must
be noted that most test publishers are in dm process of revising their
instruments and are exploring such options as performance assessments."

A few more comments on the 1985 instrument are in order. As in the
other tests sampled, it also surveys a broad but more limited domain of
content (9 fields as compared with an average of 13 for the others). For a
teacher to teach so broad a range of subjects in any one year must almost
ensure that it will be at the expense of depth in any topic and will preclade
significant time for "hands-on" discovely and probing for higher-order
thinking. Only the surface can bc touched in a two-week (or less) exposure.
For such coverage and pedagogy, the large number of recall and verbal
application items found across the tests is congruent. Butwhat is the impact

on science instruction if the type of test reinforce0 a superficial, time-cen-
strained, nondiscovery type of teaching or reduces science education to
learning to read scientific subject matter?
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Table I

Analysis of the Content of Stamianlized Science Tests

Recall Facts Concepts Application Analysis Problem Solving Syntheis Evaluation
Topics No" No" No" No" No" No" No"

Teal A. Intermediatt Level

13 31/52 20/33 12120 0/0 0f0 0/0 0/0
( +2 ambiguous, 1 erroneous)

Unkss specifically tam* quesnons such as those calling for 'bat farmland"in different locales, life qek of frogs and snakes, and desen plants that atesources
uf water for aMmais would be differentially difficult for populations in ttili0145 geographk areas

Test 9, 91h Grade Level

9 13132 (1/15 13/32 11/28 0/0 WO 0/0
(1 ambiguous)

All questions seemed to be on learned material" and moss peritkd the data i f a process judriau were ft) be based AMY" The only potential for bias mOu be
in a Question related to growing conditions for mot& The answer: "li deperois ufi the slpe i4 muld- ints nor among Muse given, but it would influence the choke
fu cerium populamoss.

Test C, Stht61h Grade Levet

11/37 1/3 13/43 W30 0/0 0/0 0/0

/tax One question askaig whkh pans of plants are grown undergrmind had ptmential fiir bias iwainst inner-env students

Nair. Fxamples and prehminaly findings from research in progress at the Center for the Study of Testing. Evaluation and FAucational Policy, Boston
College, Chestnut lull. MA.
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At present, staff members of CSTEEP also are exploring a number of
science tests Kovided by publishers as an additional resource accompany-
ing texts (text-embedded tests).6° It is no surprise to learn that the content
on the tests matches beautifully that in the text, often in the same words.
In many texts, there arc end-of-chapter materials with "extension" ques-
tions that take students beyond the "givens" of the text and invite ckeper
thinking. These are optional and, usually, are not found in the wcompany-
ing tests." There is a market reason for the exclusion. At present, test-mak-
ers are trying to satisfy the large majority of tes:-consumers, and these still
follow "traditional" rather than inquiry approaches to tewhing science.
Hence, current text-embedded tests are unlikely to drive curricular
changes. Careful reading and study of the text do provide an adequate base
for passing the publisher 's tests. Again, there is no evidence of particular
bias in language or content against members of a minority group who have
been able to decode and analyze the text, but the comments made above
still apply. On almost every test, examples were found of item contexts that
could be unfamiliar to inner-city youth, as indicated above, although it is
conceivable, in some cases, that some familiarity could be achieved by
careful reading of the text. No items were found favoring inner-city
students inequitably. In addition, while individual items do not reveal
content bias, the impact of the overall, multiple-choice fcwmat, speeded-
ness, and the contexts of certain questions may bear unequally upon
members of certain groups more than others.

From all of the above, I would conclude that existing science tests are
not seriously biased in the usual sense of the word, but, by their speeded-
ness, format, extensive =tau coverage, and limitations on process and
critical thinking coverage, they are biased against thinking, concept net-
working, problem solving, integrating and synthesizing knowledge across
domains, evaluating, and, above all, against spending instructional time in
experimentation. They honor facts and information, but their present
format, coverage, speededness, and machine-scannable answer sheets
render Du= incapable of testing adequately the innovative curricula result-
ing from reform efforts in science education. The multiple-choice format
encourages one correct answer only, a situation not found in science
explorations where so much of what is found also is found to be dependent
on circumstances.° A great deal of analytical thinking is requited if all the
distractors not only are plausible in certain circumstances, but also repre-
sent various current misconceptions. However, present methods of scoring
do not allow for good thinking that leak; to "wrong" answers. And,
certainly, the multiple-choice test rarely honors good thinking that tads to
no answer, a situation with which scientists arc most familiar!

The testing community is on the threshold of creating new tests that
include performance, portfolio, and writing-across-theecurriculthm compo-
nents. What are the problems that will have to be addressed? How can wc
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be sure that the new tests will be better than what we have? We believe that
the most significant problems will emerge in the areas of adequate content
coverage., potential for bias, issues of subjectivity and unreliability in
scoring, cost effectiveness in view of the labor-intensive nature of admin-
istratima and scoring, and 4temetation of the results; that is, content and
construct validity, reliability, and econtunic effects. It is beyond the scope
of this paper to address economic effects.

Care must be taken not only in the choice of language and context for
test items, but also in the use of the results. In order to avoid the bias that
comes with the misuse of a single assessment mode, we recommend that
assessment incorporate multiple modes and never rely on a single-day,
single-ingrument measurement. Both fixed-forced-choice and open-ended
responses as well as uneven matching columns, creation and/or interpre-
tation of graphs and charts, essays and performance assessments including
portfolios of work, projects, simulations, and "circuses"63 may be utilized.
For formative assessment, it is advisable that the lines between assessment
and instruction be blurred as much as possible; for example, by instruc-
tionally embedded assessments and extended problems. Such a blurring
facilitates the continuous use of assessment results in planning and instruc-
tion by the classroom teacher, without "taking time out for tests." But, in
order for this to happen, teachers will need assistance in "reading the
situation" while students are working, in intaqweting aspects of their
performance, and in recognizing underlying concepts and misconceptions.
Teachers also may need help in classroom management and in dealing with
the risk level involved in not intervening while a sualent is working.

During the past three years, CSTEEP staff members have been experi-
menting with alternative assessments. Asummary of their fmdinp may be
fcluid in Assessment in the Service of Instruction, pages 52-59.'1

Issues of Fairness and Bias with
Alternative Assessments

At first glance, it would seem as though the primary issues in using
alternative assessments would cluster around the potential for "subjectiv-
ity," that is, unreliability in the hands of different scorers. In fact, while
this is a concern, it is solved rather easily if care is given to developing
scoring rubrics with clear criteria for acceptable responses and indicators
of various levels of perfiwmance. Several researchers are engaged in ibis
task. For performance assessments, the same conditions apply: published
criteria for acceptable performance and indicators by rhich various levels
of performance can be recognizei are needed. Still more important is the
training of tewher-observers to use the criteria as they observe perform-
ance because this is a new method of assessment for most teachers.

However, alternativt assessments are not an automatic cure for all of
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the issues that have been raised above. Such assessments also must be
examined for bias in language and content and fairness in use. They are
very sensitive to nuances of language and context, even within aculturally
homogeneous group. While they remove tlx barriers mated by speeded-
ness on today's standardized tests barriers that are problematic for
certain cultures and learning styles they require far more time to
administer and to score, and it may never be cost-effective to administer
them on a large scale using external examiners.

The various areas of content recommended by science reformers, such
as problem solving, discovery or open-ended experimentation, problem-
posing, designing and canying outexperiments, and higher-order thinking,

arc particularly well matched with performance assessments and would

seem to be assessed better in this mode. But if such contents have not been

taught or have been taugh, ly in a didactic and nonexperiential way, these

tests, by their very natu: . will fail the test of curricular and instructional
validity. Thinking skills can be measured by alternative assessments with
greater security when the person doing the thinking explains his or her
thoughts in essay or "think-aloud" form than when evaluators have to rely

on one prestructured choice out of four to provide a window into that
thinking process. But essay responses raise the spectre of language again.
Apart from the obvious concerns for NNESs,65 there is the serious inability
of many students in America to write competently in English at the
third-grade level or above. As a result, scoring becomes very time-consum-
ing or itself an exercise in problem solving.

It is possible that the decision to use performance assessments may
motivate policymakers, administrators, and teachers to change the ways in
which science is scheduled and taught in schools. It also is possible that
the regular use of essays on tests may serve as a motivator to teach writing
earlier and in more effective ways than is currently done. It even is possible
that the criteria developed to score assessments maybecome valuable tools
for teachers in the daily assessment that feeds instruction and may, in fwt,
help them to clarify the results of instruction. Thus, many of the negatives
that could cause alternative assessments to be biased or unfair seem to have
other aspects that promote needed improvements in education. Rather than
waiting for a national consensus on age-appropriate outcomes in science
education, could assessmem incorporating some of those outcomes, as they
appear, help to elicit such a consensus? Could an upward spiral be created
by the dialectic between assessment reform and auricular reform to
achieve the excellence in teaching and learning that is so much desired?
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The Control of Assessment

Getald Ku 1m

The complex issue of who should control assessment impacts on nearly
everyone, from the individual student and teacherto the nation as a whole.
Recently, the arena for discussion about the fine line between local and
national control of education in this country has shifted from curriculum
issues to assessment. Although states and local school districts continue to
exert nominal control, the science and madmatics communities, gover-
nors, and the President have embraced the notion of national curriculum
goals and standards. If the need for national curriculum standards is
generally accepted, then the idea of a national achievement test naturally
follows. But if national curriculum standards and high-stakes national
assessments were put in plwe, a radical shift of control would occur,
throwing the educational system out of equilibrium. It is impossible to
analyze completely the implications of a national test, much less Predict
the possible outcomes. Before accepting the idea, however, the issues of
control should be examined carefully in the light of such a test.

In this chapter, the issue of who should control assessment is ad-
dressed from a variety of perspectives, ranging from philosophical to
practical and from purposes to expected outcomes. The discussion,
based in part on a symposium held in November 1990,8 is intended to
open the way to careful consideration of the issues before this nation
moves even farther along the path of mandated national tests in science
and mathematics.

The Role of the Student

In any discussion of assessment, it is critical to remember that it is the
individual student who is being assessed. In a very realsense, the individual
student is the key person in control issues. Whatever the intentions or
actions of teachers, schools, states, professional organizations, or national
leaders, their success depends solely on the response of individual soxlents
to the assessment. That point is made painfully clear when the stakes
involved in a test are different for the student and for the policymaker or
school administrator. The administrator'sjob may be at risk if students do
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not perform well on a nonned standardized test. But students may have no

reason to perform well if the test is not a part of their grade or graduation
requirements. For the student, only minor stakes, such as placement in a

particular ability track. may be involved. ln recent years, administrators
and policymakers have tried to raise the stakes for students with, for

example, "no pass, no play" policies, cr high school graduation tied to
passing state-mandated achievement tests.The proposed national achieve-
ment test would raise the stakes even more for students by encouraging

employers to consider the test results in hiring high school graduates.
Students realize very early that their assessments and grades are subjec-

tive and mainly in the control of the teacher. Although some enlightened

teachers may allow student discussion and input, control at the classroom
level is fairly well defined. The teacher may not have complete control,
however. Required tests, school district or depanmental policies, pressures
to assign grades in a particular distribution, and other factors remove some
control from the teacher. Moreover, each individual, group, organization,
or agency that has even minimal involvement in a student's education has

some control over assessment, thus removing some control from both

teachers and students. The more removed from the classroom that assess-
ment decisions are made, the greater the concern becomes for control

issues. The following sections discuss these issues in some detail and fmm
several perspectives. In each of these perspectives, the fundamental ques-
tion ought to be whether the control of assessment, or the lack of it, serves

to enhance students' learning of science.

Control and the Purposes of Assessment

Lee Jones, coordinator for science assessment for the National Assess-
ment of Educational Progress (NAEP), has pointed out that knowing the

purpose of assessment is central to answering the question of who
should control it.2 For example, a classroom test to decide whether or
not students are getting the point of a science concept being studied is
likely to be much different from a test intended to monitor the status of
the nation's students' understanding of the same concept. And cven
when the purpose of an assessment is specified, deciding exactly what
should be assessed is tough. Then there is the question of what instru-
ments are best for showing whether students know something or have
acquired some ability. Finally, we have to address how the results of the
assessment will be used.

To answer questions about purpose and control of assessment, we must
consider who should be involved in answering the other questions along
the way. The groups that should be involved in the three questions under-
lying the purpose of the assessment specific content, type of test
instrument, and intended use of test results are the groups that should
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be in control of assessment on an operational level.
Senta Raizen and her colleagues have summarized some twenty-two

reasons for assessment.3 One important reason is to convey expectations
to students about what they should know. At that level, control of assess-
ment can only be in the hands of the machos. Another example is advanced
placement (AP) exams, which have a different purpose: that of certifica-
tion. What should be assessed and who should control AP exams? Again,
the questions of content and control, of structure and purpose are
easy to answer, since they an go back to the college teacha who sets
prerequisites for college courses.

On the other hand, foran examination such as the National Assessment
of Educational Progre&s, the purposes, although spelled out by law, are
open to interpretation, and certainly identifying who should be involved in
control is very hard to do. The enabling legislation states that NAEP's role
is to monitor progress, or provide objective information about student
progress, in different content areas and in a reliable fashion. However, even
though the intended purpose is to monitor the status of students across the
nation, simply administering the test conveys expectations about what
should bc taugat in science to students, to parents, to school teachers, and
to administrators.

Identifying the purpose of the National Assessment returns us to the
questions, What should be assessed? How should it be assessed? What
groups should be involved? My answer is that no single group should
control it because so many people need to have input into the process.
Decisions about what should be assessed should involve the best scientific
minds in the country and leaders in science education, business, and
industry. Answers to How? should come from these same groups, but with
strong involvement of teachers, who know from their clawoom experi-
ence how to find out what students Extually understand. For monitoring
educational progress over time, particularly at the national level, the
involvement of education and measurement specialists is essential.

Given this context and the numbers and kinds of groups that have reason
to be involved, a consensus process is the only possible answer. When the
NAEP science test is implemented in 1994, many people will have been
involved and each should feel that it has been a consensus process. To make
the NAEP science exam more valid, more reflective of what kids know
and can do in science, three major goals have been set for the 1994
assessment. One goal is to emphasize depth of tioderstanding of ccameptual
themes rather than just breadth of science knowledge. A second goal is to
improve the current multiple-choice test to emphasize conceptual under-
standing. The third goal is increased emphatis on thinking skills, probably
by incorporating several different alternate assessment strategies.

The NAEP process that Jones describes for deciding on the content to
be assessed, determining how to test that content, and deciding how to
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report results is one of the best examples of a consensus process, working

in response to a reasonably clear purpose. What implication does this
process have for enhLacing students' learning of science? Currently, the

NAEP consensus process itself includes wick input from a diverse group

of educators and other professicmals. The diversity tends to remove respon-
sibility from any one person or group, leaving much of the fmal courol

over how the mutat is assessed to item writers and a few NAEP and
Education Department staff who have final apinoval of the test. This

process illustrates the possible pitfalls of a consensus process.
Even if the consensus process was perfeet, the purpose of monitoring

national progress is far removed from the reality of individual students'
day-to-day science classroom work. Student learning is affected only
indirectly by the results of the NAEP. For example, a local school board
membzr or administrator might be motivated by NAEP 'worts to press for

changes in the local school science progiam. The most visible effect that
this type of national consensus assessment can have is to serve as a model

of resource for state tor local assessment efforts. These local or state tests
have higher stakes for teachers and students, but they have had the effect

in recent years of narrowing the goals of student learning. Tests that had

the intended purpose of sampling and monitoring achievement have be-

come the standards for defming essential outcomes. Reaching a consensus

on the science that everyone agrees upon as hnponant has the possible
effect, therefore, of limiting and narrowing science content. Instead of
enhancing and extending students' science learning, this approach to
solving the control issue may have the opposite effect.

Ethical Issues

According to Bruce Goldberg, codirector of the Center for Restructuring
of the American Federation of Teachers, control of assessment is a moral
and ethical matter.4 The question of control puts the issues of assessment
and education into the appropriate context. The answer to the question is
not a particular person, nor a matterof who has the power or who is entitled

by law or by statute. Rather, determining the purpose of assessment is a

moral question that can only be answered by examining the moral reasons
behind it. Of course, any inquiry is value laden, this one no less than any
other. One might be tempted to say that, if time was agreement about the
purposes of assessment, there would be agreement about who should

control it because the moral reasons for these purposes would have been
given and agreed upon. As it is, there are many different purposes and

points of view, each with its own underlying mccal reasons.
For testing in general, the most notable purpose is accountability:

reporting to the public the results of its investment in the education of its
students. The second major purpose of assessment is the improvement of
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teaching and learning. Thachers must have adequate knowledge to perform
their diagnostic functicm and to make adjustments in their pedagogical
strategies. Students themselves can be reflective about their own work and
learn from taking tests.

A number of arguments can be made on moral grounds about who should
be in control of assessment for dwse two purposes. Here is one example:
A democratic society is founded cm the principles of justice and equal
opportunity. Since assessments are high stakes and are used as a means of
establishing individual opportunitks, assessment should be ccmtrolled by
independent public scrutiny; that is, by panels of citizens representing the
interests of those whose future oppormnities will be affected. This argu-
ment uses justice atai fairness as criteria for determining who should
control assessment.

A second argument is the following: The economic well-being of this
society depends on a work force that is competitive in a global economy.
To be competitive, we need an educational assessment system &signed to
reward those who succeed. Because of the vital interests of the nation, the
control of such a system must rest with a national governing board. This
is an argument from utilitarianism; it says that the consequences of our
actions ought to be the criteria for deciding who should control assessment
and its purposes.

Yet another argument is that the goal of schooling is the development
of individual autonomy. This goal requires teachers to control the assess-
ment process at the classroom level because only classroom teachers can
fashion the continuous ties among curriculum, instruction, and assessment
needed for develoment of individual autonomy. In the hands of teachers,
assessment could simultaneously illuminate student accomplishments,
point out strengths and weaknesses in the instructional program, and
sharpen curriculum goals. This argument focuses on the intrinsic worth of
human beings and their potential for self-realization.

Note that these arguments are not necessarily consistent with each
other. The moral principles on which each is based could conflict, and so
could the practical results. Suppose, for example, that present trends
continue and artificial intelligence is developed to such an extent that
robots or computers make the nation globally competitive without requir-
ing the education of large segments of our populatks. The argument from
utilitarianism would be in conflict with ihe argument for self-realization.

Many rational arguments are possible, and each could be posed so that
the conclusion follows from the premises. If the arguments are based on
incommensurable premises, however, they will lead to paradoxical con-
clusions. One must conclude that, in those societies where the question,
Who should control assessment? is a meaningfill onc, it cannot be an-
swered by specifying any single person or group. And, conversely, only
in those societies where the question ne r arises is there an unambiguous
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answer. A society that can answer that questior is a society with a shared
sense of purpose. Because in our society there is not that shared sense of
purpose, all of these differing moral criteria are really Incommensurable

no overriding mcwal criterion holds them together.
How do we deal with a situation in which we have incommensurable

moral premirx,s in a liberal democracy dedicated to the notion of progress?
In a society in which there is no progress, there is always a sense of purpose.
People know what they are supposed to do; it is historically or spiritually
embedded in the nature of their society. Our society believes in progress,
in opportunity. Problems are solved by securing consensus on some moral
principle that underlies the political process. In the absence of a shared
sense of moral purpose, we must rely on political compromise. What
overriding moral principle should undergird a political compromise on the
control of assessment? The answer might be in what John Dewey has to
say, for example. in The School and Society. He writes,"What the best and
wisest parent wants for his own child, that must the community want for
all its unlovely. Acted upon, it destroys our democracy." That is, assess-
ment should be based on the expectation that all children, all students, will
achieve a high level of competence or mastery but that in itself would
imply that standards were uniform for children whether they lived in
Florida or Oregon or anywhere else in the country. So there would have to
be national standards. If there are national standards, they can incorporate
the utilitarian argument about the need to compete in a global economy.
The standards must also inform and help teaching and learning. And the
standards would have to be incomorated in an assessment process that was
cumulative over time. Projects, performance-based assessments, portfolios

all the things that now go under the guise of alternative or authentic
assessment would be used and calibrated to these national standards.

Thus, according to Goldberg, while there cannot be an immediate
answer to the question of who should control assessment, there can be
development of moral principles that would undergird the arguments made
for any particular mode of control If this happened, there would be national
standards created, there would be local initiatives calibrated to these
national standards, and all of this would inform teaching and learning.

It is important to keep ethizal considerations in mind during discussions
of control issues. Goldberg's points about expectations for all students
certainly have direct implications for individual student learning. The
question is whether these ethical points remain academic discussions or if
they become a part of national, state, and local policy decisions for
high-stakes tests. Persons who support standardized national tests may
argue from ethical grounds that such an asstssment would guarantee
uniform science education for all students. A similar argument was given
a decade ago for state minimal competency tests, resulting in lowered
standards and a skills-oriented curriculum.
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The idea that the acceptance of moral principles implies the creation of
a national standard is interesting. The recent national standards effort
seems to be driven by a policy that has econcenic =scans foremost, and
is being carried out by professional groups who have childrens' learning
at the center of their goals. While this has been a fortunate combination of
interests, it is not clear that the moral considerations themselves would
carry the work forward, if American achievement scores were at the top,
even if the needs of some segments of society were not met. It remains to
be seen what effect these standards, whether undergirded by moral princi-
ples Of not, will have on individual student learning in science. It seems
critical that the groups that have developed the standards, primarily on
ethical and moral principles, continue to be involved in the issues of
assessment control. All of the moral ground gained by insisting on curricu-
lum reform for all students can be either solidified or lost in the assessment
process.

Fairness Issues

Issues of control and fairness, according to Monty Neill, associate director
of the National Center for Fair and Open Testing, are tied closely to the
effects of testing.5 He lists specific conditions, effects, and observations
about testing that must be considered:

High-stakes assessments can and will control curriculum and teaching,
dominating other modes of assessment.
A decade or more of increasing intensive and extensive high-stakes,
multiple-choice testing has brought little immovanent in education fnr
most students and clearly no improvement in higher-order thinking
skills.
Standardized testing reinforces the current educational system that
combines assembly-line approaches with behaviorist psychology.
Testing is not the solution to educational problems that require
curricular change and new amoaches to teacher education.
To be instructionally useful for a student, assessment must bc
individualized, detailed, and based on what is in the curriculum.
Good assessment requires a good curriculum. A good portfolio is not
a collection of photocopies.
The richness and complexity of individualized assessment cannot bc
aggregated.
Terwhers, by and large, do not know how to assess learning based on
inquiry-centmed curricula.
Performance-based external tests, such as those in California and
Connecticut, can be used to encourage improvements in curriculum
and instruction. However, there are risks of '.arrowing, limiting, and
trivializing good practice because of the serious and profound
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ccmtradiction between in-class needs and what can be actually be

aggregated.
Neil believes that there are both positive and negative aspects to

assessment reform. He makes the following points about fairness iSCTS.
In Vermont, for example, teachers designed much of the approach aud
teachers are going to be educated across the state in how to use it. lt
Arizona, open-ended questions are being introduced, such as the math
question that asks students to design a playground. The students have to
explain what they are doing and show their lessons for doing it. This is not
a hidden, surprise test, and teachers are expected to reach to it. There are
obvious risks involved in that. But the teachers will have explanations of
how to solve complex pioblems from each student in the class poten-
tially very valuable information for the instruction process.

As an example of a possible danger, consider the 20-minute essay that
was proposed but not actually implemented in the new SAT examination.
Had the essay been required, students would walk into a high-stakes test
not knowing what they would be asked to write about; would have no time
to prepare, do research, or to outline; and would have no time to revise.
That sends a very bad message about what writing is. It may be better than
absolutely no writing, but we have to be very careful about these kinds of
dangers.

Assuming that these observations are accurate, Neill believes that some
conclusions follow. First, since the most important areasof assessment are
in the classroom and the assessment must serve the learning process, most
assessment must be controlled in the classroom, primarily by teachers, but
to some extent by students. That does not mean that parents, the commu-
nity, and the school administration should be excluded. They should clearly
be involved in determining what is important and how it affects the
community.

Next, the primary task of districts, states. and the federal government
should be to help teachers do good assessment work as part of their good
teaching. These agencies should model, as much as possible, good assess-
ment practice such as portfolios, open-ended questions, and performance-
based tasks. Teachers should be involved in devising these and certainly
in learning to ;Fade and rate them. Most important and perhaps most
difficult, government and other external groups should not subvert in-class
instruction and assessment by making the stakes too high on any given test.
Sampling should be done and there should be a general effort to minimize
comparisons of individual students and schools. Clearly, there should be
no national test, because the only mechanism available for full national
tests in five subjects and three grades is a multiple-choice test, and under
the assumptions above that will be a disaster. The demands coming from
the centralized apparatus arc overwhelming the teachers, leading them to
simply look at outcome and achievement. Centralized control is not likely
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to be helpful and is very likely to be harmful. On the other hand, estab-
lishing uniform procedures for collecting indicators. Neill says, could be
helpful in some areas, such as having similar dropout information across
the country.

Fmally, the economy slmuld not control assessment. That is not to say
the eccsomy is unimportant; it obviously is. But the goal s'iould be healthy,
happy, creative, sociable cesnmunities of people in which the economy is
just one part of the lives of the people and not the overwhelmingly
determinant factor. And if that is what people want, then the purpose of
schooling must transcend the econmny.

Neil concedes that society as a whole requires more than we have often
expected our schools to deliver. In order for schools to meet the weds of
society, empowerment must come from the bottom up; from the students,
the teachers, and the parents. That is where we need to start, and the other
things that we do should be useful and helpful and not sabotage and destroy
the good things that need to happen at the bottom.

The issues of fairness are particularly relevant concerns for individual
students. The success of the American system of local control of education
has always depended upon direct involvement by parents and others in the
community who have the interests of students uppermost in mind. Recent
intervention by external groups, government agencies, professional or-
ganizations, and others into the science curriculum and assessment arena
has come about partly because parents and local groups have lost interest
or have become too busy with other issues. Traditional family support
systems kw children have changed, leaving more responsibility to outside
groups and agencies. Neill's concerns for fairness have arisen primarily
because many children, especially those who are in families in which both
parents work or in which there is only one parent, no longer have someone

traditionally a parent who will act as an advocate to monitor and
support their learning.

Although outside agencies may intend to have the children's best
interests in mind for exampie, by requiting them to take a national
science test, they cannot be directly responsive to the needs and develop-
ment of each individual child. Once this control over the individual child's
education is given over, it is difficult to regain. Even if the current efforts
by many schools to involve parents in their children's education are
successful, the impact of high-stakes tests can make that involvement only
superficial. In frwt, it might be argued that parents' decline of interest and
involvement in schools coincided with the implementation of the numerous
mandated tests. Parents may have been lulled into thinking that the tests
would guarantee that things would improve. Or they may have felt that
there was little they could do to influence a testing system put in place by
the school district or state "authorities," even if they thought it was unfair
to their child. As the nation moves toward even more intense and expanded
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efforts in assessment, parents and other advocates for children should be
involved and unintimidated by external policies.

Teaching issues

As a classroom teacher and member of the National Education Association
(NEA) Executive Committee, Reg Weaver knows that for effective teach-
ing, the days of 30 kids and 30 textbooks should be seriously reconsidered.'
This means that the days of teaching methods mquiring regurgitation of
isolated facts should be on their way out. A thematic approach to teaching
science is needed, in which students learn scientific reasoning, how to
integrate new and changing infonnation, and how tO apply abstract infor-
mation with creativity and invention.

One of the key issues in developing a thematic approach is to define and
set national goals for what should be taught, and to discover and implement
new ways to enhance student learning. 'lb achieve this, assessment tech-
niques must be tied to the thematic approach. Weaver outlines some
examples of concerns that must be resolved. First is the question of breadth
versus depth. In other words, what is the essential information that needs
to be taught, and how is it to be assessed? (Project 2061 addresses these
concerns in its Science for All Americani .) A second issue is defining the
most effective methods of teaching science. How do we teach inquiry and
a spirit of discovery and at the same time teach the importance of rational
analysis? The third major concern involves reaching agreement about
what science content is to be taught at each gade level. Fourth, we must
determine how to deal with the issues of knowing versus doing. And
finally, there is die need to create interdisciplinary courses, instruction,
and assessment.

In a reformed curriculum it will be difficult to separate instruetion from
curriculum from assessment. We need to learn how we determine a
student's depth of understanding. There are many ways to detennine a
student's mastery of the subject area, but schools are driven by stand-
ardized teSt scores and by report cants that compare school A to school B.
We lose track of what students actually are learning because the outcome
is reported only in terms of test scores.

Some states are using assessment approaches other than multiple choice.
Some are using more direct observation and are placing more emphasis on
application skills as opposed to content skills. But in the classroom it is
very difficult for some students to move from content skills toapplication.
On standardized tests their are few applications. If content skills are not
taught and application is being taught at the high schools, the students are
going to fail at the high school level even though they may pass the
standardized tests.

Weaver believes we must continue to look for various kinds of ap-
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proaches for determining students' abilities. We need to think about
broader applications of assessment. Teachers will ccnitinue to need help in
sorting out all of the results of research in the areas of assessment and
learning. But if science education is to meet our national goals, we have a
lot of work to do.

Uachers must function in schools restricted by rules and standards that
have been set bi somebody else. If teachers are to be held accountable for
what the students learn and if they are to be required to make decisions
about what science is to be taught, then they should decide the best way to
assess the results. Mixed signals about what to teach and how to assess are
just not going to work. That means that teachers must have means to assess
other than just paper, pencil, and filling in the bubble.

Weaver's points about the classroom teacher bring home the point that
teachers are the key to individual student achievement and to the success
of any assessment program. Even with the advances in instructional
methods and technology, the old idea is still valid that once the classroom
door is closed, the teacher is the one responsible for what kids learn. At
present, only scattered efforts arc being made to build authentic assessment
into teacher education and inservice programs. Until teachers learn how to
assess learning that results from reformed curricula such as thematic
approaches to science, it is unlikely tirt there will be much classroom
implementation. And unless the material is assessed, students will not
believe that it is important. It is at this point that issues of enhancement of
student learning become the key. Students will be the victims if they are
tested in science classes on only the material that teachers know how to
assess, yet are evaluated and ranked on external high-stakes tests with
different, higher-order performance items. In order to enhance student
learning of science, it is essential that the same effort that is given to
developing and implementing external assessments be given to helping
teachers learn to use appropriate assessment in their classrooms.

The Need for New Assessment Approaches

Two possible responses to the question of who should control assessment
arc "no one" and "everyone." according to ibm Pettibone, associate dean
for research at the University of Tennessee" Both responses, in reality, are
equivalent if everyone controls, no one controls. And this is the answer
that the question ought to have. First, however, it is important to list those
who might have some control over assessment. These are (not in any
particular order) students, individual teachers, school principals, superin-
tendents, school boards, parents, business community, general public, test
makers and sellers, tewher associations (both general and subject-matter
specific), universities, research laboratories, other professional associa-
tions, politicians, courts, funding agencies, and others. In addition to the
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Whos, there are some "Whats" to consider as well. For instance, the
curriculum is an important What. To what extent does the curriculum
control the assessment wocess? For that matter, should the curriculum
control assessment? Curriculum-based assessment requires a close rela-
tionship between teaching and testing. There are those who maintain that
the situation is just the opposite, that the assessment controls the curricu-
lum. It has been suggested that one way to move toward a ngional
curriculum is to institute a mandated assessment process. Another What is
economic development. Should concerns fee economic developn. At (that
is, jobs) drive the assessment process?

Of the many possible Whoa and Wham, there is not one that should be
entrusted with sole control of the assessment process not because any
are necessarily untrustworthy or trivial, but because assessment is so
important to so many groups that such control must neverbe given to any
single Who or What. Indeed, "control" may well be what is wrong with
assessment now. No one denies that assessment has many faces. On the
one hand, we want to know how students perform in relation to some nonn
or criteria. Teachers, parents, and students all need to know this. On the
other hand, the same information probably in a different format is
needed on numerous levels for making decisions to improve instruction.
And some of that information is needed for policymakers at levels almost
too numerous to list. The public, especially in recant years, wants to know
what the educutional return is on their heavy tax investment in the schools.
The one aspect of control that should be emphasized is control of the
assessment process itself. Obviously, for assessment to have validity, there
must be consigent standards of administration and data collection, regard-
less of the particular measurement strategy. This is probably as true for
"authentic" types of assessment as it is for so-called "standardized"
assessment. Other forms of assessment, including portfolios, can and
should be "standardized" as much as the old forms.

Because of the need to serve multiple purposes, audiences, and masters,
assessment must be controlled by the many and not by the few. An
example is the team approwh being used by the University of Tennessee
to evaluate innovative schools.9 These schools come in all sizes and
shapes, from across the United States, serving diverse populations of
students. Some are elementary, others middle, and still others are high
schools. The programs vary from a recess math program at the elementary
level to a performing arts program at a high school serving predominately
minority students. One West Coast elementary school has a student body
speaking sevom languages and some 20 dialects. A middle school in
Brooklyn has established minischools as a type of magnet school pro-
gram. A preschool in North Carolinais pairing affluent children with poor
ones.

The assessment needs and requirements of these 15 schools are immense
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and extremely diverse. The assessment Focess will utilize a variety of sources
and techniques and will involve saunter of groups to help determine the best
and most meaningful assmsments to satisfy the diversity of interested partici-
pants in these rejects. The RJR-Nabisco Foundation wants to know the return
on its larp investment and also walitS to document the characteristics of the
=cases so replication can be atempted. Interested others Welude all of the
Whos and Whats mentioned before.

The University of Tennessee is working to establish an assessment
center to develop ww assessments to serve the measurement and evalu-
ation needs of Americs's schools and school districts. It is the center's
contention that, in spite of faults, there are already measurement and
assessment tools for individual students and, through devices such as
NA:4), for national and statewide assessments. Certainly, these can and
will be improved over time. There are not, however, adequate sources of
performance feedback and related services needed by schools and school
districts to measure progress toward their goals. That's a big order and one
which cannot be filled if any one Who is allowed to control the assessment
process.

Penibone suggests an idea different from the consensus process. that
many, rather than one or a few gaups or individuals, should control the
assessment process. The need for multiple types of assessments, beyond
tests of achievement or student performance, is an excellent justification
for this view of control. A full discussion of the kinds of data needed for
these purposes has been provided by Murnane and Raizen (see reference
10), who also focus on individual students as the key to assessment. It is
easy and direct to ask itudents what they think of a recess math program,
or to simply count the number of students who participate. The difficult
task is to determine the kinds of questions thatare appropriate for assessing
complex programs, while being creative and open enough to look at simpfr,
observable indicators. There is a danger in assessments of complex pro-
grams to test everything that might be a contributing factor in the students'
learning. This approach usually means that huge blocks of student time are
spent taking tests. The amount of school time given to testing is already
excessive.

As the reform process gets under way in an extensive implementation
phase, program evaluation will become a more central focus of assessment
efforts. It is important that this work be unobtrusive wimp possible,
contribute to learning, and economical in the use of student time. If this
aspect of assessment is not carefully monitored and controlled, there is the
risk that any added benefit of reformed curriculum or methods will be
neutralized by the time spent testing the participating students. On the other
hand, if assessment is built into instruction, and simple, observable indi-
cators are used for overall program assessment, the reforms will have a
chance to take root and grow.
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Part 2

Science Assessment and
Curriculum Reform

Shirley M. Malcom

It is very important that papers addressing curriculum, instructional, and
policy concerns related to assessment in science be presented in the same
volume. Content experts and teachers may have the greatest interest in the
educational roles of assessment; the use of assessment as a policy and
political tool has come to dominate the public discussion of testing. The
question is not whether the public has a role in requiring accountability for
use of its tax dollars but rather what should be the relative balance between
the public needs and the viucational needs that assessment must satisfy, ln
a knowledge-based economy a high premium must be placed on mastery
of skills, demonstration of competencies, and comfort with the content
provided in science, mathematics, and technology education. So a separate
goal for performance by American students is stated, and the search has
begun for appropriate indicators of student achievement.

A story that is circulating from the hearings conducted by the goals panel
says that a testifier told a story about a farmer who was weighing livestock
to take to market. When the farmer came across an animal thw was too
small, it was put to one side. After completing the weighing of the other
animals, the farmer picked up the small animal and weighed it again; not
so surprisingly, the animal weighed the same as before. The moral of the
story is straightforward: weighing does not change the size; the animal
must be fed to effect a change. The search for the right assessment must
be first and foremost a search for mechanisms that help us feed the minds
of students. Their food must be filEng and nutritious, giving them an
appetite for lifelong learning that includes studying science because they
like it. Students should be able to take such knowledge, make it their own,
and be able to use it in other aspects of their lives.

Pan Two of this book addresses the issue of science assessment and
curriculum reform. The chapter by Kuhn and Stuessy sets out the major
national proposals for curriculum reform and the challenges these projects
will face in the reform of assessment. Rowe raises the stakes for reform
(to support our democratic ideals) and assessment (taking a student's
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"mental temperature") as she argues few finding and holding fast to the
big ideas within science. Cole explores the issue of reconciling the meas-
urement and instructional roles of assessment in science. The chapter by
Hudscm provides the reader with infonnatimi on the existing assessments,
while Davis and Armstrong review the use of various science tests cur-
rendy used in state testing. Comfort reviews some of the state efforts to
develop and test performance assessments as alternatives for standardized
tests. Chapters by Haden and by Madaus and Kellaghan give us windows
into testing in Europe the first focusing on the use of performancetesting
in England aid Wales and the latter providing an historical perspective on
examinatkm systems in the countries of the European Community. The
Madaus and Kellaghan paper was done as part of a larger study on
assessment by the Office of Technology Assessment, the full report of
which will be available in fall 1991.



Assessment in Science and
Mathematics Education Reform

Gerald Ku Im and Canal Stuessy

National goals for science and mathematics education have attained nearly
unprecedented attention. Not since Sputnik has the nation's attention been
focused so intently and comprehensively on elementary and secondary
education. The President has declared that the United States shall bc
number one in the world in mathematics and science by the yen 2000. A
national panel of governors and nearly every government agency have
responded in some fashion to this goal. In this chapter, we will focus on
the issues of assessment in science education reform in this broad context.
We will also deal with the role of mathematics in the science reform effort,
since science and mathematics are so interrelate/ le goals for improving
their learning so similar, and the barriers they fki..e in implementation so
comparable. Finally, we will consider the challenges of a changing demo-
graphic mix in the school population and the continuing problem of science
opportunities for women.

Of course, the big questions are, "What science content are we talking
about?" and How do we measure whether American students have
learned this content?" In a country in which decisions about educational
goals and achievement are local matters, these questions raised at the
national level have generated considerable discussion and debate. Some
answers to the science content question have been proposed by profes-
sional organizations, which have published standards, guidelines, and
blueprints for what students should know by the time they finish high
school." Even though thcre is not a unanimous agreement on these
proposals, they have provided direction and examples for state denarrments
of education and local school districts to adapt or build on in developing
their own curriculum reform. Some states and districts have already begun
reforms drawing directly upon thele reports. Large wojects have been
funded to pilot-test curriculum planning and implementation efforts that
reflect the recommendations of these reports. Evaluation of these substan-
tial changes brings assessment clearly 1 the picture. Curriculum changes
of this magnitude demand assessmett roaches that arc appropriate and
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powerful and sensitive enough to reflect the new kinds of learning that are
expected of students.

Policy and Politics of Assessment Reform

How to measure national attainment of science and mathematics supe-
riority is an especially sensitive question. There is reason to believe that
success or failure of reform in science education rests heavily on the
outcomes and directions that assessment takes in the next few years. As a
resuk, Ole assessment issues in the reform movement have attracted
substantial political attention and involvement, both nationally and locally.
Some of the panels and groups that have been formed to study directions
for assessment are dominated by persons with interests primarily in the
policy and political arca, in contrast to the earlier curriculum and teaching
groups that were mainly under the leadership of educators and scientists.

For a number of reasons, the issues surrounding assessment generate
intense opinions, discussions, and reactions. RV, many people object to
the seemingly logical notion of a national examination. While alternative
approaches might vist for estimating the level of science achievement of
the nation, it %I'M require the best thinking of the educational community
to de,,elop them. Second, even if some national plan for assessment were
agreed upon, what would be the actual content of the 1e5t? The traditional
types of items and mass-testing methods do not seem to match the new
goals for science and mathematics education. Aisessing problem solving,
reasoning, and making and testing conjectures involves measuring indi-
vidual and small group performances on in-depth problems, an approach
that seems poorly suited to mass testing. Finally, some educators fear that
a national high-stakes test may subvert progress toward changing the
cumculum to emphz4ze higher-order thinking processes. Even though it
is clear that classroom assmsznent approaches should be process-oriented
and closely tied to instruction, the influence of mandated external tests is
overwhelming. Teachers and school districts will build their students'
learning experiences around the test that has the greatest impact on them.

Proponents of assessment reform have focused mainly on procedures
and strategies for changing how specific subject matter is assessed, and
scientce assessment reforms are under way in a number of states. In some
cases, these reforms have built upon similar work in writing, mathematics,
or other subjects. Once holistic scoring of essays is accepted, scoring
npen-ended questiors i science or mathematics also seems viable. If
svidents use measurieg instruments to do lab performance tasks in science,
it seems reasonable to let them use calculators on math tests. The direction
,,f assessment seems most like!, to change in disciplines wh*re it is natural
for assessment to follow the expected performance. For exbxnple, writing
stories and essays is the expected result of lesrning to write, so assessment
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of actual writing samples is a natural '.'aing to do. Doing laboratory
observations, making hypotheses, and doing experiments are the activities
most people expect to result from teaching and leaming science. So it
seems natural, especially to those outside of schools, that assessment
should foc is on the performance of those kinds of science processes.

The atmosphere within the educatioml community, especially at die
national and state level, is shifting toward acceptance of such alternative
approaches to assessmeni There is still a long way to go, however, in
working with district measurement specialists, superintendents, principals,
and teachers at the school level. A great deal of work needs to be done to
change the way school districts evaluate haw well they are doing. Many
districts perform quite well on the current standardized tests and have many
students who achieve high scores on SAT exams. If these districts send a
large percentage of their students to good colleges, they see no reason to
change either their curriculum or the way they assess students. It is very
difficult to convince them that there may bc improvements that lead to a
higher level of science learning for all their students. And if reform is to
take place, more than schools, teachers, and administrators must be in-
volved. The current testing and evaluation system has created expectations
ead assumptions in a broad array of people and organizations, from parents
to colleges and the business community. As assessment approache4 are
changed, all of these constituents must be infomied. Fur example, we must
deal with the parent who expects a letter gradeon a report card and receives,
instead, a profile of student proficiencies and a list of areas in need of
further work or study, and the personnel office or college that expects a
transcript and receives a written summary of a portfolio of student work.

Assessment and New Learning Goals tor Science

Changes in curriculum goals require concurrent changes in approaches
used by teachers in improving learning, by schools in reporting to parents
and school boards, and by agencies in monitoring progress toward broad
goals. For these reasons, =structuring assessment is one of the most
significant challenges facing science and mathematics education reform.
National groups such as the American Association for the Advancement of
Science, the National Science Teachers Association, and the National
Research Council have convened committees and conferences to address
the issue. Since recent experience in American education seems to verify
that the material tested is the material taught, science and mathematics
educators have called for new approaches to assessment and provided
some directions for changes."Promising work has begun to appear at the
national, state, and local levels." Improvements are being made in some
state tests;1° however, more development is needed to help teachers to
identify specific approaches that work in the science classroom and to learn
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how to use them. Teachers have been legitimately concerned that if they
"fight the system" and teach inquiry and problem solving, their students
will suffer on mandated tests that focus mainly on terminology and
computation. There is a wide r;onsensus that unless assessment is changed,
reform in science and mathematics education will not bc comprehensively
implemented at the classroom level.

What implications do the new goals for science education have for
assessment? The major reform documents have stated some general
themes and common ideas that challenge current instructional approaches
and assessment practices. The most fundamental goal is that science and
mathematics learning should focus on broad conceptual understanding,
problem solving, and habits of thinking. This view of learning is the major
force driving new thinking about assessment. Current tests one-shot,
mukiple-choice, and focused on mastery of simply stated behaviors are

not appropriate for assening this kind of learning. Problem solving and
conceptual understanding are not skills that can be learned, practiced,
mastered, and tested in the short term. They develop gradually and con-
textually while connections are made with related concepts and experi-
ences. When learning is individualistic and dependent upon experience
and motivation, assessment must be continuous, sensitive to individual
differences, and open-ended enough to bc capable of reflecting deep and
broad understanding. Although some separate testing may be necessary,
most assessment should be nonintrusive and integrated with learning
activities.

Most educators agree that science learning should progress from exten-
sive early hands-on explorations, to infoimal experiments and qualitative
understanding, and finally to more formal and quantified work in the later
grades in high school. This view of learning requires assessment capable
of monitoring and reflecting the growth of ideas and concepts. Much
traditional testing has focused on final outcomes of learning. Even pretests
or formative tests are constructed in the same way as summative tests; only
the time in the learning sequence at which they are administered is
different. New assessments are needed to provide information about what
students learn in the early informal settings. They should show to what
extent and in what ways studentshave integrated experimental knowledge
with known or developing concepts. They should give insight into how
students formalize information gathered through explorations and hands-
on work into images and symbol systems. New assessments are needed
to measure development of students' quantitative and qualitative under-
standing and show how they are related. Finally, approaches are needed
that monitor and assess students' readiness to progress from exploration
to informal experiments and then to more formal wozt. In this type of
learning, end results are less important than the processes and experiences
that lead to the desired outcomes.
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Another goal of a reformed curriculum is to reduce the sharp lines
between thz sciences, and to reflect science as an integated domain of
knowledge. Science is unified through broad concepts that link the
content of the separate disciplines. When the focus is on broad themes
that link important content and ideas, tests of isolated concepts and
procedures are not sufficient. Even broader or more "authentic" assess-
ments of knowledge in specific subjects such as physics or biology may
not be curriculum appropriate. Although there is no agreement on the
extent to which the curriculum itself should be integrated, at least some
portion of science assessment must let students show how well they can
apply an integrated knowledge of science. Long-term projects, investi-
gations, or reports seem to permit assessing this type of knowledge e-
ability. Since these kinds of activities often involve cooperative work
by two or more students, approaches are needed that assess the knowl-
edge gained and demonstrated through these activities, both individu-
ally and collectively. Other innovative approaches are needed to assess
how well science knowledge is integrated and available for problem
solving. The goal is for students both to gain in-depth content knowledge in
specific subjects and to develop the ability to apply that knowledge across
fields, if they do not acquire sufficient content understanding in specific
subjects, "less is more" can become ' less is less."

A fmal goal common to many curriculum reform proposals is that the
relationships ammig the sciences, mathematics, and technology be empha-
sized and developed. Cunently, even in e mentary grades, science is most
often taught separately from mathematics. The separation increases
through the middle grades and high school. The issues are not settled as to
whether or how to develop an interdisciplinary curriculum; however, if
teachers are expected to emphasize connections and students are expeeted
to understand and apply concepts and ie s across science, mathematics,
and technology, new assessment approaches will be needed. The next
s=tion explores in more detail the issues of integrated science, mathemat-
ics, and techn logy and the implications for assessment.

Assessment and integrated Science and
Mathematics/Science

Current curriculum reform efforts by the American Association for the
Advancement of Science (AAAS), the National Science Teachers Asso-
ciation (NSTA), and the National Council of Teachers of Mathematics
(NCTM) focus on making mathematics and science relevant. Explicit
connections among the disciplines of science, the domain of mathematics,
and the real world, often made through the u-e of educational technology,
are suggested as essential in the development of mathematical and scien-
tific literacy. AAAS Project 2061's Science for All Americans" proposes
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scientific literacy for all throrgh an integrated understanding of science,
mathematics, and technology as interdependent human enterprise& The
Scope, Sequence. and Coordination of Secondary School Science (SS&C)
developed by NSTA promises "a content core of scientific knowledge that
every educated person should have at tlx end ofhisiber secondary educaticm,
knowledge that allows a person to make informed decisions about scientific
matters rather than be swayed hy pseudoscience, and to understand the
scientific side of modem life where it impacts on the individual."12 Both
science reform projects involve development of curricula that reduce the
amount of content that is covered ("teaching less that is also more"), that
weaken or eliminate rigjd subject-matter boundaries, and that pay more
attention to the connections among science, mathematics, and technnlogY-

K though no one definition of "integration" satisfies all educators, the
conce i., becoming a ircognized option for science curriculum reform in
the United States. The trend is toward integration, even though there is a
long history in the United States of compartmentalizing knowledge into
"r".. Acts" and teaching bits of "content" in mathematics, science. and
ca: 3ton/computers in discrete "units" of instruction. In the rapidly
pacec , lianging world of the 21st century, however, the problems are not
subject-specific or compartmentalized: world hunger, poverty, disease,
war, and environmental pollution are "integrated" by their veiy nature.
Although technology has exacerbated many of these problems, technology
can also be used to solve them. A knowledgeof the complex negative/posi-
tive interactions that occur among science, technology, and society is
necessary for all citizens to snake decisimis in a democratic society.
Citizens must also have the mental capabilities to conceptualize problems
holistically, to evaluate the relative importance of information gathered
from a number of sources, and to see the entire picture composed of many
overlapping pieces.

For those who have not had integated problem-solving opportunities
in school, the transfer from traditional classroom learning to real-life
problem solving may never occ ur. The question of "When will I ever need
to know this in my real life?" takes on an ominous tone as we look at
educating 21st century Americans for a technologically driven world of
work as well as supplying the mathematicians, scientists, and engineers to
maintain the nation's competitive advantage in the world marketplace. The
question also is relevant when literacy is understood as education that
enables human beings to be life-long learners, fully capable of experienc-
ing and comprehending a world that is rapidly changing and often driven
by factors associated with the scientific and technological enterprise.13
Integration may allow us to produce classroom scenarios that engage,
motivate, and encourage learners to be creative and elaborative in their
learning about the natural ami technological world in which they live.

Although the integrated viewpoint appears attractive for classroom

r.4
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teaching, both science and mathematics educators agree that integration
should not replace all separate teaching of mathematics and science.
Mathematics, science, and technology educators who met at Wingspread 14
in 1991, for example, agreed that students need to understand that the
domains of mathematics and science, which are indeed different, also
complement one another. Much of what we call "scientific knowledge"
could not exist without the language of mathematics to simplify and
explain the complex relationships that exist in nature. Deep conceptual
understandings of mathematics involve seeing connections between the
abstriwt mathematical conceptualizations and the concrete realities of the
real world. Although mathematics and science complement one another,
mathematical concepts (for example, "number") represent discrete under-
standings, gs do scientific concepts (for example, "evolution"). Neverthe-
less, science can often provide a contextualized foundation for learning
mathematical concepts, and mathematics provides the language that quani-
tifies and simplifies explanations of natural phenomena.

A number of innovative cur-iculum projects explicitly integrate mathe-
matics and science and/or technology (e.g., AIMS, dTG, TIMS, TERC)."
Technology is used in many of these innovative projects for contextualiz-
ing instruction and providing visual scenarios from which real-life prob-
lems are posed (or identified by students) and colved. An advantage that
has been hypothesized in the use of technology is that it provides a context
for "authentic activity" that facilitates student problem solving and in-
creases intrinsic motivarion.16 Technology allows prexntation of problems
that are posed within a real-world, personally relevant context. The tech-
nologically presented context enhances motivation, active mental process-
ing, and elaborative processing, as compared with more traditional
contexts that rely heavily on the reading capabilities of children who also
must be intrinsically motivated to learn.17-19 Although the advantages to
the learner of integrating technology with mathematics and science have
been suggested, most positive outcomes are only intuitively understood. A
strong justification from the educational research community for using
innovative, integrative curricula is lacking."

Student assessment, which provides specific information about learn-
ing, may reveal unique advantages of the integated approach to teaching
mathematics and science. Performance assessment, which by its very
nature "blurs the edges among curriculum, assessment, and instruction," hi
makes an ideal beginning point for the development of authentic assess-
ment for contextualized, innovative, integrated curricula. In performance
assessment, students learn by engaging in the assessment-eurriculum-in-
struction enterprise, which consists of a number of tasks or activities within
units labeled as "problems." The tasks provide opportunities for students
to synthesize their knowledge, make connections, deepen their under-
standing of concepts, and create for themselves learning situations that
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foster the development of deeper levels of understanding. Maks also
provide opportunities for teachers to evaluate evidence from a number of

sources written, oral, visual, and computer-based. Evaluations that are
multidimensional exceed the one-question, one-answer notion often used
for assessing a student's acquisition of scientific facts. Issues relating to
the design, selection, and evaluation of learning tasks or "activities" have
been relatively neglected in educational research and scholarship.n It may
be that analysis of learning activities occurring within the integrated
context, such as the analysis structure suggested by Brophy and AllernanD
or others2A 15 may reveal needed information about the unique aspects that
an integated mathematics/science curriculum offers to learners.

Assessment Concerns for
Traditionally Underrepresented Groups
Students who are minorities, speak English as a second language, are poor,
or have physical disabilities are currently less likely than others to receive
the instructional and social support necessary to excel in science and
mathematics. These students are often placed "at risk" for entering sci-
ence- or mathematics-related careers and occupations. Of particular inter-
est to many science and mathematics educators is the traditionally
underrepresented groups of females and minorities, who historically do not
pursue advanced course work and careen in science-related fields. A recent
report describing the representation of women and five racial and ethnic
groups among BA., MA., and Ph.D. degee-holders in quantitatively
based disciplines indicates that at any given degree level, a group's share
of quantitative degees reflects two factors: persistence in the pipeline and
field choice.24 This report suggests that the scientific/mathematical pool
from which quantitative Ph.D. graduates ultimately derive first appears in
elementary school and emerges strongly before the 9th grade. Before 9th
grade, membership in :he pool is defined more by quaMitative interests
than by skills. The talent pool appears to reach its maximum size before
high school, but some migration into the pool continues to OMIT during

ades 9 through 12. Thus, to increase participation in this goup, strategics
should be implemented to increase the size of the initial scientific/mathe-
matical pool of minorities and women before and during high school.

At-risk students' science and mathematics achievement scores continue
to be one of the most visible and troubling factors in the nation's educa-
tional efforts. Current assessment approaches imlicate that science and
mathematics deficiencies are present for minority students compared to
whitm from thc first testing point. The performance gap increases over
time, resulting in a cumulative deficit that excludes many minorities from
post-secondary study in science, mathematics, or engineering." The
reasons for the gap begin before school entry. More African-American and

,
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Hispanic children than white children come from economically disadvan-
taged backgrounds. They appear to be behind their peers and are therefore
placed in remedial classes. Students who speak English as a second
language are at an even greater disadvantage in a classroom where teachers
speak and teach only in English. The content-speciftc vocabulary associ-
ated with traditional science and mathematics teaching makes the subject
of science seem more like a foreigat language than a subject that fosters
curiosity, problem solving, and assurance that the world is indeed a place
that is understandable and predictable. Still other factors appear to be
working to discourage females in mathematics and science, including
teacher and classroom variables, and motivational and social factors.

While there have been slight improvements, the continued gap between
whites and African-Americans, Hispanics, and other minorities is cause
for concern about the way testing (and, hence, teaching) is done.34 35
Fundamental changes are needed in light of research indicating that mi-
nority and other at-risk students learn science and mathematics best in
environments that involve bands-on work, meaningful applications, and
cooperative group interaction.3" If assessment were also aligned with
these learning styles, at-tisk students might reveal knowledge and perform-
ance in science and mathematics greater than that estimated by more
traditional standardized tests. As yet, however, little work has been done
to investigate how specific alternative approaches to science assessment
work with various student populations. Research and development are
nezded to answer questions such as:

How well do current tests measure the scientific knowledge, skills, and
understanding of at-risk students?
Will assessment items that focus on meaningful tasks and projects
reveal unseen scientific and mathematical abilities in at-risk students?
Will assessment tasks that are given one-on-one, in small groups,
and/or which allow students to respond in their first language reveal
unseen mathematical abilities?
Will alternative approaches to science assessment be fair and accurate
in their treatment of at-risk students?

The most promising assessment approaches appear to be those that use
hands-on work and focus on student performance. Negative expectations
may be overcome by giving all students the opportunity to include their
best and most creative work in portfolios, thus providing a wide variety of
positive, successful experiences in science and mathematics.

Teachers and Assessment Reform

One of the most importarst issues in assessment has not received much
attention. That is, how can science teachers be helped to learn how to use
alternative assessment approaches? If they make changes in assessment,
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how will their teaching be affected? And how many added demands will
assessment reform place on an already less than adequate system of
inservice teacher education?

A start in our discussion about teachers leads us to consider current
investigation in cognitive psychology that concerns the ability of people
to reason, understand, solve problems, and learn on the basis of these
copitive activities.39 Current researchers view learning as an interactive
process among prior content knowledge, new knowledge, and students'
cognitive abilities to think and solve problems. Ideally teachers should
know about the prior knowledge and learning strategies of their students
in order to provide diagnostic, flexible, and interactive instruction that
matches students' entry level knowledge. In particular, teachers must
sequence instruction to take into account the changes in learner needs at
various stages and provide appropriate support or "scaffolding"" in the
form of verbal, visual, or physical cues or other assistance that enables
students to do as much as possible on their own. Assessment, which must
accurately ascertain students' knowledge and skills at differentpoints in a
learning task, provides a mechanism for the teacher to make decisions
about the type and amount of scaffolding to be provided. Teachers also
manipulate the instructional methods associated with the task, and in the
problem-solving learning situation, they may empkry a cooperative learn-
ing structure, such as cooperative problem solving,4I cooperative group-
ing,44 43 paired problem solving," or varisions of reciprocal teaching."' 46
Other more appropriate instructional methods might include the use of
advance organizers.47 concept mapping," or explicit instruction in meta-
cogniti ve strategies." Problem-solving instructional sequences of this kind
have flexibility built into their structure. The assessment is authentic to the
instruction and the learners; it is not something "done" to students by
outsiders unfamiliar with the unique learning qualities and capabilities of
the classroom learners. Uhimately the success of the learning experience
relies on the authentic interactions of students and teachers in the learning
process. and the interactims allow for instruction to be altered to produce
ultimate learning outcoraes in problem solving.

Outcomes associated with innovative curricula are often multidimen-
sional and complex. For instance, a scheme may be required for assessing
the degree of "conceptual understanding in science," graphing interpreta-
tion skills and laboratory procedural skills of students who have worked
with an interactive computer simulation.59 Innovative tracking and scoring
methods are being developed for measuring the learning outcomes of
students who are engaged in innovative, integrated !canting experiences,
Many assessment teams across the nation are working with teachers,
curriculam specialists, and others to develop holistic scoring protocols,
portfolios, and checklists for evaluating student performance on inter-
views, presentations, and written work. For those developing authentic
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assessments, an instructional wtivity is viewed as a multidimensional
interactive learning experience that results in a number of instructional
outcomes.51

For tte teacher, a number of information sources are necessaay for the
complex decision making needed to maximize instructional outcomes.
Simple "grades" are not useful for deciding what to teach, how to teach
it, to which students and for how long. Altering instruction systematically
as a result of outcomes associated with a particular learning activity or
sequence is not practical without a planning, monitoring. and assessment
tool. The tool should provide access to and methods for teachers to
manipulate data about student entry knowledge and skill levels, learning
activities and their associated levels of cognitive and skill demand for
learners, and the instructional context in which the learning activity is
offered. Interpretations regarding choice, sequencing, and modification
of instruction must be easily made and probably should be represented
visually. Methods must be designed for teachers to document and track
student progress through particular learning activities, as well as to ask
evaluative questions regarding the efficacy and/or efficiency of their
choices of activities and their position within instructional sequences.
These methods we aid assist teachers working with heterogeneous classes
of students who exhibit differing levels ofentry knowledge and strategies.

Computers can be invaluable for manipulating data sets that pertain to
cognitive and skill demands of learning activities, entry-level student
knowledge and strategies, instructional contexts, sequencing, and eventual
learning outcomes of students. Computer technology should allow the
teacher to ask questions about individuA and classperformance over time,
as well as about the effects of adjusting instructional activities within a
particular dimension (such as a cooperative learning structure) on other
aspects of student performance (such as acquisition of content-specific
concepts or strategies). Lesh has explored computer-bssed assessment
possibilities including reports thn are graphic-bas0, interactive, intelli-
gent, and multidimensional.52 This suggests methods for producing visual
reports via "learning progress maps" that resemble three-dimensional
topogaphical maps idealized models of potential student knowledge
that show the conceptual terrain that all students are encouraged to explore
in a targeted curriculum, as well as multidimensional profiles of develop-
ment of individual students in various conceptual regions.The overall goal
of the learning progress map is to capitalize on the dynamic, interactive,
and intelligent nature of computer-based graphics to genera_ rapidly
updatable reports to inform the teacher on a wide range of decision-mak-
ing issues. The reports reflect the nature of the interactive model of
student/teacher/instruction discussed previously a far cry from the
percentage or letter grades that traditionally represent the terminal effects
of school and provide no indication as to the richness and multidimen-
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sionality of the classroom experience.
Although the learning progress map reporting scheme provides data for

teachers to use to alter instruction andevaluate programs, Lcsh emphasizes
that "instruction-relevant learning progress mapsmust be designed so that

we do not try to bilk= all decisions and all decision-makers using only a
single type of report, test, cc data source. That is, the information that is
collected, filtered out, interpreted, aggregated, and displayed varies ac-
cording to the decision and decision-maker that is being addressed."" The
dangers of using only one or two data sources in making decisions about
students and the curriculum cannot be overestimated. If by the Year MOO
the school is indeed viewed as "the site of refonn,"54 the advice provkkd
by Lesh is indeed as appropriate at the level of the school, district, and
nation as it is at the level of the teacher. Assessments should empower
teachers and schools to make the changes in instruction and curriculum
that will bring all children to the goals of literacy for the citizens of this
nation. Assessment attached to external rewards and punishment is in direct

conflict with a model that empowers teachers to diagnose, modify, and
implement learning activities to maximize learning. In that sense, one can
view the quality of the learning environment as directly related to the
assessment that its decision-makers put in place.

The assessment reflects the educational and philosophical goals of the
educational community responsible for making decisions about the learn-

ing of its students. Assessments that guide responsible decision making in
the classroom directly affect the learning of children. For that reason, iL
development of assessment strategies that enhame aid support decision
making at the level of the classroom teacher should have highest priority
in educational reform. Ideally, teachers in the future will seldom tell
students to put away their books and notes to take a test. Assessment will
be an ongoing and integrated pan of teaching. Students will have the
opportunity to provide input to their assessment records, making sure that
their best work, produced without pmsure and anxiety, is included in the

evaluation process.

Families and Communities

Children learn science and mathematics best when there is coordinated
support and encouragement from the school, the home, and the community.
Traditionally, this support has been available to students from stable and
educated families, attending well-fmanced schools, and living in commu-
nities with a variety of easily accessible resources. Traditional teaching,
assessment, and reporting approaches have a reasonable chance of suc-
ceeding in this environment. Now, however, societal and family structures
are making it necessary for schools and coninfanities to provide additional
structure and support to students. Assessment plays a major role in this
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effort, in reporting student rffogress to families and in helping communities
to determine how well they and their schools are doing. The most important
role for assessment, however, is to communicate to families and commu-
nifies the new goals for science and mathematics education.

One of the factors that often differentiates the achievement and oppor-
tunities of students who are less successful in school from those who are
more successful is the amount and quality of experience and involvement
in science- and mathematics-related activities outside of the school. This
difference is due to a number of factors, including lack of home and
community resources, unfamiliarity with how "the system" works, lack
of confidence or expertise in dealing with science and mathematics con-
tent, and the impact of the low wience and mathematics expectations of
many parents for their children, especially female or minority. Many of
these factors have their roots in a fear of science and mathematics. This
fear can be traced to traditional testing and assessment approaches in which
there is one correct answer or procedure that must be memorized and
recalled on a timed test.

The new approaches to assessment can have a positive and dramatic
effect on perceptions about the nature of science and mathematics. Fami-
lies can utually see examples of performances and projects rather than
seeing numbers and letters on report carus or assignment sheets. Students
can do science assessment activities at home, in the neighborhood, at
museums or exhibits. Parents or other family members can bc involved as
partners in the assessment process, providing infommfirm about the child's
current and developing interests and motivathms. These approaches can
provide powerful and effective menages about science, its goals, and the
ability of students to do science and mathematics.

Summary

Student learning and attitudes in science must 'be viewed, and therefore
assessed, from multiple perspectives. It is not sufficient simply to reject
or reform the gandardized tests new usel *by/hitchers, schools, and other
goups. Students learn science in other school- courses, especially in
mathematics courses. As the use of technolop grows, students will learn
science in a multitude of contexts in which technology appears. Science
is also learned outside of school; sometimes more 0,an in school. Assess-
ment approaches that only include .:^hool-like or textbook-like or labora-
tory-like settings for science may not provide the opportunity for many
youngsters to demonstrate their knowledge and ability in science. And,
conversely, there is ample evidence that high achievement on school-
based standard science assessments does not guarantee that students will
not continue to have miskonceptions about fundamental science concepts.

Above all, assessment in science should promote and encourage learn-

BEST COPY AVAILABLE to
94
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ing and should focus on what children can do rather than on what they can't
do or on what they have only memorized. Science educators must be
involved actively in the reform of assessment and ensure that policy-driven
assessments generate the fewest possible barriers to the types of classroom
assessment that are so needed for an effective science curriculum.
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Assessment Implications of the
New Science Curricula

Mary Budd Rowe

Assessment in ele service of instruction is a particularly important concept
because it can represent a way of taking a student's "mental temperature."
One kind of assessment can happen in every science class if teachers
practice "wait time" instead or "talk time." By talking less and listening.
more, teachers are more likely to hear what is goingon in children's heads.'
Of course, when one hears what is inside their heads, it might be a little
disturbing and difficult to deal with. But as we begin to move toward an
integrated curriculum, we are going to need to be able to respond to
students in a conversational mode and in a far more complex and involved
way that; perhaps we've been accustomed to in thc past.

I might give an example ofa group of children I worked with in Harlem.
Four students were assigned to care for the guppies in an aquarium. One
Monday we came to school and most of the guppies were dead. A big fight
began over who owned the guppies that were left and how they were able
to identify whose guppy had died.. I was convinced that their observations
were very discriminating. It was interesting that in Englewood, on the other
side of the Hudson River, the same thing had happened to their aquarium.
The schools had been in the habit of turning off the power over the
weekend, there had been a cold snap, and the aquaria were too small to
provide enough of a temperature buffer for the fish to survive the cold spell.
What was interesting was that in one group the students' attention was on
who owned what was left and in the other the attention was on how it
happened and what could be done to save the ones that were left. So, very
often, heaxing the discourse is important for a teacher to gain insights into
what to do next.

On another occasion, there were four second grade boys gathered
around their aquarium and giggling. So I wandered over to take look at
what was happening. Their attention was focused on the aquarium; that, at
least, was good. One little guy saw me looking and said, "What's that?"
He pointed to a fish that was swimming along and had something coming
out of its back end. They all looked at me to see what I would say. I said,
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"Now, you know what that is. You tell me." There was a long pause, they
got a little serious, and finally one of them said, "Shit." I said, "That's what
it looks like to me." They got very serious at that point; then one little boy
said, "Do they piss, too?" Right then I could not think how fish did that.
So I said, "Well, that would be harder to see, wouldn't it?" They all stared
at me; then another little boy said, "You mean to say they swim around in
all that shit and piss?" Actually, I had never thought about it that way
before. But what was really remarkable was what happened next. New
York City was having a garbage strike, and one little boy suddenly said,
"It's kind of like us, isn't it, with the garbage strike?"

Now, that's a kind of thinking that some developmental theorists think
doesn't happen at this age. It seems to me that the point here is to rcalize
that there are many effective stimulus materials if you are open to hearing
what children are saying. It's an invitation to take part in conversations that

are very rich and provocative for more than just science children are
building stories about life itself.

I look et science as a special kind of story-building activity, whether it's
done by a professional scientist or by a young student just beginning to learn

it. Science provides multiple entries for conversations with students. You
can hear on multiple levels, and students arc usually communicating mul-
tiple features of themselves as they talk. Let me give you another example:

I took a couple of chickens in a common cage into another second grade

classroom. We had been working with operational definitions and the
importance of good observations. I left the chickens in the classroom for
a week because time to contemplate is very important for understanding.
Children at this age and at many ages may not engage with a stimulus
right away. When I came back a week later, the children were all gathered
around the cage. I sat down with them to get on eye level to join their
conversation I am really talking about assessment here. Then one little
Puerto Rican boy said, "This one is the mother and this one is the father.
Do you want to know how I know?" I said, "Yes, I do." He said, "This one
is the father." He frowned and continued, "This one, when it pecks, it tries
to hurt. That's the father." And then he put his hand on the other one and
said, "This one, when it pecks, its peck is mole like a kiss. That's the
mother."

I still get a bit of a chill when I think of this again. Now, as a teacher I
have really a difficult decision to make: am I going to teach him about
pecking order? Scientists talk about pecking orders, but they don't say
much about how a chicken knows enough to peck on this one and not peck
on that one. But this boy told another kind of story, and it fit. He had an
operational definition and a useful simile

These stories address some very in ortant issues about assessment in
the context of instruction. I am very coinmitted to a much larger view of
what science and math instniction is all about. I am committed to the
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importance of getting standard data of all kinds, which do tell us things
about patterns, but I don't think we observe and hear enough. Learning to
have conversations instead of inquisitions is a very powerful way of
starting to get data in context. And for those of you who are methodologists
and have some doubt about this as a way of doing research, I would say
that this is a kind of action research in which all of us who have a concern
for youngsters can participate with interest and enthusiasm. It is the kind
of research that you see in medicine and the clinics these days.

Of course, I'm talking about a kind of story telling in which you arc
informed, then you develop a story to tie die observations into a plot to
test, so you can figure out what the real plot is. With youngsters, I am
interested in what world view they arc building. Their world view has a lot
to do with the behaviors they will try and the amount of effort and
persistence they will show. I want to quote something that Sumner wrote
in Perspectives in Biology and Medicine concerning the importance of
really attending and hearing on multiple levels. He said,"Beyond the mne-
monic effect, anecdotes have an important epistemological function as well
as the general social value of story telling in the professionalization of the
young and in the communal life of all physicians. Anecdotes play an
intellectually respectable part not only in introducing established informa-
tion to new learners but also in advancing the new knowledge of experi-
enced learners. They have a use in the scientific investigation of disease.
They suggest where primary research attention needs to be turned, func-
tioning as a preliminary critique of current therapies and staking out new
knowledge, new subgroups in the clinical spectrum of disease."'

I think that there are parallels for science teachers. Science is a very
powerful vehicle to open up what is going on in children's beads; also to
help us in developing curricula which we think will begin to meld together
in some ways that will be powerful for youngsters. But how are we going
to find out whether or not wc are successful teachers? Not by a lot of
separate little tests. We really want to find out what sort of coherent plot

story line students are making for themselves about the world and
their place in it. The issue, in a way, is learning to converse to make
some sort of image and to talk about IL

We're doing a lot of work on curriculum. The intended curriculum gets
negotiated through our conversational interludes with students, then some-
thing walks out of their heads the learned curriculum. But we really
don't know much about what it is that they are learning. And for many the
curriculum isn't very successful; otherwise, we probably wouldn't have Ls
many dropouts as we do. We need to find ways to converse with these
students about what we think are the problems that arc confronting them.

Part of learning to hear youngsters on multiple levels like the child
in the chicken story is knowing what other levels ofprocessing are going
on and deciding on that basis when we should talk or in what ways we're

..411
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going to talk together. I've compiled a set of questions as have re-
searchers, especially clinicians, working with children all over the world

that, I believe, address some of the central issues in kids' heads as they
start to build their stories about the world and their pan in it (Figure 1).

One thing that you overlay on what you are doing in curriculum or
instruction is to ask how what you are teaching is contributing to develop-
ing answer!: thc3c questions. It is particularly important to start this
analysis prior to middle school. The United States has the earliest age of
onset of pubescence of any nation in the world. Teen-age pregnancy at

13 or even younger and very high-risk infants art of great concern. The
things that arc on young people's minds at that age are, I think, not at all
what we are teaching them in school. How can wc bring those agendas

together?
I happened to ride home on the bus one day and overheard two little

girls who were sitting in front of me. One of them said to the other, "Are
you on the pill yet?" The other said, "No, my mother thinks I can wait six

months to a year." There is an energy and discourse and thinking about
phenomena that we have to get children to share with us. We have to be
able to merge our science with that discourse in a way that will help them
make fewer dangerous decisions than so many of them are making now.
We must do this in a way that builds hope in children about a future in
which they can and will want to be an important part.

The last question is, Who cares? A template that you can lay on planning
and what you are listening for in the assessment is, What are the signs that
the students cared about what went on in class? The signs to look for are
that they liked it, that they see some consequence, and that they would like

to engage in doing something about it.
How might we organize a way to get at what's happening with students

based on what we're doing? What story are tey building for themselves?
Another template that you might conside,- as you develop instructional
units is the knowledge that what you learn and the way you learn it is
closely tied to the likelihood that you'll ever use the knowledge.

An example of that is an experience I had during a trip to China some
yews ago. I always like to try "wait time" experiments wherever I get a
chance. On short notice, I was given a chance to do some science with a
seventh grade group in Shung Hi that had been studying English. The only
equipment I had with me was a stack of Fresnel lenses, so I handed these
out to 60 nice, well-disciplined students. Many of these kids had never seen
magnifier, had never looked through one, so a little skill training was in
order. As a check of what they were seeing, I asked them to draw their
forefinger. Then I asked them what their observations were. Pretty soon
they began to say, "Oh, little red and yellow and blue dots."

I've done this activity all ovex the world, but I'd never before had anyone
tell me that they saw little red, yellow, and blue dots. So I went over and

1 2
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WAYS OF
KNOWING

What do I know?
Why du I hekve it?
What is the
evident c?

ACTIONS/APPLICATIONS
%Ybat do I inter

WM% :nog I do with what I
know?
What art thc options?
Du I know how to take action?
Do know when to take action?

VAIATS,W110
CARFS"

Do I cam?

Do 1 valtx thr outcome'
Who CarrS1

CONSEQUENCES
Do I know what would
happen?

Figure 1. Questions that addiess some central concerns of individual
students.

1. What kind of country is this?
2. What values control activities?
3. Where do I fit in?
4. Do they expect me to succeed or fail?
5. How much effort do 1 need to make?
6. Is success worth the effort?
7. Can I get help?
8. Do I have the energy and endurance?
9. What happens if I do not make the effort?

10. What am I up against? What is the competition?
11. What difference can I make?
12. Do I care? Does anybody care?

Source: Rowe, M.13., "Science Education: A Framework for Decision-
makers," Daedalus 112 (2) (1983), 123.
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said, "Let me see." Sure enough, there were red, yellow and blue dots.

Now, what was the reason? Are Chinese born with red, yellow, and blue

dots on their hands? No. Was the lens dirty? No. Was it the printing ink

from their books? No, most of their books were black and white. But many

of the schools have a factoty attached to them and the kids work in the

factories. The factory for that particular school happened to produce all of

the chalk for the Shung Hi school district. The important pan of the story

is what happened next. One of the students said, "That's why they keep

wanting us to wash our hands!"
You couldn't see the chalk dust with the naked eye, it was that ground

in. Now my theory is that if you learn something, and there is observational

support for a practice you are told to perform, you are itrore likely to

comply. There is a relationship between what you know and how you came

to know IL
The story building that kids are always doing in relation to themselves

and school goes on every day. There is science story building, but there is

also story building on the bigger questions. For example, a teacher was
practicing wait time and a student said to her, "Well, Mrs. Buster, how

come you aren't repeating things anymore?" There Is as a pause she

didn't know what she was going to say and another kid said, "I know,
she knows that we know by the tont: of her voice which ar..iwer she likes

and which she doesn't and we can stop thinking." So you're not the only

one doing assessment. The kids are assessing, too. Similarly, when you

really start to listen begin to have conversations with the kids children

will go home and say to their parents, as onc fifth gader did, "This is the
first time in all my years in school that anybody really cared about what I

actually thought about something."
I did a site visit for a National Science Foundation project in which the

teachers were working very hard on new curricula. I knew they were really

caring teachers, but a lot of science teachers and math teachers are
introverted folks. So how they feel ttoout something doesn't get out and
visible. The perception of the kids was that the teachers only cared about
science, that that was all they thought about. So the students' ability to hear
and profit and their willingness to engage in doing the science was far less

than it might have been. When I gave this feedback to the teachers, it came

as a shock to them because they were as committed a group of people as I

ever met. I suggested that we would have to find ways to indicate that we're

alert to other parts of the students than just the part doing science. We
identified five or six things that even a beginning teacher might do, like
standing at the door about twice a week and picking out a couple of kids
who seem unusually happy or unusually down. It's a way of engaging
it's likc you're sort of a thermometer, but you can't read a system if you
cannot get in and get calibrated in that system.

Another important development in science education is the opportunity

Pu 4
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for science teachers to have more productive conversations with their
colleagues in mathematics. They have had a longer history of doing
research and thinking about teaching and !taming than we've had in
science. The new book by Lynn Steen, On the Shoulder of Giants, is
beautifully done, but you would think it was written by scientists if you
looked at the chapter titles. There is a real opportunity to make progress if
we can develop assessments that preserve the directions that have been set.
Do we know how to properly preserve in an assessment task the important
features of the connections between, for example, structure and function?
I doubt it!

I was flying from Oregon to San Francisco and two youngsters were
sitting next to me. One was ten, the other was eight. The stewardess came
along and handed ihem a book with a punch-out-and-assemble model of
the jet we were on. The weather was very foggy, and we could not see much
out of the windows. The older girl assembled the plane and said, "Oh, these
are the wings, this is a tail," and so on. I thought, wouldn't that just delight
the heart of some measurement person? The girl sat quietly for a bit and
then said, "Does this plane we're on, ah, does it have wings?" She couldn't
see the engines and wings out in the fog. She knew things had wings but
she didn't understand the relationship between structure and function. All
she had was just a formal level of understanding. So hands-on work is not
sufficient; we need a way to get at the deep patterns and to find the holes
in the patterns. The drive to cover material quickly makes it difficult for
students to pick up patterns and for us to have the kinds of conversations
with kids we need to undercover the patterns.

Now, as we consider assessment, we must know what our goals are. For
me the most important goal is this thing called democracy. I think it's the
most difficult type of social organization to maintain. It is the most
demanding for teachers whom I look on as the "social genes" for democ-
racy. We have to think about the Chinese philosopher Chuang Tsu over
2000 years ago who said that the pheasant has to take ten steps for a
mouthful of food and a hundred steps for a bellyful of water. If it were kept
in a cage, it would not have to do that; it would be treated like a king. But
it doesn't want to be kept in a cage. Why? Because it would not be happy.
Why would it not be happy? Because it would not be free.

It seems to me that what we're trying to do is teach our people to live
outside a cage, to bc fundamentally happy, or at least fundamentally free
with a modicum of happiness.

The way were doing testing and assessment right now isn't going to do
it. Sadly, testing in its most common form is driving content presentations
in texts. We are mutilating science instruction with textbooks loaded with
facts but empty of sciences most powerful feature patterns and connec-
tions all in the service of accountability. We cannot really fault the
publisher if that is what sells. I believe in democracy and I don't want it to
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fail. Programs that reflect some of the major values and processes of
science will serve that goal won. We must move ahead with new ap-
proaches to assessment, but our methods and the messages that they
contain must not be uivial or we undermine our goal!
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The Impact of Science Assessment
on Classroom Practice

Nancy S. Cole

People who teach students science, people who make science tests, and,
increasingly, the U.S. public share many common concerns about science
education. They share concerns that students need to learn science more
than ever before in our nation's history, concerns that our tests of science
need to focus on the most important aspects of the science we want students
to learn; and they share concerns that tests today need to help educational
improvement by having a positive effect on classroom practices in science.

Many of these concerns are not new. Teachers always want students to
learn more and better. Test makers have &ways sought to have their tests
reflect the most important aspects of the subjects tested and to bc useful
educationally. And the U.S. public has looked before to education in science
to ketp the nation strong. Thus, wc consider a set of problems and concerns
involving assessment that are not new. One might reasonably ask why they
have not yet been solved and why today this set of concerns is receiving
such renewed and central attention in calls for educational reform.

In this paper I will discuss some of the conflicts between the purposes
of assessment for large-scale measurement and assessment for improving
instructionreasons these old problems are with us unsolved. In addition,
I will examine some of the reasons these old problems seem to have an
unusual chance of being solved in this decade.

The Traditional Large-Scale Measurement Goal

Large-scale multiple choice testing in this country has developed over the
last half-century in response to some important needs. Current widely used
tests are efficient and often effective ways to measure many important
types of skill and knowledge. In spite of much discussion of how tests
should change. current tests are almost surprisingly good measures of what
students are learning in school.

Such tests are designed to measure and to produce scores that arc
meaningful measures for individuals and/or groups, scores that are valid

167 a
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and reliable measures. Since these tests are given to large numbers of
persons, they are designed as well to produce that measurement in ways
that minimize cost in time and money; that is, to be efficient. These driving
design characteristics effective and efficient measurement for large-
scale use have guided the nature and characteristics of the tests. These
arc the purposes for which they were built and for which they have been
usvd, presumably, until recently.

The tests that best met the goals of effective and efficient measurement
have been largely multiple choice (machine scored); centrally mandated,
developed, administered, and scored; formal and independent of classroom
uniquenesses with delayed feedback of scores; and designed primarily for
users external to the classroom. The dominant concerns in their design have
been validity (how to measure what we intend to measure), reliability (how
to measure consistently), objectivity (how to produce scores that are not
affected by the scorer), and efficiency (how to test large numbers of
students quickly and inexpensively). They were not designed for a single
curriculum or a particular classroom situation and were assumed to be
neutral indicators of student progress, largely isolated from classroom-
level concerns. Efforts were made to provide helpful information to
teachers where possible, but such efforts were subsidiary to the driving
design characteristics.

The New Instructional Goal for Testing

In the 1970s, some new situations arose. There was concern nationally
about basic skills. People moved to enumerate the separate skills they
wanted students to learn and to test them one by one (at least at lower grade
levels and for less complex skills). This thinking lent itself nicely to school
achievement testing, and there was something of a national exuberance
ovex so-called "critexion-referenced" testing. Statewide school testing was
being implemented by states attempting to ensure that students were being
taught these basics, and test scores were pubrished in newspapers for
school districts and schools in an attempt to hold the schools accountable
for what students learned. These supposedly neutral indicators of student
performance were becoming involved in a high-stakes enterprise.

It was only a small step to recognize that such high-stake tests could
themselves be a lever, an action, to change the educational system. Until this
period, the test content always was wesumed to follow the educatimal
content. By the early 1980s, it had become socially wceptable to degn a test
fee the purpose of producing education change. Test content was being used
to lead educational content. Increasingly, policymakers were thinking about
tests as tools to produce educational change rather than measurement tools.

As states increasingly tried to use tests in this fashion in the 1980s, it
became clear that the tests were not having the desired effect. Test scores
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were not going up dramatically, if at all.' Although teachers reported
spending more timeon the topics covered by the tests, there w RS increasing
concern about whether the covered topics were all of the important ones
on which time should be spent and about whether time was being spent,
not on learning the general topics of the test content, but on drilling
particular item formats or even particular items of the tests.

Increasingly, measurement researchers began to think of tests as a part
of the educadonal system in which they are used not separate, isolated,
independent, neuiral measures. Tests are a part of the system and they affect
and are affected by thc- system. Concepts of validity came to include this
much broader perspective of testing.3 Systemic validity was identified as
the validity of a test in helping to produce desired instructional goals.4

These experiences bring us to the early 1990s. Now wc find many
educators seeking ways to use tests more effectively within the educational
system as a supporters of and agents for positive and constructive change.
Further, there is increasing recognition that, if we are thinking of tests as
tools with which to try to create positive change, then we need to design
them explicitly for that purpose.

Considering tests as educational or instructional tools rather than meas-
urement tools has enormous implications for their design. In 1988 I
contrasted the characteristics that would drive the design of tests differ-
ently if the driving goal was improved instruction rather than effective and
efficient measurement.3 Table I, adapted from that paper, provides that
contrast. In the left column of Table I are characteristics that drive the test
design when large-scale measurement is the goal. These characteristic:
begin with validity, reliability, objectivity, and efficiency. In the right
column arc the characteristics that would be dominant concerns for instruc-
tional purposes. From this perspective, the judgment of test quality would
depend on the impact of the tests on instruction and learning. Design
features that promote good instruction and student learning would be
sought.

As shown in the len column, tests for measurement purposes are usually
mandated by the school system or the state. On the right, it is the teacher
who mandates the assessment to meet a particular classroom need. Tests
designed for measurement have generally been designed to be widely
applicable and suitable for central data processing, and that often results
in a multiple-choice format. When tests are designed for instructional
purposes, the format of the tasks is determined by their instructional value.

When guided by educational impart, other features would almost surely
be t:ifferent. Tests designed for instructional purposes would likely be
adapted by the local teacher to the local context. ISM= of time and cost
efficiency would be far less dominant if students were learning from the
assessment process. Local scoring by teachers and/or students to give quick
feedback would likely be desired features for instruction and learning, and

!IC
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Table I. Characteristics rf Tests Designed for the Different
Purposes of Measurement and Instruction
Assessment designed for measurement Assessment designed for insuuction

Valid Quality judged by effect on instruction

Reliable

Objective Design determined by instructional purpose

Efficient

Centrally mandated Teacher mandated

Widely applicable Adigned to local context

Multiple choice Format determined by instructional value

Machine-scored centrally Locally scored

Delayed feedback Immediate feedback

Used independently Used with other information

Stable scores Scores affected by short-term teaching and

teaming

Results designed for external MCI' Results meaningful to teacher and student

the student and teacher would surely be the prime target of the assessment
experience and the results. Appmaching assessment from the two perspec-

tives suggests some dramatically different criteria for designing and judg-
ing tin quality of the assessments.

Experience to Date With the Instructional Goal

In the past, teachers focused on assessment for instruction and test makers
on assessment for measurement. But, in fart, neither group was entirely
satisfied with the other's assessment efforts. Teachers were not keen on the

tests of the test makers because of the lack of (or perceived negative)
instructional implications. Thst makers were not keen on the assessment
teachers often built because of its measurement inadequacies. If new kinds
of assessment are to serve instruction, we have to attend carefully to the
design of assessment for that purpose, and we have to bring together the
skills of the teacher and the test maker directly to that end.

Several years ago, Educational Testing Service (ETS) committed itself

Ot.
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to examining its own activities in tenns of their impact on student learning.
That commitment extended not only to its present testing progams but also
to some quite new directions. As a consequence. ETS funded a series of
projects to approach assessment entirely from the instructional perspec-
tive, quite separate from its ongoing large-scale testingprograms. Signifi-
cant resources have been allocated over several years to thinking about the
right-hand column of Table I. The driving question was, What would
assessment be like if it were driven totally by instructional purposes? Three
projects provide examples of what we have begun to learn from these
efforts.

The first project, ArtsPropel, involved ETS with Harvard Project Zero
and the Pittsburgh Public Schools with the support of the Rockefeller
Foundation.6 The instructional domain is the artscreative writing, music,
and the visual arts. This is not an area in which testing has a strong history.
The task was to work with the Pittsburgh teachers in their schools to think
about instruction assessment to assist that instruction.

The teachers worked with student portfolios which are, of course, not
at all new to the arts. Now, however, the portfolios are being used not just
as a collection of fmished products but as a focal point of student and
teacher work, to identify and coach students in the standards of good work
and in th, w to improve. Students study their own progress, and work with
other students and teachers to recognize and understand their own accom-
plishments and to set goals for improvement.

A second example is critical thinking in middle school language arts. In
this area ETS staff worked with teachers, first in Brookline, Massachusetts,
and subsequently in several schools in New k1sey, to design a computer-
based activity to support critical thinking. The result is a computer module
called Inside Story, organized around the study of a myth in which students
take an active role as journalists in collecting and analyzing information
about the myth and then in writing about it. Teachers using the several-
week module often continue the approach through the year and, in some
schools, are working to generalize it to other subject areas as well. Teachers
also sought to prepare themselves better to use the new materials and
approaches. As an outgrowth of this interest, ETS staff and tewhers from
around the country have been involved in experimental workshops on how
to use critical thinking approaches in the classroom.

A third project involves the middle school science curriculum.7 Starting
with a broad look at a curriculum for middle school science, the project
then focused on some smaller sections of the broader curricular approach.
Again with teachers, researchers triedto understand how assessment could
assist in the kind of learning teaehers want students to accomplish at that
stage. How teachers learn about student background experiences on which
they can build the instruction was explored, and researchers tried to model
the rather informal questioning of students that produced this information.
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There was concern as well with how to describe the progress students need
to make and have made. Such a description of desired progress seems to
be part of the goal seuing students and teachers do as well as an explanation
to students of the learning progress they are making. Much effort went into
integrating small pieces of instruction (and assessment) into larger
"chunke and then into much larger culminating activities. These large
integrating tasks help organize the instruction as well as serve as assess-
ment of major instructional goals.

These few examples are representative of the types of activities going
on today around the country aseducators try to understand assessment and
its role in instruction. We have already learned a number of important
things. One is that, for both students' and leathers' sakes, the summary
assessment tasks must represent important educational goals. When they
do, they must be complex tasks, and they can and should be taught directly.
They should also be activities that point students toward the learninggoals;
they should explain to students what they need to learn. Such assessments
should be developed by and with the experts at producing learning.
Teachers have, of course, always been involved in setting specifications
and in writing tests; however, the active educational role involved in
development of these instructional assessment tasks is quite differcnt. Task
development is a pedagogical effort.

Another feature of assessment design for instructional purposes is that
there are few instances in which scores per se are needed. Although there
are often activities or materials that could be scored, a score is often not
needed for the instructional purpose. Further, when the right tasks are
designed, students become very actively engaged. When that happens,
students are assessing their own work as they move through the activity,
sometimes with the help of the teacher or other students and sometimes
alone. Group work is often a part of these tasks, so students are often
helping other students, producing some additional instructional benefits.

Bringing Different Types of Assessment Together

What does it mean to find a large disjunction between assessment that
seems to serve classroom practice and assessment for measurement pur-
poses? How can we ever hope to bring two such divergent enterprises
together?

When we try to bring the measurement and instructional approaches
together by using assessment as a lever for instructional change, we should
give serious thought to what we are doing. We should remember that it has
been tried oefore with the basic skills assessments of 1970s and 1980s, and
educators have generally been disappointed with the results. Some
dramatically new approaches will be necessary.

We seem to be moving toward the needed new approaches in the 1990s.
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Today's attention to performance testing or "authentic" assessment is
likely in part a reaction to this previous era. We now recognize that the
tasks we use for measurement must represent the most important instruc-
tional goals in an integrated way. In science, our goals are

that students understand the general principles of science and their
relation to their own lives,
that they observe carefully and learn to frame questions about the
world around them,
that they attack the process of learning in searching and analytical
ways,
that they are creative in their questioning as well as in their
problem-solving,
that they are competent in applying knowledge from multiple areas to
solutions of issues and problems and in seeing connections among the
things they arc learning, and
that their learning is an active process involving probing and
questioning and wondering.

These are all critically important educational goals, and we have to have
assessment tasks that represent the complexity and integrated nature of
these goals. We also must explain these goals more effectively than we
have done to date to the public and repair some of the damage of our
simplistic earlier efforts.

The two different purposes of assessment (measurement and instruc-
tion) cannot be dealt with totally separately in spite of their differences.
There are two approaches to reconciling the two and both are well under
way today. On the one hand, we can work on making tests used for the
measurement purpose more instructionally compatible in the test tasks
used. On the other hand, we can continue to learn how to construct
assessments for instructional purposes and try to use that learning for all
assessments. The examples cited above illustrate that the latter learning is
well under way. There is also great progress being made on the former
approach as well.

As an example of the change in large-scale tests, consider the changes
announced recently for the SAT" They include emphasis on critical read-
ing. student-produced responses in math, students' short essays in writing.
and more attention to subject areas. Eventually, I expect to see more
open-ended questions in several areas, includihg the subject areas in the
SAT. Such changes are not a solution to the differences of the two types of
assessment, but they are a constructive step toward bringing new and
instructionally important educational tasks into these tests that have such
a large impact on the educational process.

Another example of this positive trend is the National Assessment of
Educational Progress (NAEP). There has been a recent increase in per-
formance-type measures, even at a time of rather severe budgetary con-
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straints. The NAEP began with large portions devoted to performance
measures, and as it became larger and the fmancial resources became more
limited, those performance elements were decreased. Now, the 1992 as-
sessment will include considerably more and better performance-type
tasks.

Another example of change is the assessment being built to replace
ETS's National Teacher Examination. The new assessment will include
classroom performance assessment of candidates for the teaching force by
trained observers. Measuring new teachers' classroom performance is a
complex and difficult task. It takes professional judgment, aod it focuses
attention on some of the most important parts of teaching, parts that would
be omitted with past approaches. In addition, it attends to some of the major
educational goals of teacher preparation an important instructional link.

Each of these new assessment efforts is more expensive, more time-con-
suming for the test tlers, and more difficult to judge objectively than the
tests they replace. But they arc examples of beginning to bring measure-
ment and instructional asscssment closer together. Wc arc making progress
both in understanding how to design assessment for instructional purposes
and beginning to use some of that understanding to maximize the positive
educational impact of assessment used primarily for measurement. The
most encouraging part is the extent to which many people, from test makers
to researchers to teachers, are working together on these issues that are
central to developing and maintaining quality education in this country.
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National Initiatives for
Assessing Science Education

Lisa Hudson

Since the first intelligence test for screening school children was developed
in 1905, educational testing has grown into a billion-dollar industry. Today,
mandated testing alone consumes $7004900 million and 20 million
school days annually.' But, as assessment grows in prominence, its limi-
tations become more obvious. Of particularconcern is the degree to which
assessment helps or hinders instructional practice. Like the doctor who
treats the symptoms of a e: lease whhout attacking the cause, educators are
finding that an over-reliahze on assessment not only has failed to solve
educational problems, but also may even have generated undesirable side
effects, such as a narrowing of curricula.

The 1990 AA AS Forum, "Assessment in the Service of Instruction,"
presented efforts that are being made to restore assessment to its proper
role as a positive diagnostic and monitoring tool rather than merely as a
treatment. However, this restoration requires a clear understanding of what
assessments exist, how they are used, and what policy implications arc
involved in their use. This chapter examines national initiatives for assess-
ing science education in tha.e terms.

Definition and Purposes of
National Science Education Assessments
In this chapter, two types of national science education assessment initia-
tives are defined: first, the National Assessment of Educational Progress
(NAEP) science assessment, and, second, science tests distributed by
commercial publishing companies as part of their grades K-12 assessment
program packages. Not included are the standardizedtests used for college
entry and placement decisions or tests that accompany publishers' science
textbooks.

The NAEP and the commercially distributed tests serve two very
different purposes. The NAEPwas designed to serve solely as a monitoring
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instrument at the national level; it provides an assessment of the relative
performance of the nation's educational system in different subject areas,
for different types of students, and at different times. By contrast, commer-
cially developed tests assess individual student performance relative to that

of students in the counuy as a whole. This infonnation can be used to
evaluate either individual students ("Does lane know as much science as
the typical student at hew grade level?") or school, district, or state instruc-

tional programs.
These pwposes are predicated on one very important assumption: that

the goals of instruction are reflected in the knowledge and skills measured
by the tests. This is where national initiatives run into trouble, for two
general reasons. First, these assessments focus on covering the breadth of
science topics addressed most commonly by current science curricula or
viewed most generally as important educational outcomes. Thus, it is
inevitable that there will be an imperfect match between many schools'
c.- :cula and the material covered by the test. Further, when a test attempts
to cover the full range of the science curricula and to remain generally
applicable, the result is that no one topic can be covered in depth. This
makes these tests more appropriate for schools using a curriculum that
covers mom topics in less depth rather than one that covers fewer topics

in more depth.
The second problem is that certain skills and abilities dare .11-suited to

measurement by multiple-choice items, the predominant question format
on national tests. Multiple-choice items are best suited to assessing the

recall of factual information and the solution of simple, one-step prob-
lems.2 Other abilities acknowledged to be important components of science

instruction (such us the ability to solve multistep problems or to develop
experimental hypotheses and procedures) cannotbe assessed adequately
with multiple-choice items (at least in their typical current form). This
leaves these assessments open to a number of related charges. One claim
is that they are not "authentic" because they do not reflect accurately the
nature and process of science. A further charge is that, by reducing science
to a series of multiple-choice items keyed to recalling factual information.
these tests poruay science as a boring endeavor involving little more than

rote memorization. Finally, there are the assertions that multiple-choice
tests are not supportive of good educational practke and that they encour-
age the teaching ofscience as an =cumulation of facts and conceptsrather

than as an investigative discipline involving exploration, curiosity, induc-
tive and deductive reasoning, and collaboration.

So, why are multiple-choice tests used? First, because educConal
decisions must be made and priorities set. This is virtually impossible
without information on how the system is performing. Student achieve-
ment is the most crucial educational performance indicator, national as-
sessments, using multiple-choice items, provide the most readily available
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and efficient means of obtaining student achievement data. This efficiency
cannot be overestimated. Standardized, multiple-choice tests provide data
that are reliable and valid (for limited purpose0, at a reasonable cost, and
in minimum time (for both taking and scoring the tests). In short, although
admittedly not ideal, such tests are a practical and affordable means of
monitoring educational progress throughout the United States (using the
NAEP) and of evaluating students and programs in a larger context (using
commercially developed tests).

Nonetheless, growing dissatisfaction with the shortcomings of the
standardized, multiple-choice format has led to new efforts to develop
alternative forms of assessment that are more authentic and supportive of
desired educational practices. To estimate how likely it is these more
innovative assessment strategics will be incorporated into national assess-
ments, it is useful to review the history and current use of national
assessments.

The National Assessment of Educational Progress

The NAEP currently assesses the educational achievements of students in
igades 4, 8, and 12, using a nationally representative sample of students at
each grade level? Students are tested in science and nine other subjixtareas
on a rotating basis. Science assessments were conducted in 1970, 1973,
1982, 1986, and 1990, and are currently on a four-year cycle. Trend data
from these assessments show that student performance in science declined
through the 1970s and early 1980s, but increased slightly in 1986. (Data
from the 1990 assessment will be available later in 1991).

The NAEP was established in 1969 in response to a congressional
mandate for periodic assessment of the educational performance of Ameri-
can students; the "national assessment" was to serve as a barometer of the
nation's educational progress, reporting on achievement status and trends
at regular intervals. When it was first developed, there were serious
concerns that the NAEP would lead to a national curriculum, to "compari-
sons with an invidious national standard," or to "unwanted" comparisons
among states or local school districts.° These concerns resulted in a number
of decisions designed to maintain the NAEP as a census instrument only.
Consequently, one feature of the NAEP is that it is neither a norm-ref-
erenced nor a criterion-referenced test. Performance criteria were de-
liberately not set and administration procedures were desIgned to
support group but not individual comparisons. It was only by placing
such restrictions on the nature of the National Assessment that it was
possible to guarantee passage a its enabling legislation. Today, the
NAEP is administered by the Educational Testing Service (ETS), under
contract to the U.S. Department of Education's National Center for
Education Statistics. The policies that govern the NAEP arc set by an
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independent National Assessment Governing Board (NAGB).
The NAEP science education assessments use predominantly multiple-

choice items, although a small number of open-ended items usually are
included. The objectives from which these items are developed are gener-
ated by a panel of expert science educators and science specialists. The
members of the panel use the frameworks established by previous panelists
to determine what scientific knowledge and abilities students should have
at each grade level. The objectives, and therefore the items, cut across
science content areas and include the three cognitive areas of knowlcdgc,
use, and integration. Judging from the publicly released items, which are
reportedly fairly representative of the total set of items,' factual and
conceptual knowledge, and the direct application of that knowledge,
dominate NAEP's assessment of science instruction. Items that could be
characterized as measures of "process skills" or "higher-order thinking
skills" appear to be few in number. Fortunately for those who argue for
increasing the focus on these skills in science education, the NAEP. as was
intended, has minimal, if any, effect on instructional practice. However,
this situation is likely to change.

NAEP's assessment results are still used primarily as they were origi-
nally intended that is, to monitor the status of educational progress in
the country as a whole. In this role, the NAEP has been particularly
influential on Capitol Hill, where testimony on the results of NAEP
assessments often has been used to support educational legislation. The
National Scienco 'I'eachers Association (NSTA) also publishes articles
discussing NAEP findings, and press releases encourage dissemination
through the news media. This publicity ensures that both science tewhers
and the general public are kept informed of national trends in science
achievement.

Over the years, however, the NAEP has been called upon increasingly
to serve other purposes. Originally, the NAEP was designed toinclude very
little in the way of background data; this was done intentionally to keep
the NAEP narrowly defined as a monitoring tool, "not as a tool to explain
problems, to support particular solutions, aT to predict future trends." 6

However, the National Assessment's research potential quickly over-
whelmed concerns about its proper role. This led to two new NAEP
features. First, the background section has expanded to include a number
of student and school characteristics that can be used to "explain" test
results. Second, since 1979, data tapes have been made available to the
public from each National Assessment. These data tapes have become an
important research tool, supporting many types of educational analyses.
For example, the RAND Corporation is currently reanalyzing data from
the 1986 science assessment to provide new, national-level indicators of
students' achievement.

On occasion, states and local school districts have used NAEP items for



Lisa Hudson 111

their own assessment purposes.1Wically, the items they select are not test
items, but the background items about students and schools. In the area of
science, schools sometimes use these data to determine their relative status
on characteristics such as the proportion of students enrolled in science
courses, the availability of science equipment and the time devoted to
science instruction. These data can be employed to inform parents and
taxpayers about the quality of science instruction in the schools or to
document the need for increased funding or policy changes.

The Changing Face of the NAEP

The past few years have seen the most dramatic and potentially far-reach-
ing changes in the NAEP, as pressures have grown to make the National
Assessment more useful to national- and state-level policymakers. 'Men
together, these most recent changes in the administrative policies and
procedures underlying the National Assessment could have a profound
impact on the influence that the NAEP exerts in science classrooms. One
change has resulted from increasing demands for student achievement data
that can be used to monitor the educational performance of individual
states. To meet this need, the 1990 NAEP asked states, on a voluntary basis,
to supplement their 8th grade mathematics sample, for the purpose of
obtaining a state-representative sample. Thirty-seven states (and three
territories) elected to do so. These state comparisons will be expanded to
include 4th grade mathematics and reading in the 1992 assessment. It
seems safe to assume that science will bc added to the list of subjects to be
compared by the states when it is assessed again in 1994.

A second change was announced recently by the NAGS, which has
decided to create an alternative to the existing proficiency levels for
reporting NAEP results.' The alternative is to establish a set of national
performance standards that will classify studentachievement at each graie
level as basic, proficient, or advanced. Again, the 1990 mathematics
assessment is where the performance standards will be implemented first,
with expansion to all subject areas planned in the 1992 assessment
Because state-level data also will be available beginning in 1990, it will be
possible for participating states to receive and compare dais that
report the proportion of students in each state meeting each performance
standard.

These state-level NAEP scores will provide the first and only valid
means for comparing student achievement among states. Although states
do not have to obtain state-level test results, pressure to do so is likely to
come from the same forces that led to the institution of the state-sample
option. For a number of years, the Council of Chief State School Officers
(CCSSO) has been working on the development of a system of state-level
indicators of educational status; the CCSSO has earmarked the NAEP as
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the instrument it will use to provide achievement data for this indicator
system.°

This use of the NAEP has been reinforced further by the joint goals
established by President Bush and the National Governors' Association
(NGA), which include making the United States fust in science and
mathematics achievement by the year 2000. The NGA also has acknow-
ledged that the NAEP is the most likely vehicle for measuring progress
toward this goal.

Clearly, the NAEP is on its way to becoming an assessment program
with tremendous power. Inevitably, pressures will be placed on school
districts at least those participating in NAEP assessments to perform
well on the NAEP and, thus, potentially to teach the NAER As a result, at
least one group, the International Reading Association, has voiced its
opposition to using the NAEP for state comparisons. In addition, at a recent

conference on large-scale educational assessment in Boulder, Colorado, an
entire symposium was devoted to the issue of whether the NAEP was
driving the country toward a national curriculum. Perhaps not surprisingly,
there was a decided lack of consensus, with opinions ranging from the view
that the country has a national curriculum already to the view that the
NAEP is indeed becoming "the nation's curriculum" as well as "the
nation's report card."

As the NAEP gains influence, the nature of the items on the science
assessment becomes critical. Do these items measure important science
education goals? Do they reflect an acceptable depth and breadth of
scientific knowledge? Do they assess both basic scientific knowledge and
students' ability to use their knowledge of scientific facts and processes?
As the NAEP is structured currently, most educators probably would
answer "no" to these questions. Fortunately, recent efforts to improve the
teaching of scientific inquiry skills have led to a growing interest in
innovative assessment techniques, which also have affected the NAEP.

For example, a grant from the National Science Foundation allowed
ETS to supplement the 1986 NAEP science assessment with a pilot test of
"higher-order thinking skills assessment techniques." The pilot test con-
sisted of 30 tasks, or items, in the following four skill areas: sorting and
classifying, observing and formulating hypotheses, interpreting data, and
designing and conducting an experiment. Of these 30 items, 21 involved
"hands-on" tasks, where students actually manipulate apparatus, 1 in-
volved observing a demonstration, 3 were administered by computer, and
5 were open-ended, written items. Table I lists descriptions of some of
these tasks. ETS's summary of the pilot test noted the enthusiasm of the
advisory panel, students, and participating schools for these items; the
inordinate amounts of time required for preparation and administration;
and the extensive costs involved.° Overall, however, ETS decided that
performance assessment is feasible on the NAER
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Other chapters in this book examine this type of innovative assessment
in more detail. Here, it is noted only that before the extra costs of including
performance items in a nationalassessment are incurred, several important
questions need to be answered. Of prime importance is whether the
suivantages of such items (for example, encouragement of "hands-on"
instruction, more valid assessment of scientific process and problem-solv-
ing skills) outweigh their disadvantages (for example, additional costs,
potential scoring bias).

Perhaps the first question that should be asked is, Exactly what do these
items assess? They clearly have face validity as measures of studenvi'
understanding of the procedures and methods used to solve scientific
problems. However, it could be argued that the skills they tap are not very
different from the general reasoning skills assessed by IQ tests. Many
performance items also require that students listen to detailed instructions
and that they explain their procedures or findings. This may confound
scientific understanding with listening, speaking, or writing abilities. The
extent to which the "process skills" called for by these itemsare (or should
be) distinct from other abilities needs further clarificaticn. In ether words,
the construct validity of performance items needs to be established.

It is also important to examine theextent to which the skills drawn upon
by performance items can be assessed validly, using less costly, open-
ended, or even multiple-choice items. All of the performance items listed
in Table 1, for example, could be convened into paper-and-pencil items.
The question is, Does this change in item format lower the validity of the
items? Finally, one important rationale for including performance items on
science assessments is that only by doing so will assessment encourage
"hands-on" or inquiry-based instruction. This may be true. On the other
hand, it also may be true that improved paper-and-pencil items that validly

assess the skills learned best through "hands-on" experience can be equally
effective in encouraging inquiry-based instruction. If so, the use of these
items, rather than the more costly performance questions, would free funds
for the development of inquiry-based science curricula, the purchase of
laboratory equipment, and the training of science teachersall areas that
also need attention if science instruction is to be improved.

In spite of ETS's conclusion that performance assessment is feasible as
part of the NAEP, neither time nor funding levels permitted the inclusion
of most of these types of items on the 1990 science assessment. That test
did include a stronger focus on open-ended assessment; about 75 percent
of the items were multiple-choice, with the remainder being divided
between two open-response formats "figural response" and essay.

The figural-response items require students to draw their responses to
questions. Students are asked to "draw WOW to indicate direction, make
marks to indicate location, interpret data and sketch graphs, draw simple
illustrations to indicate how objects are arranged within systems, and
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Table 1. Examples of NAEP 1986 Pilot Test Assessment Items

Observing (Grades 3 and 7): Students watch a test administrator'sdemonstration of

centrifugal force and then respond to written questions about what occurred during the

demonstration. Students need to make careful observations about what happens as the

administrator puts the steel balls in different holes on the Whirlybird arms and dr-71

infer the relationship between the position of the steel balls and the speed at which the

WM rotates.
Formulating Hypotheses (Grades 3 an.. f): Students descrine *ha; one= when a

drop of water is placed on each of seven different types of buikling materials. 'Then, the

studans are asked to predict what will happen to a ckop of water as it is placed on the

strface of an unlmown material, Mile is sealed in a plastic bag so that they can

examine, bin not test, it. For this exercise, snaknts need to make careful observations,

record their findings, and apply whin they have learned by hypothesizing what the

water will do when placed on an unknown material.

Interpreting Data (Grades 3, 7, and II): This paper-and-pencil task requires students

to evaluate the results of five children in three athletic events (i.e., frisbee toss, weight

lift, and 50-yard dash) and decide which of the five Chi Wren would be the all-around

winner. Students need to devise their own approaches to reviewing and interpreting the

data, applying it, and explaining why they selected a particular -winner."

Classifying (Grades 7 and 11): Students are asked to sort a collection of small-animal

vertebrae into three groups and to explain how the bones in the groupings are alike. To

complete this task, students need to make careful obsavations about the similarities

and differences among the bones and to choose their categories according to sets of

common characteristics.
Conducting Experiments (Grades 7 and II): Students are given a sampleof three

different materials and an open box. The samples differ in size, shape, and weight. The

students are asked to determine whether the box would weigh the most (and the least) if

it were filled completely with material A, B, or C. The focus is on which of a variety of

possible approaches the student uses to solve the problem.

Source: Educational Testing Service, Learning by Doing: A Manual for Teaching andAssessing
Higher Ordo. Thinking in Science and Mathematics (Princeton, NJ: EducatnxiW TestingService,
1987).8, 12. 16. 21, 28.

demonstrate their understanding of events in physical, life, and earth
science."20

A potential advantage of the figural-response item is that it can reveal
students' misconceptions about scientific phenomena; awareness of these
misconceptions can then help to improve instruction (assuming teachers
are trained to use these data). However, multiple-choice items can be
developed that are keyed to such misconceptions. Thus, the issue is the
sume as that for perfonnance assessment: What are the trade-offs in costs,
validity, and instructional usefulness between figural-response and better
designed, multiple-choice items?
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The 1990 essay problems require that students write short essays "to
demonstrate their ability to solve problems, interpret inftwmaticm or data,
draw conclusions on the basis of available information, generate re-
searchable questions, evaluate the best experimental procedures, organize
a series of logical steps, and design an experiment." From this description,
it appears that these items should go far beyoml the typical NAEP multi-
ple-choice questions in assessing students' scientific problem solving
ability and process skills. Again, however, not enough is known about how
essay items compare either to performance items or to more innovative,
multiple-choice items designed to assess these skills. Of particular concern
with essay items is their dependence on students' writing ability.

In sum, the NAEP is an assessment program that traditionally has served
a limited function. It was desivied primarily to assist federal policymakers.
In this role, the NAEP has been far removed from instructional practice,
providing little information that teachers can use to improve their science
instruction. At this point, the NAEP probably has had a diffuse but positive
effect on science instruction because the regular assessment of students'
achievement helps to keep public attention focused on science education.
However, the NAEP is undergoing some radical reforms, reflecting the
change in political climate since it as first proposed in the Congress.
These changes in the National Assessment will increase greatly the poten-
tial that the NAEP will be used for accountability as well as for monitoring
purposes, with possible repercussions to the influence that the NAEP has
on science instruction.

Commercially Developed Science Assessments
It is interesting to compare the role and structure of the NAEP with those
of commercially developed science tests, which often are used for account-
ability purposes. There are three main publishers of science tests, each
publishing two different test instruments. Themost widely used commercial
tests are the Comprehensive Test of Basic Skills (CMS) and the California
Achievement Test (CAT), published by CM/McGraw-Hill. Med for sec-
ond place in popularity are the Iowa Test of Basic Skills (ITBS) and the
Iowa Test of Educational Development (1TED), published by Riverside
Publishing, and the Metropolitan and Stanford Achievement Tests, pub-
lished by Harcourt Brace Jovanovich.11

It is difficult to discover how many students take these tests; publish-
ers resist giving out this information, presumably to keep the competi-
tion guessing. A CTB/McGraw-HiH representative did report that over
half of the schools in the country use either the crBs or the CAT; one
author of the ITBS estimates that about two to three million students
take the 1TBS.



116 National Initiatives for AsseSSITICIlt

Obviously, most students take at least one of these tests at some point in
their school careers.

All of these test instruments are standardized, norm-referenced, multi-
ple-choice tests. As this suggests, test publishers have, in general, a rather
pragmatic view of the assessment of science education. First, they acknow-
ledge that such assessment, particularly at the elementary school level, is
complicated because the field of science is so diverse and there is little
consensus on what should be taught or when. As a result, the items on these
assessments tend to cover a wide range of topics in a rather haphazard style.
Test publishers also show a businesslike skepticism of performance assess-
ment. After all, unlike the NAEP, commercial test publishers cannot shift
the costs of performance assessment directly onto taxpayers; they would
have to charge schools for this service.

On the other hand, growing dissatisfaction with existing commercial
tests is exerting its own financial pressure on publishers. It is difficult to
predict the ultimate results of these opposing economic pressures. The
most optimistic possibility is that the competitive forces underlying com-
mercial testing will lead to cost-effective methods for performance Mess-
ment. This will require that schools continue to function as discriminating
consumers a likely event as long as accountability pressures do not
intervene and force the use of any national science test as a means of easily
satisfying the public's or policymakers' desire for comparative sciewe
achievement data.

Given that they are all constrained by the same economic and psy-
chometric limitations, the science tests distributed by commercial pub-
lishers are rairly similar in appearance. They have all the typical
advantages and disadvantages of multiple-choice tests, with the major
disadvantages being failure to test much beyond students' basic recall
and application of scientific facts and concepts. Also, all of the tests
except the Iowa Test of Educational Development are based on curricula
in use. This would be ideal if everyone were happy with the curricula.
However, the number of recent reports calling for a restructuring of
science curricula attests to the extent of dissatisfaction with the curricu-
lar status quo.12-14

Thus, schools using curriculum-based tests find themselves between
the proverbial rock and a hard place. They can continue with a cumcu-
turn that deemphasizes inquiry learning and maximize their probability
of scoring high on national tests, or they can adopt a more innovative,
inquiry-based curriculum and risk lowering their test scores. A third
option, for states and districts that have sufficient freedom and re-
sources, is to elect not to use any national assessment instrument and to
substitute a locally developed assessment program. All of these pres-
sures and possibilities can be found in current uses of commercially
developed tests.
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Uses of Commercially Developed Tests

The importance placed on nationally normed, standardized tests was
illustrated by West Virginia physician John Cannel!. In a survey of over
3,500 school systems. Cannel! found that virtually none had standardized
test scores that were below average.15 He concluded that schools employ
a variety of methods ranging from the use of outdated scoring norms to
outright cheating to reassure themselves and the public that they are
performing well. In Cannell's view, the maia use of these tests is to lull
educators and the public into a false sense of complacency. In certain ways,
Cannell is correct; however, the issue is not as simple as he makes it sound.

Schools use nationally normed tests for a variety of purposes, the main
ones being to assist teachers in monitoring student progress, to determine
student placements, to monitor and evaluate instructional programs, and
to establish accountability. As one might expect, these tests are not uni-
formly suited for these purposes. For example, as a iool for assisting
instruction, these tests tend to be of little or no value. Teachers frequently
note that nationally standardized tests do not match their curriculum or do
not test the types of skills in which they are most interested. In some cases,
this mismatch results from teachers' use of inquiry-based, instructional
strategies, which they feel are not assessed adequately by any existing
commercial tests; in other cases, it is simply a consequence of publishers'
attempts to satisfy everyone, resulting in a test that satisfies no one.

Student placement is another function that these tests serve, typically in
conjui.ztion with other data such as grades and teacher recommendations.
The advantage of using standardized tests in this context is that they add a
more objective measure to the dee isionmak ing process, making the process
more defensible to students and parents.16 The disadvantage is that, fre-
quently, these tests are used to make placement decisions for which they
are not appropriate sources of information, specifically for labeling stu-
dents as "gifted and talented." This designation should result from an
assessment of students' aptitude, not their achievement. Too often, how-
ever, standardized tests (and other achievement-based data) are misused
as measures of aptitude for "gifted and talented" placement decisions.

Standardized test results also are used to evaluate districts' science
programs, to reveal their relative strengths and weaknesses. To the extent
that the test matches the curriculum, this is a valid and potentially useful
instructional role for these tests. As long as the tests are not used for
accountability purposes as well, schools can use them primarily as forma-
tive evaluation measures; that is, as assessments that contribute to efforts
to improve programs. When accountability becomes an additional testing
purpose, however, the evaluation tends to take on a different tone as
pressures to score well on the test may overshadow other instructional
decisions.

It is important to understand the dynamics of these accountability
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pressures because they tend to affect individual schools and districts
differently. First, pressures usually come from two sources. The rust source
is the group that establishes the accountability system typically, state or
district policymakers. These groups have the power to hold schools ac-
countable through the allocation of funds and the tightening or relaxation
of regulations. The second source, and the one that consistently is most
enamored of test scores, is the tax-paying public. Thepublic's power comes
from its use of test results to make school-related decisions ranging from
where to buy a house to whether to vote for increased taxes for schools.

There are also a number of reasons standardized test results are generally
the preferred tool for determining whether schools arc performing satis-
factorily; that is, for accountability. One reason is that they measure the
educational outcome of most interest to most people student achieve-
ment. Second, they provide an easily interpreted, objective, comparative
standard (the performance of students across the country). Third, they
provide data that are relatively inexpensive and easy tocollect and that can
be coNected every year. This last factor is especially crucial because annual
assessments can fuel the desire for quick improvements.

Interestingly, even given the role of standardized tests in an account-
ability system, the effects that these tests can exert on school curricula vary
widely. Two factors seem to be critical in determining the degree to which
testing dominates curricula. The first factor is the nature of the account-
ability system; specifically, the degree to which it focuses exclusively on
standardized test scores and the nature of the rewards and sanctions that
ensue from performance on the tests. The greater the reliance on stand-
ardized tests and the greater the consequences their results will have for
schools (or school administrators), the mare likely it is that obtaining high
scores will overshadow other curricular goals. Also, if sanctions result
from decreases in test scores from one year to the next, curricul:r changes
that move the curriculum away from the content of the tests will be
discouraged.

The second factor, which interacts with the rust, is the performance of
the school itself. Schools and school districts whose achievement are above
average typically experience less accountability pressure and are, there-
fore, more free to experiment with new instructional puctices orcurricula.
In schools or school districts whose levels Are below average, which
typically translates into schools serving at-risk students, accountability
pressures tend to be greater and premixes for improving test performance
often dominate and direct all other educational decisions. Consider the
following two examples.

South Carolina is a poor state whose students, historically, have per-
formed abysmally on indicators of educational status (such as graduation
rates, Scholastic Aptitude Test scores, per-pupil spending). In the 1980s,
the state initiated a concerted effort to improve its educational perform-
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ance. This effon includes the mandated use of both state-developed and
national tests; every student is tested each year with one test or the other.
Needless to say, local communities take the test results very seriously;
often, communities will withhold funds from districts that do not score
well, while providing more funds to districts that do score well. The state
also has tied its funding to performance on standardized tests, awarding
"bonuses" to schools that score well. The message to teachers is clear:
Teach to the tests."

District Heights Elementary School provides an extreme example of the
"teach-to-the-test" phenomenon. This school is located in a predominantly
poor and minority school district where the superintendent has requested
that school performance, as well as his own performance, be judged on the
basis of CAT reading scores. As a result, teachers instruct students primar-
ily on the skills tested and often teach test-taking skills explicitly. Some of
the practices used to raise scores on reading tests in District Heights are
special classes on test-taking given in the second grade, the year before
students first take the CAT; use of the multiple-choice format in at least
one lesson each day; distributior of 100 pages of practice work sheets (as
part of a take-home packet) to students in the grades to be tested; and the
completion of practice tests during the full day preceding the test. These
teaching strategies have resulted in improved test scores, but other evi-
dence of student performance, such as the low grade-levels of reading texts,
suggests that the test scores are, under these circumstances, invalid meas-
ures of academic achievement."

There are at least three morals to these stories. The first is merely a
reiteration of the argument above: Test-based accountability keeps higher
scoring schools free to develop new curricula and assessment methods that
focus on higher order and process skills, while lower scoring districts,
which are disproportionately poor and minority, are held hostage instruc-
tionally by pressures to raise test scares. In this way, the use of tests for
accountability purposes may exacerbate "true" achievement differences
among social classes, while "tested" achievement differences may, in fact,
decrease.

The situation at District Heights Elementary School also illustrates the
double dilemnvi that science education often faces with respect to account-
ability. Based on how accountability is structured atpresent, it may appear
advantageous for science to be left out of these accountability systems, as
it is in District Heights. This has the beneficial effect of freeing science
instruction from the confining hold of test content and structure. The
disadvantage is that excluding science from an accountability system may
result in science instruction being ignored in favor of those subjects that
are assessed.

Finally, the South Carolina scenario illustrates another way in which
accountability can potentially increase the inequities inherent in the edu-
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cational system. In theory, educational accountability should provide per-
fimnance-based rewards and sanctions that assist schools in improving
performance. Fmancial incentives for schools or school districts that show
exceptional progress art we inducement that works toward raising educa-
tional standards because they provide schools with increased revenues for
expanding services or programs. In the case of schools or districts making
unsatisfactory progress, the response should be not to withhold funds, but
to evaluate whether the district has been allocated enough fimds to deliver
services effectively in the first place. If funding levels are determined to
be adequate, the district should be provided assistance in developing an
improvement plan; if satisfactory progress is not made after implementa-
tion of this plan, more direct intavention may be needed. In any case, all
interventions should function to improve the education provided to stu-
dents, rather than to punish the schools. After all, the goal should notbe to
"weed out" certain schools, but to allow each school to blossom.

Other National Initiatives

While the above discussion characterizes the current status of science
education assessment, a number of studies are in progress that attempt to
improve the ways in which science instruction is assessed. Most of this
work is funded by the National Science Foundation (NSF), through its
Directorate for Education and Human Resources (formerly the Directorate
fir Science and Engineaing Education).

The NSF has responded to calls for improving assessment and its link
with curricula by initiating a number of studies examining the role and
nature of science assessment.19 One study supports ETS in developing
performance assessment measures for the NAEP; the 1985-86 pilot test of
hands-on items" and the 1990 figural-response items are two outcomes of
that work. A second study supports the state of Connecticut in developing
science performance items for a statewide assessment, while a third study
examines alternative methods for ascertaining students' science process
skills. Finally, other studies are examining critical issues in science assess-
ment, such as the relationship between assessment and science curricula,
the impact of assessment on teaching and learning, and methods of incor-
porating assessmem into curricular reform efforts.

The ETS is funding its own study of methods of integrating science
assessment with instruction at the middle school level. This study, "Learn-
ing Progress Systans in Middle School Science," is developing approxi-
mately 24 instructional assessment modules involving computer
simulations, laboratory experiences, and discussion activities, in addition
to paper-and-pencil tasks. Each module contains five hours of instructional
assessment activities and is designed to provide teachers with tools to
monitor and assess students' scientific content and process knowledge.
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National Assessments in the
Service of Instruction

The projects described above have one major feature in commonthey all
view assessment primarily as an instructional tool; that is, as a tool to help
teachers rather than policymakers. As tools to assist teachers with instruc-
tional practices, national-level tests always will defer to those developed
locally because local tests are necessarily better tailored to eimh school's
curriculum. Nonetheless, national tests are likely to continue to play a role
in educational assessment because they provide comparative data that are
useful to policymakers as well as to educators. Thus, the issue is. How can
the instructional usefulness of these tests be increased?

The NAEP

Because the NAEP is administeredon a sampling basis and most test items
are confidential, there is not much that can be done to make it instruction-
ally useful for individual teachers. The NAEP could be made more useful
kr teachers and policymakers in general, however, if the items on the
assessment were classified in an instructionally meaningful way and
achievement results were reported for each classification area. For exam-
ple, items assessing "process skills" could form one classification group:
items assessing "recall of life-science facts and concepts," could form
another. This type of analysis and reporting structure would permit a more
meaningful assessment of the strengths and weaknesses of the science
curriculum.

As the NAEP becomes a part of state indicator systems, it is essential
to ensure that the National Assessment does not drive curricula away from
instructional topics and curricular goals that are valued components of
science education. There are at least two ways to prevent this. First,
educators and policymakers must insist on the inclusion of these topics and
goals in the assessment. Similarly, research is needed to address several
issues related to the format and validity of test items assessing inquiry-
based skills; this research could help to ensure the cost-effectiveness and
construct validity of assessments that measure these skills. Second, the
NAEP's role in state indicator systems must be maintained strictly as a
monitoring role and must not be expanded to include accountability. Given
current administration procedures and schedules, this may not be an
immediate threat. Neverthele&s, the NAEP is likely to be quite appealing
as an accountability tool. NAEP's history already is a lesson in how one
single-purpose, federally funded assessment can expand well beyond its
original role.
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Commercially Developed Tests

Because teachers have access to the items an these tests, commercially
developed tests have greater potential than the NAEP for increased instruc-
timial usefulness. The advantages ofclassifying items into instructionally
relevant categories on commercial tests are even greater than they are on
the NAER Such a classification system would allow teachers and schools
to assess the relative strengths and weaknesses of their instructional
progams and of individual students. This system also could be used to
develop tailor-made standardized tests. Each school system could choose
a selection of item categories from among those available to create an
individualized test that better matched its curriculum. If desired, schools
or school districts could be compared or. the item categories that they have
in common. In fact, schools' achievement and curricula could be compared
simultaneously in this type of system, thus providing a more complex but
more meaningful assessment.

The keying of item responses to student misconceptions is another way
that standardized tests can be made more instructionally useful. Providing
teachers with analyses of misconception-related errors (such as, "item 5
shows that 67 percent of the students believe the sun orbits the earth")
would transform these tests into valuable guides for improving instruc-
tional practices. It should be noted that the critical feature for making this
revision work is a reporting system that teachers can understand and use;
more than just a reworking of the test items is required.

Finally, it is important to ensure that these tests do notdictate or distort
instructional practices. The development of tests based on analyses of
commonly used curricula makes most commercially developed tests
highly conservative instruments; schools must change their curricula be-
fore the tests change their items. Without accountability pressures, this is
perhaps only a minor inconvenience, but with accountability pressures, it
becomes an impossible situation. Thus, these tests should be used for
accountability purposes only when it is agreed that the items in the test
reflect the desired curriculum for the schools whether that cuniculum
is already in place or not.

These are just a few ways in which qational assessment initiatives can
be made more relevant instructionally. The likelihood that any one of these
suggested improvements will come about depends upon the interplay of a
complex set of political, economic, and educational forces. Perhaps the
most crucial force at present is theaccountability movement, which simul-
taneously is increasing the use of standardized assessment and revealing
the weaknesses inherent in existing assessment practices. The growing
frustration with standardized assessment resulting from accountability
issues, combined with current efforts to increase science achievement,
provide a window of opportunity for science assessment refonn that may
not exist again for decades. Moreover, as national assessments become
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increasingly popular, their potential effects on educational practice also
become greater. The science assessment practices and instruments that are
selected now arc likely to have more far-reaching effects than any that have
been used in the past. It is indeed time to place assessment in the service
of instruction.
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State Initiatives in Assessing
Science Ed ucation

Alan Davis and Jane Armstrong

Science is a relative newcomer to the state educational testing scene. In
1978, 41 states had statewide testing programs, but only nine of them
included science.' During the past 12 years, the number of states testing
the effectiveness of science instruction and learning has grown to 28. In
this chapter, we examine the phenomenon of the growing state role in
assessing science education. What do states expect to accomplish by such
assessment? Are there significant differences in the directions that various
states are taking? What are the likely consequences of current assessment
practices and trends for science instruction?

We appmach these questions first from both the historical context of the
politicization of testing and the adoption of testing by states as a policy
tool. We then describe the results of a survey of stIte testing directors,
comparing the experiences of states that monitor science achievement by
using a nationally normed test with those states that have developed their
own tests to promote the implementation of state curricular guidelines.
Drawing on recent studies of the effects of assessment on instruction, we
believe that many state tests have not realized their goal of improving
instruction; however, we offer descriptions of three state initiatives that
exhibit strong promise.

Uses of Assessment

Testing by states started essouially as a response to public and political
pressures for more information on how well schools were educating
students in various district& Two concerns in particular sparked its prolif-
eration in the early 1960s: concern for equity and cone= that American
students lacked adequate preparation.43 In most states, interest in testing
at the state level was driven initially by the desire of legislatures to monitor
one or both of these concerns. Several states began to use readily available,
nationally normed tests to collect information to determine how their
students compared with students nationally and to monitor trends.
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The monitoring function of state testing was not greatly intrusive on
most schools. No decisions about individual teachers, pupils, or whools
were linked to test scores. However, the indirect effects of testing for
monitoring were important."' State testing conditioned the public to look
beyond the bounds of their local school system in assessing the adequacy
of education and to accept test scores as the main measure of the success
of schools.'

Accountability

The disappointing news that the tests often provided, coupled with consti-
tutional reminders that the states ultimately were responsible for educa-
tional quality, brought forth a call for accountability in the 1970s.67 An
annual ritual developed of reporting test scores in local newspapers by
school, thus bringing pressure to bear on teachers and administrators where
scores were low.' Testing as information gathering evolved into testing as
an accountability pressure and a policy lever.

During this period, several states increased local accountability by
developing performance tests that bad to be taken by all students. The
results of these tests carried with them consequences associated with
different levels of performance for students, local agencies, or both. By the
summer af 1978, 29 states were pursuing actively some form of minimum
competency testine by the simmer of 1984, that number bad grown to
40.1 Nineteen states were implementing tests for high school graduation.
Several legislatures passed provisions requiring local school districts to
meet certain minimum levels of achievement or face the possibility that
the state would declare them "academically bankrupt" and begin to exert
direct control over them.

Uachers responded to the increased importance of test scores by teach-
ing what wa r. tested at the expense of everything else." Because reading,
language arts, and mathematics were tested, these subjects came to domi-
nate the curriculumusually at the expense of science, social studies, and
fine arts. The result is a situation in which testing begets more testing, as
educators perceive that if something is not tested, it is not considered
important." The explosion of science testing in recent years must be
understood in this context. In some cases, the push for science testing has
been spearheaded by science educators as a means of drawing attention to
their subject again."

National calls for states to strengtImn science education have added
momentum to the increase in testing. The nation's governors have devel-
oped national goals for achieving scientific and mathematical literacy.14
Reports have demonstrated an increase in the technical and science-re-
lated skills required by higher paying jobs,15 coupled with the poor
performance of American students compared to that of students interns-
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tionallyI6 and to previous cohorts of American students.17 National propos-
als for reform have called for comprehensive changes in science curricuia
and inst_.on is.19nicti

Improving Curricula and Instruction

Some states have begun to incorporate tests into coordinated strategies to
affect curricula and instruction. Bill Honig, Superintendent of Public
Instruction in California and a leading advocate of direct state leadership
in education, described the ideal stra...42/ in these terms:

It would rk.quire educators to define specifically the kinds of subject
area content and skills students must learn if the nation is to compete
internationally. It would necessitate determining the best ways to
teach each subject to a diverse student population. It would mean
developing better testing, undertaking heavy investment to bring
teachers up to speed, and giving educators thenecessary technologi-
cal tools to improve their productivity. Fmally, this strategy would
provide schools and districts with planning and implementation
grants to translate these ideas into reality and make structural
changes to move from a rule-driven system to one that is perform-
ance-based. 2°

Honig explains how California has used testing in this process:

We changed our state tests to reflect the altered curriculum. We now
test in science and history, evaluate writing samples, and assess for
higher levels of understanding in reading and math. We also instituted
an accountability system that set specific targets and gave each school
and district information on how it was doing. We publicize the results
annually.21

Most states have undertaken at least same of these initiatives and a few, like
California and New York, have involved nearly all of them in coordinated
and concerted effects to improve the quality of education statewide. These
efforts reflect a faith that the test scores are valid indicators of achievement
and that attempts by teachers and administrators to obtain higherscores will
have a generally positive effe4t on curricula and instructics.

The four twoadly defined intended uses of state testing described ac-
cording to their historical development monitoring, accountability,
certification of individual student mastery, and a policy tool to lead to
improved curricula and instruction remain useful constructs in compar-
ing state testing programs today.
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Characterizing State Science Assessment
initiatives
To determine why and how states were testing science education, we
surveyed state assessment directors in May 1990. A questionnaire was sent

to the directors in advance and followed up with a telephone interview. The
questions emphasized science assessments in the middle grades the type
of assessment, its history and development, test content, reporting, and use.
The middle grades were emphasized because they were considered most
likely to reflect the national trends in science education. We conducted
follow-up interviews in greater depth with testing directors in California,
New York, and Connecticut and analyzed documents from those states.
Several states sent us copies of their science tests. We also drew on our
previous case studies of state initiatives to improve science education.22

We found it useful to distinguish between states that relied upon a
commercially available, nonned test and states that had developed tests of
their own. In general, the first group emphasized purposes of monitoring
and accountability, while the second reported improving curricula and
instruction as the primary purposes for assessment, often with account-
ability as a secondary concern. A third category included a few states that
have added science to the competencies tested for promotion or graduation.
These states often use two tests: a commercial, norm-referenced test and
a locally developed competency test. Each of these categories of state
practices will be considered below.

Commercial Norm-referenced tests for
Monitoring and Accountability

Sixteen states assess science education by administerirg a commercial,
nationally nonned science test (Table 1). Two of these states administer an
additional science test, which is needed for promotion or course credit
(Arkansas and Mississippi); in one state (Louisiana), an additional test is
required for graduation.

Most of the states that currently administer nationally normed science
tests share important characteristics: they have relatively low education
budgets, relatively small populations, and half of them are in the South.
The following case history, adapted from Armstrong et aL, is a composite
study describing the history and uses of the norm-referenced science
assessment in a representative state:"

In 1974, State A began administering a commercial, norm-refetenced
test every year to all students in grades 4, 8, awl 11 in reading,
language arts, and mathematics. In 1983, in response to concerns by
educators and the business community that science should be given
mote visibility, the state started giving the science subtest in addition.
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The content of the science test had little to do with its selection.
Rather, the content of the reading and mathematics sections of the
test and the publisher's competitive bid largely determined its choice.

No promotion standards, district funding determination, or graduation
decision rest upon the results of the test, but the annual reporting of
scams in local newspapers receives a great deal of attention. The scares
of schools in affluent suburbs are almost always high; the saxes of urban
and poor rural schools are almost always low. Low-scoring schools
experience pressure to imFove their results. 110"AftWer. =St of the
attention is directed to mathematics, language, and reading scores.
Rarely are the science scores a topic of cowersatioi.

There is little support for the science test in the education! community.
Membeis of the assessment staff in the state education agency are
apologetic about the test because it assesses mostly factual knowledge
and simple concepts. Science educators, including the state science
coordinator, are still more critical of the test because they say it does not
fit well with the types of science cunicula they would like to see in
classrooms (that is, fewer topics taught in more depth; more emphasis
on processa of investigation and on technology and society) and
because they believe it rewards reliance on textbooks and lecture modes
of instruction. Yet, there is little evidence that the science tem has much
effect on instruction. In tim nine grades where the test is not given,
teachers have no idea what it contains. In the grades tested, teachers are
familiar with the reading and mathematics tests. Many teachers report
pressure to improve WO= in those subjects, but few pay much attention
to the science test.

The general lack of enthusiasm for the content of nationally normed
science tests reported in the preceding case history was confirmed iv our
survey of testing directors. Far fewer than half of them reported that the
test they administer is a good match with either the curricula they believe
are actually implemented in schools, or with the curricula they would like
to see implemented. Their opinion reflects the problem of designing tests
for a mass market. The tests are developed to reflect the content of major
textbooks which, in turn, reflect pressures for "coverage" rather than
depth.24 The result is a cautious curriculum, which mirrors current practice,
rather than an exemplary product.25

Only six nationally normed tests are used by states to assess science
(Stanford Achievement Test [SAT], Comprehensive Test of Basic Skills
[CTBS], Iowa Test of Basic Skills [ITBS], California Achievement Test
[CAT), Metropolitan Achievement Test [MAT6], and Test of Achievement
and Proficiency [TAP]). They represent three publishers (CTBS-McGraw
Hill, Riverside, and Psychological Corporation). Gong, Lahart, and Court-
ney26 analyzed the content of the middle grade levels of these tests with
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Table 1
Resufts of a 1990 Survey of State Science Assessment Practices'

State

Commercial,
Norm-
Referenced
Test/Grades
Tested

Minimum
Competency
Test OT
Graduation
Test/Grades
Tested

Other State-
Developed
Tests/Grades
Tested

The of
State-
Developed
Tests

Med to
State
Curricular
Initiative?

Response
Format:
MC 1:1 Multi-
pie Choice
OE i. Open
Ended
IP la Judged
Performance

Pupil
Sample

Pie-

of Test
;

Alabama SAP/4,8 No MC All pupils

Arkansas MAT6t/4,7.10 Minimum
Performance
Test/6,8

CRT* Yes MC All pupils

California CA Assessment
Pmgram/6,1s,12

State-
normal and
CRT

Yes MC, OE. JP All pupils

Connecticut CT Assessment of
Education Pro-
Fam/4A11

Domain-
referenced

Yes MC
Field Testing
OE. JP

%Waits
sampled years

Delaware SAT/I1 Yes MC All pupils
,

Florida FL Student
Assessment Pro-
gram/3,5,8

CRT Yes MC Students
sampled

Annual 1-3

Georgia ITBS1/2,4,7.9 Yes MC All pupils
,

Idaho ITBS/6,8,11 CRT No MC Ail pupils

Illinois

.

IL Goal Assess-
ment Program/
3,6,8,11

State-normed Yes MC, JP All pupils Bian-
nual

5

,

BEST COPY AVAILABLE



Table 1 (continued)
Results of a 1990 Swim/ of State Science Assessment ractices1

State

Minimum
Commercial, Competency
Norm- Test or
Referenced Graduation
Test/Grades Test/Grades
Tested Tested

Other State-
IDeveloped
Tests/Grades
Tested

Indiana IN Statewide Test-
ing of Education
Program/ 3,6,8,11

Louisiana CATIN4,6,9 Graduation
Exit Exam/I1

Maine ME Education As-
sessment/4,8,11

Massachusetts

Michigan

MA Education
Assessment
Program/4,8,12

MI Education
Assessment
Program/SAll

Minnesota MN Education
Assessment
Pmgram/4.8,11

Mit Of
State-
Developed
Tests

Tied to
State
Curricular
Initiative?

Response
Format:
MC = Multi-
ple Choice
OE = Open
Ended

so Judged
Performance

Pupil
Sample

Fre-
quency
of Test

Number
of Forms

CRT Yes MC All pupils Annual 1

eRT Yes MC All pupils Annual

Domain-
referenced

No MC, one OE All pupils Annual 12

State-normal No MC, OE., JP All pupils Bian-
nual

12-20

CRT Yes MC All pupils 3-5
yea IS

State-
nonned CRT

Yes MC Sample 4 years

Noe: In a spring 1990 sutvey, 28 out of 50 states were identified as periodically collecting statewide measures of student achievement in science.*SAT Stanton! Achievement Test; I'MAT6 .6 Metropolitan Achievement Tes KM' vx Criterion-referenced "rest;$MPT Minimum PerformanceTest; IITBS Iowa Test of Bask Skills; *CAT = California Achievement Test; "CMS in Comprehensive Test of Basic Skills.

1-12 BEST COPY AVAILABLE



Table 1 (continued)
Results of a 1990 Survey of State Science Assessment Practices1

State

Commercial,
Norm-
Referent...A
Test/G rades
Tested

Minimum
Competency
Test or
Graduation
Test/Grades
Tested

Other State-
Developed
Tests/Grades
Tested

Type of
State-
Developed
Tests

lied to
State
Curricular
Initiative?

Response
Format:
MC Multi-
pie Choice
OE Open
Ended
JP - Judged
Performance

Pupil
Sample

Fre-
quern(
of Test

Number
of Forms

Missmsippi SAT/4,6,8 End of course
bioloce test

Test of
Achievement
Proficienty/
9,10 (optional)

MO Mastery
Achievement
Testa-10

CRT

(RI

No

No

No

MC

MC

MC

All pupils

Sample

All pupils

Annual

Annual

Annual

1

I

1

I

Mmsoun 'IBS/2-8

New llampshire CAT14,8,10

New Mexico High School
Competencies
Exam/10-12

NM Achievement
A.ssessment/3,5,8

Combination
ITI3S items
and state-
developed
CRT items

Yes MC All pupils Annual I

New York NY Regents
Exam

NY Program
Evaluation in
Science/3.6.8

CRT Yes MC, JP All pupils Annual I

North Carolina . End of course
test

NC Science
Achievement
Test/3.6.8

State-
formed CRT

Yes MC. All pupils Annual 2

North Dakota CIllS"/
3.6,8,11

No MC

_

All pupils Annual 2

..

1
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Table 1 (continued)
Results of a 1990 Survey of State Science Assessment Practices1

State

Commercial.
Norm-
Referenced
Test/Grades
Tested

Minimum
Competency
Test or
Graduation
Test/Grades
Tested

Other State-
Developed
Tests/Grades
Tested

Type of
State-
Developed
Tests

Tied to
State
Cunicular
Initiative?

Response
Format:
MC or Multi-
ple Choice
OE in Open
Ended
JP w Judged
Pe:forma=

Pupil
Sample

Fre-
quency
of Test

Number
of Forms

Oklahoma JIBS/
3.5.7,9.11

Yes MC All pupils Annual

South Cambria SATI4,5,7,9,11 SC Basic Skills
Assessment
Program/35.8

CRT Yes MC All pupils Annual
,

South Dakota SAT/4,8,11

No

MC

MC

All pupils

An pupils

Annual

Annual 3Tennessee CMS/2-8,10

Vi9r,inia ITBS/4,8,11 Y es MC Allpupils Annual 1

West VirOnid CTBS/3,6,9,11 Yes MC Allyupils Annual

Note: In a spring 1990 survey, 28 out of 50 states were identified as periodically collecting statewide measures of student achievement in science.
'SAT .g Stanford Achievement Test; tMAT6 Metmpolitan Achievement Test; tCRT Critenon-referenced Test; *ism 21 Minimum Perfotmance
Test; VMS = Iowa Test of Basic Skins; #CAT = California Achievement Test; -cm Comprehensive Test of Basic Skills.
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respect to their match with the curricular recommendations of the Ameri-
can Association for the Advancement of Science (AAAS) Project 206I's
Science far All Americans" and Bloom's taxonomy of cognitive skills.23
They found that the tests sampled a broad content domain, with emphasison
recall and explicit information skills, in contrast to the AAAS's call for greater
depth on fewer topics, with special attention to conceptual understanding and
skills of Fobkm solving and investigation. These researchers concluded that
the tests as a whole "foster fragmentation of shallow knowledge... [and)
provide no reliable assessment of process or thinking skills?'"

In light of such criticism, why do states use nationally normed tests to
assess the effectiveness of science education? Largely because they are
inexpensive and simple to use. The notion that legislators insist upon
national comparison data is refuted by the fact that nearlyevery large state
that assesses science has developed its own test." In states that lack the
resources for this undertaking, the commercial test is viewed as a means
of ensuring accountability and providing at least symbolic support for the
teaching of science.

Although evidence is mounting that multiple-choice measures have
negative implications for instruction when they are perceived as the goal
of instruction,31 testing directors report that science tests do not capture
media attention in the way that tests of reading and mathematics do.
Consequently, local schools pay little attention to them. Interviews with
teachers have supported this view.32 In short, it is like! y .hat the use of
commercial tests for science assessment will have little impact on science
instruction (good or bad) under current levels of accountability.

State-developed Science Tests for
Accountability and Curricular Improvements

Most of the states that have begun to assess the results ofsc ience instruction
during the past five years have developed their own tests based upon state
curricular guidelines or objectives. In these states, assessment generally is
viewed as a policy lever to urge the implementation of state recommenda-
tions in curricula and instruction. Although there is considerable variation
within this category of states, several common features are captured in the
following composite case history.

Since 1982, State B has been developing its own criterion-refer-
enced tests to accompany new state objectives in each subject area.
Reading, language arts, and mathematics objectives were developed
first, and then tests followed in each of those areas. In 1986, science
objectives were developed by a large team of science teachers,
cuniculum coordinators, a professor of science education, and two
applied scientists. The assessment division of the state education
agency developed multiple-choice tests for grades 3,6, and 8, based
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on the state's objectives. Information sessions for administrators and
training sessions for teachers on the new objectives were offered
regionally throughout the state.

Many state policymakera view the new science test as an accountability
tool; that is, as a means of assuring that science is taught in the schools
and as a means of monitoring progress. In this state, no direct conse-
quences for students, schools, or districts rick on the results of the test,
but the results are publicized. Officials at the state education agency
hope that the tmt, coupled with the state's objectives, will provide an
impetus for improving science edwation, especially in tgades K-8.
They believe that tailoring the test to tin state's ob*tives should defuse
local objections that what is tested is not what is taught. They also hope
that the test will encourage teachers to attend to the state's objectives
and spend more time teaching science.

Among science educators, the new science test in State B is contro-
versial. Supporters argue that very little science has been taught in
grades K-6 and that the test will help to correct this. They agree that
the t,..1st includes more items requiring students to go beyond factual
knowledge to conceptual understanding, familiarity with issues of
technology and society, interpretation of data, and design of experi-
ments. Those who oppose the test argue that it still overemphasizes
lower cognitive processes, will narrow instruction to the test items
themselves, and does not encourage directly **hands-on" instruction
and inquiry. In response to these criticisms, the state agency is
piloting six applied performance tasks, which will be added to the
test in two years.

Approximately 14 states share important similarities with State B. Most
of them are larger, more affluent states. All of them test science with tests
developed by the state education agency or by a contractor to state
specifications. All but two of them (Maine and Massachusetts) have
developed their tests during the past six years as pan of a state initiative to
improve science education, spearheaded by the development of state
science objectives or curricular frameworks. In most of these states, the
science test is regarded as a policy lever that is, an inducement to local
education agencies to undenake curricular and instructional changes along
the directions recommended by the state."

State-developed tests have several advantages over commercial, norm-
referenced tests. First, they are developed to match state curricular guide-
lines or frameworks, providing a tight alignment between what the state
considers important to teach in science courses and what is tested. Second,
a much larger number of items is usually developed, representing a larger
content domain, which is assessed in multiple-test fonns using a matrix
sampling technique. Test security and narrowing of the curricula become
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smaller issues because teachers cannot teach to a single test form.
Nearly every state using its own test as a policy lever has built-in or indirect

mechanisms to exert secountability ccessure. The exceptions to this rule art
a handful of states (Oannectkia, Minnesota, and Florida) that sample sudents,
so that results are availabk only for districts or for the state as a whole and
cannot have negative =sequences kw individuals cif schools. Apart from
du:se few MOM accountability imam is associated first and foremost with
the release of scores to local newspapers. Three states (Indiana, Mississippi,
and Math Carolina) apply additional pressure by using mathematics and
reading test scores in school accreditation decisions.

For reasons of test security, we were unable to review the content of
state-developed science tests. However, our survey of state assessment
directors indicates that recent tests put more emphasis on technology and
society, investigative processes, and science concepts than earlier tests did,
and target higher levels of cognitive functioning. Gong et al. compared the
item specifications for current, state-developed tests with commercial
science tests and concluded that both contained too many factual knowl-
edge questions distributed over too broad a range of topics.34

Tests with Important Consequences
for Individuals

Six states include science in state tests, with direct consequences for individual
students. Science tests are used in gade promotion decisions in Arkansas and
in course credit decisions for certain high school canes in Mississippi and
North Carolina Science is a part of the tests required for graduation in New
Mexico and Louisiana. New Ycwk gives Regents Examinant= in science
disciplines, which are used to award diplomas and to make selection decisions
by the state university system. California is preparing similar tests in its
Golden State Examination (GSE) program. With the exception of Ow Califor-
nia tests, all of these examinaticos are cmposed entirely of multiple-choice
items (although the Regents Examinatkars require documentatin of satisfac-
tory laboromy performance as a prerequisite).

When the results of tests have consequences for teachers and students,
teachers adjmst their instruction in ways that they believe will result in
higher scores. One negative consequence of this situation is that teachers
under pressure will tend to focus their instruction narrowly on the topics
tested and will omit other topics.3336

Reliance on the multiple-choice fccrnat in state assessment also has
raised concerns. Darling-Hammond and Wise found that when teachers are
pressured to raise test scores, they may rely on instruction that resembles
the format of the test.37 If the test items ?ye in a multiple-choice format,
teachers may conclude that students will benefit from drill and practice on
discrete items of knowledge or skills, rather than hands-on investigation.

150



Alan Davis and Jane Armstrong 139

The multiple-choice format also places constraints on the range of thought
processes that can be examined. It is argued widely that such tests cannot
provide problems that require iaudents to define solution paths, come up
with alternatives, devise a test of alternative ststelies. or mganize relevant
information and present a coherent argument.'

Both of these concerns apply to the "high-stakes" tests (where results
have important consequences for individuals) used by many states. Where
states continue to rely exclusively on the use of multiple-choice items and
a limited number of forms &die test are used, there is great likelihood that
the tests will promote a narrowing of both the curricula and instruction to
the tests themselves. Some states have addressed this problem by making
annual changes in the form of the test, but high-stakes tests continue to rely
predominantly on the multiple-choice format.

Perfonnance Assessment

Several states have introduced innovations in science assessment designed
to improve science instruction or science programs. Virginia and New York
have expanded their assessments to include program reviews as well as
student outcomes. Both states make optional questionnaires avai,able to
schools and technical assistance from the state is provided for their scoring
and interpretation. New York is assessing students' attitudes toward sci-
ence as well as cognitive outeomes; other states, including Connecticut,
have similar plans.

Some states are beginning to respond to concerns about the limitations
of multiple-choice tests by adding open-ended questions and direct per-
formance assessment to state science tests. California, New York, Illinois,
and Massachusetts included direct mrformance measures in their 1990
tests. Connecticut will move to exclusive reliance on performance meas-
ures in 1992. Several other states, among them Indiana, Michigan, Mis-
souri, Minnesota, and Florida, are revising their tests to incorporate direct
performance measures in future asseaments. This change represents the
most important current developnrnt in state science assessment and warrants
closer examinatitm.

Examples of performance assessments from California, New York, and
Connecticut are presented below. All three states have moved decisively
to assess science education through performance tasks and all of them
intend to use assessment to improve instrimtion. The three states vary with
respect to their use of accountability pressure as a policy tool, with
California endorsing moderate pressure and Connecticut rejecting it in
favor of persuasive modeling.

California. California developed a new state science framework in
1990, which forms the basis for new science assessments in gades 6 and
12 only. rlz., new framework emphasizes timmes that cut across the
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traditional disciplinary divisions of earth sciences, physical sciences, and
life sciences. Drawing explicitly on Project 2061 of the AAAS,4' six
themes have been addressed: energy, evolution, patterns of change, scale
and structure, stability, and systems and interactions. The thematic organi-
zation is proposed to counter a tendency to "reduce and compartmentalize
science content and focus on isolated facts and concepts."42

The new framework also goes farther than the 1984 science framework
addendum in making explicit a call for active learning, defined by Bill
Honig in his introduction as "instructional activities where students take
charge of learning," and "regularly make new associations between new
ideas and their previous conceptions of how the world works."43

The California Assessment Program (CAP) ha long been aligned in
content with the state's curricular fimmeworks. Now, particular attention is
being paid to aligning assessment with instmction in both content and
format, so that students' performance and investigation will "play the same
central role in assessment that they do in instniction.""

California assessed science education in grade 6 in the spring of 1991
and will assess grade 12 in the spring of 1992 as part of the CAR Both tests
are expected to include multiple-choice items, open-ended questions, and
performance tasks. CAP also is developing Golden State Examinations
(OSEs) in chemistry and biology. These examinations also will contain
multiple-choice items, open-ended questions, and performance tasks. High
schools throughout the state will field-test the GSEs, and both the GSE
biology and chemistry examinations should be ready for statewide use in
1991.

In spring 1989, open-ended science questions were administered to a
total of 8,000 6th grade students. The questions were designed to engage
students in creating hypotheses, designing scientific investigations, and
writing about social and ethical issues in science. Students responded to
the questions in one of three ways: by interpreting and entering data on a
chart, by drawing a picture to explain an answer, or by writing a short
analytical paragraph. Each open-ended question asked students to compose
a written response, which required 10 to 15 minutes to complete.

Five performance tasks for grade 6 were field-tested in the spring of
1990 and implemented fully in the spring of 1991. Approximately 1,000
schools participated in the field test, which included controlled studies of
the effects of different grouping, time, language of administration, and
delivery of instructions. The testing format consisted of five "stations,'"
with one task to be accomplished at each station. Each task took approxi-
mately 10 minutes and the students rotated through the stations, completing
all five performance tasks in one testing session.

The performance tasks emphasized scientific skills and processes em-
bedded in the content areas of the physical, earth, and life sciences. The
performance tasks field-tested in 1990 asked students to: (i) build a circuit
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out of the materials provided, predict the conductivity of various materials,
test their conductivity, and record the results; (ii) create a classification
system for a collection of leaves and explain the adjustments necessary
when a "mystery leaf " is introduced into the poup; (iii) perform a number
of tests on a conceder' of rocks, record the results of the tests, and classify
the rocks based on information provided; (iv) use the limited equipment
furnished to estimate and measure a particular volume of water, and (v)
perform a chemical test on samples of lake water to determine why fish
are dying. The 1991 test, includes 35 tasks, which are randomly sampled
and assigned to students.

In addition to the open-ended questions and performance tasks, 200
multiple-choice items were developed to measure understanding of scien-
tific concepts in six categories: physical sciences, earth sciences, life
sciences, scientific processes, safety and manipulative skills, and technol-
ogy and society. Items were sampled to create 20 forms of the test, each
containing 10 items.

According to the California State Department of Education," teachers,
students, and administrators throughout the state showed great enthusiasm
for the "hands-on" component of the sciencetest. One teacher wrote, "High
value! Enjoyed it. Kids and teachers loved it. I will 'steal this test' to use
as lessons and as teacher inservice."

New York. New York mandated science instruction in elementary
schools in 1958, but concerns mounted in the early 1980s that this policy
was not borne out in practice and that the instruction that did take place
was often dominated by passive reading of textbooks. The Regents Action
Plan of 1984 addressed the issue by mandating hands-on science instruc-
tion in all elementary school grades and by calling for statewide assessment
of science education in grade 4. The assessment was intended not only to
place greater emphasis on the importance of elementary school science
instruction, but also to encourage the use of hands-on instruction and to
provide direct guidance for the improvement of local programs.

The test was developed to improve local science instruction along th.
lines of the state syllabus, which emphasizes skills ofgroup and individual
problem-solving, investigation, science concepts, and students' attitudes
toward science. There are two complementary components: a performance
test and a multiple-choice test. The performance test administered in the
spring of 1989 and again in 1990 asked students to; (i) measure objects to
determine their mass, length, temperature, and volume; (ii) compare the
absorbency of four different paper products and make a generalization
about absorbency; (iii) create a classification system for five types of seeds;
(iv) predict which of five materials will conduct electricity, test the predic-
tions by using each material to complete an electrical circuit, and make a
generalization about conouctivity based upon this evidence; and (v) infer
the characteristics of two objects sealed in a box.
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The bcal school districts are responsible for judging their students'
achievements cm tlw pesimmance test and for remting the results to the
state education agency. Training is provided by the state to one test
administrator in each school. Distributions of scores kw each school, not
individual student scores, are reported to the state.

The multiple-choice test consists of 45 questions that address factual
knowledge and concepts (29 items) and skills of inquiry and data interpre-
tation (16 items). The test also is scored locally and the score distribution
is reported to the state.

A significant feature of the New York assessment is its emphasis on
pressuring schools to make use of their assessment results and on providing
the support and technical assistance to do so. Results for each school
become part of its comprehensive assessment report, which must be made
public each year. As a part of the assessment, districts also may elect to
survey students, parents, teachers, and administrators about their percep-
tions of the local instructional program in science in order to provide
additional data for local program improvements. To facilitate local use of
the test and survey data, each school is provided with an extensive set of
worksheets in a Guide to Program Evaluation K-4, which includes step-
by-step interpretation of each set of results. Each district is urged to have
a science committee that conducts a program analysis based upon the
results of the assessment and uses them to construct reccanmendationsand
an action plan to guide their implementation. Technical assistance is
available from 93 regional elementary science mentors housed in boards
of cooperative educational services and in lane cities throughout the state.

Connecticut. Connecticut is preparing to assess science instruction in
grades 9 through 12 in 1991-92. If the assessment is implemented along
the lines currently planned, it will represent a new conception of large-scale
assessment.

The assessment is based on The Connecticut Common Core ofLearning ,

a set of state objectives for education. In science, the objectives emphasize
problem-solving and investigation developing hypotheses, designing
experiments, drawing inferences, observing natural phenomena, and work-
ing with measuring and sensing devices as well as understanding and
applying basic concepts in scientific disciplines.47 Intellectual curiosity
and interpersonal relations are addressed as well.

The goals of the assessment are to model and cultivate these objectives
and to measure their attainment. Reasoning that good assessment and good
instruction should call upon students to think actively and collaboratively
kw an extended period of time, the assessment will consist exclusively of
group tasks, lasting up to a week each. Students will be scored on the
content of their solutions, the processes they used to arrive at them, the
interpersonal and communication skills demonstrated by the_poup, and
the manifestation of attitudes such as intellectual curiosity." Here is a
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sample task for a high school physics class:

Scientists often use small models to gain understanding so they can
confidently analyze larger system& You will be modeling the impact
of a small car crashing into a large truck by using a dart gun and a
small toy car. You will also use the following equipment: stop watch,
meter stick, and velem strips. Your goal is to find the velocity of the
dart by shooting the dart horizontally into the back of the car and
analyzing the coasting car and dart system.°

As a group, students calculate the velocity, then discuss and test at least
two other methods for finding the velocity. Finally, students apply indi-
vidually the concepts of the task to a problem involving a Corvette hitting
a truck.

The assessmcr t is not intended to place direct accountability pressure
on individual ,-clools, or districts. Accordingly, matrix sampling of
schools, teachci s, classes, and tasks is anticipated. Thirty schools will be
chosen statewide, and science teachers at them will be sampled. One class
period will be identified for each teacher selected and will be matched with
one assigmed task and two optional tasks.

SUITIMary

We have greeted the threefold increase in state assessment of science
education since 1978 with ambivalence. The use of promotion tests and
norm-referenced tests has been found to have dangerous sick effects on
curricula and instruction. States that have developed tests to match their
curricular framework have minimized some of these side effects and the
tests can be successful in promoting the implementation of high-quality
science curricula. Early indications suggest that performance tests may
have very beneficial effects on classroom instruction and on students'
intepation of skills.

If states choose to test, then the principle that mustgovern the design of
assessments must be this: the greater the consequences of the test to
teachers, the more their instruction will resemble the test itself. This means
that if a state chooses to use a test as a lever, it must attend closely to the
design, quality, and instructional implications of the test.

Of the various state scenarios presented in this chapter, the use of state
tests for promotion and graduation (as they are designed currently) has
the most negative implications for instruction because they present a small
number of multiple-choice items as the de facto goal of science education.

The use of commercial, norm-referenced, multiple-choice tests in
science for general purposes of monitoring and accountability is also hard
to justify. If the objective of these tests is to serve as a place-holder for
science in the curriculum, they will serve that objective only if the
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consequences are commensurate with those perceived for reading and
mathematics. This has not happened, but, if it should, the tests would fall
short as a model for instruction.

Among states that have developed their own tests, California and
Connecticut offer intriguing alternatives. Ca lifccnia's test represents an
enlightened attempt to couple accountability pressure with strong design.
The content of the test and the use of applied performance measures
suggest a test that will be "taught to." Yet, teachers cannot "teach to" it
narrowly because the number of items and tasks is too great, and they are
assigned to more than a dozen test forms per grade. Public reporting of
scores focuses attention on achievement, and training and assistance are
available to help schools improve their performance. Connecticat pro-
motes a similar model of science instruction, but relies on persuasion and
demonstration, rather than on pressure, to bring about results. Only time
will tell what impact this approach will have eventually on instruction in
Connecticut classrooms, but early outcomes are very encouraging.

Unfortunately, neither of these models is likely to have much appeal in
those states that need to improve science education states with limited
resources to devote to a statewide effort to train teachers to administer and
score a wide range of performance tasks. Nonetheless, it is our belief that
such states will be served better in the long run by a limited effort in this
direction than by reliance on existing commercial tests or current multi-
ple-choice, minimum competency measures. States should consider devel-
oping consortia along the lines of the Connecticut Multi-State Assessment
Collaborative Team (CoMPACT), where test development resources are
pooled and tests are shared.
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A National Standing Ovation for the
New Performance Testing

Kathleen B. Comfort

When I took this test, it didn't seem like a test. It was more like an
experiment. I had so much fun, it was like having an hour of
laboratory experiments. This test made me re ilize how much I really
do know about science 8th grade student, Fresno, CaWornial

Imagine that you, too, are an Sth grade student. The time of year is early
spring: it is state testing week. As you think about die science portion of
your state test, you imagine the usual multiple-choice questions and how
they will look on your computerized test form. You might even rehearse
some of these questions in your head: "What art the parts of a plant?"
"What are the pans ofa cell?" or "In what year was helium discovered?"
You enter the classroom expecting to sperul the next hour "bubbling in"
answers to multiple-choice questions with a #2 pencil on your computer-
ized test fem. But instead of the usual neat rows of bare desks, you find
tables set up around the classroom with familiar science materials on them.
As you glance around the room, you notice hand lenses, balances,magnets.
electrical circuit testers, microscopes, rocks, leaves, bottles of solutions,
and even some live sow bugs. Your teacher assigns you to work either with
a partner or by yourself. You are asked to design and conduct an investi-
gation to see if sow bugs like wet or dry environments or if a smaller magnet
is stronger than a larger one: you might even be asked to test lake water to
try to discover why the fish are dying in a mountain lake or, perhaps, to
investigate the properties of a black box. You think something may be
wrong. This doesn't look like the usual state science test; it looks more like
science class. It might even be fun!

Sure enough, students throughout the nation are discovering that these
tests are not only fun, but they give stuthmts a chance to show what they
have really learned. In science, as in other content areas, many states are
moving "beyond the bubble," away from standardized multiple-choice
tests, toward a more authentic form of assessment called performance
assessment. Instead of finding #2 pencils and computer-readable test
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booklets before them, students from various states and many grade levels
are finding a variety of performance assessments. These assessments
tests that ask students to show that they can write, think, solve problems,
and do experiments are reinforcing one very important message: if we

want to make effective reforms in science education, we must discover what
students actually know, how well they can think, and what they can do.

The Limits of Multiple Choice

In the past, large-scale assessment in most states has taken the ft= of
standardized, multiple-choice tests that ask students to choose the correct
response from among a set of alternatives and to "bubble in" their choice?
These standardized tests have become the main criteria that many schools
use for making decisions that affect instniction and the quality of teaching.
Unfortunately, these tests have many negative consequences: they tend to

narrow the curriculum, encourage the teaching of disconnected, low-level
facts; fnistrate teachers and students; confuse the public; and undermine
school improvement effons.

Research shows that students learn what they are taught and that
teachers teach what they are held accountable for. The conclusion that
achievement testing profoundly affects the quality of U.S. education is
inescapable." It is not surprising, then, that both the general public and

the professional community are dissatisfied with constant use of paper-
and-pencil, multiple-choice tests, not only to assess student knowledge and
understanding of subject matter but to establish accountability.° Current
research also suggests that to achieve educational reform, assessment must
be realigned to match reform. With such realignment, when educators
"teach to the test," they will be teaching the "big ideas" advocated by
reformers, and the quality of science instruction will be improved!'"

States Move "Beyond the Bubble"

Moving "beyond the bubble" has become themajor theme underlying the
development of new science assessments in New York, California, Con-
necticut, Michigan, Texas, Kentucky, and several other states. The nation's
governors have developed national goals for achieving scientific and
mathematical literacy,u and national goups such as the American Asso-
ciation for the Advancement of Science have addressed the critical need
for the reform of education in science, mathematics, and technology and
provided recommendations to improve scientific literacy in the United
States.13 Six states California, New York, Connecticut, Michigan, Texas,
and Kentucky have been leaders in responding to the national call for
improved education in the sciences, and have developed state science
frameworks (or state science objectives) and new, richer, more thought-
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provoking forms of assessment.
Instead of discriminating among bubbles on a multiple-choice test,students will be required to demonstrate their understanding of the con-

cepts and processes of science and their ability to solve problems and carry
out hands-on performance tasks. if the goal of instructico is to teach
students the expressive side of communication and problem solving, tests
must be patterned after instruction: they must emphasize woduction,
creation, and performance doing rather than discriminating.14 The
assessment tzsks themselves must be intentionally complex, moving away
from the unidimensional, factual purity of the past. Only tasks that call for
integrating and applying learning can reinforce the highest goals of instruc-
tion. The tasks should assess multidimensional skills and present multisen-
sory stimuli and multimodal response formats.° A variety of such
innovative performance measures are currently under development, infield testing, or being implemented. They include performance tasks,
open-ended or free response questions, science modules, science portfo-lios, and new conceptual-thematic, multiple-choice items. These newforms of assessment arc expected to reinforce good curriculum practices,
encourage thematic teaching, emphasize learning through hands-on expe-
riences, and, most importantly, go beyond the level of recall and para-
phrased recall to include activities in which students can use the concepts
learned and relate them to other concepts.

Performance Assessment in the States
The six states cited above are at different stages in the development, field
testing, and implementation of performance assessments in science. NewYork was the first to implement performance assessment statewide, and
since 1989 all 4th grade students have been required to take the manipula-
tive skills component of the New York State Elementary Science Program
Evaluation Test (ESPET). Connecticut has been developing and field
testing performance asses&ment tasks in both mathematics and science for
grades 9-12 since 1989; the new performance tests will be implemented
in 1991-92. In Kentucky, science assessment task forces have begun
developing models for performance assessment measures in science after
surveying educators and business and community leaders regarding gradu-
ation requirements for high school seniors. The task forces then developed
goals or performance standards for graduation and createdten performance
assessment task teams to develop and pilot tasks for grades 4,8, and 12.

Texas science educators, working with the Texas Education Agency,have developed several new performance tasks for students in grade 9.
These tasks will be piloted in fall 1991 and will eventually become pan of
the Texas Assessment of Academic Skills. The California Assessment
Program, in conjunction with the California Science Project, the California
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Science Implementation Network, and the California Secondary Scope,

Sequence, and Coordination Project, conducted statewide field tests of

performance assessment tasks in science at grade 6 (in 1990), and grades

5, 8, and 11 (in 1991). Participation in field tests is voluntary at present,

but all schools will berequired to implement performance measures as pan

of the state test in 1993.

New York

Hey, mister, can we come back tomorrow and take the test again? --

4th grade student, New York public schooll°

The 4th grade New York State Elementary Science Program Evaluation

Test focuses on Levels I (K-2) and II (3-4) science content and skills

from the New York Elementary Science Syllabus, and is administered

in the spring to all 4th grade students in the state. The test was developed

by the New York Bureau of Science Education and Elementary Test

Development in conjunction with school administrators, classroom

teachers, university staff, and subject supervisors. The purpose of this

multifaceted assessment is to provide information to local and state

educators on the effectiveness of the science program in each elemen-

tary building. Test results are used to evaluate programs, and no indi-

vidual scores arc provided.
Of the seven ESPET components, two are required and five are optional.

One of the required components consists of a paper-and-pencil objective

test (multipk-choice) of 45 questions, of which 29 items evaluate content

and 16 evaluate skills. This untimed test takes about an hour to complete.

The second required component is the manipulative skills test, which

consists of five stations that can be set up in a variety of locations, including

the classroom, school library, or cafeteria. Individual students rotate among

the stations performing short investigations and recording responses on a

student answer sheet.
At station one, students must determine: (i) the mass of a cup using

pennies and a balance; (ii) the height of a cup using a ruler; (iii) the volume

of water in a cup if poured to the blue line; and (iv) the temperature of the

water in the cup using a thermometer. All four tasks involve measuring the

physical properties of objects. Station two calls for students to make a

prediction based upon performance of a scientific investigation that they

have never performed. Using different examples of paper, marked A, B,

and C, the student places a drop of water on each paper. After recording

his or her observations the student must then predict what would happen

if a drop of water were to be placed on a piece of unknown material

(plastic). Station three requires students to create their own classification

systems using an assortment of seeds and to state reasons for their sortings

and classifications. At station four, students use an electrical device to test
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a variety of different materials, then write a generalization based upon the
materials and their knowledge of electricity. Station five, billed as the most
popular test, features a black box. Students must infer the properties of the
materials inside the box within seven minutes. Students call it the "magic
box" and insist on knowing what is inside.

The five optimal components consist of student science attitude survey,
student survey, teacher survey, administrator survey, and a parent/guardian
survey. Surveys take between 15 and 30 minutes to complete.

Teachers administering the ESPET must attend two workshops organ-
ized by the New York Department ofEducation (NYDE) staff and curricu-
lum development network. The first workshop addresses the
administration and general features of the test, and the second provides
training in scoring and analyzing test results. Usually one teacher per
school is trained, and that teacher is responsible for administering the test
to all 4th grade students in the school. Teachers trained in the scoring
process score student papers and send results to the NYDE. The NYDE
collects a subsample of student papers and scores these papers a second
time. Scores from the manipulative tests are aggregated with scores from
the other components and results reported to the field. Materials for the
hands-on component of the test are packaged in kits containing five sets
of each of the five tasks, and schools are required to purchase their own
kits of testing materials. The cost of the equipment to test 35 students is
approximately $125. The NYDE is responsible for mailing all written
materials, including test administrationmanuals and student answer sheets,
to the schools.

Connecticut

Performance assessmentencourages the feedback process. A kid tries
something, sees its outcomes, and may try a modified approach . .
I saw sparkles in eyes that had never shown any. CordonTurnbull,
Connecticut"

In 1987, the Connecticut State Board of Education approved a set of
learning outcomes (standards) for high school graduates. Referred to as
the Connecticut Common Core of Learning, these standards cover: (1)
attitudes and attributes; (ii) skills and competencies; snd (iii) applications
and understandings. Classroom teachers, working with Connecticut Depart-
ment of Education assessment consultants, are currently developing and
piloting performance measures hi mathematics and science at the high
school level that incorporate all of these standards into an integrated
assessment system. These new holistic assessment measures require stu-
dents to demonstrate not only their understanding of content, but their
ability to communicate and to work collectively as well. One of the most
important points of the Connecticut project is that this new form of
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assessment has become an empowerment progam. Performs= assess-
ment empowers both students and teachers and puts control of rating
student progrem back into the classroom away from the machines and

back into the hands of the teachers.18
Connecticut is creating many different formats for performance assess-

ments. Some consist of tasks that take only 10 minutes for students to
complete, while others require from 40 minutes to a week to complete.

Some tasks are administered individually, others in small cooperative
groups. One popular format consists of three pans. In part one, students

work individually on a problem, thinking through the task and developing
multiple solutions. For pan two, students work in small cooperative groups

to solve the problem. Each member of the group must contribute asolution

and make an oral presentation. Part three requires students to finish

individually. A similar task is selected, and individual students we asked

to solve this problem based on information they learned from the group
experience. Although students have only 45 minutes in which to construct
their response in part three, a task of this nature may take from three days

to one week to complete. In a science task students may be requested to
recognize and solve problems as well as to develop hypotheses and desigm

sets of experiments to test them.
Participation in the piloting of these new performance measures is not

mandatory at this time. It is anticipated that in the Allure about 30 schools
will be chosen to administer the new test.

Michigan

Suppose we decided that, instead of generating data that could be
collected in an efficient and reliable manner, the primary goal of our
assessment program was to help teachers understand their own stu-
dents better? Charles Anderson, Michigan State University"

In Michigan, personnel from the Michigan State Department of Education,
Student Assessment anl Science Curriculum Units, university staff from
Michigan State University and the University of Michigan, and classroom
teachers have been developing teaching materials, inservice education
programs and new assessments that will be coordinated to the New

Directions in Science Education for Michigan: State Objectives for K-12
Science. Drawing on recommendations from Project 2061's Science for all

Americans,2° the new Michigan science framework emphasizes objectives

to promote scientific literacy for all students.
Michigan is just beginning to develop its first pilot of performance

measures for grades 5, 8, and 11. These measures will include open-ended
questions in which students will be required to construct their own re-
sponses. Data collected by researchers from Michigan State University
indicate that these types of questions will help teach= s to understand their
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own students better. Students will respond to open-eiukd questions with a
short written paragraph. The responses will ckmonstrate to teachers stu-
dents' common misconceptions regarding scientific concepts. Such shared
misconceptions are not random, but are associated with sensible and often
deep-seated patterns in students' thinking.21 By gaining access to their
students' thinking, teachers will gain perspective not only in what is being
accomplished the classroom, but how students view the world. It is
anticipated that teachers will be trained in these new assessment practices
and will have a role in evaluating their own students' papers. Michigan is
mandated to assess all students at grades 5, 8, and 11.

Texas

Some Texas educators believe that to encourage problem solving and
higher-order thinking in science, we must have some kind of perform-
ance testing. Victoria Young, Texas Education Agency22

Texas, like Michigan, also plans to develop alternative forms of assessment
aligned to recommendations from their state-mandated science curricu-
lum. The Texas Education Agency intends to design performance measures
that will assess academic skills such as problem solving, critical reading,
and higher-level thinking instead of basic skills. In science, these perform-
ance measures have been divided into four domains: (i) acquiring and
classifying scientific data and information; (ii) communicating and inter-
preting scientific data and infonnation; (iii) solving problems; and (iv)
investigating solutions and application. Moreover, Texas is planning to
develop performance assessment tasks that will integrate the life, earth,
and physical sciences, as well as tasks that will integrate science and
mathematics. Texas is currently mandated to assess annually all students
in grades 3, 5, 7, and 9 and to administer an "exit level" test to all
graduating seniors. In Texas, information is reported back at the student
level. Performance tests are expected to be piloted at grade 9 in fall 1991,
and they will eventually become part of the Texas Assessnent of Academic
Skills.

Kentucky

Some of our performance tasks will have a very practical orientation;
other kinds of items will be mental problem-solving exercises. Prac-
tical performances might include tasks that address real-life situ-
ations like waste management or air pollution. Mental
problem-solving exercises might ask students to design a menu for
Superman. D. Ochs, Kentucky Department of Education23

Kentucky is in an unusual situatiou since its system for funding schools
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was recently declared unconstitutional. Therefom, Kentucky has die rare

opportunity to restructure its schools without barriers, rules, or regulations.

A newly appointed task force will adopt themes, processes, and concepts
from Project 2061's Science forall Americans and develop a state science

framework for Kentucky's schools. Performance assessments will be

designed to match the objectives from this framework.
As part of the restructuring process, a science and technology task force

was established and charged with designing standards fir high school
graduation, as well as models for performance assessments in science. This

task force is currently focusing on two goals: (i) development of a matrix

of conceptual themes and (ii) development of performance tasks. The

performance tasks will focus on scientific skills and processes embedded

with the content areas of science. The tasks will be designed to focus on

the practical applications of science to real-life problems such as waste

management or air pollution, as well as on mental problem-solving exer-
cises. Kentucky is planning to test a random sample of students in grades

4, 8, and 12. Tert results will be used to evaluate school systems and

individual schor . Individual student scores will not be provided.

California

The value of my participation in this program has been to make

me aware of the future of assessment, to open my eyes to the areas

lacking in our science programs, and to remind me that the excite-

ment and motivation generated in the children by this type of
testing cannot bc taken lightly. Teacher, Visalia Unified School

District, California24

The California Assessment Program (CAP) has begun introducing per-
formance-based assessments intended to indicate directly what students
actually know, how well they can think, and what they can do. In 1987

CAP introduced its first performance-based test, the grade 8 writing

assessment in which students composed an essay in response to a pre-
scribed topic. This assessment was extended to grade 12 in 1988. A change

at grade 12 occurretl in 1990 when open-ended mathematics items, for

which students must construct their own solutions, were administered,
scored, and reported. CAP has also initiated portfolio pilot projects in

Englishilanguage arts and mathematics, in which students and teachers
collect and evaluate an array of student work throughout the school year.
The portfolio pilot will be extended to science in fall 1991. Language arts
examinations integrating reading and writing were field tested for the first

time in spring 1990. Students were asked to read and write a number of
short responses, participate in groupdiscussion, and compose Sim essay to

provide evidence of comprehension. In history and social science CAP is

developing assessments that will allow students to demonstrate breadth of
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learning as well as ability to clarify issues, recognize relationships, deter-
mine causes and effects, interpret evidence, and present an argument.
Assessment modes under development include written tests, portfolios of
student work, and integrated performance tasks.25

In science, these new assessments will be aligned to the "big ideas"
recommended in the Science Framework for California Public Schools,
Grades K-12.26 These big ideas (for example, "Matter and energy interact
at the microscopic level") are used to frame an entire K-12 science
curriculum including life, earth, and physical sciences; technology; and
environmental education. These disciplinary areas are connected, inte-
grated, and interwoven by the themes of science (energy, scale and struc-
ture, patterns of change, stability, systems and interactions, and evolution).
Scientific processes (observing, communicating, comparing, ordering and
categorizing, relating, inferring, and applying), attitudes, and manipulative
skills that contribute to this "thinking curriculum" are also incorporated
into these new performance measures.

In the spring of 1990, CAP, in conjunction with the California Science
Project (CSP) and the California Science Implementation Network
(CSIN), conducted the first statewide field test of performance assessment
in science at grade 6. Approximately 1,000 schools participated. The
testing format consisted of five stations with one task per station. Each task
took about 10 minutes, and the students rotated through the stations,
completing all five performance tasks in one class period. The tasks
challenged students to integrate manipulative and thinking skills with their
knowledge of science content. Students engaged in hands-on activities and
recorded their observations and conclusions on student response forms.
For example, students had to build a circuit with materials provided, predict
and test the conductivity of variousmaterials, and record the results. Other
tasks required students to observe, classify, sort, infer, detect patterns,
formulate hypotheses, and interpret results. In each task, students had to
move beyond the activity and develop a conceptual understanding of
natural phenomena. A research pilot was also conducted during the field
test in which a sample of schools administered two versions of the test: one
version utilized the regular station approach; the other was administered
by teachers utilizing one of six variant& The variants included time,
delivery of instructions, and format (cooperative groups and diads).

In spring 1991, CAP, CSP, CSIN, and the California Secondary Scope,
Sequence, and Coordination Project (SSC) conducted a second field test
of performance-based assessment at grades 5, 8, and 11 in over 2,000
schools. Students at grade 5 worked with a partner to complete three
performance tasks designed to assess a student's ability to: (i) analyze
nonliving substances and determine their suitability for living things
("Spaceship U.S.A."); (ii) sort, classify, and give a rationale for their
system of classification using a variety of fossils ("Fossils"); and (iii)
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determine the effect of wind direction on the motion of pinwheels, com-

paring the amount of work doneby pinwheels of different sizes and relating

this learning to other situations ("Wmd Energy").
Students at grade 8 also worked with a panner to complete three

performance tasks. The three tasks were designed to assess i% student's

ability to: (I) analyze amnion attributes of fossils and establish ielational

patterns ("Fossils"); (ii) perform a chrinnatography experinwnt and use

the information obtaimx1 to apply to real-life investigations ("The Mystery

Note"); and (iii) manipulate variables and determine the relationships

among distance, force, and work ("Happy Trails"). The "Fossil" task at

grade 5 spiraled through grade 8, building in complexity. Fifthgraders were

asked to sort a variety of fossils found in a dig into groups that appear
related. They were asked to develop their own classification system and

defend it by adding another fossil to one of the woups. By the 8th grade,

students were asked to observe a group of fossils and develop a rationale

for their development and differences over time. The grade 8 "Happy

Trails" task integrated science and mathemadcs.
Students in grade 11 worked in triads to complete one integrated

investigation. The objective of this task was to assess students' ability to

use scientific processes and tools, communicate thinking processes, and
demonstrate understanding of concepts that are connected awl integrated
among the scieixes. Eleventh graders were asked to investigate a man's

death in order to determine whether or not a crime had been committed.

Various information sets had beenprovided that required the students to use

a microscope to investigate properties of different hair samples, conduct a

chromatography test to determine who wrote a note found on the body, and

conduct soil profiles and pH tests on samples of soil found on the victim's

shoe.
Overall, the performance component of the CAP science field test was

enthusiastically received by teachers and students alike. Nearly all teach=
reported that performance tasks provided students with a meaningful and

exciting learning experience, and, in addition, yielited valuable assessment
information unobtainable through traditional testing methods. Advocates
of hands-on teaching and testing felt that this assessment provided them

with the validation needed to implement innovative teaching and testing

techniques at the local level. Thachers firm textbook-driven systems fel,
especially motivated to seek out and bring more hands-on projects into

their classrooms. A typical comment from a teacher:

I learned so much about my students, especially the so-called
"poorer" student. Some of them did quite well on this type of
assessment.

Teachers reported that students who participated in the przformance
assessment exhibited high levels of curiosity and motivation and enjoyed
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tackling the questions posed by each investigatice. Many wanted to repeat
the tasks and explore the implications of their results in greater depth. Some
typical student comments:

The hands-on test was fun and terrific. It is a lot better than the
ordinary test. It is easy to tuklerstand, and you do not have to
memorize anything. The hands-on tests I did made me realize how
much I really do know about science. I wishevery test could be like
this.

The first test on electricity was neat. I had a little trouble building the
electrical circuit and kept thinking over andover, "Benjamin Frank-
lin was a genius." I couldn't believe I actually made an electric circuit
that worked.

I thought this kind of test is less stressful than a regular fill-in-the-
bubble test. I would rather take hands-on tests than fill-in-the-bubble
tests. You still must study, but not remember every answa. This way
you do things by brain, not by memorization.

Scoring guides or rubrics were developed for all tasks. Student papers
were scored by teachers at regional meetings held throughout the state, and
samples of papers and scores are currently being analyzed by CAR In the
past, CAP reported group-level scores for all content areas. CAP is cur-
rently undergoing a restructuring process in which some results will be
reported at both the individual and group level. Results from these two
field tests will not be reported formally, but a report will be developed that
will address all aspects of the performance test. All teachers administering
the performance components of the test received two days of training: one
day in test set-up and administration and a second day in scoring and
analyzing results. Teacher training was conducted at 24 County Offices of
Education.

CAP also conducted statewide field tests in spring 1990 and 1991 in
thematic, conceptual, and integrated multiple-choice items and open-
ended questions. These field tests were also voluntary. Several districts that
administered the performance component administered this component, as
well. All test items and performance tasks used on the CAP tests are
developed by science educators, including grade-level teachers, science
supervisors, university representatives, and scientists on the CAP Science
Assessment Advisory Committee.

SWI1Mary

If tests determine what teachers actually teach and what students will
study forand they dothen the road to reform is a straight but steep
one: test those capacities and habits we think are essential, and test
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them in context. Make them replicate, within ream], the challenges
at the heart of each academic discipline. Let them be authentic.
Grant Wiggins"

As is evident by the conscientious and enlightened efforts of many states,
we are well on the roiEl to amending our outmoded "empirical" traditions
in assessment. By establishing new and moresubstantive means for .deas-

uring txue intellectual accomplishment what students actual.), know,
how well they can think, and what they can dowe are closer to achieving
the national goal of scientific literacy for all students.
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1 1

Performance Testing and
Science Echication in

England and Wales

Wynne Haden

Before passage of the Education Reform Act for England and Wales in
1988,1 there were no legal requirements for curricula and assessment
except that religious education had to be included in the education of all
pupils. Although curricular decisions were the legal responsibility of the
local education authority, in practice they were left to the individual
schools. Science was taught, either as a combined science course or as
sepe-4e courses in biology, physics, and chemistry, to all children from
the ages of 11 to 14. Outside these ages, the extent of science education
varied considerably from pupil to pupil and school to school.

The provisions of the Edixation Reform Act began to be put into
operation in schools in 1989. In its first part, the Act created the National
Curriculum comprising 10 foundation subjects plus religious education,
all of which have to be taught to pupils throughout the compulsory years
of schooling; that is, from the ages of 5 to 16 (apart from the foreign
language which is not taught before the age of 11). Details of the National
Curriculum will be considered later. At this point, it is relevantto note that
science (as a whole subject as opposed to separate courses in biology,
chemistry, and physics) is included in the curriculum as a "core" subject;
that is, one of the foundation subjects accorded particular importance. This
status has significance in relation to assessment.

Before examining the most recent developments in curricula and assess-
ment, however, it is relevant to recount some of the recent history of science
education in England and Wales. Significant changes have taken place
since the curriculum reform movement began in earnest in the 1960s, and
they have played an important part in preparing the ground for acceptance
of the current legislation. Indeed, it is claimed that the content of the
National Curriculum for science was framed to reflect existing good
practices in science education and, to that extent, the National Curriculum
was welcomed by those concerned to spread these good practices more
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widely. The introduction of National Assessment at the same time as the
National Curriculum could not be said to reflect existing practices, but in
its desigp and implementation, the National Assessment has drawn exten-
sively on the developments in assessment that have taken place during the
past 15 years. In tracing these developments, which have been inspired as
much by political as by educational motives, it is appropriate to consider
the primary and secondary phases separately and then to examine some
issues concerning recent activities in both phases.

Science and its Assessment at the
Primary School Level
The term "primary" is used in England, Wales, and Northern Ireland to
describe the years of schooling for children from their point of entry to
school, at the age of 5 years, to the age of 11 years. Children may not be
in schools described as "primaq" throughout this time because, in some
areas, there are separate infants' schools (5-7 years) and junior schools
(7-11 years), and in others, there are first schools (5-8 or 5-9) and middle
schools (8-12 Or 9-13). In Scotland, primary education extends to the age
of 12. Thus, in the United Kingdom, the word "primary" is used where
other countries may use the word "elementary." Primary school teachers,
by and large, teach all subjects and do so in regular classrooms, not in
specialist rooms. Science is taught using everyday, rather than specialized,
science equipment.

Prior to the legislation of 1988, which applies to England and Wales
only, there had been no central control of curricula in the United Kingdom
since the beginning of the century. Until the end of the 1950s, however,
primary school curricula were driven by the examination that all pupils had
to take at the end of the primary phase (called the 11+ examiriduion) and
that tested mainly English and arithmetic. The purposeof this examination
was to select pupils for entry to the different types of secondary schools,
which children attend from the ages of 11 through 16 or 18. With the
introduction of comprehensive secondary schools, this examination died
away in all but a few staunchly conservative areas of England, and
broadening of the primary curriculum became possible in the 1960s.

The introduction of science was a part of this broadening. It began in
the 1960s in a few schools and was stimulated by curriculum development
projects that paralleled such projects as Science Curriculum Improvement
Study, Elementary Science Study, and the American Association for the
Advancement of Science's Science A Process Approach. The projects
in the United Kingdom were the Nuffield Junior Science Project, 1964-
66,2 and the Science 5/13 Project, 1967-75,3 both essentially process-based
and child-centered, in line with the prevailing primary education philoso-
phy of the 1960s.
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Both the Nuffield Junior Science Project and Science 5113 provided
teachers' guides but no materials for pupils, and advocated that teachers
should pursue the ideas suggested by their pupils' questions so that the
activities would be suited to the pupils' intexests, locality, and stages of
development. Teaching science in the way proposed by these projects was
demanding on teachers, most of whom, as in other countries, lacked
confidence, knowledge, skill, and motivation in this area of the curriculwn.
Little or no attention was given to pupil assessment even though the notion
of "matching" activities to children's development was implicit in the
projects' philosophies. Later projects and publications provided materials
that had greater structure and were less dependent on teachers' decisions,
many comprising sets of work cards for pupils. One project included
specific assistance for teachers to help them assess their pupils' develop-
ment and record their progress:4 It also argued that assessment is a part of
teaching, an idea not taken seriously until the end of the 1980s.

Despite these efforts in the 1960s and early 1970s, a survey of primary
schools by Her Majesty's Inspectors ofSchools deplored the low incidence
of what they judged to be good practice in science.5 A later survey of
recordkeeping in primary schools revealed a general absence of attempts
to assess and record children's work in science.6

In the 1980s, various factors combined to renew concern to implement
the teaching of science at the primary level. Among them was research
showing that children's ideas about the world around them are being built
up in their early years whether or not they are taught science.76 Many of
these ideas are nonscientific and obstruct learning in science at the secon-
dary school level. They are constructed by children from everyday expe-
riences without the benefit of scientific thinking and systematic testing.
From this research, it was inferred that there is a role for science education
in primary schools because it will help children, through firsthand explo-
ration, to make sense of the world around them in terms of ideas that are
related more closely to scientific ones.

Research also had revealed the decline in interest and in positive
attitudes toward science at later ages, which it was felt could be addressed
by earlier involvement in scientific activity. Finally, educators were con-
cerned that children's early education was excluding an increasingly
important part of daily life.

These concerns led to a firm recommendation by the Department of
Education and Science, in the first of a series of policy statements on the
curriculum, that "All pupils should be properly introduced to science in
the primary school?' At the same time, fmancial support was made
available for inservice courns in primary school science and for local
education authorities to support teachers through a scheme of "advisory
teachers" in science. Primary schools were required to develop policy
statements for science and to create a post of "coordinator for science" (a
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teacher who has resmisibility for science in the school, but exerts it by
helping other teachers, not by teaching science for them).

In responding to these concerns and requirements, teachers were preoc-

cupied with establishing programs of activities in science and still gave
little attention to assessment. To smne extent, it is logical to wish to have
something to assess before devoting energy to assessing it, but this ignmes

the role of assessment in teaching. More probably, the unwillingness to be
concerned with assessment in science was a reflection all= persistent liwk
of commitment to science as a basic and important part of the curriculum
and the absence of a framework of development, which is a necessary
prerequisite for assessment." It seemed to require dm force of law to
change this situation.

lb some extent, the lack of interest in assessment can be regarded as an
advantage. It meant that there was no market for the "quick and easy to
Klminister" test based on multiple-choice items and assessing mainly
recall, and there was no clamor for standardized measures to be created.
Had these existed, they might well have been ignored in the same way as

the checklists for observation that have been offered in various local

education authority guideline& Instead, thedevelopments in assessment in
primary science have been for research purposes, where the validity of the

instruments and procedures, rather than the ease of their use in the class-
room, was paramoimt. I shall return later to the developments in assessment

that were taking place during this time and that fed eventually into the

creation of a system of national assessment.

Science and Its Assessment at the
Secondary School Level

Science has been included in secondary education for most of this century.

It is significant that the Association for Science Education had its origin in

the Science Masters Association, founded in 1902. This latter association,
created for the purpose of promoting the teaching of natural science in
secondary schools, was followed by the Association for Women Science
Teachers in 1922. The two associations combined into the Association for
Science Education in 1963, at the same time as primary tewhers were first
admitted to membership in the organization. The membership of this
association reflects the changing pattern of science education. In 1918, 82
percent or its members were public school masters (that is, they taught at
fee-paying private schools), while in 1939, this proportion had fallento 12
percent,11 reflecting the increase in the number of science teachers at
state-funded secondary schools.

Unlike science education in the primary schools, science curricula in
the secondary schools had been dominated by external examinations. Until
recently, these were the General Certificate of Education "0" level and
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"A" level examinations (taken at the ages of 16 and 18, respectively).
While there was no natitmal curriculum before 1988, the syllabi of the
various public examination boards prescribed closely what was taught.
These syllabi, certainly until the early 1970s, were heavily laden with
information and the assessment was related mainly to recall and some
application of factual knowledge and principles. The exceptions were those
syllabi tied to the new programs devised by the projects funded by the
Nuffield Foundation and by the Schools Council. However, &spite the
prominence given to these programs, the extent of their substantial use, as
reported in a survey by Her Majesty's Inspectm of Schools in 1979, was
less than 20 percent, and only about 6 percent of schools were actually
following the programs.12 The same survey showed that, while almost all
pupils in the first three years of secondary school were taught all three
sciences, separately or in an integrated program, in the fourth and fifth
years large proportions of pupils did not study all three and girls were
studying substantially less science than were boys.13

Examinations are important in secondary schools because they are the
basis of qualification for entry to higher education. In performing this
function, they have tended to emphasize the academic at the expense of
the applied aspects of the subject; in science, this has emphasi=d the
acquisition of knowledge rather than theprocesses of science. The coanges
toward a more process-based approach in the teaching of science, urged
by curriculum development projects in the 1960s and 1970s, were seen by
teachers for many years as incompatible with success in examinations. So
ingrained was this view that when examinations did begin to change so
that pupils were required to use, rather than simply to recall, their knowl-
edge, teachers were slow to take the advantage offered. In particular, the
tests that they devised for in-school examinations continued to emphasize
factual knowledge.

However, in 1988 radical changes were introduced into the examina-
tions taken at the age of 16. The General Certificate of Education "0" level
and the Certificate of Secondary Education (taken by ICW academic pupils)
examinations were replaced by a combined system known ss the General
Certificate of Secondary Education. The assessment objectives for the
General Certificate of Secondary Education scienceexamination, publish-
ed three years before the examination was introduced, included such
statements as:

Candidates will be expected to show that they have the ability to: (i)
observe, measure, and record accurately and systematically; (ii)
follow instructions accurately for the safe condtwt of experiments;
and (iii) draw conclusions from, and evaluate critically, experimental
observations and other data, etc.14

That the assessment of these abilities could be contemplated was due to
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the developments in assessment procedures and instruments that had been
taking place in the late 1970s and early 1980s. Groups of teachers working
with the examination boards had been responsible for some of these
develcvments, but a major impact was certainly made by the government's
Assessment of Performance Unit (APU). This covered both primary and
secondary school science (in addition to English language and mathemat-
ics) and is considered in some detail below.

Contributions of the Assessment
of Performance Unit
The Assessment of Performance Unit (APU) was set up in the Department
of Education and Science in 1974 with the charge to promote the develop-
ment of methods of assessing and monitoring the achievement of children
at school, and to seek to identify the incidence of underachievement." In
fulfilling this charge, the unit first set up working groups of subject
specialists in six curricular areas and subsequentlycontracted out to &coups

of educational researchers the tasks ofcreating the assessment instruments
and procedures. The assessment instruments for science were developed
at Chelsea College (now King's College), London University, and Leeds
University. Other contracts, for language and mathematics assessment,
were placed with the National Foundation for Educational Research, which
also was given responsibility for conductini irveys using the assessment

instruments.
The educational and political contexts in which the APU was set up arc

well documented by Gipps and Goldstein, who carried out an independent
evaluation of the APU in 198042.16 Briefly, the educational context was
an imeasing discontent in the 1970s with the education in state-funded
schools. I o some extent, this was a rerwtion to the changes in the curricu-
lum of the primary schools in the 1960s, which followed the end of the 11+
examination. The broadening of primary school curricula led to fears that
standards were falling. In fact, there was no evidence to support this, but
the absence of the 11+ examination, which had served as a quality control
measure, allowed critics of the child-centered approach in primary schools
to claim that children were not being prepared adequately for secondary
education. In additica.. nsiderable publicity was given to the situation at
one Inner London school where parents complained of low standards,
ascribed to the pmgressive methods being implemented by the senior staff
of the school (the William Tyndale Junior School in Islington). There also
was some research purporting to show that progressive methods produced
lower performance than did more traditional methods of teaching. Al-
though a reanalysis of these results showed that these conclusions were
incorrect, the damage was done. Local education authority officials began
to look with suspicion on child-centered education and some made moves
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to introduce local testing programs in an attempt to ensure that standards
in language and mathematics were maintained.

The economy in the 1970s was also a facter in creating a climate in
which people were more sympathetic to monitoring standards. The crisis
following the sudden incree..e in oil prices required commies in all areas,
and questions were asked about the value obtained for the £6 billion per
year being spent on education. In some ways, the situation was similar to
that in the United States during its economic crisis in the early 1970s, when
the notion of "accountability" in education came to prominence. In the
United States, accountability was linked closely with testing, and this link
was maintained in the debate in England. Although the APU was not a
direct result of this accountability movement, but was more specifically
inspired by a concern for standards, the climate created by the call for
accountability was favorable to the introducdon of testing.

The APU had support from both the political left and right. It was being
planned by the Department of Education and Science when there was a
Conservative government (and when Margaret Thatcher was Secretary of
State for Education), but it was put into place by a Labour government.
Both sides wanted to show concern for standards and to respond to the
portuhlr cad for greater "consumer control over education."1' When the
government changed again in 1979, no alterations were made in the plans
and procedures of the APU.

The work of the APU in science occupied the period 1975-89 and had
a profound impact on assessment methods and science curricula. Five
annual surveys, each of about 1.5 percent of the population of pupils aged
11, 13, and 16, were carried out from 1980-84. The surveys were con-
ducted in England, Wales, and Northern Iretand and, in most of them, two
kinds of practical tests were administered as well as written tests. The
administration of the practicai tests involved visits by trained testers
(teachers released from their schools for a period of two or three weeks)
who carried with them all the equipment required far testing.

The need for both practical and written tests stemmed from the decisions
of what was to be tested in science. These decisions were a major focus of
the work of the assessment teems between the start of the project and the
first surveys. The= being no national statement of the aims and objectives
of science education at that time, the creation of a framework for what
should be assessed in order to survey national performance required
a consensus about the aims of science education. There was wide consult-
ation with reprenntatives of all interested bodies, particularly the Asso-
ciation for &le= Education. Eventually, the following set of cctegories
and subcateg arks for science performance was agreed upon:

(1) Using symbol 4: representatioru: reiding information from
graphs, tables, and charts expressing information as graphs, tables,
and charts;
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(2) Using apparatus and measuring instruments: using measuring
instruments, estimating physical quantities, and following instruc-
tions for practical work;

(3) Using observations: making and interpreting observations;

(4) Interpretation and application: interpreting information pre-
saged and applying scientific concepts;

(5) Planning investigations: planning parts of investigations and
planning entire invessigations; and

(6) Performing investigations: carrying out entire investigations.18

To some extent, the identification of what was to be assessed in the terms
of these process-laden categories was a reflection of the values of those
involved (many of whom had been active in the development of new
science programs in the previous decade). The categories also defused
fears that the introduction of national monitoring would bring about a
reversal of the trend away from "science as factual knowledge." It was
necessary to agree upon a list of the concepts whose application was to be
tested in category 4, but this was not controversial at the secondary level,
where the examination syllabi already had defined a core of concepts to bc
taught. At the primary level, there was less harmony and Kane opposition
to the idea of defining anything that would wem to dictate the content of
science. This opposition was not entirely overcome until examples of the
test items were made public, and the emphasis upon application of knowl-
edge was substantiated, and the level at which the concepts were inter-
preted was exemplified.

In effect, the APU framework and lists of concepts constituted a national
curriculum, though without the force of law. Ten years later, when the
National Curriculum for science was being drawn up, the work of the APU

was an obvious starting point. The fact that it was a framework for
assessment meant that it was particularly valuable for the development of
a national curriculum in which assessment was an integral pan.

Considerations of validity in assessing performance in the APU catego-
ries led to decisions that categories 2, 3, and 6 had to be tested in a practical
mode because the interest was in the processes ofusing equipment, making
observations, and performing investigations, not the theoretical knowledge
of how to & these things. Expensive practical testing had not been
anticipated by the officials who made the contracts for thescience surveys;
to include it. the budget had to be renegotiated. That something of the order
of doubling the budget was ageed upon indicates the strength of political
will to ensure that the surveys would go forward, taking the profession
along with them.

A matrix sampling design was used in the science surveys. Banks of
items were created for each of the three age groups and for each subc ate-
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gory except category 6. All of the questions went through a series of stages
in ckvelopment, which included scrutiny by teachers and validation by
groups of science educators as well as field trials on about 200 pupils."
The items were labeled to indicate their characteristics and stored in a
computer bank. Random samples of questions were drawn from these
banks for each survey and arranged in packages that required about 40
minutes for answering by 11-year-olds and about 60 minutes by older
pupils. Random samples of pupils were drawn by a two-stage sampling
process (a random sample of pupils within a random sample of schools),
and packages were assigned to them randomly. Thus, any one moil was
tested for one hour or less, but several packages could be used forassessing
each subcategory. In the case of written questions, a total sample of about
60 questions for each subcategory was used in the later surveys.

The reason for using a large number of question to assess a subcategory
was the realization, from the trials and from the first survey results, that
even with questions that assess process skills and do not depend on subject
matter knowledge, a considerable effect on palmmance is exerted by the
context (or setting) within the question. Far example, Figure 1 shows a
question used to assess the interpretation subcategory, in which the re-
quired information about the meaning and significance of tree rings is
presented.

This item is one in a family of similar questions about situations where
patterns exist. In each case, information is given and does not have to be
recalled. However, it is evident from the trials and the survey findings that
pupils respond differently to questions that appear to make the same
process demand but concern different subjects. Some of these differences
are raider-related where, for example, a context seen by girls as pertaining
to male interests deters them from attempting it. In designing items, efforts
were made to avoid obvious biases associated with gender and with cultural
and social backgrounds, but it is not possible to eliminate them entirely. In
any case, individual differences remain quite apart from those that correlate
with characteristics reflecting a pupil's background.

ngure 2 shows a written question used to assess "Planning p.m is of
investigations" and Figure 3 is a question used for assessing "Making and
interpreting observations."

The APU surveys minimized the influence on results of the process-
context interaction by averaging results over a large number of questions
with different subject matter. However, this approach to the problem
requires questions that are in written form or at least that have a written
product because it would not be feasible to test pupils in a large number of
different contexts where their performance had to be observed. Thus,
although these questions are ingenious, their use outside the national
surveys is limited.

One consequence of the requirement that items should be selected

is 1
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item from APU Survey of Pupils Aged 110 Assessing Interpretation"

Marking scheme
Response Marks

Patterns relating all data
e.g. "The taller the tree the
more rings there are."
Separate statements which mention
all the Ala but not as a relation .
ship e.g. "the tallest tree had
the most rings, the next tallest had
the next most...etc"
Partial reference to a correct
pattern e.g. "the biggest has most
rings;" "the sizes and rings go
together"

Figure 1

S 4.

3

2

1

(DES, )983a, p. 25)
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Item from APU Survey of Pupils Aged 11, Assessing "Planning Pans of
Investigations"

T.m WS a 'SisW isung boon as bnelat law Sus.

.111111._.
RAM INIMI1.1.11
11111.111111ormisisma

rho WS P wiS has On* lasti ot boast Sas en

They siwalid to sae which wail was The straw They
cleciesel to de this by POWs" bails alone es ass
eve sans To nuke thas a ber hist tile'? NUN kW*
some isms the sans tor both wails

Write down Ow 3 thisis you think shoual be Yap Ms same

Marking (maximum acme 3)
One mark each acceptable different
response to a maximum of 3
Example of acceptable reaporm
Roll the ballsfrom the same

distance away from
the walls

with the same amount of
force when rolling/
strength of pushingisarne
speed/distance

test in same place/room
for both walls

hit the wall in the same
position

same ball/weight Or ban/
size of ball

same number of balls
used

Walls same height
same number of boxes

same height of boxes
boxes same distance
apart

same thickness of wall
Examples of unacceptable onswere:
build wails in same way

bricks in same pattern
instructions fe.g. do ft three times)

alternative tests (e.g. sit on them)

(DES. 1954b. p.28)

Figure 2

randomly from a bank is that each item has to be self-contained, presenting
all the information required about the content to enable the question to be
answered. Pupils were asked to respond to a series of questions, all set in
different contexts and requiring rcading and willingness to understand
what is being asked. The considerable dependence on reading ability for
pupils of age 11 was evident in the results from those who took a short
"close" reading test as well as a science test as part of the third survey. The
results showed correlations of the order of between 0.52 and 0.60 for all
tests involving reading and writingteven if a pan of the test depended on
handling and observing materials. Thus, the validity of written science
tests for primary school children has to be regarded as limited.

The two kinds of practical tests used in the surveys were described as
"group" and "individual" practical tests. In the group tests, used for
categories 2 and 3, a series of eight short practical tasks constituting a
selected package of such tasks from the item bank was set up, each with

is3
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Item from APU Survey of Pupils Aged 11, Assessing °Observation"

b)

Look Ma* at the seeds in heat of 'du
Smell ea* detwent type et sad.

Find a way to WOO the wide into two wawa
Yea can do this in any way you Re so Ws es
you foam the Mee,

RULES

I. Somethmg must be the same about ae the seeds
in each Croup.

the seeds must be m woup or the Water.

3, There nsiet be at least two deterent types ot
seeds et each group.

Wnte down the Where of the seeds in you; two ono*.

anztaa1 flium.2

Lettere Lettere

These are ae the same because These we ae Ihe same because

(DES, 1954b, p. 20)

Figure 3

instructions. Eight pupils worked at one ofthe tasks for a given time, then
they moved on to another task until all of the items had been attempted.

Some of the tasks required the observer to record actions using a simple
checklist, but there could be only one such item in a set of eight. In all

cases, the pupils made a written record in their answer booklet and, in some

cases, left a physical"product" (such as a weighed quantity of sand), which

was labeled and checked later by the test administrator.
Individual practical tests were used to assess category 6, the perform-

ance of complete investigations. There was no large bank of investigations
and sets of three tests (or two, depending on length) were administered to
the pupils drawn in the subsample. These items were considered to be a
particularly important part of the survey for several reasons. Their inclu-
sion, despite all the difficulties of arranging for a random sample of pupils
across the country to be tested individually by a visiting tester, provided a

strong message about the value of practical investigative activity to science
education. Further, activity of this kindbad not been assessed before, and,
indeed, the assumption often had been made that it could not be assessed.

1b4
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Thus, considerable advances were made in assessment methodology. The
recognition that practical investigations could be assessed reliably meant
that they could be excluded from the curriculum on these grounds no
longer. Also, a great deal was learned about the nature of investigation and
the ways in which the processes of science and morainal unckrstanding
are involved in it. A striking finding was the large difference in paform-
ance of separate skills in categories 1 through 5, as compared with the use
of these skills in category 6 investigations. For example, mils were
capable of using measuring instruments correctly, but failed to make
measurements when it was appropriate to do so in the context of an
investigation.

There was also a useful outeome from the involvement of teachers as
testers in the practical investigations. During the surveys, a test adminis-
trator visited each school in the sample and spent up to an hour with =II
pupil in the selected sample. The child carriedout two (sometimes, three)
investigations while the administrator made observationsusing a checklist.
A discussion of the results at the end of the activity added further informa-
tion including, for instance, the willingness of the child to reflect critically
on what he or she did."

Those involved in the administration and, to a smaller extent, those who
read carefully the accounts of the activities and how they were assessed,
noted the following benefit& (i) the importance of designing an activity so
that children have opportunities to use various process skills, (ii) the ability
to identify the key aspects of performance from the points they were asked
to observe, (iii) the value of learning how to formulaic questions (used at
the end of the investigation) that give access to mental processes not
directly observable in behavior, and (iv) the ability to recognize behaviors
that indicate that certainprocess skills are in action. Although, in thecourse
of normal work, teachers are not able to devote the time required for
observing individuals in the same detail as in the APU, this work showed
convincingly that it is possible to assess the process of performing inves-
tigations, and not only the outcome.

At first, it was feared that the APU surveys would have a restricting
influence on the curriculum, giving emphasis to those objectives that could
be tested readily, but in the event, it has been acknowledged that any
influence has been positive rather than negative." The light matrix sam-
pling design" was soon recognized as rendering meaningless any notion
of "teaching to the test." Moreover, the range of assessment methods used
was seen to be far greater and more sophisticated than those used by
teachers. Even the written tests were of a wide range; very few were of the
conventional, multiple-choice kind, and the surveys demonstrated that
short answers to open-ended questions, extended writing, and children's
drawings could all be scored reliably.24

Certain aspects of the approach to assessment were adapted for use by
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Fimary school teachers during the work of an action research project that
involved assessing children's performance of process skills and feeding
this information to teachers. In order to obtain measures of children's
process skills, several tests were created, each dealing with a particular
topic related to an overall theme. This theme is introduced into the
classroom as a topic for regular activities. The topic includes other activi-
ties besides those that lead to an assesranent. Within the theme, questions

are posed relating to the skills being assessed. Because of the common
subject matter, the amount of reulingrequired is reduced, and children am

not mentally leapfrogging from one context to another when passing from

one question to the next. This test is described by Schilling et al."

The National Curriculum and Assessment

The idea of a national curriculum, which at one time would have been
anathema to the English educational system, gained ground on a broad
front during the 1980s. A description has been presented here of how the
APU created a consensus view of what the aims of science education
should be. Meanwhile, Her Majesty's Inspectorate of Schools had been
issuing a series of documents relating to policies in various subjects.26 For

many in the science education community, the acceptability of an imposed
curricuhun depended entirely on who imposed it and on what form it took.
Thus, considerable attention was paid to the proposals made by the De-
partment of Education and Science (DES) and the Welsh Offke (WO) (the
Welsh counterpart of the DES) in The National Curricuhim 5-16: A
Consultation Dociunent, issued in 1987."

The proposals included the notion of three "core" subjects English,

mathematics, and science and seven other "foundation" subjects
technology, history, geography, art, music, physical education, and a mod-

em foreign language (the modem foreign language is studied from the ages

of 11 through 16 only). (The Welsh language is an additional subject in
certain schools in Wales.) Together with religious education, these 10
subjects form the National Curriculum. Consultation took place on a very
short time scale and brought about some changes in detail, but the broad
composition of the CUrrictilUM remained unaltered.

Within a month of publication of the consultative document, working
groups were set up by the Secretaries of State for England and Wales to
devise curricula for the "core" subjects. The working groups were re-- quired to

establish clear objectives attainment targets for the knowledge,
skills, understanding, and aptitudes which pupils of different abilities
and maturity should be expected to have acquired at or near certain
ages. To promote these objectives, the Government wishes to esub-
lish programmes of study for the subjects, describing the essential
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content which needs to be covaed to enable pupils to reach ce surpass
the attainment targets. Taken together, the attainment targets and
programmes of study will provide the basis for assessing pupils'
performance in relation both to expected attainment and to the next
steps needed for the pupils' development.°

As in the case of the APU, the membership of these working groups was
crucial to the kinds of curricula devised and, once again, the membership
was weighted with those at the forefront of science education research and
curriculum development.

It is clear from the terms of reference that an "objectives" model for
curricula was imposed and that assessment was to play an important pan
in the educational process throughout, not merely at the age of 16 (the end
of compulsory schooling). At the same time as the subject working groups
were set up, the Secretaries of State also formed a task group to make
recommendations on the procedures and possible methods for assessing
and reporting pupils' Krformance. This task group recommended a com-
bination of continuous assessment by teachers (which has become known
as Teacher Assessment) and externally devised tests (known as Standard
Assessment Tasks) that would serve formative, summative, and evaluative
purposes:

It is possible to build up a comprehensive picture of the overall
achievements of a pupil by aggregating, in a structured way, the
separate results of a set of assessments designed to serve fixmative
purposes.... It is realistic to envisage, for the purposes of evaluat;on,
ways of aggregating the information on individual pupils into ac-
counts of the success of a school, or local education authority, in
facilitating the learning and achievements of those for whom it is
responsible...."29

Assessment is criterion-referenced, the criteria being statements of
attainment that have been identified for each of 10 levels ofyrogression
toward each target. In the science curricadum, there are 17 attainment
targets; the first, concerned with the processes of science, being of much
greater weight than the other 16, which relate to knowledge and under-
standing. The complete curricular statement comprises the statements of
what should be attained at these 10 levels and a description in very broad
terms of the learning experiences that should be provided for pupils in four
stages, covering ages 5-7,7-11,11-14, and 14-16. To give an idea of these
components, the parts of the curriculum relating to Attainment lltrget 14:
Sound and Music, are reproduced in the appendix.

National assessment is being introduced at the same time that the
National Curricula am being phased in. The first assessment of all 7-year-
olds took place in May 1991, using materials that were previously pilot-
tested. These materials were not conventional timed tests, but took the form

Currently under review and likely to be red.uced tof
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of classroom activities that have been specially devised to assess the
statements of attainment. The administration and marking of the Standard
Assessment Tasks was done by teachers whose training for this was the
responsibility of the local education authority.

It is envisaged that there will be some form of sampling of the attainment
targets or tailoring of tests to pupils because the total number of statements
of attainment applicable to 7-year-olds (across levels 1-3 for English,
science, and mathematics) is about 250. The problem becomes multiplied
to enormous proportions when older children are considered. For example,
the population of 14-year-olds is likely to include pupils at all 10 levels.

Meanwhile, teachers also have to cany out continuous assessment of
their pupils against the criteria provided by the statements of attainment.
It is important that the distinction between Teacher Assessment and Stand-
ard Assessment 'Desks be grasped; otherwise, there would be a danger of
the curricula becoming a series of tasks for assessment purposes, somewhat
as in the Stand ard Assessment Tasks.

Thlr..hers' continuous assessment has the following distinguishing char-
acteristics: (i) carries on throughout the whole of each year. (ii) uses
information from regular class activities, not specially devised situations;
(iii) can trice place in the whole range of contexts of pupils' work; (iv) is
an integral pan of teaching and learning not taking time away from
teaching and learning; (v) requires teachers to plan opportunities for
learning that relate to 01 the attainment targets; and (vi) helps teachers to
value, understand, and develw assesament skills as an integral part of their
practice.

The Standard Assessment Tasks, by contrast: (i) take place at the end of
a key stage only; (ii) provide activities specially designed to address the
statements of attainment and are necessarily limited Pi range of contexts
for assessment; (iii) take time away from regular work; and (iv) will be
devised externally, with iustructions to teaehers for administration and
marking.

The last point suggests that teachers may not feel a sense of ownership
of the information furnished by the Standard Assessment Tasks, which
could threaten their reliability. Also, teachers might resent them as a
massive intrusion into their time for teaching with few compensating
benefits. This is indeed how they have been receive by teachers of 7-year-
olds who feel that the tests add nothing to their knowledge of the cliildren
and only disrupt the work. However, it is the political dimension at national
testing that has provided the greatest thrust for objion to the tests.
Because of the intention to use the aggregated test results of individual
pupils as a measure of the success of a teacher or school, there is wide-
spread reluctance to administer the tests.

Guidance has been given for teacher assessment in the form of written
inservice course material and a booklet entitled "Children's Work As-

iss
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sessed" which includes examples of children's work assessed as being at
certain levels." This exemplification of how the criteria are to be inter-
preted in practice is particularly needed in science at the primary school
level where the majority of teachers do not feel capable of teaching the
subject, quite apart from assessing their pupils' performance. It is clear that
continuous assessment of pupils' performance in the context of regular
activities requires a sound grasp of the nature of scientific activity and the
ability to analyze behavior into component parts.

Implications

These developments in performance assessment in England and Wales
have several implications that can be grouped as cuiricular, practical, and
theoretical.

Curricular Irmlications

The complexity of the relationship between teaching and assessment has
been brought into the spotlight. It is hardly conceivable that teachingcan
be carried out without regard for what is being learned, but the extent to
which this is taken into account varies from one view of learning to another.
A constructivist view of learning in scienee has gained considerable
support in recent years in the United Kingdom. In fact, the group that
devised the National Curriculum in science wrote in its final repoi t:

In their early experiences of the world, children develop ideas which
enable them to make sense of things that happen around them. A child
brings these informal ideas to the classroom or laboratory, and the
aim of science education is to adapt or modify these original ideasto
give them more explanatory power. Viewed from this perspective, it
is important that we should take a child's initial ideas seriously so as
to ensure that any change or development of these ideas, and the
supporting evidence for them, makes sense and, in this way. becomes
"owned" by the child.31

In mder to "take a child's initial ideas seriously," a teacher needs to brow
about them and must be capable of assessing them. Thus, it is argued that
effective teaching depends upon effective assessment. However, it does not
follow that assessment by itself will improve teaching. There must be ways
of making appropriate curricular responses to information gained from as-
sessment in mder to make it worthwhile. The danger in the situation develop-
ing in England and Wales at the present time is that teachers will assess because
they are required to do so by law, not because they need and can use the
infonnation in their teaching. More has to be done to help teachers make
genuine use of the information they gain through assessment.

1 61J
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Mention has been made of the value of assessment for advancing
teachers' understanding of the objectives of their work. This is particu-
larly useful for science at the primary school level, where the teachers
themselves do not have a clear understanding of the meaning of phrases
used in the curriculum, such as "formulate testable hypotheses."32
Involving teachers in structured assessment of their pupils' work can be
of benefit in clarifying meaning by exemplification. However, if this is
the only help that teachers receive, there is r. clear danger of a narrow
interpretation of the curricular aims in terms of what is assessed in
particular tasks.

Practical Implications

The amount of assessment required of teachers at present by the new
regulations is resulting in severe overload. Reports in the press have told
of teachers working into the early hours of the morning to prepare and
record their work, suffering from stress, and resigning. It must be noted
that the curricular changes and assessment weir not the only provisions of
the 1988 act. Other changes, particularly in the management of schools,
have been equally stressful. The situation has been sufficiently near to a
crisis that the Secretary of State for Education has reversed some deeisions
concerning records to be kept on curricular coverage and has reduced the
number of topics included in the Standard Assessment Tasks for 7-year-
olds to a small sample of the three core subjects.

The degree of detail required in the assessment is the main cause of the
overload on teachers. Teachers assessed and kept records previously, but
not with all the particulars required in using the statements of attainment.
Serious consideration and study now need to be given to whether the
detailed information being gathered can, in fact, be used. It seems probable
that even the pupils' teachers, who need the most thorough information,
are unlikely to be able to make use of all of the knowledge of each child's
performance on each statement of attainment. For purposes of reporting to
others, the information has to be aggregated and condensed, and the
question arises of whether it could have been obtained more economically
in a less detailed form in the first place.

Theoretical Implications

As the characteristics of teacners' continuous assessment (mentioned
earlier) imply, infomiatson is gathered from a range of regular activities.
Thus, by its nature and through no inadequacy in gathering it, the informa-
tion obtained often will be partial, contradictory, and fragmentary. But this
is not a disadvantage when the use of the information is formative.
Frequently, equivocal findings are the most useful for this purpose; if a
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child can do something in one context butnot in another, this gives useful
indications about the kind of support needed, the circumstances that
promote progress, and so on. Recognizing such discrepancies and talking
them over with the pupil can be the best lead to planning useful learning
experiences. Clearly, in such instances, information from the assessment
is being used formatively. Uncertain and shifting findings are not pinned
down easily for the purpose of indicating that a child is at a certain level.
So the value of teacher assessment for formative purposes lies in the very
characteristic that makes it unsuitable fix use in labeling children.

By contrast, the clear-cut results that will come from the Standard
Assessment Tasks will be restricted to specific items and will trovide little
information that can be used formatively. However, because they will bc
clear-cut, they will lend themselves more easily to the labeling of children.
Thus, die more the reporting of children's performance in terms of being
at a particular level is emphasized, the greater the tendency will be to
depend on the results of Standard Assessment Tasks ur, worse, to turn
teachers' assessment into a continuous series of standardized tasks.

One of the harmful effects of assessment on children's learning results
from labeli. g. There is much research to show that a competitive climate,
such as labeling produces, does not increase learning outcomes for ale'
Rather, those who are already successful thrive, and those who are less
successful (always the majority) underachieve more and more as they are
discouraged repeatedly by the way their efforts are judged. Even for the
successful, the emphasis often is on "Has he or she achieved level 5?"
raw zr than on "Has he or she understood this relationship?"

Moreover, because there arc multiple criteria at a particular level, there
have to be rules for deciding when a level can be said to be "achieved."
For example, if three out of four statements of attainment indicate achieve-
ment of a certain level, the information becomes of dubious value for
helping learning, because it is not known which three statements or, indeed,
whether all four apply. Pan of the probleni here is the level of detail in the
curricula, which was determined without regard for the implications for
assessment. It ;nteresting that at abov.t the time the science curriculum
was being dr ed, W. James Popham already was expressing grave
reservations . . the value of detailed statements of objectives."

Perhaps the greatest theoretical problem with the model adopted for
National Assessment in England and Wales concerns using the same
information for several purposes. What seemed at first to be a neat solution
to the requirement to have information on performance that could be used
by teachers, parents, administrators, and politicians has been found to
create the kinds of practical and theoretical problems outlined above. It
seems necessary to think again about multipurpose assessment and to relate
methods more specifically to purposes.
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APPENDIX
Attainment Target 14: Sound and Music
Program of Study

Pupils aged 5-7
ChiIdreo should have the opportunity to experience the range of sounds in their
immediate environment and to find out about their causes and uses. They should
investigate ways of making and experiencing sounds by vocalizing and striking,
plucking, shaking, scraping, and blowing, for example, using familiar objects and
simple musical instruments from a variety of cultural traditions. Children should
explore various ways of sorting these sounds and instniments (p. 67).

Pupils aged 7-11
Children should be made aware of the way sound is heard and that sounds,
irriuding musical notes, arc made in a variety of ways, and can be pleasant or
obtrusive in the environment. They should explore the changes in pitch, loudneas,
and timbre of a sound, for example, by changing the length, tension, thickness, or
material of a vibrating ohjcvt, and through ways of causing sound, for example,
use of different mallets, overhlowing (p. 70).

Pupils aged 11-14
Thruugh access to a range of sourcea of information, pupils should study the way
sound is produced and can be transmitted over long distances, how the ear works,
common defects of hearing, the effects of loud sounds on the ear, and the control

of noise and sound levels in the environment. They should have opportunities to
invmtigate the audible range. Pupils should investigate the effect on sound of the
shape and materiaLs of the built environment, sueh as reverberation times and

insulation rates (p. 74).

Pupils aged 14-16
Pupils should explore sound in terms of wave motion and its frequence. They
should have opportunities to develop their understanding of the properties and
behavior of sound hr developing a wave model, for example, through
observations of ws: es in springs and on water. This should be related to pupils'
experience of sounds and musical instruments, acoustic and electronic
instruments, and recording and synthesizing. They should be given the
opportunity to investigate devices such as microphones and loudspeakers which
act as transducers and be introduced to the mechanisms underlying various

vammunication systems (telephone, radio) on which a complex society depends.
Pupils should investigate the characteristics and effects of vibration, including
msonance, in a range of mechanical systems. They should extend this study to

include some uses of electronic sound technology in, for example. industry
(cleaning and quality control), medicine (pre-natal scanning), and social etanexts

(musical instruments) (p. 78-9)
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Level Statements of Attainment Pupils Should:
1 lmow that sounds can be made in a variety of ways

2 know that sounds are heard when the sound reaches the car
be able to explain how musical sounds are produced in simple musical

instruments

3 know that sourals are produced by vibrating objects and can travel through
different materials

be able to give a simple explanation of the way in which sound is generated
and can travel through different mater:als

4 know that it takes time for sound to travel

5 understand that thc frequency of a vibrating source affects the pitch of die
sound it produces

understand the relationship between the loudness of a sound and the
amplitude of vibration of the source

understand the importance of noise control in the environment

6 know that when sound waves travel from one ixiint to another they transfer
energy through the medium

be able to explain the working of the human ear and some common defects
in hearing

be able to describe the working of audio devices, for example, the
microphone, loudspeaker, and telephone

7 know that sound waves can be anivened into elalrical oscillations.
transmitted (as electrical, optical, or radio signals) over king distances and
aniverted into sound waves again

8 know that a vibrating object has a fundamental characteristic frequency of
vibration, and that some systems produce resonant oscillations which can be
advantageous or disadvantageous

9 understand the use of electronic sound technology, for example. in
indusnial, medical, and social applications

10 be able to apply a knowledge of wave properties to explain common sound
phenomena

Source: Defartment of Education and Science and the Welsh Office, Science in the
National Curriculum (London: Author. 1989). pp. 30-31.
* The formulation of the Programs of Study and Attainment Targets is under review. The
siniciure of the curricultan (key stages and 10 kveh) remains unaltered.
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Part III

Science Assessment in the Service
of instruction

Shirley Malcom

The difficult task in reform is not only figuring out what is wrong with the
current system but also identifying (or inventing) replacement compo-
nents. The limitations of traditional modes of assessment are regularly
outlined by reformers both in and outside of school. These include the
failure of most standardized testing to assess what is most important for
students to learn or to inform practice; the disconnection of testing from
real world problems; and the inequity that testing reflects and supports.

Pan III of this book reviews some of the alternative modes of assessment
which are being explored by researchers and practitioners. In addition to
providing an historical perspective on examination systems in Europe
Madaus and Kellaghan describe the evolution of assessment there, relating
this to the choices being discussed currently by American reformers.
Haertel addresses the challenges in measurement using different forms of
assessment (e.g., projects, group work, laboratory work. etc.) Ind the
information we gain from each type. The chapter by Baron provides a rich
discussion of performance assessment and its essential connection to
curriculum and instruction. She also shares experiences from practitioners
as performance assessment confronts many of the mast often heard criti-
cisms of traditional testing models.

In an engaging discussion Michael Johnson describes the use of existing
high stakes testing in place in New York state to document the achievement
of students in an out-of-school program aimed at elementary and middle
school minority students. Johnson and Johnson describe the "how to" and
use of group assessment, a technique of growing importance with an
increase in the use of cooperative learning as an effective teaching tool in
science and mathematics.

The chapter by Collins describes the purpose, form and context of
portfolio assessment for scie,...%. while Campione discusses the possibili-
ties for science of dynami assessment techniques which currently am
more widely used in special education to look at "potential to learn."

In the final chapter Malcom reconnects the themes of standards raising
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In Science Assessment in the Service of Instruction

and equity which introduce the book to the concluding theme: choices in
types of assessment. She argues for assessment that promotes, supports
and enables equity in science rather than focusing solely on mechanisms
to prevent bias in testing.
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Student Examination Systems in the
European Community: Lessons for

the United States

George F. Madaus and Thomas Kellaghan

The idea that the United States needs to create a "national" exam or
examination system currently has broad appeal, and there seems to be an
inexorable movement toward implementation. Such an exam or exam
system is seen by advocates as an essential ingredient in creating a world
class education system. Advocates argue that: (i) the United States is one
of the few industrialized countries in the world without common national
examinations; (ii) this absence is a key reason why we are outclassed in
international comparisons of achievement; (iii) the national exams must
incorporate "authentic" assessment techniques and measure higher-order
thinking skills, not just the recall of facts; (iv) national exams will give our
teachers clear and meaningful standards and motivate our students to work
harder by rewarding success and having real consequences for failure;
thereby (v) helping the United &Iles overtake other nations in achievement
and emerge the world leader ir. education.

To date there have been a number of different proposals contained in a
series of reform reports, in policy statements, and in legislation which have
appeared during the 1980s and 1990s advocating a national exam or system
of exams. However, to dateproponents of national testing have been vague
on the proposed uses of individuals' results, positive effects have invari-
ably been stressed, and the assumptions inherent in the five-point scenario

The Office of Technology Assessmern (OTA), in response to requests from the House Committee on
Education and Labor and the Senate Commiuee co Labor and Human Resources, is conducting a
comprehensive study of educnienal testing in the United States. OTA's report, to be completed in the
fall of 1991, addresses a wide range of questions surmunding the purposes, design, implementation, and
effects of alternative educatiou tests. As noted, this chapter is an abridged version of a longer report that
will be availabk when OTA's repon is rekased. The contents of this chapter have not been reviewed or
approved by the Technology Assessment Board, Ind do not necesurily reflect the opinions or findings
of the OTA. The authors wish to dues the OM for its financial mppon and Michael Feuer of the OTA
fu :. his unfailing assistance.
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190 Examination Systems in the European Community

sketched above have gone unexamined. This paper, excerpted from a
longer report prepared for the Science, Education, and Transportation
Fromm of the Office of Technology Assessment of the U.S. Congress,
examines the origins and present status, infrastructure, complexity, and
uniqueness of the external examination systems in the 12 European Com-
munity (EC) countries and then considers the implications of various
features of those systems for American education in light of proposals to
develop a national exam or exam system for the United States.

The Origins and Development of
Public Examinations in Europe
The origins and development of examination systems during the 19th
century in Europe are extremely complex. Three major features, however,
can bc detected in their development. One relates to their selective func-
tion, a second relates to the major part played by universities, and a third
to the role of examinations in defining student learning what it is
students learn and how they learn. Wc will describe these features and then
we will list some of the advantages and disadvantages that have been
&scribed to public external examinations in Europe and elsewhere.

The Selective Function of Examinations

A major feature in the origins and development of public examination
systems was their selective function." This usc in the university context
is obvious enough. Students gained access to a university through passing
the Baccalaureat in France, the Abitur in Germany, or the relevant univer-
sity board examination in England.

However, the use of examinations for selection fen the civil service and
professions preceded their use for university entrame. A major reason for
introducing examinations in Europe in the first place was to replace the old

system of patronage and nepotism for making appointments to the civil
service which had secured the dominance of the aristocracy. News had
been coming through from China since the 16th century by way of
missionaries and travellers about the system of examinations in that
country that had used written examinations since 2200 B.C. to select
personnel for government positions. The Jesuits incorporated examina-
tions into their schools,5 7 and, at a later date, it was hoped that the
introduction of examinations for selection to the civil service would ensure
that the most able and talented would be recruited.

Germany (Prussia) led the way with civil service examinations, and by
1748, recruiunent to offices in the judiciary and government administrative
services was based on examination performance.8

Following the Revolution, France adopted the German practiceof using
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selective examinations to identify highly trained professional eth.es in
pursuit of a powerful absolutist state. The fwst use of such examinations
was in 1793 when an official certificate in civic virtue was required of
primary-school teachers in the ecoles centraks. In 1795, a scholarship
entrance examination was established for such schools.' In time, examin-
ing in France, though developed at a later date than in Germany, became
more frequent, covered more subject areas, and was more selective,
demanding higher standards and failing more students.°

In Britain, professional bodies introducet1 written qualifying examina-
tions early in the 19th century the Societies of Apothecaries in 1815 and
Solicitors in 1835. At a later date, other nonuniversity examining bodies.
such as the City and Guilds of London Institute and the Society of Arts
(later the Royal Society of Arts), organized examinations for commercial
and technical studies. Competitive examinations for admission to the Civil
Service were created under the NortheoteTrevelyan scheme in 1853, and,
in the same year, a scheme was designed for selection for the East India
Company's Civil Service. In these several spheres, examiaations followed
Benthamite principles of maximizing aptitude and minimizing expense
while at the same time conwolling nepotism and patronage. By 1870,
almost all civil service appointments were based on examinations, while
all but a few branches were open to public competition!'"

Under the influence of British prwtice, the Civil Service Act of 1883
established competitive examinations in the United States to select person-
nel for government service. The examinations, however, were abandoned
when congress failed to make appropriations to continue them.'4

University Influence on Examinations

In Germany. the Abitur, first introduced in 1788 as a graduation examina-
tion for the classical middle school, soon became a qualification examina-
tion for university. Students who passed it were automatically admitted to
university. The examination was used to upgrade the quality of the univer-
sities, rejecting students with poor scholastic ability!'

The influence of the university can also be seen in France in the origin
of the Baccalaureat, established by Napoleon in 1808, which has been
traced to the 13th century determillance of the Sorbonne University (for-
malized by royal edict in 1598). The determinance consisted of an oral
examination to decide whether students were fit to embark on the studies
offered in the university.I6 During the 19th century, higher Wucational
institutions administered the Baccalaurew examination, which was used
both to admit students to the grandes ecoks and to government service and
other professions!' Until recently, the Baccalaureat granted access to a
university; now, for admission to the most prestigious schools further
examinations have to be taken.

;
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In Britain, also, where mass public examining became a feature of
education in the 19th centwy, the universities played an active role in the
establishment of examinations. For example, Oxford and Cambridge es-
tablished systems of "locals" examinations, which were marked by uni-
versity "boards," to assess secondary school quality, though it was not
until 1858 that the examinations were used to examine individual students.
It was later again (1877) that certification was provided to students. These
examinations survived up to 1918. Other universities (Dublin, Durham)
followed the same path and established procedures for examining local
secondary school pupils.18""

However, it was London, rather than the older universities (in which
examining was mainly oral and in which the examination idea had never
really taken strong root), that made the main contribution to the develop-
ment of the external examination ides. Established as an examining body
in 1836. London did not become a teaching institution until 1898. The first
1,ondon matriculation examination was held in 1838, and was the earliest
external school examination in Britain. The examination was conducted
entirely by written papers.21

Although, as we have seen, competitive examinations for the civil
service and for professions preceded their use in the context of university
selection, the later development of examinations outside theuniversity was
strongly influenced by people who had experienced the use of internal
examinations, both in secondary schools and universities. James Booth,
who was a member of the Society of Arts and is recognized as having
played an important role in the development of exaininations, was one such
person. Booth had studied at the University of Dublin, where the system
of examinations both written and oral was mare highly developed
than at the other old British universities (which placed greater store on
residence and meeting other requirements for graduation). The reason for
the development of examinations at Dublin was at least partly because a
fifth of its students were in effect "external," attending only for examina-
tions each term.22'13 Booth noted and later promoted the complex proce-
dures he had encountered in Dublin for use at secondary-school level,
leading to the establishment of a system at the Society of Arts, which was
accepted as an exemplar by other systems. In an 1853 Report of the Society,
it was stated that decisive testimony had been obtained in favor of "some
system of examination for provincial schools in connection with a central
body, which would be empowered to grant certificates of pmficiency."24

The universities continued to control the development of the secondary-
school examination system during the second half of the 19th century in
Britain. While recommendations were made, for example, by the Taunton
Commission in 1868 and the Bryce Commission in 1895, that a central
body bc created with overall responsibility for examinations, little was
done to implement them. Although the Board of Education (set up in 1899)
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might have seemed the appropriate body to coordinate, if not administer,
the examination system, opposition to central control among teachers and
local education authorities was widespread. Besides, the board did not
seem keen itself to assume direct control, preferring to exercise an indirect
influence. Thus, no attempt was made to wrest the initiative from the
universities, which were viewed fav3rably by the opponents of centraliza-
tion (particularly, the local authorities).is

The influence of Examination on Student Learning

The third feature of examinations their role in defining student learning
was in evidence from the earliest days of the French Baccalaureat.

Originally, the "program" for the examination consisted of a catalog of
500 questions from which a number of questions were tandomly selected
for the examination.26 This approach was compatible with thc catechetical
method of teaching. which had been popular in Europe for several centu-
ries.

Throughout the 19th century. examinations were often developed with-
out any institutional provision for preparing for them. Into the present
century. many students prepared for university examinations, not in the
university, but in other private educational institutions or in their own
homes. Given this situation, it is not surprising that examinations exerted
a major influence on what students learned. The influence continued even
when formal curricula and teaching facilities were provided.

Foreshadowing contemporary claims in America of strong links be-
tween national examinations, schod achievement, and increased global
competitiveness, the argument was introduced from Professor Liebig of
Giessen in Germany (at that tune Britain's major industrial competitor and
perceived to be ahead of Britain) that, "if no examination is introduced the
best schemes will fail, and will produce no effect: introduce the examina-
tion, and ail the rest follows of uself."" Liebig's view from Germany
echoed the British view at the time that students and teachers needed to be
motivated, that competition would improve motivation and learning. and
that exztainations were a necessary and cost-effective means of raising
educational standards and securing national competitiveness.

Throughout the second half of the 19thcentury, examinations flourished
in Britain. The growth has been attributed to the ethos of the time, which
was dominated by the utilitarian values and ideas of Adam Smith and
Jeremy Bentham. First, there was the conviction that self-interest was the
main motive fot study and that since study involved drudgery. it was
necessary to reward successful work ny distinction in the ways of certifi-
cates, prizes, and medals. Second. teaching was also regarded as painful
drudgety. Hence, teachers needed to be motivated by pupil success or
additional payment (for example, in payment-by-results schemes). Third,
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it was believed that the products of learning could be measured with some
exactness. This led to an emphasis on the reproduction of factual knowl-
edge, which formed the essence of written examinations. Fourth, the state
was recognized to have only limited obligations to secure the txhication of
its citims. When examination systems took off in the middle of the
century, there was still no state-funded provision for secc idary or technical
education in Britain. Fifth, examinations in the educational sphere seemed
to meet the important objectives of tilt Benthamites in industry of uniform-
ity and standardization. Finally, examinations caine to be seen as a cheap
and effective method of promoting development by demonstrating the
value of improved teaching and resources, thus creating incentives to local
agencies to raise funds and support education and by focusing attention on
the need to provide more relevant curricula in schools."

As Fodcn (1989) has pointed out, the principles regarding method,
motivation, and the effect of examinations which were embodied in the
examination movement of the 19th century were almost wholly untested
and unvalidated. At the time, there was little substantial critique of exami-
nations as a technique or process, and there was no serious questioning of
the utilitarian values of the examination reformers. Booth, however, seems
to have anticipated some of the later challenges to examinations when, in
1853. he wrote:

Objections are sometimes made to examinations, that they cannot
always be depended on as true tests of proficiency that they
gave rise to cramming. and to superficial preparation. Now there
is no system or plan that was ever devised that does not stand in
the shade of some one or other objection. This, however, is no
argument against examination as a test; it only proves that the
examiner is incompetent to discharge his duties. To be a good
examiner requires previous training. A well-trained examiner, who
knows the subject in hand, will not only gauge the knowledge but
will take true note of the faculties of those who come before him,
while he who confines himself to what is set down in text books,
who makes no step in deduction, who inquires into mere facts, and
not into the bearing of those facts, who does not seek to look at a
truth from different points of view, mistakes the duties of his
office, and leaves undeveloped the powers of the instrument in his
hands. An examination should not consist of strings of leading
questions, nor of interrogatories to be answered by a simple yes or
no. Neither should the answer be the echo of the question, nor
should familiarity with mere tabulated results be sought for. An
examination should be something more than the exponent of the
strength of a mechanical memory. Examinations of this kind, if
they do some good, do more harm. They encourage those princi-
ples of association, which rest on verbal similitude."
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Booth's description of good examiners and his belief that we can build
examinations which can measwe what are now called higher-onier think-
ing skills portend many of today's arguments that we need more "authentic
tests." As Booth's description of good examining indicates, however,
building such tests will not be easy and will be more, rather than less.
costly and less, rather than more, efficient. Nor will training teachers to
teach higher-order skills be easy or cheap.

Advantages and Disadvantages of External Examinations

Given the importance of external examinations for students' futurecareers,
it is not surprising that they have attracted many apologists and critics.
Among the advantages attributed to public examinations is that they are a
rclatively objective and impartial means of distributing educational bene-
fits. Indeed, as we have seen, one of the reasons for their introduction in
the first place was to reduce the effects of patronage and to open higher
education and a range of occupations (particularly in the public service) to
a wider population of students. Other adventages attributed to public
examinations include the degree of national homogeneity in educational
standards and practice which they engender. the sense of purpose they give
to teachers' efforts, the provision of tangible incentives for students, a
diminution of conflict between the roles of teaching and assessment, the
provision of an assessment procedure =affected by personal relationships
between teachers and students, their acceptance in the community, and the
creation of some measure of social consent among the young, while
meeting some defmition of comprehensiveness, equal access, and common
ertitlement or shared experience.3"

At about the time that James Booth was writing in the middle of the last
century criticisms of public examinations and of their effects were also
beiOnning to appear. Since then, there has been an avalanche of observations
and analyses, in Europe and elsewlxre, which have catalogued the shortcom-
ings of public examination systems. A major criticism of such examinations
is that they can have undesirable "back-wash" effects on classwork, not just
in examination classes but in lower grades as well, by limiting approaches to
learning. They tend to encourage undue mention to material that is covered
in the examinations, and since what is examinable is limited, wmthwhile
educational objectives and experiences may be exchWed from the classmom.
In effect, the examinations may come to determine the shape of the curriculum
rather than the curricuhun determining the shape of the examinations, and
examination performance comes to be regarded by parents and students as the
main, if not the sole, objective of education.

Further criticisms mee of external examinations are that they are
usually carried out under artificial conditions in a very limited time frame
and that they are not suitable for all students and can be extremely stressful
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for some, causing undue strain and excessive anxiety. They are often
viewed by students as unfair since doing poorly, for whatever reason, on
an examination at the end of the year can override a year or more of hard
work and achievement. They tend to inhibit the development of curricular
variety which may be necessary to serve local and student needs. Further,
there is often a lack af congruence between course objectives and exami-
nation piccedures (for example, there may be no examinations for oral or
practical objectives); and, given certain kinds of teaching, it would appear
that students can do well in examinations without recourse to higher levels
of cognitive activity; preparation for examinations often overemphasizes
rote memorization by students and drill and practice as tcwhing methods.
There is plenty of evidence that examinations lead to cramming.

Particular criticisms apply to essk-type examinations. Such examina-
tions arc inevitably limited in the range of characteristics which they can
assess, relying heavily on verbal and legieo-mathematical areas. Proce-
dures to reduce unreliability and inconsistency in marking are time-con-
suming and expensive.

Flnally, public examination results are often used to serve a variety of
purposes for which they may not have been designed: they may be used to
predict future educational and vocational performance as well as to certify
the completion of a course of education, though little effort is made to
match occupational or educational needs with candidates' talents." In
particular. the use of examinations for the dual purpose of certifying the
completion of a secondary education and for university admission tilts the
/examinations towards an academic university domination. Frsther, exami-
nation results may be used by universities and businesses principally to
control numbers and to screen out excess applicants with the cut-off score
being a function of the ratio of applicants to places. Examinations can also
force students out of school before taking the examination or after failing
it, or thcy can result in teachers excluding students who, if they took the
examination, would probably perform poorly.4"

The extensive literature on external examinations should serve to underline
the need for serious discussion and weigAing of the ltmg- and short-term cust
benefits associated with the known positive and negative aspects of high-
stakes testing before embarking on a national testing program.

The Structure of the Educational Systems of the
European Community
The twelve members of the European Community are Belgium, Denmark,
France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Por-
tugal, Spain, and the United Kingdom. Our description of education and
examination systems refer to the former Federal Republic of Germany and,
in the case of the United Kingdom, to England and Wales." Table I
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provides information that allows comprrisons among total populations and
school populltions in European countries and in the United States. In the
last column, American states that are equivalent in population to European
countries have been identified.

The structures of an educational system and the curricula which students
follow arc particularly important in the context of considering examina-
tions, since examinations are usually geared to specific curricula. Educa-
tional systems in Europe are characterized by the conventional division
between primary, secondary (usually divided into lower and upper levels),
and third-level education. The primary sector is relati'y uncomplicated,
offering a free, compulsory, and common education to all studems. There
have been in the past, and continue to be, differences among countries and
even among states in the same country (Germany) in the length of primary
schooling. The shortest primary cycle is four years (in Germany and
Portugal), while the longest is seven years (in Denmark).

Second-level education has been characterized in the past by its bipartite
nature (in somc countries, there have been more than two parts), its
selective mechanisms, and its relatively low participation rates. In one type
of school, a classical academic curriculum in the tradition of the seven
liberal arts (Trivium and Quadriviwn) was offered. In this school type
(called grammar, gymnasiwn, or lycee) students were prepared for third-
level education and white-collar occupations. As numbers expanded, the
traditional academic curriculum got watered down, subjects were pre-
sented at different levels, and practical/commercial-type subjects were
introduced for some students. The type of education now offered in such
schools includes university-preparation curricula, but in some countries,
particularly at the lower level, it also includes more comprehensive pro-
grams designed for students who are not likely to go to university. In some
national descriptions, the term "general education" is used to describe the
activities of these schools.

As an alternative to more academic general education, schools offering
technical curricula were established to prepare students for skilled manual
occupations. In some countries, curricula were expanded in these schools,
as in the case of secondary grammar schools, to swcommodate the irwreas-
ing numbers of students attending. By contrast with grammar schools,
however, the schools provided practical, usually short-term, "continu-
ation" education.

After World War II, and particularly during the 1960s, demographic,
social, ideological, and economic pressures led to various reviews of
educational provision. The division of students at an early age was regarded
as inappropriate and curricula were seen to be in need of reform. Since
increasing numbers of students were staying at school to receive some
secondary education, the idea of developing a system of comprehensive
education at the secondary level was considered in most countries. As
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Table 1. Total Grade School Population for European Community Countries and the United States

19851
Total population

19842
6-15 First & lower

secondary
19842

6-11 Primary

19842

12-15 Lower
secondary

19842

16-19 Upper
secondary

19883

Comparable total
population in USA

Belgium 9,858.000 1,288,500 732,600 555,900 MI (9,240,000)

Denmark 5,114,000 696.300 404,400 291.900 327,200 MO (5,141,000)

France 55,170.000 8,039,300 4,578,0(X) 3,461,300 3,426,000 CA (28,314,000)
NY (17.909,000)
OH (10,855,000)

Germany 61,024,000 6.684,000 3,505,000 3,179,000 4.115,000 CA + NY + OH +
MO

Greece 9.935.000 1.435,400 838.500 596.900 618,300 OH (10,855,000)

Ireland 3,540,000 693,400 417,500 275,900 257,300 SC (3,470,000)

Italy 57.141.000 8,388,000 4.773,000 3.615.000 3.806,000 CA + NY + OH

Luxembourg 367.000 42,800 24,100 18300 21,400 WY (479,000)

Netherlands 14,492,000 2,053,200 1,103,300 949.900 981,200 TX (16.841,000)

Portugal 10,157.000 1,702,800 1.011,300 691,500 OH

Spain 38.602,000 6,511.200 3,883,800 2,627,400 2,660,400 CA + OH

U.K. 56.618.000 7,506,900 4,110,000 3.355.900 3.709300 CA + NY + OH

USA 239,300,500 34.191,500 19,682,500 14,509,000 14.979.000

1 -European Cr.-immunity Figures

Books. 1987).

OECD, Edacorson Ls OECD Court:ries (Paris: OECD, 1990). 3 Hoffman, M.S., ed, World Almanac a. d Book Fatis, 191t7-118, (NY: Pharos
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participation rates grew and students remained at school beyond the lower
level of secondary education, the classical academic curriculum of the
upper level of secondary schools also came under pressure at the upper
level, being regarded by many as inappropriate for a student body that was
becoming increasingly more heterogeneous in achievement, aptitude, in-
terest, and motivation.

Although all countries have made some moves to comprehensive lower-
secondary education (up to age 15 or 16), achievements have been var-
ied9" (see Table 2). Several countries have established lower-secondary
school curricula which are largely comprehensive. Denmark and Britain
have gone furthest in this with 10 years of comprehensive education,
though there are still remnants of the bipartite system in Britain. Greece,
Portugal, and Spain, which have had major reforms of education in recent
years; and Italy and France have also relatively long periods of compre-

Table 2. Data on Age of Compulsory School Attendance and
Structure of the Educational Systems in the European
Community

Compulsory
age attendance

Horizontal
structure of

system

Comprehensive
curriculum/

schools
lower

secondary
grades

Differentiated
curriculum/

schools grades

Belgium2-3 6-16 6-3-3 or 7-10' 11-12
(16-18 P-T) 6-2-2-2

Denmark 7-16 7-3-2 or 7-2-3 8-10 11-12
France 6-16 54-3 6-9 10-12
Germany3 6-15 4-6-3 5-6" 5-13
Greece 6-15 6-3-3 7-9 10-12
Ircland2 6-15 6-3-2/3 7-9* 7-12
Italy 6-14 5-3-5 6-8 9-13
Luxembows 5-15 6-7 7-13
Netherlands 6-16 6-3-3 7-10" 7-12
Portugal 6-12 4-2-3-2-1 5-9 10-12
Spain 6-15 6-8 9-13
U.K. 5-16 6-4-2 7-10 11-12

1A number of countries are less advanced than others in the dcveloiniaij of
canprehensive school structures. These countries are marked with an asterisk.

2Belgium and Ireland have an additional 2 years pirprimsry education integrated into the
primary-school system. MI other amines have provision outside the formal educational
system for early childhood education.

314elgian and Gennany am federations. Them are two states in Belgium with completely
indgiendem educational mums. There are 11 suites in the farmer FederalRepuNic of
Gennany (16 in the new if). Each of the 11 states determines its arniculum under
terms agnied by the Council of State Ministers of Education.
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hensive education. The remaining countries, with the exception ot Ger-
many, can be regarded as aspiring toward, and to some extent in transition
toward, a more comprehensive system. However, there still exist systems
which have academic-type schools, less demanding schools providing
general education, and vocational/technical schools.9s

There are some comprehensive schools in Germany but, on the whole,
the German states have resisted the development of a thorough-going
comprehensive system. Both major components of the traditional structure
(the classical gymnasium and the vocational school) have been sufficiently
strong and successful to resist possible incursions from each other. In
particular, vocational education, often seen by students as more enticing
than the gymnasium-Abinir-university route. has been consolidated and
improved and is generally regarded as a success of educational policy."

At the lower-secondary level, Germany retains four types of school: the
ReaLschule or intermediate school (grades 5 to 10), which is the most
popular and offers a technical education; the Hauptschule (grades 5 to 9),
which is the least demanding; the Gymnasium (grades 5 to 13) which offers
a classical academic curriculum leading to university, and the Gesamr-
schule or comprehensive school (grades 5 to 9/10 or 13). The situation is
even more differentiated than this categorization implies since there are
several types of gymnasium (classical, modern languages, scientific,
economics, and agriculture). The first two grades in all types of schools
arc conducted in accordance with comprehensive principles and are dedi-
cated to the orientation, observation, and guidance of students. This differ-
entiation can clearly be seen in the scope of the CUTTiaillim and how often
it is revised. Since 1949 more than 7,000 separate syllabi have been
issued for general education alone. With reunification and the addition
of six more states, there will be around 2,000 different syllabi in general
education and at least twice that number in special and compulsory
vocational education. No syllabus is valid in more than one state; no
syllabus covers more than one subjeet; at the secondary level there are
20 different subjects; and no syllabus covers more than one of the
different school types or levels."

At the upper-secondary level, all systems offer differentiated schools
and/or curricula. In the case of Italy, the system at this level is so compli-
cated that it has been described by Visalberghi as a "jungle."" The system
is also highly differentiated in Germany. In addition to g:e typesof schools
described above, there is a complex and changing vocational sector, in
which there are several types of schoots (for example. commerce, child
care, continuation, and part-time).

Table 3 provides data on the percentages of upper-secondary school
students (by gender) following general education and technical/vocational
curricula in countries in the European Community. In eight of the countries,
a majority of students follow a curriculum of general education. However,
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Table 3. Percentages of Upper-Secondary Students in General
Education and in Technical/Vocational Education, by Gender,
1985/86.

Girls (%)

Technical
General vocational

education education

Boys (%)

Technical
General vocational

education education
Belgium' 56 44 53 47
Denmark 40 60 26 74
France2 653 35 583 42
Germany2 51 49 57 43
Greece 83 17 62 38
Ireland 79 21 86 14
hal? 26 745 22 785
Luxembourg 38 62 29 71
Netherlands 49 SI 43 57
Portugal6 99 1 99.8 0.2
Spain 58 42 53 47
United Kingdom 53 47 57 43

Source: Eump.an Communities Commission, Girls and Boys in Secondary and nigher
Edigcation (13 ussels: European Communities Commission. 1990). taNe 3h.
'Lower and upper-secondary education.
21986187.

31ncludes upper-secondary technological education.
41984/85.
51ncludes preschool and primary teacher training.
°Technical/vocational education was abolished in 1976. New courses were introduced on

an experimerual basis in 1983/84.

in most countries, a sizeable number of students are enrolled in techni-
cal/vocational education courses.

In all systems, with the exception of the United Kingdom (in which the
situation is changing), curricula are prescribed for schools by a central
authority, usually the Ministry of Education (MOE). The definition of this
prescription varies from system to system. In Germany, it is determined by
each of the eleven states. In Britain, up to the present, it has, in effect, been
determine, at the secondary level by the independent examination boards
whose sylleli a school has chosen to adopt. In some countries (France, for
example), curricula seem to be fairly uniform across schools. In others,
particularly Denmark, in which great discretion regarding implementation
is left to individual schools, we might expect considerable variation be-
tween schools. The trend in several countries is to allow schools a great
deal of freedom in the definition of curricula during the compulsory period
of schooling.
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Table 4. Enrollment Rates for Ages 15-18 in the European
Community, Canada, Japan, and USA, for 1987/88

Age 15 Age 16 Age 17 Age 18

Belgium 95.8 95.5 92.7 72.0

of whom, part-time 12 3.6 4.6 4.6

Denrnark 97.4 90.4 76.9 68.6

France 95.4 88.2 79.3 63.1

of whom, part-time 0.3 7.9 10.0 5.2

Gennany1 100.0 94.8 81.7 67.8

of whom, part-time 0.1

Greeee2 82.1 76.2 55.2 43.6

Ireland2 95.5 83.9 66.4 39.6

Italy
Luxembourg3 83.4 71.1

of whom, pan-time 15.8 15.8

Netherlands's
of whom, pan-time

98.5 93.4 79.2 59.7

Fonugal 32.1 36.9 29.2

Spain 84.2 64.7 55.9 30.4

United Kingdor 99.7 69.3 52.1 33.1

Canada 98.3 92.4 75.7 56.9

lap& 96.6 91.7 89.3 3.2

of whom, part-time 2.6 1.9 1.7 1.4

U.S A.2 98.2 94.6 89.0 60.4

Source: OECD (1990), table 42, except fistors for Ponupl, which are for secondary
education in 1983/84 and come foam European Conumouties Commission (1990), table
1 c.

1Appronticeship is classified as full-time education.

21986/S7.
3Eaduding
4Eadudes secatd-level part -tiMe education.

Clearly, the structures of educational systems in Europe vary consider-
ably. There are also many other ways in which the systems differ which
might have implications for the nature of examinations and for student
achievement, which we cannot consider here in detail. For example, there
are differences in enrollment rates at various ages between countries
(Table 4). While these rates in all countries are high at age 15,consickrable
decreases occur in some countries at ages 16 and 17. The largest decrease
between ages 15 and 16 is found in the United Kingdom where the
panicipation rate drops from 99.7 to 69.3 percent. By contrast, participa-
tion in the United States at age 16 is 94.6 percent.
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Examination Systems in Europe Today

Before describing examination systems in Europe. which we will find
reflect the complexity of the educational systems in which they function,
two general points may be made. First, most countries have had a tradition
of external examinations. Second, examination systems in all countries
have been evolving as the broader social and educational contexts in which
they operate have been changing. This has led in some countries to the
virtual abandonment of external examinations. Following our categoriza-
tion of examination systems, we will briefly consider two further issues:
the idea of a single examination for all and the cost of examinations.

Tradibbn of External Examinations

All countries today have some elements of an external-examination sys-
tem, though for some it is only at the point of entry to third-level education.
At its most general, this means that all have at some point or points in their
education system more or less formalized procedures, usually separated
from the classroom situation, in which a candidaze has to answer questions,
usually based on externally devised syllabi, tr, monstrate that he/she
possesses certain knowledge and skills. Exarni As most usually involve
written essay-type questions, though in some countries oral examining also
features. In some countries (Britain. Netherlands. Portugal, Spain) multi-
ple-choice sections have been introduced to examinations.

On the basis of examination performance, a candidate is usually
awarded a certificate or diploma which will contain information on the
candidate's performance on each subject in the examination in terms of
either letter grades (e.g., A,B,C,D,E), numbers (1,2,3,4,5), or marks. Usu-
ally, grades are arrived at by simply summing marks allocated to sections
of questions and across questions and papers (ifan examination in a subject
has more than one paper)." The final allocation of grades may also involve
some element of norm-referencing in which grade distributions in previous
years are taken into account. Marks or grades (converted to points) may
be summed across subjects to make decisions about university entry.
European countries do little to apply to their examinations psychometric
principles of the type developed in the context of testing in the United
States. The two major issues of interest are objectivity and comparability.
Psychometric issues such as pretesting, item-analysis, IRT, scanning,
equating, reliability, and construct validity receive link or no attention.
Nor does an extensive technical psychometric community/elite exist in
Europe as it does in the United States.

The certificate or diploma, in addition to testifying to the candidate's
satisfactory performance in an examination in a particular subject or
groups of subjects, may also confer certain rights, such as the right to be
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considered for (if not actually admitted to) some sector of the social,
professional, or educational world. Certificates are "credentials," analo-
gous to stock shares or wademic currency." Thus, certification has both
educational functions (testifying to and "guaranteeing" students' standard
of education) and legitimizing functions at both the level of knowledge
(indicating the legitimazy of a new subject, such as computer science) and
of the individual (justifying the claudication of individuals into social
categories and the allocation of educational benefits to certain individuals).

A further feature of educational systems in Europe, which is reflected
in examinations, is that syllabi have traditionally focussed on content. At
one stage, the study of classical texts was the main feature of syllabi."
There have been movements in several countries in curriculum develop-
ment, largely under the influence of American research, to focus on
"objectives." while content has broadened considerably beyond the clas-
sics." In the syllabi for the new General Certificate of Secondary Educa-
tion (GCSE) taken in Britain at 16+, an effort has been made to place
greater emphasis on skills.m In the technical and trade areas also, exami-
nations may focus on practical skills. However, syllabi in European coun-
tries still reflect a major concern with subject-matter content and
examinations are organized in terms of traditional subject areas Oanguages,
mathematics, sciences, history, geography, etc.). Within a subject area,
syllabuses may be offered at different levels. In some countries, syllabi for
the same subject differ in different parts of the country or depending on
the examination board offering the syllabi.

Finally, the tradition of examinations in Europe has been to make public
the content of examinations and their results. This was so even before
examinations were presented to candidates in printed form. For example,
after the oral examination of candidates at Dublin University during the
first part of the last century, people who had been present wrote up and
circulated the questions that had been asked. These questions were then
used by students who were preparing for similar examinations in the future,
in effect establishing the tradition of allowing examinations to determine
curricula. This became easier, of course, when examinations in printed
form became available.'w Broadfoot (1984) has noted about the present
French Baccalaureat that once examination papers are published, every
teacher studies them or makes his/her pupils uy them so that the examina-
tion questions virtually become the syllabus.'" Indeed, in France, exami-
nations often make front-page news in newspapers; scholars analyze
questions and the cultural implications of examiners' choice of topics.1°3
In Germany, in addition to making examination papers available, answer
scripts are returned to students who may question the way they were graded
with their teachers. If a problem cannot be resolved between student and
teacher, the matter is referred to an official of the Ministry of Education.
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Changes in Examination Systems

It would be misleading to think of examination systems in Europe as stable
or unproblematic. Systems have always been subject to revision. However,
the changes over the past three decades have been quite radical in several
countries. Some countries have moved in a particular direction, only to
retreat at a later date. In the mid-1970s, for example, France abolished
external examinations at 16+ with the aims of postponing selection, mak-
ing assessment more comprehensive, and giving a greater role to teachers
in assessing students."14 However, the examinations were reinstituted in
the 1980s, at least partly because the resources to support a school-based
system of assessment had not been made available to schools. In Germany.
decisions have recently been taken to attempt to restore some of the older
standards which people believe have been lost by allowing candidates
freedom to select subjects at lower levels of difficulty in the Abirmr.1°3 We
can expect further change as social and educational conditions alter and as
those responsible for examinations respond to criticisms of systems.

A major force for change in examinations in all countries came from
expanding participation rates in Wucation which were accompanied by an
increase in variance in the achievements, aptitudes, interests, and needs of
students, which in turn necessitated a change in traditional curricula. This
situation led many people to the view that the formal and academic nature
of traditional examinations (particularly written terminal ones), originally
desivied for a minority of students, was unsuitable for the assessment of
many candidates and curricular areas. Criticisms of external examinations,
which have been consistently made during their history, particularly ones
about their narrowing effects on students' educational experiences,
achieved a new level of significance and relevance when the question of
submitting total populations to traditional examination procedures arose.
While many commentators judged such procedures to be particularly
unsuitable in the case of low-whieving students, perhaps the more striking
evidence comes from students themselves, who opt not to take examina-
tions and leave school without any formal certification. In Britain and
Ireland, two countries with very formal external examination systems, the
number of such students (about 11 percent and 8 percent, respectively) has
been a matter of serious concern to policy-makers.

There have been three major approaches to changes in examination and
certification systems in recent years. One has been to abolish external
examinations and certification completely. The second has been to make
greater use of school-based assessment for certification purposes. The third
has been to shift the purpose of examinations from selection to certification
and guidance.

Most European countries at some time in the past held a national
school-certificate examination at the end of primary schooling. Although
during their life, criticisms of these examinations were continually made,
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it was felt that the examinations had certain advantages; in particular, that
they helped to clarify for teachers the standards that were expected, they
provided a stimulus to pupils, and they were useful for selection to
secondary education and in seeking employment."16 However, in time,
various factors arguments (particularly from teachers) about the limit-
ing effects of the examinations on the curriculum, the fact that schools
prevented low-achieving students from presenting themselves for exami-
nations by grade retention,m changes in philosophy of education, the
raising of the school-leaving age, and the provision of adequate space in
secant/ay schools to accommodate all students led to abolition of the
examinations. Of these reasons, removal of the need to select pupils for
secondary education was perhaps the most compelling. No countsy in the
European Community today operates a national external examination at
the end of primary schooling. The remnants of the certificate examination
exist in Italy, where school-based examinations (set, administered, and
scored by pupils' own teachers) are held throughout the country, and in
Belgium, where some schools administer an examination at the end of
primary schooling. (It seems that these schoois feel an examination will
help to raise standards.)

While there has been a move towards greater reliance on teacher
assessments at the secondary level, examinations and certification have
been retained in one form or another at two points in the system in most
countries: at the end of lower-secondary and at the end of upper-secondary
schooling. External examinations have been abolished and certification is
entirely school-based at both levels in four countries (Belgium, Greece,
Portugal, Spain). Examinations in all the other countries have some input
from teachers. This takes the ft)t u either of candidates' own teachers
marking examinations that have been set by an outside body, orcandidates'
teachers contributing assessments which are combined with the results of
external examinations. While Britain from the 1960s onwards moved
toward a greater dependence on candidates' teachers in the assessment
procedure, this position has been reversed in recent years, as central
government adopted a more active role in the control of both curriculum
and examinations.

A third trend in European examination systems is the shift in emphasis
from selection to certification and guidance about future academic study. ft*

A shift in function has been possible, especially at lower educational levels,
because of the expansion of places in secondary schools. Furthermore, as
the numbers taking final school-leaving examinations have increased and
as the examinations have become more varied, selection for traditional
third-level education is no longer a concern for many students taking
terminal school examinations. Increasing numbers of these are now turning
to apprenticeships or technical training. A further possible consequence
of increasing numbers and diversification of school-leavingexaminations,
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as well as of basing school certification wholly on school-based assess-
ment, has been the introduction of state-controlled examinations for selec-
tion to third-'evel education.

The selective clement is evident in other aspects of examinations and,
indeed, despite commitment to guidance, most systems retain strong traces
of their origins as instruments of selection." In Denmark, for example, a
student has to achieve a certain average score (5.5) in the school-based
assessment at the end of the comprehensive Felkeskule at grade 10 to enter
a gymnasium. In Germany, the School Leaving Certificate from the Haupt-
schuk at grade 9 qualifia for entrance to an apprenticeship or vocational
school or transfer to a Realschule. Students who leave without this certifi-
cate arc awarded a nonqualifying certificate, which destines them for
unskilled occupations. At the end of secondary schooling, the increase in
numbers means that many students completing school are not likely to go
to university and so will be interested in certification rather than in
selection to a third-level institution. However, for those students with
aspirations towards higher education, the competition in many countries
(and consequently thc importance of examinations for selection) has
increased considerably in recent years.

A Categorization of the Systems

As we have noted, formal external examinations have disappeared at the
primary-school level in all European countries. Around the end of lower-
secondary education, which more or less coincides in most countries with
the upper compulsory attendance age, the situation is more complex (Table
5). In six countries (Belgium, Greece, Italy, Luxembourg, Portugdl, and
Spain). a school-leaving certificate is awarded to students on the basis of
school-based assessment (which may involve continuous assessment
and/or examinations or simply testify to completion of studies). In the other
six countries, examining involves a combination of internal and external
procedures. The countries can be placed on a continuum in terms of these
practices, from ones in which the external component of assessment is
relatively small to ones in which it Elopts a major role. In Germany (where
there is a variety of certificates at grades 9 and 10, depending on the type
of school which the student attends), examinations are set by the Ministry
of Education (MOE) but are scored by teachers in the candidates' own
school. The external examination results are also supplemented by school-
based assessments. In Denmark, examinations are also set by an external
agency (MOE) and, in addition to being scored by teachers in the candi-
dates' own school, are also scored by external teachers. In the Netherlands.
the Ministry of Education sets an examination which has essay and
multiple-choice components. Essay pans are marked with the aid of a
marking scheme supplied to schools by students' own teachers and by
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Table 5, Examinations/Certificates in European Comnumity Countries
Primary End of ammo luny End of Secondary

Belgium

Denmark

France

Germany

Greece

21S

Diploma Optional

&Emma school
based exams
None

None

None

None

Senes of diplomas (general,
technical) (school based).

I -swir.,s certificate set by
MOE, marked by own teacher
& external teacher.

Brent de college exam set and
marked by 23 academies in
basic subjects & teachers'
assessment in other curricular
arefIS.

Series of
examinations/diplomas
depending on type of school
attended set by 11 state MOEs
and marked by own teacher.
Diploma (school-based).

Diplomas for general,
technical, professional studies
(school-based)
Atrium set by me and
marked by own teacher &
external teacher.
Vocational/technical
alternatives.
limulaursa set and marked by
23 academies (questions
selected (rom centrally
approved list). Thee types:
general, technical, and
vocational.
Akita set by 11 state MOEs
and marked by own teacher.
Some weight to school grades.

School-leaving diploma
(school-based).

Entrance to Third 1..evel

Some university departments

(eugineeriull) require
additional test

MOE Qum= or exam for
admission to a greotecole
(after tme /two years). For
lower status universities Bes.
is sufficient.

Exam set and marked by
MOE school-leaving
diploma.
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Ireland None

Italy Prinutry Certificate
under direction of
MOE. Set and
marked in school.

Luxembourg None

Netherlands None

Portugal None

Spain None

United Kingdom None

Two external exams set and
marked by MOE; some school
assessment in some subjects.
(To be amalgamated into one
Junior Certificate in 1992).
Middle-school certificate and
technical/vocational
qualifications. Set by MOE,
marked in own school.

School Certificate of
completion.

Exam/certificate based on
internal assessment and
national (MOE) written exam.
School certificate (based on
assessment by teachers).

School certificate (basedon
assessment by teachers).

GCSE set and milted by 5
regional boards. Incorporates
some school-based assessment.

Leaving Certificate set and
marked by MOE

Exam/Diploma of General
Education; Diploma of
Technical Education. Set by
MOE. Marked by local exam
committees (including teachers
from candidates' school).

Diplfaumgclactsszlo
kciaulaim set bY MOE,
marked by school and outside
examiners (wrinen).
Exam cenificate based on
imernal assessment and

national (MOE) written exam.
School certificate (based on
assessment by teachers).
Bacillerato lInificado Alivant.
School certificate (based on
assessment by teachen).

General Certificate of
Education, set and marked by 8
Examination Boards.

* Ministry of Education

2.20

Some university departments
require additional exam, but
usually not.

Exam set and scored by
MOE.

One year later: exam set and
scored by MOE (ulditional
exams set for some
university departments).
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teachers from another school. However, the multiple-choke component
(which represent.s about half the written papers) is sccad centrally. Oral
examinations are administered by candidates' teachers. In France, examina-
tions arc set and marked by 23 zegional academies, each of which prodozes
its own examinations, based on the national curriculum. The examinations
cover the subjects of French, the Brevet mathematics, and history/geography.
Re other subjects, school-based assessments arc employed.

The last two countries (Ireland and the United Kingdom) show the
highest level of external control in the examination system. In Ireland, the
administering authority is the MOE; in the United Kingdom, five regional
examining groups are responsible for the administration of the examina-
tions. In both countries, the examinations are sawed by teachers appointed
by the examination authority, who will be unaware of the identity of
candidates. While there is provision in both countries, greater in the United
Kingdom than in Ireland, for including the results of school-based assess-
ment in the final examination results, the role of the candidates' own
teachers is less important than in other European countries at this level.

Diversity between countries, reflecting the position at the end of lower-
secondary education, is also to be found at the end of secondary schooling
(Table 5). Five models are required to take account of the differences that
exist between countries at the upper-secmtdary level. Four countries, as
against the six at lower-secondm level, operate a system of certification
based solely on school assessment. The four countries, Belgium, Greece,
Portugal, and Spain, which fit this model at the upper-secondary level, also
use school-based assessment at the lower-secondary level. In the second
model, the examinations are largely school-based but have an element of
external control or monitoring. In Denmark and Luxembourg, the exami-
nations are sct by the MOE, but are marked by the candidates' own teachers
as well as by teachers appointed by the Ministry. In Germany, the exami-
nations are set by the MOE in each of the country's eleven states, but are
marked by the candidates' own teachers. The results are sent to the MOE,
which identifies ones that it regards as untypical, which are then discussed
with the school. In the third model, which applies only in the Netherlands,
the system is the same as the lower-secondary model for that country: part
of the el amination is school-based and part set by the Ministry. The latter
part is scored by candidates' own teachers as well as by external teachers.
In the fourth model, which operates in Italy, examinations arc set by the
MOE and are scored by local examination committees which include
teachers from candidates' own schools. In the final model, which operates
in France, Ireland, and the United Kingdom, examinations are set and
scored by an outside agency the MOE in the case of Ireland and
academies and examination boards in the case of France and the United
Kingdom respectively. In Ireland and the United Kingdom, there is some
provision for including an element of school-based assessment.

9 )
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In a number of countries, examinations beyond the school-leaving
certificate examination are employed to select students for third-level
education. This happens in three countries that operate a completely
school-based system of assessment and certification at the secondary level
(Greece. Portugal, Spain). The examinations are run by the MOE. It will
be noted that these three countries have relatively low participation rates
at ages 16 and 17 (Table 4) and are furlong the economically poorest in the
European Community. In other countries, individual universities (or
schools within universities) may operate their own selecticm systems,
sometimes involving testing but using other criteria as well (for example.
school record, work experience), to decide on who they will accept for the
limited number of plKes.

One Examination tor All?

A persistent theme in American proposals is the idea that there should be
one "national" examination fir all students of a particular age or grade
level (recommendati.:.ns about the precise age or gas& level vary). At this
stage we can ask: how national are European examinations? Is there one
examination for all? And, if not, are there problems in comparability?

The term "national" can mean many things. In European systems of
examinations, central governments play some role. The role is most direct
and influential when the MOE sets, admmisters, and marks examinations
(as in Ireland). It is less direct and influential when the Ministry sets
examinations but does not score them (as in Germany). Other types of less
direct influence occur when the central Ministry has a general supervisory
role in the activitk s of examining bodies (as in the United Kingdom).
Regionalization of the administration of examinations, as occurs in France,
Germany, and the United Kingdom, an large countries, dilutes the authority
of the central Ministry.

Patterns of authority in examinations may vary within a country accord-
ing to the type of exam Ination and the grade level of candidates. The
administration of technical and vocational examinations, which we did not
consider in this paper, can be extremely complex. Sometimes such exami-
nations are organized by the Ministry, but more frequently they are canied
out at the level of the school or fall within the province of specific
examining groups. There are cases in which students from one country
(Ireland, for example) take examinations, particularly in the vocational/
technical area, but not exclusively so, which are set and marked in another
country (United Kingdom).

Variation relating to grade level occurs when a central body assumes
authority for examining at one level, but not at others. In a number of
countries, central authorities are more involved in examinations at higher
levels than at lower levels (in Greece. Portugal, and Spain. for example).
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In other countries, the same organization is responsible for examina-
tions at all levels of the secondary sector (in France and Ireland, for
example).

This description may not be of much assistance in deciding what can be
considered a "national" examination or who the authority responsible for
that examination should be. Different countries have worked out different
procedures in line with their school organization and traditions.

What has the European experience to say about having one examina-
tion for all students? Obviously, where examinations, even at a single
level, are school-based or the responsibility of a number of authorities
(regional or otherwise), there is not a common examination. Thus. in
France, the area in which a student lives will determine the precise
Brevet or Baccalaureat which he or she will take. In Britain, the choice
for GCSE at 16+ and General Certificate of Education (GCE) at 18+
will depend on the choice of the school that the student attends.

Again, in countries that have differentiated secondary education, the
possibility of one examination for all does not arise as long as examinations
are geared to particular syllabi that are likely to vary from one school type
to another. It is impossible to get precise figures on the proportions of age
cohorts who take particular examinations. The data in Table 3 on the
percentages of students in general education and in technical/vocational
education, taken in conjunction with enrollment rates in Table 4, may be
taken as a rough indication of the proportion of students taking examina-
tions in the two curricular areas. In Belgium, Germany, Spain, and the
Netherlands, one would expect close to half of the students still attending
school not to take an academic-type examination.

It could be argued that a similar type of examination, if not the same
examination, could be provided for all. Thus, we could say that a common
system of examinations rather than a common examination operates in
Britain and France at 16+.1" But how common arc the experiences of
examination candidates in such a system? Given the range of options
available, the answer must be that great variation exists in students'
experiences.

In Britain, there is a choice of examination board or boards which will
usually be made by the school. Then there is the choice of subjects and
subject levels partly a school decision and partly a student one. The
choice often creates problems for schools, complicated (it would appear)
in Britain by a preference "to do worse on those examinations which carry
greater prestige rather than to do bette7 on those that are more useful.
Finally, the student, when he or she actually comes to take the examination,
may have a choice of questions from which to select. Thus, candidates can
achieve the same grade by answering different questions.113'114

At the 18+ level, since considerable selection and attrition has taken
place, the question of an examination for all does not arise. However, even
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if we confine our attention to those students taking examinations at the end
of academic (rather than vocational) schooling in Germany and France, we
find that they have a variety of options and experiences. In Gennany,Abinar
candidates take examinations set by different Ministries, a widely different
assortment of subjects, different papers in nominally the same subject, with
different weights being given to the results depending on the option chosen.
The French Baccataureat, although it retains a large core of general
education subjects that all candidates are rtaquired to take, albeit with
different weights, also offers a considerable variety of options. Four
options in 1950 had grown to 38 in 1988.115

Given these situations, it is not surprising that questions are frequently
heard about the comparability of examinations operating within a single..system...n6 117 -II the context of the Baccalaureat, Eckstein and Noah
(1989) have commented on the strongly demarcated hierarchy of prestige
that surrounds the examination, with the mathematical options at the top
and theavocational options at he bottom."They conclude that "the French
examination authorities have been prepared to yield more and more com-
parability across candidates in an explicit trade-off to meet what are
essentially political demands for 'relevance' and 'access.' "

Faced with eight examining bodies at the GCE level and five at the
GCSE level, the greatest efforts to achieve comparability across exami-
nations have been made in Britain. The development of criteria for a
range of individual subjects has been a step designed to help improve
comparabiIity."92° Further, all the examining bodies operate under the
supe .vision of the School Examinations and Assessment Council,
which, among other things, arranges for a team of examiners from one
examining board to work at another board for an evended period of
time, to observe procedures, the marking of scripts, and standards. The
Intergroup Research Committee of the boards, made up of research
officers, also carries out a program of continuous research relating to
comparability between boards, subjects, and modes of examining. Staff
read scripts from other boards, paying particular attention to borderline
grades. To supplement these procedures, there is a strong tradition of
research on British examinations.121 122

It would seem from the European experience that a single common
examination for all can only be provided if the content/skills assessed are
relatively basic or if teachers play a major role in assessing students'
performance. Attempts in Britain to provide an external examination
covering a wide range of achievement do not seem to have been entirely
satisfactory. While it was hoped that the General Certificate of Secondary
Education would cater to a wider range of students than the GCE/CSE
systems which it replaced, this does not seem to have happened. Many
syllabi have become less accessible to lower-ability candidates and, in
particular, to those candidates who in the past would have been catered to

225



214 Examination Systems in the Euzcpn Commonalty

on thc basis of teacher-designed syllabi and examinations (CSE Mode
3).123.124 Ironically, the attempt to provide an examinaticm with a wide-
achievement span seems to have been unsuccessful not only in the case of
lower-achieving students but is reported (in newspapers and cm television)

to have lowered the standards of the higher-achieving students who go on

to do GCE A-level examinations at 18+. nachezs say that these students

are less well-prepared in such areas as science and mathematic% while

some university teachers have expressed the opinion that a further year at
university will be necessary if students at paduation are to reach the same
level as their predecessors,

The Cost of Examinations

We were not able to obtain extensiveinformation about the costs involved
in examining in European systems. In countries in which teacher assess-
ments play a major role, costs arc largely absorbed in teachers' salaries.

Information on external examinations taken at 16+, from Britain for the
GCSE (in which students on average take about five subjects) and from
Ireland for the Junior Certificate (in which students on average take about
seven subjects), indicates that the cost of examining a student is $107. (In
Ireland, candidates pay about 40 percent of the cost.) If the state of
Massachusetts were to adopt one of these models to test its 65,000 16-year-
old students, the cost would be almost $7 million. At present, it spends $1.2
million to test the reading, writing, and arithmetic achievements of students
at three grade levels (3, 6, 9 and 4, 8, 12 in alternate years), using machine
scoring for the reading and arithmetic tests. It is clear that the adoption of
an external European model of testing would have very substantial finan-
cial implications for the Commonwealth.

la test the 3 million 16-year olds in the United States would cost over
$320 million using the British or Irish model. Costs would be reduced if
multiple-choice tests were used, if students were examined in fewer
subjects, if the range of options available to students were reduced, and if
examination papers were not released. Costs would be increased very
considerably if more "authentic" measures of student achievement were
used. It is also likely that labor costs (in scoring examinations, for example)
would be higher in the United States than in Britain or Ireland.

In some European countries (Britain, Ireland) and in the Canadian
province of Alberta,125 some students repeat the last year of secondary
school in an attempt to raise their already passing scores on examinations
to qualify for a university place. This involves considerable expense to
taxpayers, which should be considered in making cost estimates of national
examinations.

11
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Conclusions

We may take it as axiomatic that an educatkmal system develops in response
to the values, needs, and aspiration that characterize a nation. We may also
regad it as axiomatic that tlw components of any system interlock in an
idiosyncratic way to =tribute to the realization of a natien's goals for
education. This is not to say that the performance of educational systems
should not be reviewed from time to time to see how effectively they are
performing their tasks awl, in particular. to determine if they sr meeting new
needs that continually arise in our fast-changing society. However, it does
mean that if one decides to select a feature of another echwationl system in
the search fee solutions to one's own educational Foblems, one sleauldens=
in the first place that one understands the functioning of that feature in the
foreign system (including any problems that have been kkntified in its
operation) and, in the sectmd place, that the proposed transplant is likely to be
compatible with the host system.

There are many features of an educational system, and of the wider
socio-economic and cultural system in which education is carried out, that
one could nominate as being likely, in interaction with other features, to
contribute to students' achievement in school. For example, some systems
(including all European countries) use inspectoral systems to monitor the
quality of education in schools. Again, some systems have a longer school
year than others (see Table 6), presumably providingmore "time on task"
for students. Systems vary in the quality of candidates recruited to the

Table 6. Minimum Number of School Days in European
Community Countries

Belgium 182
Derunaik 200
Germany (North Rhine-Westphasia only) 240
Greece 175
Ireland 180
Italy 215
Luxembourg 180
Netherlands 200
Portugal
Spain

United Kingdom

Source: Stichting Research voor Beleid, The Conditions of Service of Teachers within the
Member States of the European Community (Leiden: Stichting Research Voor Beleid,1988).
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teaching profession and in the type and length of training provided. Most
European systems recruit better students, on average, to teacher prepara-
tion than is the case in the United States. The support that homes provide
is also generally accepted as an important factor in student learning.

To isolate national examination systems from their context, to teduce
them to a consistent relationship with achievement, educational quality,
increased global competitiveness, and to suppose they have the same effect

in all contexts is based on a false sense of technological optimism. Indeed,
the conviction that the establishment of national examinations, standards,
and curricula will usher in a golden age of education is consistent with the
great tradition of optimistic technophilia of the last two centuries.126127

There is the further danger that focusing on examinations and assessment
may lead us not only to overlook other important aspects of the system that
need attention (for example, the need to modify instructional techniques
for at-risk youth) but actually to aggyavate existing problems (for example.
difficult examinations and graduation requirements may lead to an increase

in drop-outs).12$
We do not know of any evidence that would tell us whether having or

not having external examinations in the United States would have the
effects that proponents of national examinations are at present suggesting.
In this paper, we described the ethos in which examinations gew in
Europe, the complexity of the systems in which they arc embedded, and
some of the problems that have been noted in their operation. Whether or
not examination systems introduced to the United States would work as
they do in Europe and, in particular, whether or not they would impact on
educational standards arc mauers that require serious consideration.

We will conclude by considering the relevance of European experience
to the proposals for examining that have been made in the two reform
waves in the United States since 1983. Although there is considerable
complexity and variation in European systems of examinations, there are,
as we noted, certain features that characterize several systems. In consid-
ering American proposals, we will regard European experience as particu-
larly relevant, if it occurs in several countries; or, even if it is found in only

one country, we may still cite it if it seems to speak directly to an American
proposal. The British experience seems to lit this latter criterion since some
of the proposed American reforms seem to have been inspired by, if not
actually modelled on, the British system. In applying any European expe-
rience, we should not lose sight of dtfferences between the United States
and European countries in the political, social, and educational contexts in
which examination systems function.

Ropose of Testing

In general terms, proposals for examinations in the United States are
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directed toward raising educational standards which, in turn, it is hoped,
will improve the economic competitiveness of the nation. It is envisaged
that the examinations will have their effect by promoting a common
curriculum in schools across the country and by putting pressure on
teachers and students to achieve a high standard of performance on the
examinations.

When one looks at proposals in more detail, however, one finds a wide
variety of purposes being posited for examinations. Some of them relate
to decisions within the school the identification of students for remedial
intervention or for advanced or accelerated work (National Commission
on Excellence in Education, 1983) or for grade promotion (Education
Commission of the States Task Force, 1984). Others relate to decisions that
might involve leaving school. The Commission on the Skills of the Ameri-
can Workforce (1990) sees examinations as providing information relevant
to whether a student enters a college-preparatory program, studies for a
technical certificate, or goes to work. Boyer's (1983) report on secondary
education regards examinations as being relevant to decisions at a later
stage about whether one goes to work or to third-level education.13 These
proposals all emphasize the use of examinations for guidance; however,
they do not make clear why examinations are needed to improve the
guidance services already in place in American schools. Neither do they
face the issue of how examinations are going to motivate students to work
harder if high stakes are not attached to performance on those examina-
tions. While the proposals may not explicitly acknowledge the fact, it
would seem that they envisage the use of examination results to make
decisions about students, as indeed the Education Commission of the States
Task Force (1984) does when it says that examination performance could
be used in deciding grade promotion of students, and Public Law 100 297
does when it proposes the use of examinations to identify outstanding
students.

Another proposed use of examinations is the certification of students'
achievements. This use is proposed by the National Commission on
Excellence in Education (1983). the Commission on the Skills of the
American Workforce (1990), and Public Law 100-297. However, there is
not total agreement among the reports on the use of examinations for
certification. Educate America (1991), in proposing the testing of all
high-school seniors, specifies that the examinations should be held in the
fall of grade 12 so that they would not be used for graduation.

OU1CT purposes proposed for testing are accountability of students,
schools, and states (Educate a merica, 1991) and monitoring of standards
in schools (National Commission on Excellence in Education, 1983).
While the idea that examinations would motivate students to work harder
runs through all the propmals, it is most explicit in the Educate America
proposal.



218 Rumination Systems in the European Community

The pmpoals are most compatible with European practice when they
emphasize the use of tests for the two interrelated functions of certification
and selectitm. The origin and traditions of examination in Europe exhibit a
major =cern with selection, particularly for third-level educaticat and certain

jobs. As the educational systems of these camtries have come to resemble
more that of the United States in its gudent retentitm rate and curriculum
comprehensivizatimi (up to the age of about 16), theemphasis in examinations
has shifted from selection to certification. However, examination results
continue to be used for selection both inside and outside tin school system.
An inevitable consequence of accepting the spirit of European examina-
tions (even if not the details) would seem to involve a greater emphasis
on the selection and categorization of students in American schools.

A number of other aspects of the purposes of European examination
systems seem relevant to the American proposals. The public examination
systems in Europe are not used formally for accountability or monitoring
of standards. Rather, examinations are used to make decisions about
individual students, not about teachers, schools, ordistricts (though parents
may make judgments about schools on the basis of their examination
results). Neither are examinations used to help improve or monitor stand-
ards. Efforts in Britain to allow comparability between marks from suc-
cessive examinations wt on the same syllabus are made so that users can
be confident that a given grade has the same meaning from year to year,
rather than to improve overall standards.

For the most part, quality control and accountability in European edu-
cational systems are the function of schonl inspectorates. All countries also
participate in comparative studies of educational achievement and some
have national assessment systems similar to the National Assessment of
Educational Progress (NAEP), in which individual school performance is
not identified. While existing public exalnination systems do not seem
appropriate to serve the functions of monitoring or accountability, efforts
are being made in Britain to develop a system that win serve these functions
as well as the traditional student certification function of public examina-
tions for students up to the age of 16 years.

While a single assessment system is unlikely to meet efficiently a variety
of purposes, neither are the purposes of examinations completely Mde-
pendent of each other. Thus, examinations are likely to have a motivating
effect on some students only if performance on them has some real
consequence for the students (admission to a third-level institution or
selection for a job, for example) or if examination performance is used for
some other high-stakes purpose such as teacher accountability.

A final point to note in considering tile relevance of the purposes of
examinations in Europe for the United States is that European examina-
tions fit into a differentiated (highly so, in some countries) educational
structure. All systems have different types of school and curricula at the
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upper-secondary school level and examination performance at the end of
lower secondary (about age 16) is an important factor in determining the
type of school and course in which a student will find himself or herself.

Age/Grade of Testing

Apart from one proposal to test students at grades 4 and 8 (President's
Education Policy Advisory Committee)1" and another to test at unspeci-
fied major transition points (National Commission on Excellence in Edu-
cation, 1983), all the American proposals envisage examinations at either
age 16 or et some point during the senior-high school years, including the
point of graduation.

The proposals that confine testing to age 16+ are compatible with
European practice. Formal national external examinations below the age
of 15 or 16 years no longer exist in any European country. Even at age 16+,
six of the twelve European Community countries do not have an external
examination. In two other countries, examinations are set by an external
agency but arc marked by candidates' own teachers. The trend in most
countries, with the exception of Britain and France during the 1980s, has
been to reduce the external element in examinations at this stage (age 16+).

Britain also differs from other EC countries in that it proposes to institute
national testing of students at ages 7, 11, 14, and 16 with a new form of
teacher-administered tests. However, this testing, except at ages 14 and 16,
will not form part of the public-examination system.

Responsibility for Testing

Proposals for national examinations in the United States are not clear about
who should be assigned responsibility for the examinations. The decision,
kewever, is an important one since the responsible agency will exercise
considerable control over teaching and learning in schools. Some indica-
tions are provided in some proposals. The responsible body should be
external to the school (Commission on the Skills of the American Work-
force, 1990) or school district (National Commission on Excellence in
Education, 1983) and it should be a national system (but not controlled by
the federal government), involving state and local tests (National Commis-
sion on Excellence in Education, 1983). However, Public Law 100 297
would be a federal test under the control of the Secretary of Education. A
proposal has also been made.for an agent to build and administer the
examinations in all states (Educate America, 1991), while another recom-
mends the establishment of a National Board of Educational Standards to
calibrate to a common national standard examination that would be built
under the auspices of state examining boards (National Center on Educa-
tion and the Economy/Learning Research and Development Center at the

INA
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University of Pittsburgh, 1989).13'
In European countries, with the exception of Britain and Germany, the

central government has a major responsibility for curricula and examina-
'ions. Until recently in Britain, curricula were a matter for local education
authorities and schools, while examinations were controlled by inde-
pendent examining bodies with loose links to universities (except for the
London University Examining Board, which is a part of the university). In

the last few years, central government has been adopting an increasingly
active role in the specification ofcurricula and in the control of examina-

tions. In Germany, responsibility for curricula and examinations rests with

the eleven state governments.
In these two large cow xies, as well as in another large country, France,

one authority does not assume responsibility for the administration of
tAaminations. Such counuies probably provide a better model for the
United States than smaller countries in which the Ministry of Education
has responsibility for public examinations.

While Ministries of Education in all European countries play a role in
examinations, the important role played by other interested parties should
be recognized. In the setting of papers and standards, teachers, subject
specialists, and university personnel, in addition to Ministry officials
(school inspectorate), play a role. Teachers in all countries also mark
examinations and assign grades to candidates. At both the 16+ and 18+
levels, in nine countries, whether or not examinations are set by an
authority outside the school, candidates' own teachers play a maOr role
in marking examinations. In the other countries, the major role in marking
is played by teachers from other schools who are not aware of the identity

of candidates.

Areas of Testing

Although there are references to tests of "acidemic excellence" (Public
Law 100-297) and of what students ought to know and be able to do when

they leave school, including the knowledge needed to participate in a
democratic society (Commission on the Skills of American Workforce,
1990; Educate America, 1991), most of the American proposals for what
should be examined arc more specific. A number of reports mention basic

or general achievement and skills (Education Commission of the States
Task Fome on Education for Economic Growth, 1984; National Alliance
of Business),132 while several spell these out in terms of traditional subject
areas. English, mathematics, science, history, and geography or social
studies are proposed by the President's Education Policy Advisory Com-
mittee and by Terrence Bell,133 who also adds computer studies. Educate
America (1991) lists the same subject IlfeaS but instead of English proposes
reading and writing.

3
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European examination systems tend to emphasize broad cultural goals
in their examinations rather than preparation for later life, though the latter,
of course, is not ignored. Some Europeansystems provide extanal exami-
nations in a small core of subjects at the 16+ level -- two (Danish and
mathematics) in Denmark or three (French, mathematics, history/geogra-
phy) in France. Others allow students to take a larger number of subjects
and, with some restrictions, to choose the subjects they will take (Britain,
Ireland). In these countries, examinations are offered at different levels.
Different types of examinations are provided in countries that have a
differentiated educational structure according to the type of school at-
tended by the student (Germany, Netherlands).

No European country offers a single examination for all students at the
18+ level. By this stage, most countries offer one system of examinations
for students following academic university-oriented curricula and an-
other system for students following more vocationally-oriented curricula.
Within the academically-oriental system, students may be required to take
certain core subjects in combination with options they themselves choose.
A choice of levels varying in difficulty (higher/lower, honours/pass,
higher/ordinary) within subjects will also be available to students. The
British systems at 18+ differs from other European systems in its high level
of specialization.

It is clear that systems of examination in Europe, especially during the
senior-high school years, are much more complex than the systems being
proposed for the United States. The European experience can contribute
little to the design or implementation of proposals for a single external
examination for all students at the upper-secondary school level.

Methods of Testing

Proposals about methods of testingin the American context range from the
use of standardized tests (National Commission on Excellence in Educa-
tion, 1983) to the use of "state of the art" assessment practices (Educate
America, 1991), which, in current thinking, would include the perform-
ance, portfolio, and project examinations specified by the Commission on
the Skills of the American Workforce (1990). Other proposals recommend
subject-matter examinations in core curriculum subjects as we noted
above, which presumably would use the predominant European mode of
having students write extended essays.

There is little that European systems of examining can tell us about the
value of such procedures as portfolio and performance assessment. While
efforts have been made to develop such procedures in Britain (sometimes
called records of achievement), theefforts have been inspired by perceived
inadequacies of public examinations to record accurately and in sufficient
detail students' achievement records. This work has focused in the first
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place on lower-whieving "nonacademic" students who were beingpoorly

served by the examination systems, though it is hoped to extend the
procedures to all students. With several competing models of assessment

being developed or reformed in Britain at the moment (public examina-

tions, Studem ASSCSSMCni Tasks, and pmfiles of achievement), it is diffi-

cult to predict what the final shape of assessment practice will be by the

end of the 1990s.

One Test or One System of Testing

American proposals in some cases indicate that a single sct of examinations
would be used to test all students at a given age or grade level. In other
cases, the suggestion is made that a system of examinations, rather than a

single examination, is needed.
As we have seen above, the larger European countries (Britain, France,

and Germany) have a number of examination authorities that devise and
administer their own tests. In France, the examinations of the different
authorities are based on a common curriculum; in Britain and Germany,
they are based on separate curricula.

In two of the remaining countries that use an external examination at
16+ (Denmark, Netherlands), scripts are marked by candidates' own
teachers. In the third (Ireland) students select from a range of subjects
offered by the examination authority. Thus, a common examination, as
distinct from a common system, exists in only two countries at 16+
(Denmark and the Netherlands).

The situation at 18+ is, as we saw, mtch more complex. Students'
examination experience can vary, depending on the region of the country in

which they live (France, Gerrnmy), the examination authority they choose
(Britain), and the curriculum options they have chosen in the upper-secon-
dary school (which vary in subject matter and in level within subject).

The question of comparability arises when students come to use their
certificates either for entry to third level education or in seeking employ-
ment. In Britain and Ireland research efforts have been directed toward

investigating the comparabiliiy of performance of students who take
different groupings andfor levels of subjects. On the whole, however, the
question of comparability of examination performance within countries
does not appear to be a major problem. Rules of thumb are usually devised

on the basis of a judgnental process relating to grading and comparability

of grades and these are generally accepted by universities and employers.

Effects of Examinations

We have already considered many of the effects that have been attributed
to examinations to which high stakes are attached. These include motiva-
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tional ones ("making" teachers and students work), focusing teachers' and
students' activities, cramming, emphasizing memory work, and develop-
ing test-taking skills. Here, we will just note that positive motivational
effects are likely to operate only if students perceive they have a good
chance of achieving the rewards attached to high teSt perfonnance. For
students who are not likely to do well (and thus for whom the stakes are,
in effect, irrelevant), the negative effects of examinations have been a
matter of serious concern in many European countries. Over the years,
efforts have been made in many countries to adapt the examination system
to suit these students.

It is important to note that in Europe the impact of examinations on
teaching and learning what is taught and learned and how it is taught
and learned is mediated through the availability of past examination
papers. An American proposal (Public Law 100-297) not to release test
papers after examinations would diminish the impact of the examinations
on teaching and learning in the schools.

Cost

The only United States proposal for a national test that offers a cost
estimate is that of Educate America (1991); their figure is $30 per student.
As we saw, cost figures in Europe were not readily available except for
Ireland and the GCSE in Britain. As we noted, the cost for an essay on
demand exam at age 16+ (consisting of between 5 and 7 separate exams
in Britain and Ireland respectively) was $107. The labor costs (scoring the
exams) would probably be higher in the United States than those incurred
in Britain and Ireland. In many countries the exam costs are largely
absorbed in teachers' salaries. Costs would surely be higher than the $107
figure if more "authentic" assessment measures of student achievement
were used. We also pointed out that repeating the last year of secondary
school to improve exam scores involves considerable expense to taxpayers.

Fitting Examinations into the Existing System of Testing

With the exception of Britain, European countries do not have external
systems of examinations other than the public examination system. In most
countries, little use is made of standardized tests developed outside the
school. The formal aspect of internal school assessment mirrors the public
examination system. Students take examinations that are similar to public
examinations at the end of each school term and may take "mock" public
exams some months before the actual public examinations. The United
States has an extensive commacial infrastructure for developing, market-
ing, scoring, and reporting standardized achievement tests. Companies
make their money from scoring and reporting rather than from the sale of
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the reusable test booklets. These tests are widely used at all levels of
education.

The place of any national exam or systems of exams within the present
system of testing needs considerable thought. For example, to use the essay
form (as in Europe) for the national exam while the multiple-choice form
continues to be widely used by states or districts could be confusing to
teachers and students. In developing a national exam, or a system of
national exams, an infrastructure will have to be created for developing
and scoring assessment techniques, reporting results, and overseeing the
entire exam operation. In Europe teachers are an integral pan of the exam
inflastructure, as are the MOE inspectors. We would need to consider
Europe's experience in this regard, particularly their trust of teachers.
Discussion of the infrastructure for an American national examination
system also raises serious issues of cost and quality control. In Europe,
control is governmental or quasi-governmental through the MOE and the
established inspectorates. Cost and oversight issues associated with using
commercial companies for development, scoring, and reporting will need
to be weighed against developing a new infrastructure for assessment in
the United States.
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Form and Function in
Assessing Science Education

Edward H. Hamm?!

A seventh-grade student asks why maple leaves turn red and elm leaves
turn yellow in the fall, and a teacher answers. Perhaps the student under-
stands, perhaps not. How does the teacher know if this small instructional
exchange was successful? The semester is corning to an end, and a high
school physics teacher must prepare the final examination. What should
be selected from the mass of details covered during the preceding months?
How can the teacher discover which students really understood the major
principles? The state department of education has decided to include
performance testing in Wien= in the annual state education assessment
program. What kinds of performance tests are feasible logistically? What
should be measured? How should the results be scored? These disparate
situations all call for evaluations of student learning, but they differ in
purpose, format, scope, significance, and the breadth and nature of the
learning objectives addressed.

When such varied measurement problems are juxtaposed, it is clear
that they call for quite different solutions. Not only are distinct instruc-
tional products and results at issue in each case, but also the practical and
psychometric requirements of the measurements are different. The
teacher nying to judge whether the answer to a student's question was
understood probably would not worry about reliability or objectivity.
Eventually, many such small interactions might support generalizations
about a student's overall level of understanding, but, in a single specific
exchange, there is typically no concern with standardization or replicabil-
ity and no interest in generalizing to any larger universe of either content
or occasions. The most important requirement would be that the measure-
ment is timely and unobtrusive.

The physics teacher faces a different set of challenges. The final exami-
nation must be sufficiently reliable so that its answers can be used in good
conscience as a basis for assigning grades, but the paramount concern
probably will be the validity of its content. The content sampled and the
problems posed should represent the major tbemes of the course, but need



234 Fonn and Function in Assessing Science Education

not and probably should not exhaust the entire range of facts, principles,
applications, and broader understandings that the teacher has tried to
impart. Performance on the final examination should indicate something
about each student's probable level of mastery of mut matetial than is
included on the test itself. Standardization matters to the extent that all
students should be treated equitably, but if, in the course of the examina-
tion, it appeared that a question was unclear, there would be no reason not
to write a clarification on the chalkboard for the bewfit of the entire class.

The externally ifitindated performance test raises still other concerns.
Let us suppose that scores are to be reported at the level of individual
schools, not individual students. The reliability of each student's score is
then quite unimportant.

Average scores at the school level may be sufficiently accurate even if
individual-level scores have low reliability. Logistical and cost considera-
tions in both administration and scoring will loom large. however, and
standardization across testing sites will bc critical.

Unfortunateiy, the specificity of measurement problems is often over-
looked. High reliability is regarded as uniformly important for all meas-
urement problems, and questions of validity a:: differentiated too rarely
according to the particular form of test interpretation intended.

This chapter discusses the relationships betwten Lie contexts and pur-
poses of measuring school science education and measurement formats
and poperties.

External and Classroom Testing

Any consideration of assessment contexts must begin with the broad
distinction between externally mandated and classroom measurement, also
referred to as external and internal measureniene or assessment for meas-
urement versus assessment for instruction.2 The category of externally
mandated assessments includes large-scale testing and assessment pro-
grams, administered at the district, state, or national level. These include
science subtests in elementary school achievement test batteries, state
testing and assessment programs, and advanced placement examinations
in chemistry, physics, and biology. The science subtest of the American
College Testing program's college entrance examination would be in-
cluded in this category, also.

Classroom tests are created or chosen by individual teachers or small
groups of teachers for use at the classroom or somedfiteii the school level.
They include all of the quizzes, unit tests, midterni examinations, and final
examinations used to assign grades, diagnose learning difficulties, monitor
progress, and plan instruction. Although measurement specialists have
rievoted far more attention to externally mandated tests, classroom tests
asually matter much more to students and teachers.3
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Externally mandated and classroom tests tend to differ in many ways.
The external tests are administered less often, but on a larger scale than
classroom tests. The external tests usually sample a larger domain of
content, but are less c:osely tied to the specific curricular or instructional
activities of a particular classroom. Interpretations of externaltests tend to
be norm-referenced, comparing students, schools, districts, or states to one
another. Consequently, reliability and standardization are paramount con-
cern& The scale of external testing programs usually dictates that they not
take too much time to administer (e.g., no more than a single class period)
and that they be easily and efficiently amenable to scoring.

Usually, classroom tests are intended to provide much more detailed
information about a narrower range of amtent. They are tied closely to the
preceding instruction and may employ a variety of formats. Interrifetations
tend to rely less on percentiles, grade equivalents, or other derived scores,
and more on simple raw saxes, often supplemental by narrative commaits
on specific aspects of students' error patterns or solution methods. Students
may be compared to one another, but critesion-referenced interpretations
are also common; the absolute level of performance, often expressed as a
"percent correct," conveys information about how well studentsare meeting
the teacher's expectations. Classroom tests range in duration from brief
quizzes to projects completed over a period of weeksor months. Different
formats may be used, including individualor group recitations and perform-
ance testc as wen as essay, short-answer, or objective written examinations.

Form and Function in External Testing
Most externally mandated tests are "high-stakes"; that is, significant re-
wards or sanctions may be attached to good or poor performance. Because
the tests matter, scoring high is likely to become an end in itself and the
test may come to exert a powerful influence on both the form and the
content of classroom instruction:1 Overreliance on standardized tests to
evaluate the success of students, schools, or educational systems can lead
to neglect of the learning outcomes that are not assessed. Even if, when
first introduced, the tests are correlated with a broader range of student
attainments than they actually measure, their validity may erode with the
passage of time. That is because curricula and instruction Lre likely to
shrink toward more thorough coverage of the objectives evaluated, at the
expense of the content and processes that the tests omit. It follows that
externally mandated tests should be devised to measure as broad a range
of the important products of learning as possible.

Limitations of Objective Test Formats

Several factors limit the range of learning outcomes measured by external

telt*
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tests. One obvious limitation arises from the format of these instruments,
which rely almost exclusively on multiple-choice, objective itenIS. The
kind of knowledge most easily measured using such items is recognition
of facts. With care and creativity, multiple-choice items can be constructed
to measure more complex understandings, but fundamentally they are
limited to "convergent" thinking processes. There must be a single correct
answer (or set of correct answers) to be selected from a list provided. This
alone places a basic limit on the ranges of knowledge and skills that
multiple-choice questions can measure.

Students' understanding of "controlling variables" is a case in point. One
typical kind of "hieter-order," multiple-choice item in science sets forth
an experimental hypothesis, then asks which of four or five experimental
procedures might be used to address it. The correct alternative is the only
one that provides a clear comparison between groups differing only with
respect to the critical variable. In a limited way, this type of item tests the
students' understanding of an important principle of the scientific method,
but it cannot probe the students' ability to analyze a situation and decide
what variables need to be controlled or the ability to formulate hypotheses
worthy of testing. Attempts to measure this latter ability, "formulating
hypotheses," using multiple-choice items, have proven unsuccessful?

There is increasing recognition of the need for free-response and even
performance items to measure some important learning objectives. Items
calling for students to write brief essays or descriptions of experiments, or
to propose multiple possible explanations for a phenomenon are free-re-
sponse items that might he used to measure farms of learning that it is
nearly impossible to measure by using items calling for no more than a
selection among fixed alternatives. Still other important goals of learning
might be measured best by "performance tests," in which students create
a performance or product to demonstrate their understanding.

Limitations of External Assessments

The inherent limitations of objective item formats are just um: reason
external tests can measure only a limited range of learning achievements.
Other limitations arise from the fact that these tests are brief and self-con-
tained. Higher order learning objectives involve forms of reasoning and
problem solving that presuppose a substantial base of knowledge. The
educational goal is usually not reasoning in the abstract, but reasoning
applied to a system, situation, or body of inform adon. Such learning cannot
be tested unless the requisite knowledge is in place. In the United States,
school curricula vary considerably from state to state, across districts,
schools, or even among same-grade classrooms within a single school
building. A: the elementary school level, especially, no one particular
science topic will have been taught necessarily in all or even most of the

24S
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classrooms where the test is to be used. No specific preparatory activities
may be assumed to have occurred prior to the external examination, even
though testing dates are fixed months in advance. Thus, test questions
usually presuppose only general scientific knowledge, unless more de-
tailed information can be presented as part of the test itself. The information
that can be presented in the test is limited because time is short and, inany
case, the intent is to measuit higkr-level thinking, not reading compre-
hension or the rapid assimilation of new information.

Implications for External Testing

Poorly designed external tests instruments that measure no more than
superficial understandings or factual recall arc worse than no tests at
all. They cannot provide valid information about the relative or absolute
success of different educational programs or systems, and they jeopardize
sound curricula and instruction. There will be costs involved in redesigning
these tests, however. More comprehensive, valid tests will be more expen-
sive to build, administer, and score. More instructional time will be lost to
testing, nonprint examination materials probably will be- required (e.g.,
computers, laboratory equipment), and more extensive training may have
to be provided for test administrators and scorers. 'lb justify these costs,
there will be pressure to consolidate redundant testing programs and,
perhaps, to force the same tests to provide useful information about
individual students. Many of those concerned with their results will need
to participate in detailed planning for better external tests. Some general
directions can be recommended at this point.

First, science tests should provide more extended stimuli. Rather than
dividing the content to be assessed into a large number of separate,
self-contained items, fewer problem situations should be presented, in
greater detail. Each such situation might pose a series of questions to be
answered. One series might focus on an ecological system, for example.
After a page or two of description, students might be askedabout probable
food chains and the likely impacts of introducing new species, drought,
disease, or other events. They might draw or interpret graphs, or estimate
the number of new species that the system could support. In the earth
sciences, students might be presented with information about geological
strata in an area and asked to work out the probable sequence of events
leading to the present configuration. At the level of individual students,
this form of testing might imply less adequate sampling of the content
domain (although even that is debatable). At the level of schools or larger
aggregates, however, different students might be given different problems
to solve. Such a procedure, referred to as "matrix sampling," would permit
the presentation of far more problem situations than any one individual
studev would have time to answer.
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Second, redesigned tests probably would use a greater range of item
formats and assessment materials. Eventually, descriptions of problem
situations might employ videotape or video disk technology, so that scien-
tific reasoning and understanding could be assessed apart frmn reialing
ability. Computer simulations might be used as assessment as well as
teaching tools. Laboratory work might be included also.6:7 Students must
be asked to generate their responses, at least some of tile time, and some
items must call for more than a few words cor numbeis by way of an answa.

Third, all or part of the examination might be administered by computer.
Computer-based test adminismition would permit branching and probing
on the basis of earliex responses. Students could be given hints or partial
information until they solve a problem and could be scored on the basis of
how much help they needed. Because gaps in understanding would be
"fill& ';n" as students worked through a series of items, later questions
way lot have to be written so as to be completely independent of the
knowledge probed in earlier questions. It is emphasized that this is not a
proposal for computerized adaptive testing as it is presently conceived. It
resembles more nearly the process by which a skillful interviewer might
probe different topics in greater or lesser depth, giving as much help as
needed to assist interviewees in revealing what they know.

Finally, a fundamental requirement for better external testing must be a
clearer specification of what is to be measured. There should be an explicit,
extensive, genuinely comprehensive domain of specific topics that may be
sampled for testing and a clear description, richly illustrated with particular
examples, of the kinds of analysis, problem solving, and application of
scientific principles that may be called for on the test. Ideally, the only
viable and legitimate strategy for improving test scores should be to teach
to that entire domain, not by covering everything superficially, but by
giving students a solid grounding in fundamental principles and important
factual information, together with repeated practice in assimilating specific
topics, reasoning about them, and applying them.

Form and Function in Classroom Testing

The results of external tests may matter most to policymakers and the
public, but for the students themselves, it is the classroom tests that are
more imponanis These are the tests that determine their grades and enable
them to judge their own progress in understandin. Moreover, students are
likely to have a greater sense of control over and participation in classroom
testing than in standardized testing. Generally, imps/slant classroom tests
are announced in advance. Students know what is to be covered and are
expected to prepare accordingly. Indeed, one obvious function of class-
room testing is to encourage students to study.

It is expedient to organize this discussibn of classroom testing according
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to types of instructional activities in science. Classroom testing for "text-
book science" activities is discussed rffst, followed by testing for "hands-
on" science tasks. The review of "hands-on" exercises is subdivided into
collaborative work, informal investigations, projects and simulations, and
laboratory activities. These distinctions are general, not sharp, categories.
Actual classroom tests call upon learning that has occurred wross multiple
settings and even across different subject areas in the curriculum. Science
instruction and assessment can provide excellent opportunities for stu-
dents, within the limits of their ability and understanding, to engage in
extended expository writing, for example, as well as to apply their mathe-
matical skills.

Relationship of Testing to Instruction

Classroom testing is intimately related to classroom teaching. Teachers
must always remember, however, that it is possible to "teach to" a class-
room test as well as to an external test. The most impressive test question,
regardless of its format, may call for nu more than rote recall if its answer
or solution has been taught directly. Teachers bear the respOnsibility for
establishing and maintaining the meaning of test questions, whatever their
format, by controlling the relationship of the test to the antecedent instruc-
tion. If students are told exactly what is going to be on the test, neither they
nor their teachers can take much genuine satisfaction in their good per-
formance on it. In teaching science, it often may be good practice to avoid
working through some problems or examples that will be on the test until
after the test has been given, in order that those problems can be used to
measure transfer or application of learning.

Measuring Text-based Learning

For better or worse, lectures and textbook reading assignments continue to
play a substantial role in most science instruction. lb oversimplify matters
considerably, these are the forms of science instruction through which
students learn facts, concepts, and the solution of textually presented
problems. (Other types of problems would include, for example, qualita-
tive analysis of a chemical solution Or the construction of a simple machine
capable of lifting a heavy weight.) Along with reading assignments,
lecture-discussions, and recitations, this category would include written
problem sets. The learning products engendered by these types of instruc-
tion can be tested efficiently using written examinations.

Written tests are sometimes divided into "objective" items versus "es-
says," but it is more useful to array written assessment exercises in science
along a continuum from "convergent" to "divergent." Convergent prob-
lems and questions admit of a single correct answer. Multiple-choice and

11
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other selected-response (objective) item formats fall at the convergent end
of the continuum. Divergent problems and questions do not have any single
correct answer. In fact, as one approaches the divment end of the contin-
uum, one fmds some problems where students are asked to come up with
as many diffaent answers as possible. Various kinds of short-answer,
essay, CV other test questions may be arrayed along the convergent-diver-
gent continuum according to the degree of latitude they permit in arriving
at correct responses.

Written classroom tests may call on students to write explanations, draw
diagrams, or work problems. A set of findings might be presented for which
students are to propose as many plausible explanations as possible,9 or a
hypothesis might be presented and students asked to describe two different
experiments that could be conducted to test it. When straightforward
problems are given, their scoring criteria should include attention to the
processes and procedures employed to find a solution as well as to the
answer finally attained in order to counteract students' tendency to see the
only goal as "getting the right answer."

Wands-on" Science: Assessing Collaborative Work

One distinctive feature of "hands-on" science is its collaborative nature.
Sometimes, students may work alone, but, at other times, in pairs, small
groups, or as an entire class. Cooperative science learning raises two broad
issues for assessment. First, how should individual learning be assessed in
the group context? Second, given that there are learning outcomes (e.g.,
cooperation, collaborative planning, communication) specific to group
work contexts, how should thesf3 be assessed?

With regard to the first question, teachers should not assume automat-
ically that they always need to evaluate learning outcomes at the individual
level. In well-designed, cooperative learning activities, teachers share the
responsibility for instruction with their students. Members of a group are
supposed to learn from one another. At the same time, teachers may need
to share the responsibility for monitoring that learning. Strong norms
should be established in the classroom to ensure that everyone in a group
has the right and the duty to panicipate and to profit from the activity, and
that those who grasp an idea or discover how to proceed with a task first
have the responsibility of sharing their insights with tkir peers. Collec-
tively, the members of the class have far more eyes and ears than the teacher
as well as the advantage of experiencing the instructional task firsthand. If
students are taught to notice and attend to one anothes's understanding or
lack of understanding, the teacher's burrkui will be Iiihter. In addition, of
course, students may be asked to produce separate reports of their common
experiments or to designate their respective contributions ID a common
written account,

41, reit?. 1.
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With regard to the second question, concerning the assessment of
group-specific learning outcomes, the answers are less clear. Teachers may
observe student groups at work and try to judge the quality of the interac-
tion, making sure that all are included and that no one student is dominat-
ing, but that hardly seems sufficient. At higher grade levels, students might
be asked occasionally (probably not routinely) to complete anonymous
evaluations of cooperative learning activities. They should be admonished
not to name classmates, but to indicate how many in the group really
contributed to the group's efforts, whether the activity was interesting,
valuable, and so on, as well as how it might be improved.

Teachers should not be surprised if students unaccustomed to group
work find it difficult at first or if things do not go smoothly. The skills that
students need to practice while working in groups are important, but they
may be unfamiliar. Like all skills, they may be expected to improve with
practice.

Monitoring Informal Investigations

At the elementary school level especially, but continuing throughout
school and beyond, informal investigation is an important part of "hands-
on" science. As pan of their science instruction, children may be led to
engage in purposive observation, description, and classification, for exam-
ple. They may collect and classify seeds or leaves, discover what kinds of
materials conduct electricity, or chart the wanderings of a planet through
the night sky on successive evenings. In carrying out such activities, they
may learn to use simple measuring instruments, practice skills of estima-
tion, or formulate explanations for what they see and then collect evidence
to support or refute their explanations.

The teachez's evaluation of such activities is also likely to be informal,
relying mostly on unobtrusive observations. Teacher. may fmd it useful to
observe systematically individual students, small groups, or even the class
as a whole. Because different students are likely to engage in different
tasks, or at least to approach common tasks in alternative ways, such
obsavations will vary from one student to another. They need not be
altogether impressionistic or haphazard, however. The teacher's observa-
tions should be recorded in writing, either immediately or at the end of the
day, noting the time, date, and activity. These remarks may be quite brief,
even cryptic, but should specify in some way what was seen, not just the
teacher's judgment of its quality. If the comments are recorded on index
cards, say, they can be filed easily by student name, can serve as a record
of progress and attainment to be used in planning further insinction, shared
with parents. used in grading, and perhapr even shared with the students
themselves.

In carrying out classroom observations, teachers must work to counter
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their human tendency to notice the exceptional rather than the typical.
Although it is not necessary to make exactly the same number of observa-
tions of each student, tewhers should make certain that no students arc
neglected altogether.

Measurement of Projects and Simulations

The construction and manipulation of models of different kinds are funda-
mental to scientific inquiry and can be invaluable in scientific pedagogy.
From elementary school children constructing a model of the solar system
to high school students using a computer to simulate experiments in
genetics, modeling through projects and simulations is playing an increas-
ing role in science instruction. Assessment of these activities is important
in order to determine their overall educational value, identify general
misconceptions or gaps in understanding at the classroom level, and assess
students' individual achievement levels.

This range of scientific learning and these assessment purposes are
ideally suited to the performance assessment methods described by Stig-
gins.1" Pro*ts or simulations generally result in scorable products. These
may be artifacts constructed by one or more students (e.g., models of the
solar system), reports prepared by students documenting their investiga-
tions and fmdings, or perhaps even unobtrusive logs of students' sessions
at the computer. In the best of circumstances, there will be considerable
variety in the work produced by different students in response to a given
assignmemt. but the teacher should specify clearly the criteria to be met.

Performance assessments involve judgmental rating of such products.
They are carried out for a defmite purpose and are based on explicit
criteria.11 In science, performance tests can measure the ability to apply
knowledge and widerstanding to primiical problem solving. Thus, these
tests should be designed to offer relevant problem contexts in which
children can apply, consolidate, and expand their base of scientific knowl-
edge. Like written tests, sound performance assessments require planning
and preparation, but, with a modest investment of effort, they can be made
to yield not only valid but also highly reliable achievement scores. Per-
formance criteria should be defined in observable terms, with explicit
statements of acceptable versus unacceptable levels. Possible criteria
might include demonstrating a systematic approach to the problem posed,
accurate and appropriate use of scientific information, and clear and
effective communication.

Measurement of Laboratory Activities

Accurate and detailed recordkeeping is a fundamental tenet of sound
laboratory work in science; keepingilalloratory notebooks or other careful
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records also is a typical requirement in school scierxe laboratories. The
step from laboratory notebooks to assessments is not automatic, however.
Any performance assessment should be designed deliberately, following
the same guidelines given for projects and simulations.

As in all performance assessments, the rating criteria established are
critical.12 In addition to such obvious dimensions as proper laboratory
procedures and accurate recording of information, the krgical structure of
the students' investigations might be assessed. False starts and missteps
are certainly a part of science and may even be indicators of good, not poor,
laboratory work, but, in the end, there should be some evidence of planned
purposive progress to test hypotheses or answer questions. Thoughtful
attention to rating criteria may clarify what knowledge and skills laboratory
exercises really call for. If students need do no more than follow a
prescribed sequence of steps, it may be difficult to assess their genuine
understanding of the reasons for those steps or of the scientific principles
involved.

Giving students a chance to formulate their own investigations before
(or instead of) prescribing the approach they are to follow might enhance
the pedagogical value of a laboratory exercise as well as provide an
opportunity to measure understanding more directly. After familiarizing
themselves with the equipment to be used and the kinds of operations that
are possible, students might be asked to outline how they would use the
equipment to solve a given problem. Their written responses could be
scored for types of understanding complementary to those required in
carrying out a step-by-step procedure.

Although almost any kind of "hands-on" science activity may involve
some use of measuring instruments, laboratory work generally is distin-
guished from less formal, "hands-on" science learning by increased con-
cerns for safety and for the proper use of equipment. Testing knowledge
of safety rules and equipment use should be straightforward, but probably
should occur in advance of the laboratory exercise itself.

SurrIMary

Measurements of school science education may serve different audiences
and inform different learning outcomes, subject to different priwtical
constraints. To summarize after distinguishing between external and
classroom tests, this chapter has described possible approaches and im-
provements to each type of measurement. External tests should use more
extended stimuli as well as a greater range of assessment materials and
item formats, including some formats in which students must generate, not
merely select, their answers. The potential of computer-based tests should
be explored, but the greatest potential of the computer far measuring school
achievement probably lies beyond current models for computerized adap-
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tive testing. Finally, careful attention must be paid to the relationship
between external tests and the content domains they represent, especially
at the elementary and middle school levels.

With regard to classroom testing, separate recommendations were pre-
sented for textbook-based and "hands-on" instruction. In all kinds of
science education assessment, teachers must maintain a proper relationship
betweal testing and instruction. For textbook instruction, written exami-
nations seem most efficient, but they should employ a variety of item
formats, possibly asking students to draw diagrams, write explanations, or
suggest multiple answers to the same question, in addition to asking for
responses to more conventional, objective items.

Systematic classroom observation and performance assessment13
should be the mainstays in determining the results of "hands-on" science
education. Suggestions were offered for improving teachers' classroom
observations and for increasing the reliab.lity and validity of performance
assessments. In collaborative learning activities, students may take some
responsibility for monitoring one another's understanding, sharing their
insights, and cooperating to reach a common goal. Designingperformance
assessments creates opportunides for teachers to reflect on the kinds of
knowledge and understanding they really require of their students. Such
reflection can lead to better teaching as well as to better testing.

References
1. Nitko, A. J., "Designing Tests That Are Integrated with Instruction,"

in R. L. Linn, ed., Educational Measurement, 3rd ed. (New York:
American Council on Education/Macmillan Publishing, 1989), 447-
474.

2. Cole, N. S., "A Realist's Appraisal of the Prospects for Unifying
Instruction and Assessment," in Educational Testing Service, ed.,
Assessment in the Service of Learning, proceedings of the 1987 ETS
Invitational Conference (Princeton, NJ: Educational Testing Service,
1988), 103-117.

3. Stiggins, R. J., and Bridgeford, N. J., "The Ecology of Classroom
Assessment," Journal of Educational Measurement 22 (1985), 271--

286.
4. Haertel, E. H., and Calfee, R. C., "School Achievement: Thinking

About What toTest,"Journal of Educational Measurement 20 (1983),
119-132.

5. Frederiksen, N., "The Real Test Bias,"American Psychologist 39
(1984), 193-202.

6. Tamir, P., "An Inquiry Oriented Laboratoly Examination."./ournal of
Educational Measurement 11 (1974), 25-33 .

7 . Tamir, P., Nussinovitz, R., and Friedler, Y., "The Design and Use of a

256



&hyoid H. Hamel 245

Practical Tests Assessment Inventory," Journal of Biological Educa-
tion 16 (1982), 42-50.

8. Haenel, E. H., Ferrara, S. F., Korpi, M., and Prescott, B., Testing in
Secondary Schools: Student Perspectives, presented at the annual
meeting of the American Educational Research Association, New
Orleans, April 1984.

9. Frederiksen, "The Real Test Bias." See reference 5.
10. Stiggins, R. .1., "Design and Development of Performance Assess-

ments,"Educational Measurement: Issues and Practice 6, 3 (1987),
32-42.

11. Ibid.
12. Ibid.
13. Ibid.

t
7



14

Performance Assessment:
Blurring the Edges of Assessment,

Curriculum, and Instruction

Joan Boykoff Baron

What does performance assessment look like? If one were to visit any one
of approximately 100 high school science and mathematics classrooms
located in 21 states during the 1990-91 school year, performance assess-
ments like these probably would be encountered:1

In a biology class, students will be working in goups of three or four
to design and conduct an experiment to determine the optimal salinity
of water to be used to ship brine shrimp to a friend.2

In a chemistry class, three or four students will be collaborating to
design and conduct an experiment to determine which of two liquids
is the regular soda pop and which is the diet version.

In an earth science class, students will be meeting in teams of three
or four to decide whether a particular site would be appropriate for a
nuclear power plant.

In a physics class, students will be assigned to groups of three or four
to design and conduct an experiment to calculate the distance that a
small toy car can jump between ramps when released from a given
height on an inclined plane.

Similar activities would be taking place in algebni, geometry, general
mathematics, and advanced mathematics classes. Such tasks are part of a
growing national trend to develop performance assessments in science and
mathanatics.

This chapter describes both the naticeal context of perfonnance assessment
and one state's experience in designing and evaluating performance mess-
ments in high school science and mathematics classrooms. It explores some
of the reasons educators are creating performanceassessments, how they arc
being structured, what their theoretical and research-based underpinnings are,
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what teachers see as their advantages, and some of the impediments to their
general acceptance.

A Brief History of
Recent Performance Assessment
in the United States
Performance assessment is not a new idea. It has been and continues to be
used successfully as the predominant form of assessment in much of the
world. The United States has been almost alone in its enthusiasm for
multiple-choice tests. But even in the United States, there have been several
forays into performance assessment over the past 20 years. In the 1970s,
the National Assmsment of Educational Progress (NAEP) included many
performance assessment tasks. In mathematics and science, students were
asked open-ended questions to which they generated responses. In an and
music, students were asked to draw and sing. In the mid-1980s. NAEP
conducted a feasibility study in which it adapted and used several exercises
developed by the Assessment of Performance Unit in Great Britain. The
NAEP report entitled Learning by Daing3showed that performance assess-
ments are feasible. Unfortunately, despite their demonstrated feasibility,
many of these performance tasks were excluded from the most recent
rounds of NAEP assessments because of budgetary constraints. Dining the
1980s in the United States, performance assessments were kept alive by
several state assessment programs. The most popular manifestation was in
the assessment of writing; more wan half of the states experimented with
requiring actual writing samples as part of their statewide testing programs.

Science was another discipline that experimented with performance
assessments. In 1988, New York State implemented a 45-minute science
performance test for all of its founh-gratic students. Pupils moved from
station to station to do a series of short tasks that assessed their abilities to
use scientific apparatus and elements of the scientific process. Throughout
the 1980s, Connecticut incorporated performance assessments into its
statewide testing programs in an and music, business and office education,
English language arts, foreign languages, industrial arts, mathematics, and
science. In the late 1980s and early 1990s, other states, California and
Vermont, for example, have been piloting a variety of approaches that
incorporate performance assessments into science, mathematics, language
arts, and social studies. Judging from the size of audiences at recent
national meetings on performance assessment, interest is growing.

Why Performance Assessments?
In the United States today, most students, teachers, and policymakers are

25:4
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comfortable with multiple-choice tests. They are seen as efficient,
economical, easy to administer, and objective. Psychometricians have
invmted many years of research in demonstrating their validity and reli-
ability. It is legitimate to ask: Why change? Several reasons offered for
considering alternative forms of assessment are reviewed below.

Tests as Magnets for instruction

The first reason for considering alternative forms of assessment is that the
tests themselves have recently become magnets for instruction. We are
living in an "era of accountability." We are all aware that, in classrooms
throughout this country, teachers arc held accountable for their students'
progress. Often, students' progress is assessed by statewide tests. Thus,
these tests have become powerful magnets for the kind of instruction that
takes place. Where multiple-choice tests are used, they foster instruction
that is broad rather than deep, fragmented rather than holistic, and conver-
gent rather than divergent. Studentsare encouraged to memmize informa-
tion, generally in the form in which it is presented. They art not encouraged
to take risks in their thinking. Multiple-choice questions haw!. only one
right answer and the machines that score them are not equipped to read any
comments that students might want to write about alternative interpreta-
tions, ambiguous items, or subtle or unt,sual ways to approach the ques-
tions. Multiple-choice tests do an excellent job of assessing large numbers of
discrete bits of knowledge, but they fall far short when it comes to assessing
many other aspects of what society values in the 1990s.

Assessing What Society Values

Whether one reads a science journal or The Wall Street Journal, one sees
pleas for educating students who have both mastery of specific subject
matter and the more general abilities to think, solve problems, communi-
cate, and collaborate. The latter goals require a fresh approach to assess-
ment. Multipk.-,toice tests cannot gauge the complex problem-solving
skills used to answer loosely struetured questions. They are not able to
evaluate divergent thinking. They cannot rate groups of students working
together. They are not equipped to consider speaking, listening, and the
delivery of oral piesentations. In short,multiple-choice tests were not built
to assess well-functioning communities of inquiry.5

Assessment that Serves Instrwtion

Educators in other countries are starting to regard their assessments as "bits
of curriculum." Examples include the new national curriculum in Great
Britain,' innovative mathematics curriculum and teaching progams in
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Austra1ia,74 and the national mathematics proOct in the Netherlands! In
this view, assessment is integrated naturally into the curriculum, and the
assessment itself models good instruction. Thqs a performance asszsment
becomes the culminating activity of a unit and provides opportunities for
students to synthesize their knowledge, make connections, and deepen
their understanding of major concepts. The assessment creates situations
that are intended to foster the development of deeper levels of untkr-
standing. This new view of performance assessment blurs the edges among

assessment, curriculum, and instruction.

Creating Publicly Stated Performance Criteria and
Mutuahy Acceptable Standards of Judgment

As both students and teachers gain access tostudents' thinking, each will
be better able to judge its quality. This is another benefit of perforittai,:v
assessment over multiple-choice testing. Performance assessmems =ILO
clear scoring standards. What does it mean to have an adeo under-
standing of a scientific concept? What does it mean to understmd the
sources of error that may have affected the results of a study? By sitLating

these rich performance assessments and scoring criteria in the classroom,
both teachers and students will be in a position to talk about the quality of
students' thinking and the understanding that is being demonstrated. Op-
portunities to gain access to students' thinking and to discuss its quality
using shared standards have dramatic potential for teaching and learning.

Creating Assessment Models for Teachers

Teachers currently rely heavily on multiple-choice tests, perhaps because
they want to prepare students for "high-stakes" state or national tests with
similar formats or because multiple-choice tests are so readily available
from textbook publishers. A recent study of classroom assessment prac-
tices found that, when elementary school teachers were asked to assign
grades in science to their students' report cards, most depended to 3 great
extent on multiple-choice test scores as the basis for those grades.'° What
was particularly noteworthy about this study was that, in a series of
follow-up inteiviews, teachers often acknowledged that the students who
"knew the most about science were not necessarily those who got the
highest test scores or the highest grades on their report cards. In other
words, teachers were aware that students who were Interested in science,
read books about it, and knew lots of things that other students did not
know" often did not get the highest scores on multiple-choice tests. The
time seems ripe for developing assessinent alternatives and for providing
teachers with new models for classroom use.

)01
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Using Performance Assessments for Policy Decisions

Experiences in Connecticut suggest that when policymakers have access
to student performance data on actual tasks and to multiple-choice test
scores in the same content area, they tend to place higher value on the
perfonnance data. This finding seems to hold true whether performance
assessments yield higher or lower results than multiple-choice tests. Recent
data from Connecticut provide examples of each pattern. In one case,
students performed poorly on multiple-choice tests about how to repair
small engines but were able to take apart, repair, and reassemble the
engines. In the second case, students taking several foreign languages
could read more pmficiently on multiple-choice tests than they could speak
in an oral interview. Policymakerslike members of the general public
placal greater value on the results obtained by the performance assess-
ments. Such results indicate that policymakers will pay attention ,A3
performance assessments and act upon them. It is time to inform public
policy by developing a wide array of perfonnance assessments that provide
valid and reliable information about what students can do in realistic
settings.

How Are Performance Assessments Structured?
Performance assessments, like automobiles, are available in many models.
A fully equipped, full-size luxury car and a basic, stripped-down, semi-
compact car can both "take you places." The same is true of performance
assessments. A 5-minute experience in which fourth graders are asked
individually to t. Ike measurements using thermometers and scales may
seem to have little resemblance to a several-day investigation in which a
group of high school chemistry students work together to design and cany
out an investigation. But, like the cars, both of them can "take you places."
Each task requires students to actively solve a problem. Each calls for
students to produce solutions rather than merely to recognize them. Each
requires students to construct responses rather than simply recall them
verbatim from the text. Exactly how much new construction and how much
new thinking students will have to do depend entirely on the noire of the
performance assessments used and the kinds of curricula and instruction
that precede them in the classroom.

The Structure of Connecticurs Performance Assessments

The performance assessment tasks developed for Connecticut's Common
Core of Learning Assessment project blend individual work, at the begin-
ning and end, with group work, in the middle, of each task. At the
beginning, each student provides information about his or her prior knowl-
edge of the relevant scientific concepts and processes. Each student is

. r
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asked for an initial impression, rut estimate of the solution, a preliminary
design for a study, and/or a list of questions he or she would like to ask
about the concepts being assessed. There are at least four important reasons
for beginning by determining each student's prior knowledge. First, it helps
each student do some preliminary thinking before entering the group
discussion. Second, it increases the Ilicelihood that each group can begin
its deliberations with different perspectives represented. Third, it makes
more obvious what each student brings to the task. The students' concep-
tions (naive or canonical) can be used as a springboard ftw group discussion
and by the teacher to assess where students are beginning." Fmally, it
provides the students with records of their early thinking, which can be
reflected upon from time to time. (Teachers can use the students' initial
thoughts as informal baaeline data against which to review changes in their
thinking that occur during the group work.)

In the middle section of the task, by far the longest phase, students work
as a team to produce a group product. Students plan together and work
together. In more complex tasks, the work is divided among the members
of the group for part of the time. Throughout the task, interdependence is
fostered by having each student feel responsible for telling "the whole
story," from the development of the group's initial design to its final
conclusions. Also, at various intervals, students are asked to monitor their
success both as a group and as individuals working as part of a group.
Through a variety of accompanying assessment tools, some written (check-
lists, optional journals, logs, and portfolios) and some oral and visual
(videotapes of discussions, oral presentations), students have frequent
opportunities to provide evidence of their deepening understpding and
related reflections. To warrant several hours of group tiwc, tasks must meet
one of two criteria: they must provide a forum in which students can work
together and talk together in ways that intensify their understanding of
essential scientific (or mathematical) concepts and processes, and/or their
structure must allow students to divide a large amount of work among the
group's members and report their findings to the group.12

Following the team effort, a related task is administered to students
individually to see what each student learned from the group experience.
These tasks consist of applications or "near-transfer" activities that attempt to
assess the same content and processes as those in the group task. They provide
each studan an opportunity to apply the learning, synthesis, and integration
that occurred in the goup experience to a new =text. They also provide
teachers and policymakers with a summation of what each student knows and
can do a the end of a series of meaningful learning and assessrnent oppcstu-
nities. Characteristics of enriched performance assessment tasks are shown in
Table l .
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Table 1. Characteristics of Enriched Performance Assessment Tasks

Enriched performance assessment tasks have !he following charac-
teristics:
They are grounded in real-world contexts.
They involve sustained work and often take several days of combined
in-class and out-of-class time.
They are based on the most essential aspects of the content of the disci-
pline(s) being assessed; that is, they deal with "big ideas" and major
concepts (energy, form and function, change) rather than peripheral or
tangential topics.'3-14
They are broad in scope, frequently integrating several scientific principles
and concepts.
They blend essential content with essential processes, often requiring the
use of scientific methodology and the manipulation of scientific tools and
apparatus.
They present nonroutinc, open-ended, and sometimes loosely structured
problems that require students both to define the problem and to determine
a strategy for solving it. Optimal problems afford both multiple solutions
and multiple solution paths. 15-17

They encourage group discussion and "brainstorming" in which a problem
is considered from multiple perspectives.
They require students to determine what data are needed; to collect, report,
and portray the data; and to analyze the data to discern sources of error.
They call upon students to make, explain, and defend their assumptions,
predictions, and estimates.
They stimulate students if) make connections and generalizations that will
increase their understanding of the imp num concepts and processes.
They are accompanied by explicitly stated scoring criteria related to
content, process, group skills, communication skills, and to a variety of
motivational dispositions and "habits of mind."16
They spur students to monitor themselves and to think about theirprogress
(as individuals, as members of a group, and as a complete group) in order
to determine how they might improve both their investigational and group
process skills.
They require students to use a variety of skills (such as reading, listening,
viewing) for acquiring information and for communicating their strategies,
data, conclusions, and reflections (through, for example, speaking, writing,
and graphic displays).

2V-4
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Learning and Motivational Prim* les
That Undergird Performance Assessment

Recent theory and research in cognidve and motivational psychology have
provided a foundation for the development of perfccmanee assessment.
Studies of effective learning environments have yielded many sound
learning principles that can be incorporated into the design of a task. They
indicate that students perform best when then can: (1) experience an active
rather than a passive learning mode; (ii) tie new learning to what they know
and believe already; (iii) tell a "whole story" with many interconnecting
parts;19-20 (iv) talk with others about their understandings:2i (v) monitor
their own progreSS;22-23 (vi) have a clear statement of expectations; and
(vii) realize that their knowledge can be transferred to new situations more
easily if they have hrid experience in learning how and under what condi-
tions it is appropriate to do so.

Research in motivational psychology" contributes additional find-
ings that can be included in task design. These findings suggest that the
best work will be elicited from students when they: (i) tackle problems that
are embedded in real-world contexts that have apparent relevance; (ii) have
some choice in and control over their learning; (iii) believe they have the
requisite knowledge and skills to carry out the task, that is, when they have
strong beliefs in their own effectiveness in a given domain; (iv) are given
tasks that are intrinsically motivating and have personal meaning; (v)
realize that their individual contributions are recognized and valued; (vi)
take responsibility for their learning; (vii) undertake tasks that art chal-
lenging and engaging; and (viii) attempt tasks that allow for self-regulatory
behaviors such as managing their time and resources in order to achieve
specific goals.

How Do Theory and Research on
Cooperative and Collaborative Learning
Support Performance Assessment?
At least three separate lines of social policy, theory, and research have led
to encouraging students to work collaboratively on assessment tasks. An
important policy impetus comes from society at large, which of late has
been calling for students who can work productively in groupsettings. This
call is reiterated in both professional and service-oriented work settings.
Whether in fast-food restaurants, industrial settings, Or research laborato-
ries, people do not work in isolation. They depend on each other for ideas,
implementation, follow-through, and well-being.

A second line of support emanates from the writings of Vygotsky." In
a thapter entitled "The Interaction Between Learning and Development,"
he emphasized the social and interpersonal aspects of learning. Stated
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simply, people learn from others around dm. In fact, a person's potential
as a learner is imxtricably bound to the surrounding interpersonal learning
environment. Vygotsky defined the "zone of proximal development," as
"the distance between the actual developmental level as determined by
independent problem solving and the level of potential developnent as
determined through problem solving under &hilt guider e or in collabora-
tion with more capable peers." 3° He went cm to claim that "an essential
feature of learning is that it creates the zone of proximal development; that
is, learning awakens a variety of internal developmental processes that are
able to operate only when the child is interacting with people in his [or her]
environment and in cooperation with his [or her] peas."4

Tasks that call upon students to work iogether to "make meaning" and
to deepen their understanding rest on the work of Vygoisky and a group of
researchers who have extended his ideas by developing dynamic assess-
ment models that recosnize the power of interpersonal settings to structure
and support learning.'" Thus, two or more students, each with an incom-
plete level of understanding, can USe the resources of the group to develop
a more thorough understanding than any single member may have brought
to the task.

A third line of theory and researth has evolved under the title "coopera-
tive learning."3443 There is general agreement that cooperative learning
has a positive effect on studait achievement, but there is much less
agreement about what characterizes the optimal set of variables and
incentives. For example, Johnson, Maruyama, Johnson, Nelson, and Skon
condirted a meta-analysis of 122 studies and concluded that cooperative goal
structures produce greater achievement than either competitive or individual
goal structuree The condition that foster productive groups are: (i) clearly
perceived, positive interdependence; (ii) task structures that ensure that the
efforts of all members of the group are weded; (iii) considerable face-to-face
interaction; (iv) a sense of personal responsibility to achieve the gawp's goals;
(v) clear imlividual accountability; and (vi) students wim have thenecessary
collaborative skills.°

Slavin 's analysis of 46 studies highlighted the need to differentiate
between the task structure (whether individuals worked alone or together)
and the incentive structure. He concluded that cooperative learning ismost
effective when there are &imp rewards and individual accountability.*

Although agreement is lacking on the reasons cooperative learning has
been so successful, several researchers have built explanatory bridges
between the work in cooperative learning and that in motivation research.
Sharan and Shaulov note that "working towarda common goal with peers
and involvement in deciding one's own course of work are generally
considered to be critical factors for arousing intrinsic motivation in a task
and a sense of personal responsibility for its completion."47-52 In their own
work, Sharan and Shaulov studied the effects of motivation to learn on
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achievement and found that, for some of their subjects, perseverance with
the task was the most powerful predictor of achievement.

The emphasis on cowesative and collaborative learning straws* in
today's workplace, the strong theoretical basis fee peer-centered leaning
groups provided by Vygcnsky, and the accumulated wisdom from those
involved in cooperative learning research and Factice all support the need to
develop assessment opportunities that require groups of students to work
together in solving complex, loosely strtxtured publems.

Connecticut's Experience with Performance
Assessment
The first two years of the Connecticut Common Core of Learning Assess-
ment project were, in a sense, an experiment. It testa' whether complex
performance tasks requiring groups of students to work together over
several days could be properiy used as assessments of what students know
and can do. Early indications are that they can be so used, and teachers'
comments on issues related to performance assessment are given below.
The second phase of the Connecticut project will focus on scoring and
examining issues related to validity, reliability, fairness, feasibility, and
reporting formats. In oider to be useful in the classroom, the feasibility,
validity, and fairness criteria must bc met. In addition, to be useful to school
district and state-level policymakers, the reliability and aggregation criteria
also must be satisfied.

Advantages of Performance Assessment over
Pencil-and-Paper Tests

Teachers from ten states who participated in the first year of the Connecti-
cut project report that performance tasks have several advantages over
written tests. The most commonly stated advantages are that they permit
the valid assessment of affective areas (that is, attitudes and dispositions)
and process and communication skills. However, a number of other advan-
tages surfaced in teachers' responses. These advantages are stated below,
in the teachers' own words:

I know of no way to assess certain skills development or attitudinal
development through the use of paper-and-pcncil evaluations alone.
If we want to determine whether students have mastered a particular
skill, it makes sense to me to place the student in a problem-solving
environment and observe whether he or she can use that skill to
perform a particular task. Edward Snyder, New York

!Performance assessment] allows for cooperative learning, stresses
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[positive] attitudes and thinking skills, and encourages creativity. It
keeps more of the students more actively involved. It is what learning
and science are all about. Sue Rattersby, Connecticut

The method gives students a chance to apply the topics discussed in
class to a practical situation, to tie several threads of the curriculum
together, to broaden their understanding, and to ffive them a feeling
of the teamwork, "brainstorming," and problem solving involved in
chemistry missing altogether in pencil-and-paper tests. Mary
Johnson, Michigan

By giving some control over these activities to the students...kids get
the opportunity to show what they can do.... They respond in ways
we often never guess to look for. They have strengths and abilities
that get masked by traditional approaches. Gordon Turnbull, Con-
necticut

The greatest advantage is that we are finally trying to develop
thinking skills and positive attitudes toward the nature of science and
not just memorization of facts, ideas, and concepts, which kids do not
internalize. David Artt, Vermont

Students learn bow to integrate and verbalize scientific concepts.
They use "brainstorming" and they are learning how to listen. Stu-
dents who arc engaged affirmatively in the learning process become
active learners. Students get to know each other! New leaders emerge
in groupsthose who are most creative and process-oriented take on
much more important roles. Students feel beuer about themselves when
their opinions are expressed and respected by others in their group. John
Mangini, Connecticut

Students have an opportunity to practice "doing science" beyond
testing content. We can come closer to assessing what they really
know and can do. It helps the teacher to consider richer, [more)
meaningful experiences for the student. Creativity and divergent
thinking can be tapped. Pencil-and-paper tests often donot go beyond
recopition. Cooperative group work is a lifelong skill that will
encourage retention. Celia Rainwater, Texas

You can test items that are difficult to measure with pencil-and-paper
examinationsfor example, thought processes, analysis, and real
understanding of content (which means being able to explain it).
Robyn Ford, Texas

Success of Performance Tasks

If success is to be measured by student engagement, then the [Per-

404..;
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formance tasks] have been voy successful. Students in my school
have worked through break periods (voluntarily) and have de-
scribed these tasks as very enjoyable. Compton Mahase, New York

I have enjoyed writing and using the performance tasks in my
classroom and the students have requested that we do more of
these types of assessments they hesitate to call them tests
because they enjoy doing them so much! Irene Tlach, Minnesota

It also integrates and equalizes learning among boys and girls, as well
as ethnic groups who normally remain segegated in the classroom.
Joivs Mangini, Connecticut

The method has been very successful in involving students in the
creation of the investigation. They really enjoy having the oppectu-
nity to solve the problem on their own. It provides a means for them
to use their creativity as well as to see how science is done in the real
world. Too often, students view a scientist's job as a lonely one when,
in fact, it is not. The students admit they learn more from this
approwb than from workbook instruction. They are overwhelmingly
in favor of developing their own techniques. Mary Johnson, Michi-
gan
Some students finally have an opportunity to show their classmates
their creativity and enthusiasm. I feel that the number one success
has been the better feeling of community and fun in the science
classroom. Bob Segall, Connecticut

[Performance assessment] encourages the feedback process. A kid
tries something, sees its outcomes, and may try a modified ap-
proach.... I saw sparkles in eyes that had never shown any. Gordon
Turnbull, Connecticut

This philosophy has changed the way I view my teaching. The
performance tasks arc ideal for self-assessment for teachers as well
as for student assessment. Jim, Bickel, Minnesota

Opportunities for Students 14/110 Daditionally Do Not
Perform Well on Pewit-and-Paper Examinations

Creative students do well. Minority students also benefit greatly. In
a small group, they are no longer a minority and therefore achieve
much better results because they have a much more active role. John
Mangini, Connecticut

My failure rate has been reduced. Students feel like part of a team
effort. They now look to each other as a resource for understanding.
Celia Rainwater, Texas

-46I1
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I have done very open-ended tasks with gaups of students. I findmy
"A" students struggle for ideas and creativity. Students who have
tiouhle completing their written labs come up with creative ideas and
do very well in completing the task and drawing a well-rounded
conclusion. I certainly see another side of the students, Irene Tlach,
Minnesota

It shows great promise for those students who do not perform well
on traditional exams. It allows us to evaluate process and gives the
teacher a whole new frame of referemx. Sue Battersby, Connecticut

[Performance tasks show promise] especially fix students who have
great ideas and thoughts, but who for various reasons cannot put them
in writing. This process encourages and does not discourage. David
Artt, Vermont

Performance Assessment Informs Instruction

This type of assessment has definitely changed my way of teaching.
I have taken more time to look at sciencethe skills, process, and
content involved and the way I am presenting them. The assessment
has had a positive effect on me, my students, and my state. It has
enhanced instruttionled to more "hands-on" activities. Students
definitely see the importance of doing the labs, especially when they
are tested with a lab. Irene Tlach, Minnesota

It has made me focus more on the objectives of the tasks. "Less is
more" has to be utilized since some elements of the curriculum were
eliminated in order to incorporate more group work. I have a better
feel for students' strengths and weaknesses by going around to
smaller groups. Bob Segall, Connecticut

It helps me to look more closely for intepating threads and forces
me to develop better grading and scoring rubrics. Compton Mahase,
New Yort

I believe it gives us better insight into the students' process skills. Do
they really understand what they are doing? I think good memorizers
can "con" us into thinking they know more than they really do.
George Lelievre Connecticut

It helps me by realiimg the different abilities and interests of my
students. When I can focus on these. I can get much more out of them.
David Artt, Ver mons

k#14.,1
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How Readily Do Teachers and School Systems
Accept Performance Assessment?
The jury is still out on this question. The teachers in Connecticut and nine
other states were nominated to participate in the Comnmn Core of Learning
Assessment project because of their own creativity and willingness to
implement performance tasks and are volunteers. When asked this ques-
tion, a range of responses was received. For the most part, as expressed in
the preceding comments, they were very positive about their own experi-
ences.. However, many of them indicated that a large number of their
colleagues would be more resistant to change. Some explained that they
and their colleagues were oppressed by time shortages. The participating
project teachers felt that the time required to develop, prepare, carry out,
and evaluate a performance task was formidable. In addition, time would
be required to train teachers. Others especially those who were members
of the Coalition of Essential Schools, felt that their colleagues would
embrace these activities as valid ways to assess what their schools really
valued. At a meeting of the Connecticut Science Supervisors Association
in spring 1990, a similar range of sentiment was expressed. When asked
to project what proportions of their 258 science teachers would be "very
recepti re" to using such measures, estimates were about 15 percent. The
supervisors estimated that just over 50 percent would be "somewhat recep-
tive" and that approximately 30 percent would be "not at all receptive."

These findings are consistent with those of Blum and Niss who cited
three serious obstacles to providing effectiveyroblem solving, modeling,
and applications in mathematics classrooms.5' These obstacles came from
the viewpoints of the instruction, the learner, and the teacher. Regarding
instruction, "many math tewhers are afraid of not having enough time to
deal with problem solving, etc., in additior to the wealth of compulsory
mathematics included in the curriculum." From the learner came com-
plaints that "problem solving, modeling and applications to other disci-
plines make the mathematics lessons 'more demanding' and less
predictable than traditional mathematics lessons. Routine mathematical
tasks such as calculations are more popular with many students because
they are easier to grasp and problems can often bc solved merely by
following certain recipes, which makes it easier for students to obtain good
marks in tests and examinations."53

From the teachers came complaints that "problem solving and refer-
ences to the world outside mathematics make instruction snore open and
more demanding for teachers because additional `nonmathematicar quali-
fications are necessary and make it more difficult to assess students'
achievements. Moreover, many teachers do not feel able to deal with

Fewer than one-fourth of the teachers participating in the first year of the project did not
fulfill their responsibility to implemem three tasks in their classrooms.
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applied examples which are not taken from subjects they have studied
themselves. And very often teachers simply either do not know enough
examples of problem solving suitable for instructicm or they do not have
enough time to update examples, to adapt them to the actual class, and to
prepare the teaching of them in detail."

Bhan and Niss assert that "in tie light of arguments put forward in favor
of problem solving, modeling, applations, and connextions to otkr subjects,
we should continue to make every effort to overcane daze obstacles." They
feel that this "could be done both by adequate preservice and inservice teacher
education, to equip teachers . with knowledge, abilities, experiences and in
particular with attitudes to cope with the demands required for problem
solving,... so that problem solving and relations to the real world become
and remain essential parts of mathematics instruction at all levels, even in
spite of all the difficulties mentioned." S4 Blum and Niss ccmclude their
article with reference to a "bottleneck" hampering widespread integration
of problem solving in mathematics instruction. They claim that "very few
curricula around the world make substantial problem solving, modeling,
and applications abilities the object of systematic assessment and testing."
They continue by stating that, "in an examination-based educational sys-
tem, as most educational systems are, instructional comi.onents which are
not tested on a par with other components tend to occupy marginal
positions only."ss

With the assistance of tic teachers in the first and second phases of the
Connecticut project, this bottleneck may be reduced. Sustained performance
assessment tasks in both science and mathematics provide viable alternatives
for those teachers who are willing to increase the time spent on ckveloping
problem solving, collaborative, and commtatications skills in their students.
As the title of this chapter indicates, when assessment occurs in the serviceof
insaucticm, there will bc an intentional and beneficial blurring of traditional
pedagogical boundaries.
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Assessing Accelerated Science
for African-American and Hispanic
Students in Elementary and Junior

High School

ASchael Johnson

In discussions about increasing the number of minority students in science
and mathematics progams, it is often assumed that these students air
below grade level or in some way inadequate academically. The term
"disadvantaged" frequently amjures up a picture of a minority child not
as a victim of a depressed economic situation or a poor school, but rather
as a student with inferior intellectual ability. The latter image is far from
true; however, many urban schools are not equipped to prepare mc
children to face the scientific challenges of the future. Teachers' low
expectations of students, many inmperienced teachers, and a lack of
materials, positive role models, and cultural support from other students
and adults combine to create a situation in which a student's success
depends more on luck than pluck. In other words, a child's success may
depend largely on having a good teacher in a class that is kid to a least
modest expectations and includes supplementary parental education, which
in many cases is also emmitial.

The public education system can be said to serve no student as well
as could be desired. But perhaps the most ignored groups of students in
the United States are the elementary and junior high school minority
students who are doing well in school and who also are interested in
science and mathematics. Many resources are spent on the minority
students who do trickle through the science and mathematics pipeline.
Few resources are provided to identify at an early stage students with
an aptitude for science and mathematics and to finance a support system
to ensure expansion of the number of young students choosing careers
in science and mathematics. Often, their white counterparts, with whom
they arc equal in ability, will be able to participate in science enrichment
activities. In minority communities extracurricular activities in science,
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where available, frequently focus on science literacy for all students,
regardless of interest.

Many minority students do survive the education obstacle course, yet
few pursue careers in science and mathematics. Academic ability is cer-
tainly not the issue, and remediation is not the solution. As a group, these
students both like and are able to do science at a high level. In fact, the
conclusion of the staff at the Science Skills Center in Brooklyn is that most
minority students like science even if they have refused to take science
courses in school.

The Science Skills Center was founded in 1979 by a group of African-
American science professionals and science and mathematics teachers. Its
objective was simple: to develop an institution thai would encourage young
minority students to pursue careers in science and mathematics. From its
beginning as a Saturday program in the basement of the home of one of
the founders, it has grown to occupy a wing of a public school and become
an after school, Saturday, and full-day summer program.

Using Assessment to Promote and
Document Achievement
The center's search for an evaluation tool started in 1988 when staff
members pondered how to prove that what the center was doing with
minority students was unique arid special. For example. Denzil Thomas,
an electrical engineer and instructor in the robotics program at the caner,
was teaching his students (third and fourth graders) advanced concepts
such as voltage, current, circuitry, electromagnetism, and skills such as
blueprint reasling and drawing, radio construction, construction of robots
that could be programmed through the Commodore 64, and use of the
volt/ohmmeter and oscilloscope. At the same time, George E. Leonard, the
center's life sciences teacher, was teaching his students (third through sixth
graders) biology concepts directly from the high school biology sij !tabus.
In bath cases, the students (even to their teachers' surprise) were grasping
the information and were able to demonstrate their knowledge on state
Regents examination questions and in laboratory sessions. The center
students wese clearly extremely advanced in science and mathematics, but
an objective measurement was needed.

Center staff asked themselves, What would be the results of the students
undertaking a year-long course and then taking the examination offered by
the state for that particular subject? It was obvious that it would be a waste
of time for the students to take the sixth-grade science examination because
their knowledge was far in advancef of what that examination required.
Further, the students had extensive laboratory skills (in measurement.
microscopy, and dissection) that cannot be evaluated using an elementary
school science examination. Of the two areas, robotics and biology, a
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statewide examination is offered only for biology in the tenth grade, so the
New York State Regents biology examination was considered as a possible
tool for measuring the achievement of the center and its students.

The purpose and meaning of these examinations stirmd much internal
debate at the center. Among the questions raised were these:

Would Regents tests measure all of the skills that the center teaches? If
not, how could the tests be a suitable evaluation tool for the center's
program?

Given that the Regents examinations impose the direction and pace of
the classroom work, in what ways would they interfere with the
center's educational objectives?
Would the examinations allow comparison for the first time between
the center's students and their peers in the public school population?
What statement would the center be making (and to whom) by
permitting its students to take these accelerated courses and
examinations?
What would be the short- and long-term consequences -- legal,
psychological, educational of the center's students taking the
accelerated courses and examinations?

The decision to allow the center's students to study for the Regents
biology examination was motivated in part by the desire to compel the
public education system to raise the level of performance expected from
minority students. If a fourth grader at the center could pass the tenth-gade
New York State Regents biology examination, for example, then average
tenth graders should be able to pass it also because they have to pass a
ninth-gade science competency examination in order to enter the biology
course. Finally, there was the prospect that success in the examinations
might become a tool to empower students educationally, which is one of
the center's most important objectives.

The initial request to the New York City Board of Education to permit
the center's students to take the examination was denied. The board's
argument was simple: If fourth or fifth graders take a tenth-grade exami-
nation, what does the system do with them afterwards? After intervention
by the news media and a statement from the New York State Department
of Education that there was no legal ruling that could bar the students from
taking an accelerated course and examination, the Board of Education
granted permission to the students to take the examination in January of
1989 and receive full Regents credit.

The next step was to prepare the students psychologically for the
examination. Students who have besn chronically underchallenged must
bc convinced that they can rise to a difficult occasion and succeed. They
can be stimulated to do so by discussions and exercises designed to:

Give the students a personal mission that tells them that, no matter

bu
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what else is happening in their lives, they are in control of this
particular challenge and thus the victory will be theirs. Adults may
assist and friends may encourage, but ultimately, it is the students'
ckcision to accept the challenge and to succeed wail.
Develop the students' sense of histoiy and purpose so that they realize
that they are not the first to take on a challenge, andthat they represent
the dreams and aspirations of all those with whom they have acultural
link and who, for whatever reason, have been unable to fulfill their
own goals and objectives.
Instill a strong sense of team effort so that, although each must pullhis
or her own weight in order to "move the mountain," all students
understand that they must pull together. Therefore, winning does not
mean coming in first; it means that all must fmish the race.
Create a strong sense of ability by inculcating in the students a
positive attitude toward victory so that the more people doubt their
ability to achieve their goal, the stronger and more determined they
will become.

Another major challenge was that, in elementary school, children are
accustomed to studying a "block" of infonnatice for a short period of time
(often, for a week), taking a test on this information, and then forgetting
it. This, of course, would not work in a year-long course in which what is
learned in October is tested in June. Moreover, with perhaps the exception
of mathematics, elementary school students are not compelled to organize
seemingly diverse topics into a single unified understanding of a course.
Taxonomy, reproduction, digestion, anatomy, and so on are all related and,
during the year, the students must coalesce these apparently dissimilar
ideas into a body of working knowledge called biology. In addition, they
must integrate information from over 25 laboratory sessions done over a
period of nine and one-half months. Teaching the students to retain and
integrate information was a tremendous hurdle for the teachers, since this
method of learning differed from the procedure to which the students were
accustomed.

Preparing for the Examination

In October 1988, the students began Studying biology for two hours
after school on week days and for four hours on Saturday. They used
the same textbook and review book that many New York City high
school students use. Concepts in Modern Biology,/ and they took the
required laboratory sessions. Some difficulties arose in their public
school classes, because the center's students read the biology textbook
during class and some embarrassed their teachers. For example, one
fourth-grader was asked, "What do plants need to live?" The student
proceeded to give a detailed answer that included an explanation of
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photosynthesis. The tewher was not amused. After several such inci-
dents, center staff talked with students, who then agreed not to read in
class, not to talk about the center at their "9-to-3" schools, and to give
what they termed "baby answers" to science questions in their regular
classrooms.

Results of the Examination

In May 1989, 16 students in the fourth through seventh grades took the
tenth-grade New York State Regests biology examination and passed, thus
becoming the youngest student? ever to take and pass the examination (see
Table 1). For the students, the most important result of taking thesecourses
and passing the Regents examination would be the "empowerment of
spirit." This positive attitude was enhanced by the fact that the subject was
science. Funhermore, having Regents biology passing grades on their
permanent record will enable them to enter the fast track when they reach
high school.

Preparing students to take the Regents examination forced the center's
staff to think a great deal about the art of taking tests a separate issue

Table 1. Scores and Grades of Science Skills Center Students
Who Took the 10th-Grade New York State Regents Biology
Examination in May 1989.

Saxe Grade
85 fith
83 bth
82 7th
78 7th
77 6th
73 5th
72 5th
72 7th
71 7th
70 7th
69 4th
68 7th
68 6th
68 5th
66 7th
65 5th

21'2
4,---rrw-w-
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from learning biology. Perhaps many of the low scores earned by minority
students in the public school system might be more a reflectice of not
understanding key elements in taking tests than of their ability to assimilate
the mbject matter. lb prepare for the Regents examination, stucknts
practiced test-taking exercises, sometimes in a separate class and some-
times as part of a biology lesson. One of the most important points was
learning to answer the questions posed by the examiner. This may sound
simple, but even so-called "high achievers" took great liberties in restruc-
turing questions. For example, this question was asked: "A school is
planning a trip to the zoo. Each bus seats 40 students. There arc 100
students. How many buses will be needed for the trip?" The possible
answers were: 2, 21/2, 3, and 4. Many students circled the answer 2. When
asked why, they replied, "In order to save money, the extra 10 kids could
be divided between the two buses and the smaller ones could sit three to a
seal" This, of course, was a good answer and relevant to the economic
environment of the students. However, it was explained to them that the
examiner wanted the answer 3. Those students who circled 21/2 were told
that, although the calculation was correct, it was not the answer the
examiner wanted because there is no such thing as half a bus. In this and
other lessons, the students were advised that they must take a "bicultural"
approach in order to understand the language of the test-maker. Although
the students felt that this was basically unfair to African-American and
Hispanic students, it was explained that this is the world in which they live
and, therefore, they must accommodate to it for the present.

In other sessions, the students were taught how to dissect multiple-
choice questions, filter out unnecessary data, analyze the remaining data
(the givens), time themselves, relax before an examination, and, finally,
check their answers after compk rg the test. It was made clear to the
students that the techniques they learned would help them take the exami-
nation, but that there was no substitute for studying and that knowledge of
the subject matter was the best preparation for a test.

The fact that center students passed these examinations suggests that
two types of minority students in the public schools need to be reevalu-
ated. The first group is minority students who are able to take acceler-
ated courses and examinations. Unfortunately, many schools do not
know what to do with minority studeats who do not need remediation.
In most vises, such children are merely given morr of the same work
instead of different, more challenging w- -k. As a result, their interest
in science, mathematics, and other intellectual activities declines over
the course of their school years. As long as these students produce
passing grades and do not have behavioral problms, they continue to
receive little attention. Smart students arc acutely aware of this contra-
diction and will say that the only way to receive attention is to act in an
unruly manner or to receive failing grades.3 In schools with predomi-
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nantly minority students, the few overworked guidance counselors
spend most, if not all, of their time dealing with issues of student
behavior and rarely are able to provide career and educational enrich-
ment information.

Nor is there support in urban schools for minority elementary and
junior high school students interested in science. The attendance, ex-
citement, and energy seen in the Science Skills Center progam attest
to the responsiveness of these students and the need to ove.rhaul public
school teaching and curricula. To cite just a single example, one of the
center's students was the valedictorian of her sixth-grade class and
scored 85 on the tenth-grade New York State Regents biology examina-
tion in the same year. So the question is less What does the test reveal
about the student? but, rather, What does it say about an educational
system that clearly has underestimated the abilities of large numbers of
its students?

The second group, underachieving minority students, are also urrier-
estimated. Testing goals for these students are set at the minimum level
that will allow them to move on to the next grade. For these children,
science and mathematics are not exciting ways of understanding how
the world works, but instead arc humiliating obstacles that exclude
them. Science teachers must present their material to these students as
if they were "educational salespersons" who want the consumer (stu-
dent) to purchase (learn to love) their prefluct. Using science and
mathematics to segregate students in an educational cane system serves
neither students nor science well. Farthermore, as at the Science Skills
Center, there should be a place for "teams" of those students who have
a tremendous inclination to do science, just as there arc teams in
basketball, the chorus, and the band.

Science Skills Center students are often catagorized as gifted or
special. Center teachers use these terms because they believe that their
students are gifted and special and tell them so in many ways. How-
ever, a positive mental framework is as important as innate ability in
motivating students to take and pass accelerated science and mathe-
matics programs and examinations. Although many of the center's
students were good test-takers (as evidenced by the fact that they were
able to survive the public education system), it was difficult to con-
vince fourth graders that they could take a tenth-grade examination.
The importance of teachers who believe in their students can be the
best is often overlooked when the center is evaluated. This positive
mental attitude can be developed in any school setting and can raise
the level of achievement immediately, but doing so calls for a critical
evaluation not so much of the syllabus although there is much to
criticize about the existing one but of the preparation and attitude
of the teachers.
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The Science Skills Center Program

Assessing Potential Science Success

The students, teachers, and parents are tlx main components of the pro-
gram. These three components wnrking together are necessary for a child's
success. First, the student must exhibit an interest or curiosity. Then the
parents must notice that curiosity, enroll the student in the center, and
support their child emotionally and psychologically during his or her time
there. But most of all, dedicated and qualified teachers and cooperation
among all of the parties are essential to ensure the twogram's success. (The
center's programs and schedules are given in the appendix.)

Thc Science Skills Center's program is intended to twovide a positive
nurturing environment for learning science outside the public education
system that encourages minority and female students to pursue careers in
science and mathematics, and to develop students who, in the process of
learning science, will buil,' a positive attitude toward themselves, their
families, fellow students, and the community and will use their knowledge
of science as a tool for making the world a better place for all people. The
center strives to be an institution of excellence where high academic
achievement and hard work are expected from all involved. It attempts to
ensure that children enrolled in the program will develop a positive
self-image by understanding the historical and continuing contributions
made to science by people with whom they share a cultural heritage. The
program teaches skills, attitudes, concepts, problem solving, and positive
work habits in science that are susceptible to evaluation by standard
measures, and it provides a science education laboratory where innovative
and alternative approaches to teaching sciente and mathematics can be
developed. Other center activities include giving personal and career
counseling to students who attend the center and functioning as a science
awareness resource for the community through lectures, workshops, con-
ferences, and other outreach activities covering such issues as health care,
parenting, careers, and science topics. The center staff serves as a role
model for teachers and administrators in the public education system so
that they will reassess their approach to teaching. The staff also involve
the student and the entire family in the educational process and, in particu-
lar, work to transform the parents' ideas about their role in developing a
positive attitude in their children.

Recruitment activities are targeted at grades 2 through 6 for severs/
reasons. For the most part, students from the ages of 7 to 13 are unaware
that science is a subject they should avoid because of their ability, race,
ethnicity, or gender. Also, more and more students seem to lose interest in
science and mathematics in the early grades, so early recruitment is
important. Expcience has shown that younger students accommodate
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more easily to the center's pace and requirements than older students.
Finally, the "bond" of negative peer pressure can be broken much more
easily and positive peer pressure can be substituted as long as students feel
that they have initiated it and can control it.

The recruitment procedure is simple. First, flyers and press releases arc
circulated throughout the city, especially in school districts that have a laige
minority population. Other methods include distributing leaflets at shop-
ping centers and laundromats and speaking to church groups and civic
organizations. Interested families are interviewed, with the interviews
being arranged so that all families have equal access. These meetings take
place on Saturdays and mi weekday evenings. There is no cost for the
interview and no entrance examination.

The Interview

Because of public awareness of the center's program through the print and
electronic media, there is a degree of self-selection; that is, students
understand that the program is serious and intense and that all of the
teachers are very demanding. Students also are aware that thf.,y must give
up a great deal of their free time to participate in Science Skills Center
activities. In a sense, the idea is projected that thecenter is a"scienee team,"
which is hard to join and which requires continual hard work to stay in.
Some direct recniiting is also done; for instance,a science coordinator from
a Boroklyn school district brought all his elementary school science fair
winners to a one-day workshop, at which time they were invited to join the
center.

Often, parents bring reluctant youngsters to be interviewed. This is
referred to as the "Little League syndrome"parents want the program
for their child, but their child does not wa At the program. These children
are screened out at the initial meeting. Other parents, for whatever
reason, will not bring their youngsters to an interview, although it may
be known that these children would oe excellent candidates for the
pr 111. A staff member may go to the child's home to explain the

s of the program to the parents and seek the parents' written
FL; mission. Minority students who have participated in school and
district science fairs are of especial interest, and they are actively
recruited by school coordinators, principals, and teachers. A new out-
reach strategy targeted toward boys, whose numbers have dropped
drastically in recent admissions, is being developed.

The interview questions are designed to reveal potential rather than
current level of achievement. Some of the center's best students were very
low achievers by public school standards. The interview frequently in-
cludes a "hands-on" activity, not to test the student's ability, but to disclose
his or her interests. The setting is as informal as possible and parents may
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be present. There is also a separate meeting with the parents so that they
can make additional comments. Essentially, the interview is intended to
determine if the student has the following characteristics: (i) an interest,
albeit informal, in science; (ii) a curiosity in knowing about things; (iii) the
ability to work with difTerem personalities; (iv) the endurarce to withstand
the Science Skills Center's rigorous schedule; and (v) an earnest desire to
participate in the progiam. As noted earlier, there is no entrance examina-
tion. However, without effon by the center, more and more high-achieving
students are applying for admission. This is taken into account when
interviewing these students because they, along with the staff members, set
the aunosphere in the center.

Developing and Monitoring a Positive Environment
There arc several factors that characterize the center environment. Students
learn that being smart is "okay" and that they will be praised for academic
achievement. They study historical and contemporary African-American
and Hispanic role models. They are taught that men and women are equal,
that creative and different ideas are encouraged, that they should bc the
best they can possibly be, and that the center and its students are on a
mission for themselves and their communities.

Inside the center, being smart is definitely acceptable. The students
engage in friendly competition for the best test scores, the best laboratory
results, the best-constructed robots, the best model bridges, and so on. The
studerts also compete for the hest school report card, which they must turn
in each quarter. Frequently, the center's staff members arc the only adults
willing to listen and b sympathetic to a student who received 98 points
instead of 100 on a mathematics examination. Their friends may say, "Well,
it's only two points." Of course, a student outside the center who may be
struggling to stay afloat in a mathematics class would resent a fellow
student being upset over two points, but many of the center's students have
been and are pursuing top honors in their primary schools. To such students
two points may be critical. Attention from center staff members can make
these particular students comfortable.

Praise for Acariemic Achievement

During orientatien, the students are told very explicitly what is expected
of them because most of them come to the center underchallenged. In fact,
the cry heard most often in the first few weeks is, "But my teacher accepts
this type of wo:k!" However, it is made clear that whatever happens or is
expected in their regular 9-to-3 school program has no bearing on what
happens in the center; in time, students accept this. Center teachers give a
good deal of positive reinforcement to those students who do well and
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make progress, no matter how little. "Students of the Month" awards are
given to students who not only achieve academically, but those who project
positive traits s ..;:h as helping other students, showing leadership, and
demonstrating a new idea. During the year, competitions are held in
bridge-building, biology, mathematics, chess, and so on. The community
is invied and awards are presented in the different categories. Student
report cards arc displayed on the "Report Card Wall." The concern is not
whether a student passes a test, but, rather, the highest scores earned in
each category. Science, mathematics, and language arts are considered
more important than physical education and music. Most importantly, the
students realize that they must do their best, whatever their best is.

African-American and Hispanic Role Models

All entering students are required to take a short course on the contributions
to science, mathematics, and technology of the African-American and
Hispanic peoples of the world. In so doing, the students study the rich
cultures of these peoples. The present-day contributionsof African-Ameri-
cans and Hispanics to science and technology are included in the course,
a highlight of which is monthly visits by minority scientists. The first class
opens with this statement by the scientist Benjamin Banneker.4 "The color
of the skin is in no way connected with strength of the mind cm- intellectual
powers." This emphasis is important both because the statement was made
by an African-American scientist and because it raises an issue that must
be confronted by the students early in their life at the center. They must
believe that they can achieve and that their ethnicity and culture give them
a strong foundation for that achievemen'.

Equal Rights for Men and Women

The center is not intereswd in merely teaching abstract scientific concepts
detached from the cares of the world. Students are told that science must
be used to improve the condition of all the inhabitants on the earth. To this
end, qualities are modeled that it is hoped the students will have developed
by the time they bee ame participants in the scientific life of the future. in
the center's first year of operation, all instructors and most of the students
were male. This atmosphere, a sort of "male science club," was not
conducive to encouraging girls to join, let alone stay. This situation was
changed by bringing in female teachers and by frank and open discussions
in classes. When a boy made a negative remark about girls, it was
challenged. The center's teaching methods were critiqued to eliminate
inherently different approaches to teaching males and females. (Vide-
otapes were very helpful here.) The large number of girls now in the
program has all but eliminated whatever gender problems there were in the
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past. The current goal is to encourage more girls to join the robotics and
mathematics programs; they are already heavily represented in the biology

classes.

Creative and Different Ideas

During a recent interview for the summer program, a young man was
describing how he mixzd vinegar and cleanser to see what would happen
and how he took apart an old clock to see how it worked. His mother began
to frown, thinking he was saying things that would not help him in his
interview, but she could not have been more mistaken. Confessions of
experimentation and interest are exactly what the center wants. Students
arc told that the center itself is an experiment or a laboratory and, therefore,
things can change. Efforts are made to do things in new and different ways
and, in fact, the center students frequently initiatechanges. This means that
a large part of the syllabus must be devoted to problem-solving activities.
Students are encouraged to explore ideas with materials and through the
format of science fiction storywriting and other art and science collabora-
tions. All lessons are based on the scientific method, which describes
science as a dynamic, unfolding discipline, not a study of abstract rules
created by people in the past. This combination of scientific theory and a
scientific approach to life and problem solving allows the students to begin
placing their important ideas in the realm of present possibilities.

Doing One's Best

The process of self-realization at the center is an important aspect of the
intellectual empowerment of the students. Often, students achieve a level
of performance at the center of which they themselves are unaware. This
careful, opening-up process is a major topic of discussion at staff meetings;
a typical question is, "How do we get this student to function at a higher
level?" There seems to be a "self-belief' gap that all underchallenged
students face when they are stimulated by educators who will not give up
on them and who will not expect less of them than their best. Once this
chasm is crossed, the student becomes self-motivated and expects nothing
less than the best from himself or herself. One of the most important
discoveries made by staff members is that the high level of performance
anticipatetf is still less than the achievements of some of the most gifted
students.

Assessing the Program
The results of accelerated science courses and examinations are good ways
of evaluating minority programs for high academic achievers. The center
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program demonstrated that participants in these and other programs should
spend considerable time studying test-taking skills. Unfurtunately, many
test-taking skills projects do not discuss the possible gap between the
test-taker's tmderstanding of the question and the type of answer wanted
by the examiner. The results of this accelerated science and mathematics
program also demonstrate that not only is the public education system
failing the students it claims have failed, but also it is not stimulating
interest in science and mathematics in those minority students itclaims are
successful members of the system.

It is time to take a deeper look at how to motivate teachers and school
administrators to create an atmosphere in schools and classrooms that
conveys that learning is important, that all children can learn, and that all
children are expected to learn. In many schools, the sports coach will fill
student athletes with enthusiasm and excitement for a game. Academic
teachers must also learn how to fill students with enthusiasm and excite-
ment for academie achievement. Special science and mathematics pro-grams "science teams" should be developed to identify interested
elementary and junior high school studen, and a "corridor of support"
should be created for these students until they reach their career goals.
These science teams should not apologize for existing. The student athlete
band or chorus member has an entire year to feel special about his or her
skills. The student scientist or mathematician may have only one opportu-
nity a year to shine and that is at the school science fair. The school and
the community should give these science students recognition, praise, and
material betel-Its (special trips, luncheons, and so on), so that a healthy
environment of academic achievement can be developed in the school and the
community.

Finally, a creative study by urban education officials is needed to
determine what to do with minority students who do not require remedia-
tion, particularly science and mathematics students. It is critical for the
minority community and for the nation that present and future numbers of
scientists and mathematicians be increased. This is not an equity issue, nor
a question of raising the academic achievements of certain groups. Rather.
it is a matter of redressing the crime of disregarding some of the nation's
most talented citizens whose contributions, without positive intervention,will be lost forever.
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the chief surveyor resigned, Banneker reproduced the plans from
memory.
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Appendix
The Science Skills Center

Brooklyn, New York

Plograms and Schedules

ABersehool and Siam-day Program

First week in October until last week in June.
Monday-Friday, 3:30 p.m--7:00 p.m. (full dinner included)
Saturday, 1200 p.m.-4:00 p.m.
A typical weekday schedule is:
3:30 p.m.-5:00 p.m. Homework and dinner
500 p.m.-7:00 p.m. Lecture or laboratory session
Saturday, 12:00 p.m.-400 p.m. Group study and review session
For new students, one day a week is set aside for the study of African-American
and Hispanic comributions to science, mathematics, and technology.
Classes

Ages
General science 1

7-8 years
General science II

8-9 years
Engineering and design I: Robotics

9-I 2 years
Engineering and design IL Robotics 10-13 years
Biology (preparation for New York State Regents examination) 9-12 years
Advanced placement biology

11-14 years
Mathematics, algebra. geometry, logic, problem solving 10-13 years
Chemistry (preparation for New York Sude Reginus 10-14 yearsexamination)

Summer Institut* for Entering Students

Six weeks, July and August, 9:00 a.m.-3:00 p.m., Monday-Friday. New students
spend 2 days a week (Mondays and Wecbiesdays) on science and mathematics
activities in:

Chemistry
Biology (microscopy)
Biology (botany)
Computers
Electronics
Chess and mathematics

On these days, the mornings are devoted to withers' demonstrations and
discussions and the afternoons to students' "hands-on" projects and experiments.
Students rotate through the six topics. spending 1 week on each area. Tuesdays
and Thursdays are set aside for all-day trips to museums, engineering firms,
colleges, etc. Fridays are reserved for day-long picnics.

...
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Summer Science Institute for Biology

(For students who have been In the programone year and have paned Bleto0)

Six weeks. July and August. 9:00 a.m.-3:00 p.m.. Monday-Friday. Classes are

taught at the State University of New York Health Science Center in Brooklyn

by the university faculty and Science Skills Center teachers. The 1990schedta

included:

Week I Monday Orientation

(JUI 9-12) Tutsday Review of safety procedures in the laboratorythe
scientifk method, laboratory procedures. and

measurement techniques

Wednesday Review of anatomy

Thursday Review of physiology

Week 2 Monday Welcome and tow of the campus (a.m.)

(Jul ..36:1 9) Tuesday Medical and scienufic ethics

Wednesday Health and research administration. including a case

study

Thursday Research skills and research methods

Week 3 Monday Human anatomy

23-26) Tuesday Physical examinaliim of a patient

Wednesday Ilypenensiim and the circulaurry system (a,m.)
Planning a successful caner (p.m.)

Thursday Neuropathology (a.m.)
Neurom krosc opy ;It act 14.1071 (p.m )

Week 4
(Jul 30-
Aug 2)

Monday Microscopic organisms (a.m.)
Electron microscopy (p.m.)

Tuesday Human immuntal?liciency virus (HIV) andacquired

immunodel icancy syndrome AIDS

Wednesday Nephrology

Thursday Molecular brolgy

Week 5 Monday Geneu_s ( a III.)

(Aug 6-9) UNA sequencing laboratory (pm.)

Tuesday Psychiatry (a.m.)
Group diseussion (p,m.)

Wednesday Obstetrics and gynecology. including female anatomy

(a.m.)
Study session (p.m.)

Thursday Akoholism and heredity

Week 6 Monday Cardiology. cardiovascular surgery

(Aug I3-16) Tuesday Presentation of students research papers

Wednesday Completion of _animals
Evaluation of program and intervi:rws

Thursday Awards luncheon

Note: All Fridays are resemd for such recreational activities as a picnic and

sports for relaxation and physical exercise.

The summer program provides an excellent opportunity to evaluate the students

and for the students to decide if the Center is suitable for them, If both sides are

in agreement, studems usually vintinue in the fall program.
( 4 gia
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Group Assessment as an
Aid to Science Instruction
David W. Johnson and Roger T. Johnson

The role of assessment in instruction is to improve the quality of both
teaching and learning. By assessing what students have and have not
learned, it is possible to modify teacher and student practices in order to
achieve instructional objectives more satisfactorily. Assessment may beconducted in a wide variety of ways, including in groups. In group
assessment several students complete a lesson, project, or test together
while a teacher measures their level of performance.

Group assessment cannot take place when students arc competing with
each other or working alone.1.2 When competitors are placed in small
groups, interaction and communication become restricted. In order to
"win," a student must outperform other group members and try to prevent
them from performing better than he or she does. Thus, students hide their
answers and reasoning from each other. When students are placed in groups
and required to work as individuals, they typically ignore each other and
work independently. Interaction and communication are minimal. Discuss-
ing the assignment with other group members takes valuable fme away
from one's own learning. Valid and reliable group assessment takes placeonly when students are assigned to carefully structured, ,moperative
groups. In order to understand how to use goup assessment, it is necessary
to define cooperative learning, the goals of assessment, the various assess-
ment formats, and the usefulness ofgroup assessment.

Cooperative Learning
Teachers may structure cooperation within a group by having students
work together to accomplish shared goals.3 In a cooperative situation,
students' goal achievements are correlated positively; students perceive
that they can reach their learning goals if. and only if, the other students inthe group also reach their goals. Thus, students seek outcomes that are
beneficial to all those with whom they are linked cooperatively. Students
are assigned to small groups and given two responsibilities: to complete a

. f
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task and to ensure that all the other gyoup members also complete it.

Students discuss the material with each other, help one another to under-

stand it, and encourage each other to work hard. lndiv dual performance

is checked regularly to ensure that all students are cont:ibuting and learn-

ing. A criteria-referenced evaluatice system is used. For this impose, a

well-structured, cooperative lesson should amain five essential components:

Positive interdependence the perception that one cannot succeed

unless the other members of the group also succeed (and vice yawl)

and, therefore, that their work benefits one's own and one's own work

benefits them. Positive interdependence may be structured by setting

common goals or rewards, by creating dependencies on each other's

resources, by assigning specific roles to each member, or by adivision

of labor.
Face-to-face promotive interaction students explain to each other

how to solve problems, discuss the nature of the concepts being

learned, teach their knowledge to classmates, and explore the

connections between present and past learning. This face-to-face

interaction is promotive in the some that students help, assist,

encourage, support, and reinforce each other's efforts to learn.

Individual accountability the peafonnance of each student is
assessed and the results are given back to the group and the individual.

Small group and interpersonal skills leadership, decision making,

trust building, communication, and conflict management. These are

the skins required forstudents to work togetherpmductively's and they

have to be taugln just as purposefully and precisely asacademic skills.

Group processing members discuss how well they are achieving

their goals and maintaining effective working relationships with each

other. Participants need to describe what actions are helpful and

detrimental and make decisions about what behaviors to continue or

change.

Assessment Goals
Hundreds of studies conducted over the past 90 years demonstrate that,

compared with competitive and individual learning situations, cooperation

produces positive results in several domains:6
Cooperative learning results in higher achievement and is superior to

competitive and individual teaming when tasks are conceptually

oriented, require problem solving and creativity, involve higher-level

reasoning and critical thinking, and require the application of

information to the real world.
In cooperative learning, more positive relationships develop among
students and between students and faculty. Individuals tend to like

others with whom they have worked cooperatively. This is true even

2:6
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when students arc from different ethnic and cultural backgrounds,
social classes, and language groups. It is also true for students whohave and do not have disabilities.
Positive psychological well-being results from working with
classmates cooperatively. Students experience greater self-esteem,
self-sufficiency, social competencies, coping skills, and general
psychological health.
More positive attitudes toward science result when students work
cooperatively, and they are more interested in Liking advanced science
courses. Also, after working cooperatively in science classes, students
tend to perceive science as gender-neutral.

Besides being the instructional procedure of choice for science teachers(because of the superior achievement it promotes), cooperative learningprovides a basis for more sophisticated assessment ofstudent learning thancompetitive and individual learning situations permit.

Assessment Formats
Group assessment enables a wide variety of outcomes to be appraised inmany flexible ways. With group assessments, teachers can compare anumber of outcomes that they typically have difficulty evaluating with
paper-and-pencil measures, such as the processes of reasoning and prob-lem solving and metacognitive thinking.

Observational Procedures

Observational procedures are designed to describe and record behavior asit happens, so teachers can gain the information needed to make judgmentsabout the current competence of the students and the success of theinstructional program. For teachers to observe students engaging in scien-tific reasoning, scientific problem solving, and metacognitive thinking,students must be doing "thinking out loud" activities; in essence, coopera-tive learning groups are "windows into students' minds." Teachers assignstudents to small cooperative groups and give them a series of problemsto solve. As the students work, the teacher moves from group to group,listening to the participants interact with each other. From listening tostudents explain how to solve the problems they are working on, the teacher
can assess what they do and do not undastand. By hearing how studimitsquestion each other, the teacher can assess whether scientific problem-solving processes are occurring. Ideally, students will ask each other for
predictions, for clarification of meaning, for justification of how a particu-lar answer was derived, and for interpretations, explanations, and obser-vations. In addition, the teachez can assess how frequently metacognitive
strategies are being used. (Several observajon sheets arc given by Johnson,
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Johnson, and Holubec.7)
Students often know the "correct" answer to a question, but correct

answers on tests and homework assipments tell teachers very little about

students' reasoning processes or their understanding of science. The only

way teachers can be suit that students really understand the science being

taught is by listening to them explain what tky know to each other step

by step. This requires cooperative, not competitive, learning groups.

Interview Procedures

In Wdition to observing students work, teuchers should interview them

systematically to determine their levels of scientific reasoning, scientific

problem solving, and metacognitive thinking. Students should be assigned

to cooperative learning groups that are heterogeneous in terms of mathe-

matics and reading ability.
A suggested format for a week's work is to give a set of questions to the

groups on Monday, instruct the students to prepare all group members to

respond to the questions, and allow time during each class period for the

groups to practice their responses to the question& On Thursday and

Friday, the teacher meets with a group and chooses one member at random

to give an explanation to a randomly selected question. When that member

answers the question, other group members can add to the response. The

teacher judges the answer to be "adequate" or "inadequate." Then the

teacher asks another member a different question. This procedure is

repeated until all the questions have been answered or until the teacher

determines that the group is inadequately prepared. In this case, the group

has to return to the assignment and practice until all members are better

prepared. The teacher should provide guidance by identifying panicular

weaknesses and strengths in the members' answers. All members of the

group are given equal credit for passing the test.

lndivklual Test Followed by Group Test

In addition to assessing students' scientific reasoning by listening to

work sessions and by interviews, teachers can give individual tests to

the students. Again, they should be assigned to cooperative learning

groups that are heterogeneous in terms of reading and mathematics
ability. They work on their assignments together during the week and

take the exam on Friday. The students take the test individually, making

two copies of their answers. They hand in one answer sheet to the

tc:Icher (who then scores it); they keep the other. After all members have

finished the test, the group meets to take the test again. Their task is to

answer each question correctly.
The cooperative goal is for all group members to understand the material
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covered by the test. If they disagree about any answer or are unsure of it,
they must fmd the page and paragraph in the textbook that contain the
answer. The teacher observes the gaups randomly to ensure that they are
following the procedure. If all members of the group score above a preset
criterion (such as 90 percent correct) on the individual tests, men each
member receives a designated number of bonus points, 5, for example. The
bonus points are added to their individual scores to determine their indi-
vidual grade for the test.

Weekly Group Tests and Individual Final Examinations

To maximize students' higher-level scientific reasoning and long-term
retention of scientific knowledge, the following procedure may be used.
Students should be assigned to cooperative learning groups of four
members, again heterogeneous in terms of mathematics and reading
ability. During the week, the groups should work on their assipments
together. On Friday, an examination should be given in which each
group is divided into two pairs and each pair takes the test, conferring
on the answer to each question. The task is to answer each question
correctly; the cooperative goal is to have one answer for each question
that both agree upon and that both can explain. The pairs cannot proceed
until they agree on the answer.

Once the two pairs have finished, the group of four meets and retakes
the test. Their task is to answer each question correctly. The cooperative
goal is for all members of the group to understand the material covered by
the test. Group members confer on each question. If the two pairs have
different answers to the same question or members are unsure of an answer,
they find the page find paragraph in the textbook where the answer is
explained. Each group is responsible for ensuring that all of its members
understand the material they missed on the test. If necessary, group
members assign review homework to each other. The teacher observes
each group randomly to ensure that they are answering the questions
correctly. Each group then hands in one answer sheet with a list of its
members. Each member signs the answer sheet to verify not only that he
or she understands the content of the tests but also that all the other members
understand it, too. All members of the group are given equal credit for
passing the test.

At the end of the grading period, each student takes an individual final
examination. If any student scores below a preset criterion (such as 80
percent), then the cooperative group meets and reviews the content with
the student until he or she can pass the test. This rarely happens because
the group members have vexified each week that they a/1 are learning the
content assigned.

_
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Why is Group Assessnumt Useful?
lb summarize, assessment in science classes is a continuous process aimed
at measuring what is important. What is measured is noticed and, in turn,
influences what is taught. In overcoming the simplistic view of science
classes as textbook-driven lecture courses, assessment procedures must
focus on reasoning, problem solving, and metacognitive thinking. Assess-
ment in cooperative learning groups is useful in this process for several
reasons:

This assessment method increases the learning it is designed to
measure. The oral explanations required for group assessment result
directly in higher-level reasoning, a deeper level of understanding, and
long-term retention. In other words, tests become educational
experiences as well as evaluations.
The intellectual challenge, disagreement, and controversy that take
place in cooperative learning groups stimulate higher-level reasoning,
divergent thinking, creativity, and long-term retention.'
Group assessment helps to build positive attitudes toward science
while the assessment is taking place. Learning in cooperative groups
results in more positive attitudes toward science than learning
competitively or individually does.'
The discussion inherent in goup assessment emphasizes the
understanding of science by deemphasizing reading ability. When

group assessment is conducted, the material is reviewed orally.
Students who have difficulty reading and writing can have the
questions read to them and can explain to groupmates step by step how
the answer may be derived.
Creative thinking is enhanced by the reactions and input of
groupmates. Oral tests allow the processes of thinking and problem
solving to be public so that they can be improved. Feedback is
immediate.
Group assessments promote intrinsic, rather than extrinsic, rewards.
Students do their best and most creative work when they find science
interesting and fun, not when they are being graded. The intrinsic
rewards of working with classmates outweigh concerns about extrinsic
grades.
Group assessment improves social skills and cognitive reasoning skills
simultaneously. Through the group discussions, students develop rod
refine their interpersonal and small group skills while completing the
academic assignments that allow the assessment to take place.
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Portfolios for Assessing Student
Learning in Science:

A New Name for a Familiar idea?

Angelo Collins

In 1989, Mr. Jackson began his ninth grade biology course with the
following speech:

This year in science, you will put your work in a three-ring binder.
This notebook, which we will call a portfolio, will belong to you. It
is to be kept in Room 25 at all times. In the first section of the
portfolio, you will keep your personal record sheet and a calendar of
what we do each day in class. Here are blank record sheets anda blank
calendar for September, to begin your portfolio development process.
You will also put all the handouts from this class in this first section
of your portfolio. The second section will be a journal. Each day at
the end of class, you will have a few minutes to write about what you
did and learned and felt in your science class. I will look at your
journal to make sure that you have written something every day, but
I will not grade what you write in your journal. In the third section
of your portfolio, you will keep copies of all the activities we do in
science class worksheets, laboratory notes. and group work, for
example. The next section will be for homework. The fifth and last
section will be for review sheets and quizzes. You will have to buy
dividers for your portfolio.

In 1970, Mrs. Rock began her ninth grade biology class as follows:

For this course, you will be required to keep a lab notebook. This
notebook is a working notebook, not for show. You will use it a lot
and, by May, it will be soiled and marked up. Since we will do our
first lab tomorro be sure to purchase a sturdy spiral notebook
tonight and bring it to class tomorrow. Your lab notebook will be
collected each quarter and will bc examined for evidence that you did
each tab preparation notes, data, questions, and comments and
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your work will be graded as acceptable or unacceptable. In addition
to the lab notebook, once each quarter you will submit a formal lab
report. When scientists do lab work, they want and need to share it
with others. They talk to one another while they are preparing lab
reports. Over the years, a very formal structure has been developed
for presenting laboratory research. Writing a good fonnal lab report
requires careful thinking. It also takes time. Writing one formal lab
report each quarter will be enough to keep you busy. You will want
to look at your lab notebook and choose a lab that you are interested
in for your formal lab report. The directions for doing a formal lab
report arc on the green handout. There is also a copy of the directions
hanging on the bulletin board. Please read the handout and bring it to
class on Friday.

Both of the preceding scenarios introduce ninth grade biology students
to their course. The first was used to initiate a class in which all of the
students were recent immigrants with limited ability in the English lan-
guage. This veteran teacher knew that these students were often over-
whelmed by the experiences of an American high school. Rc intended that
&weir ling the portfolio would enable the stucknts to organize their
learning and thus to see relationships between different activities in the
class. He hoped that as students saw the quality of their own work improve,
they would begin to take pride in their school work and in their knowledge.
He envisioned the ponfolio as a tool to give the students confidence as well
as competence. He used the term "portfolio" because he had an image of
a portfolio as a collection of all the work done by one person. His purpose
in designing the portfolio as he did was so that it would be responsive to
the context in which his students were working.

The second scenario is a close approximation of the introduction to an
honors biology class about 20 years ago. The teacher knew that these
academically successful students would require challenges. She had de-
cided to do laboratory work once a week and had selected a textbook with
open-ended laboratory experiences. Her goal was to push these students to
make choices, to express themselves clearly, and to be critical of their own
work. (She also knew that reading and commenting on formal laboratory
reports were rime-consuming tasks, and that she would do a better job if
she had fewer to read. Doing a few formal laboratory reports well fit the
1960s slogan that "less is more.") She did not use the term "portfolio,"
but she did have two images of a portfolio in mind: that the portfolio may
be a collection of all work or that it may be a selection of the best work.
She also had a purpose for the design of the laboratory notebook and the
folder of four formal laboratory reports. The portfolio met the needs of a
particular group of students.

Both of these scenarios highlight three important features of a portfolio:
the purpose, the context, and the design. Using portfolios for assessment

3 ti 2



Angelo Collins 293

is an idea that is becoming more and more popular and, although the term
is new, the idea may not necessarily be innovative to sciaxe teachers.
Science teachers long have recognized that multiple-choice tests do not
capture fully the richness of learning science and have lookedto additional
modes of assessment, frequently using notebooks, folders, and laboratory
reports for student evaluation.1

The current interest in "authentic," that is, meaningful, assessment
provides teachers with an opportunity to reexamine how portfolios
might play a role in evaluation. Arts PROPEL, a program of Harvard
Project Zero, has been exploring the use of portfolios for instruction and
evaluation in the fine arts for over four years. Portfolios are cited
frequently in directions for writing-across-the-curriculum projects.
However, if science teachers are using portfolios for assessment to a
considerable extent, reports of their use are not appearing in the litera-
ture or, alternatively (and this may be more likely), they are using
processes that collect, organize, and display evidence, but do not call
the product a portfolio. Thezefore, in preparation for this chapter, seven
high school biology teachers who had developed portfolios for teacher
assessment, nine elementary school teachers, and five others concerned
with improving school science instruction were invited to discuss the
uses of portfolios for assessing students' science education. Thischapter
begins with a brief discussion of portfolios and authentic assessmem.
Then, the features of purpose, context, and design introduced in the
scenarios provide a framework for exploring some issues of using
portfolios for assessing science instruction.

Portfolios as Authentic Assessment Tools
What exactly is a portfolio, and why is it a form of authentic assessment?
A portfolio is a container of evidence of someone's knowledge, skills, and
dispositions. The evidence in the portfolio is used to make judgments about
the quality of the performance of the person who developed it. Although
portfolios are rather new forms of assessment to students and teachers,
most people already have an image of a portfolio. One frequent image is
the artist's, model's, or architect's portfolio. This notion is of a large leather
folder containing selected samples of representative best work. Somehow,
an artist knows just how many pieces of evidence to put in a portfolio
not too few, so that it is impossible to make a valid judgment, and not too
many, so that there is no evidence of the ability to diseem quality. An artist
has confrhmce that these samples represent his or her best work because
the pieces have been examined by peers. The contents of the portfolio vary
depending on the purpose. A photographercompeting ftw a position with a
sports team will not include only still life photos in tk portfolio. In selecting
pieces for their portfolios, artists develop the skill of self-criticism.
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Although the artist's portfolio is perhaps the most frequent image of a
portfolio, there are others; for example, the list of securities maintained by

an investment broker. This portfolio is not a record of best work, but of all

work, of work in progress. This portfolio is maintained either in a notebook,

a folder, or as a computer printout in the form of a log, rather than in a

leather envelope. A salesperson's catalogue is also a portfolio. It is a
promise to deliver the products of a third party. The form of a sales portfolio

can be compared to a glossy magazine. Yet another image of a portfolio is

the merit badges worn by boy or girl scouts. These badges are evidence of
work completed, often in a group, with the help of a mentor. The symbol

on the badge has special meaning to all scouts. The badge is awarded with

ceremony and worn publicly, with the pride of accomplishment. Still other

images of portfolios arc the dissertation of a graduate student and die tenure
certification of a professor. These images are more fully developed by Bird

in his chapter on the teacher's portfolio.2 This variety of images of a
metfolio contributes to its potential as a mode or instrument of reliable
assessment in science education.

Portfolios belong to the class of assessment termed authentic assess-
ment. In Portfolio, the newsletter of Arts PROPEL, Ruth Mitchell says:

Authentic assessment means evaluating by asking for the behavior
you want to produce.... Authentic assessment isn't a single method.
It includes...portfolios, collections ofstudent work. The list is limited
only by the criterion of authenticity: Is this what we want students to
know and be able to do?3

Grant Wiggins considers four sets of criteria that separate authentic
assessment from inauthentic assessment.4 Under the heading of "Structure
and Logistics," he considers such points as the form used. He states that
the criteria for success include public knowledge and the absence of
artificial constraints, such as time. In authentic assessments, collaboration
is acceptable; it is not cheating. The assumption that the artist's portfolio
contains evidence that the contents have been judged by peers and that the
merit badges of a scout imply the assistance of a mentor are examples of
collaboration. Under the heading "Intellectual Design Feattues," Wiggins
states that the assessments should be contextualized and should represent
realistic but fair practices in the discipline. The understanding that portfo-
lios' contents change depending on their intended use is another indicator
that portfolios generally are regarded as authentic assessment indicators.
In the section on "Standards of Grading and Scoring," he proposes that
scoring should be as complex and multifaceted as the assessments them-
selves and appropriately contain some form of self-assessment. Again, this
is a characteristic of an artist's portfolio, where the rating is based on
professional judgment, and of a scout's badge, where the requirements
increase in rigor as different skills are mastered. In the fmal section,
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"Fairness and Equity," Wiggins asserts that authentic assessments should
ferret out and identify strengths and enable students to show off what they
do well. An art fair where the contents of an artist's portfolio are displayed
and a campfire where scouts show off their badges are testimony that
portfolios have this characteristic of authentic assessment. Accepting that
portfolios do have the characteristics of authentic assessment, let us look
at some issues of purpose, context, and design for using portfolios in
student science assessment.

Important Features of a Portfolio

Purpose

If the objective!, of learning science are to enable students to master some
of the content of natural science, to understand and practice the processes
by which this knowledge is constructed, and ID develop the attitudes of a
scientist, then, to be authentic, a portfolio would need to contain evidence
that these are what a student knows and is able to do. The processes of
determining the purpose, the clear goal, and the focus of the portfolio for
student assessment provide a teacher or a group of teachers or a group
of teachers and students with the opportunity to step back from the daily
demands of a classroom and ask themselves what is the content, what are
the processes, and what are the attitudes about which students will present
evidence? In determining the purpose for the portfolio, students and
teachers will ask such questions as, What is the content the facts, laws,
and theories to be learned in this area? What should students be able to
do set up a pendulum, record an observation, pose a problem and solve
it, structure an argument, or communicate with other students and with the
teacher? What are the attitudes that the students should display as they
develop their portfolios comfort with ambiguity, accepting the tentative
nature of science? (In setting the purpose of the ponfolio, the desipt issue
of what will count as evidence must be considered simultaneously.) Deter-
mining the purpose of a portfolio will, in turn, influence both curriculum
and instruction. If comfort with ambiguity is an attitude that is to be learned
in a science class and displayed in the portfolio (and if a laboratory report
that has two alternative explanations for the data is acceptable evidence of
this attitude), then instruction must include sufficient laboratory experi-
ences of the type that allow for a variety of interpretations so that students
can produce the necessary evidence to develop a portfolio.

In discussing the purposes of a portfolio, one high school teacher said,

Since a portfolio consists of materials depicting a student's mastery
of the course, it would be necessary to include a variety of items
pertinent to biology such as skills in the following areas: writing, oral
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presentation, drawing, planning, dissecting, testing, interaction with
peers, interaction with the teacher, notetaking, discussion, and re-
sponding to questions.

Another said,

Would portfolios help develop in students a better idea of the
whole pictirre and the connections that a teacher is trying to get
them to understand? I have some answers to this question, but I
think the question is more important than the answers. As we arc
gradually changing what we expect to teach in the next centuty,
we are obviously going to have to reconsider our methods of
evaluation.

One of the elementary school teachers added, "Yrxed really have to
define what you want the student to learn [in order) to do a portfolio!"

In addition to the desired results of the science instruction, other goals
for the classroom will influence the portfolio. If a portfolio is going to be
used for students to review their own growth and progress, then keeping
all science work would be .zasonable decision. If the portfolio is to bc
used in lieu of science fa'ss or to demonstrate to parents and the community
what the students in a szhool know and arc able to do, then a "best work"
portfolio model might be more appropriate. The uses of a portfolio arc
numerous. Three of the elementary school teachers responded almost
simultaneously that they had been keeping portfolios for years over 15
years and had not known it. They described a process of keeping folders
of students' work. One teacher has students review what is in the portfolio
and select some pieces of work to show parents at parent-student-teacher
conferences. This teacher encourages students to pick examples that illus-
trate their progress as well as their recent or best accomplislunents. Another
teacher asks students to select several items from the folder and then write
a paragraph summarizing why these samples arc evidence of what he or
she has learned in science. The teacher then reads the paragraphs for
evaluation purposes.

The teachers proposed other uses for portfolios. For example, the
portfolio could provide the starting point for self-evaluation, for peer
evaluation, and for cooperative group work. Although the elementary
school teachers proposed using portfolios to show accumulated science
experiences from year ta year, so that "this student would not do volcanoes
three years in a row," they eveatually rejected the idea as too unwieldy for
the teacher. In casting aside the idea of a cumulative portfolio as a source
of information for teachers, they declared themselves in favor of a cumu-
lative portfolio for students. Reviewing and revising their portfolios from
year to year would provide students with the opportunity to recall the
experiences they have had in science classes and to revognize how their
work has changed and improved.
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Context

A second feature of portfolios that makes them authentic for theassessment
process is that they are sensitive to context. One example of context is the
age of the students. As the elementary school teachers described above,
with young children, the teacher maintains the portfolio while the gudents
review it purposefully from time to time. The responsibility for maintain-
ing the portfolio would begin to shift to the students themselves as they
move into middle school and would become clearly the students' respon-
sibility in high school. For example, one high school teacher stated, "I
believe that many of us are actually having our students create a portfolio
when we require semester notebooks or lab notebooks or journals of many
types. Many projects require that students keep extensive records and
present [the project] to the teacher...in essence, a mini portfolio."

Portfolios would no doubt differ from discipline to discipline. One
teacher explained how he was trying to make his students sensitive to the
concept that science changes depending on what the scientist knows an
element of context. He has students keep laboratory reports in a folder and
rewrite the discussions later in the course to include new knowledge and
skills. Another explained that he asked a teacher in another school to read
a set of laboratory rev- Is (and he reciprocated) in order to help students
undergand the need for clarity ht such reports.

Student needs and interests are other elements of context that are important
when designing and developing portfolios for assessment. The introductmy
scenarios in this chapter presented students with different needs and abilities.
However, even within the same class, the criteria of acceptable evidmze
should be broad enough to meet the needs ofa student who is a budding artist
(evidence in the form of a sketch or diagram), a future playwright (evidence
in the form of a script for role-playing), a mechanic (a soldered model of an
abstract concept), or a banker (a cost-benefit analysis of the implementation
of a technology). Ow of the high school teachers wrote, "One advantage for
students might be that they cam have a few bad days cr even a [bad] week and
probably the effect of the portfolio would be to wipe those days out of
existence as far as the grade goes." Mother teacher suggested that the portfolio
would be a big help to students with limited ability in the English language
and different learning styles.

Design

The third feature of the portfolio is the design, which includes the purpose
and the context. The various images of the portfolio help in its design, but
one of the elementary school teachers claimed that in collecting all her
students' work as a log and then selecting some pieces of evidence for
display, she had created a new image that was a combination of several
types of portfolios.
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Probably the most important design decision is what will count as
evidence in the portfolio. Onc high school teacher wrote.

[From looking at my course goals] the possible portfolio entries may
include: a notebook containing examples of homework, monthly
calendars, a Frade record sheet, class notes, lab reports, a videotape
containing segments of students doing an oral presentation, examples
of dissecting technique, cooperative learning situations, and a re-
search paper.

Other important decisions are how much evidence to put in the portfolio,
how the evidence will be organize,d, who will decide what evidence to
include which pieces of evidence will be prescribed by the tewher and
which will be selected by the students. The determination of standards for
the portfolio is another critical decision. Knowing the standards before the
r folio is developed is requisite for making the portfolio authentic for
assessment purposes.

Several high school teachers reported that they had been designing
portfolios unknowingly. One teacher described how he had been moving
in that direction for several years:

As we go through a unit of study, I collect and gra& as, labs,
assignments, and so on. These are returned to the students immediately.
At the end of the unit, I describe a format for a table of contents. The
sttaients copy this down and arrange their papers in that fwmat or
arrangement.... It is very impressive to the students to see all the work
they have done.... Their parents can view easily the work they are
doing...they Ithe students) can review it easily for final exams.

Unlike the elementary school teachers who wanted to collect everything
and then let students select samples, the high school teachers feared that
unless a procedure for selecting evidence was developed early, the portfo-
lio would take loo much time to evaluate.

One high school teacher shared with great enthusiasm her conscious
attempt to use portfolios in her biology class during a unit on animals. She
modeled it after the portfolio development process that she had employed
for teacher assessment. She explained how she stated learning goals that
were problem-based, listed minimal requirements, presented optional ac-
tivities, and required some synthesis. As she described her design process,
it sounded as if she were calling on recent research in cooperative small
groups5 and on some of the old ideas in contract learning.' She designed a
holistic scoring system based on standards of creativity, thoroughness,
understanding, and overall quality. Her enthusiasm for portfolios came
from how much the students enjoyed preparing them, how she had seen
student strengths that had not been evident before, and how much fun she
had had evaluating them. However, she warned that: (I) for the first ny, she
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had demanded too much from her students and the portfolios took a lot of
their time; (ii) she wished she had started portfolios earlier in the year so
that they were a part of the students' routine; (iii) she realized that the
directions for the portfolio, as for any good student assignment, needed to
be explicit while allowing for creativity as she said, "a real balance of
structure and creativity;" and (iv) she would have to change the kinds of
evidence in the portfolio for each unit in order to accommodate the topic.
the goals, and the students' developing skills and interests. Her comments
countered the fear of many of the high school teachers that portfolios would
take too much time to grade. She said that they took no longer than other
tests and papers and that they were fun. Other teachers echoed her com-
ments, saying, "[It would] reduce time grading useless tests."

Conclusion
There is no guarantee that portfolios always will be a mode of authentic
assessment; they can become folders in which teachers plunk the same
tired stuff they have been doing because they have been instructed by the
administration to use portfolios for assessment. On the other hand, under
other names, creative science teachers have been using portfolios to
capture the complexity of science instruction for many years. Portfolios,
clearly defined as such, have the potential to influence how science is
taught and assessed. The processes of conceptualizing and designing a
portfolio present opportunities to teackrs and students alike to identify
clearly the instructional goals for the science class, to articulate the criteria
for success, to negotiate publicly what will count as evidence, to participate
in both the design and development processes, to express individual
strengths and become self-reflective, and to become co-learners. This
mode of assessment conjures up a different perception of a classroom
a portfolio cultural center where knowledge is constructed communally,
individual strengths are developed, and learning becomes an adventure
where success is displayed. As one teacher said about portfolios, "Is there
any other way to assess science?"
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Dynamic Assessment:
Potential for Change as a

Metric of Individual Readiness

Joseph C. Campione

Dynamic assessment (DA) procedures, while in their infancy in con-
tent area applications, already provide clear alternatives to traditional
testing practices. These procedures were developed to overcome a
number of shortcomings of standard practices such as: (i) classifica-
tion and description of individual students; (ii) perception of students'
abilities; (iii) identification of academie domains; and (iv) instruc-
tional practices.

This chapter will illustrate how DA approaches have dealt with these
kinds of issues. Attention to different aspects of the problem of assessment
has resulted in a family of approaches, the derming feature of which is
reliance on evaluating process rather than prodkiet, information, and poten-
tial for change rather than merely current competence.

Interest in assessment procedures has been motivated historically by
two different sets of questions. In one case, centered about special
education programs, the major themes involve the evaluation and reme-
diation of poorly performing students; theconcern here is primarily with
the interpretation and use of intelligence and ability tests. It is this topic
that stimulated the original work on DA. In the second case, the concern
is with general accountability for and success of the overall educational
system, where the main focus is on content area achievement tests. Both
kinds of tests have their detractors, and although the specific criticisms
differ, the underlying causes are the same a relianee on static,
product-based tests; inappropriate levels of diagnosis; and the decon-
textualized nature of the evaluations. These features have clear effects
on and reinforce the design of both regular and remedial instruction. In
the next sections, the main problems with traditional assessment and
instruetion are outlined, and ways in which DA procedures can help
correct them are indicated.
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Analysis of Traditional Practices
Student shortcomings are seen in two general areas, knowledge and critical
thinking. With regard to the first area, one worry is that students appear
unlikely to have acquired deep and well-understood bases of knowledge
in the major academic areas. Their acquaintance with history and geogra-
phy is remarkably slender. their competence in scientific areas such as
biology, chemistry, and physics is noteworthy wimarily for its lack of deep
understanding and the harboring of a variety of misconceptions about the
disciplines. While students may acquire information about portions of a
discipline, they lack strong relations among ewe portions.

In the second area, critical thinking, the problem of fragmented knowl-
edge is exacerbated by the fact that students also seem to lack the skills
needed to acquire and evaluate new information. Because of their limited
knowledge, studentf are relatively unprepared to work effectively in a
technological society when they leave school. Further, failure to master
critical thinking skills makes it difficult for those students to adapt readily
to new settings.

instructional Shortcomings

The argument is that these shortcomings impoverished knowledge
bases and weak critical thinking skills are related and are not a surprising
outcome of traditional primaq and secondary level curricula. In the major
enabling literacies reading, writing, and mathematics the emphasis
initially is on the acquisition of the major component subskills: decoding
in rexling, neatness and syntax in writing, and computation in mathemat-
ics, which are assumed to underlie successful perfonnance. Even when
"understanding" is purportedly the target of instruction, there continues to
be a focus on teachers teaching and students practicing decomposed and
decontextualized skills. Hence, students are not offered real opportunities
to learn the critical thinking skills that permeate the cognitive repenoires
of acccmplished readers and writers. Thus, they do not amass the founda-
tional skills needed to reinforce their later learning.

This situation is compounded by the nature of instruction in the higher
grades, where the emphasis is on breadth of coverage. For example, science
COUfSes allow students in fact, encourage them to proceed without
building strong relationships among the various concepts to which they are
exposed. Students are not required to explore a subject in depth, and as a
consequence, it is not easy for them to learn to evaluate new information
critically. If instruction remains at a surface level and deep understanding
is not required, processes of evaluation and reflection likely will not come
into play and, therefore, probably will not be learned. Overall, the effect
of the emphasis on decomposed and decontextualized skills practice in the
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early years, coupled with the focus on breadth rather than depth in the later
years, means that students are placed continuously in settings where they
are neither taught nor encouraged to evaluate critically what they arc asked
to learn.

Assessment Shortcomings

Static, product-based evaluation is the norm. Standard tests are geared to
establishing students' current levels of performance; however, these tts
yield no direct evidence about the thought processes that underlie that
competence. In this sense, they provide at best a partial, and at w.fr.st a
misleading, picture of student capabilities, a point made nicely by Vygot-
sky. He noted that static ability tests do not provide information about

those functions that have not yet matured but are in the process of
maturation, functions that will mature tomorrow but are in the em-
bryonic stage. These functions could be called the "buds" or "flow-
en," rather than the fruits of development. The actual developmental
level characterizes mental development retrospectively, while the
zone of proximal development characterizes mental development
prospectively.'

Vygotsky's notion is of a testing environment that incorporates some
kind of social support, in which students will be able to demonstrate the
embryonic skills not tapped by static test procedures. In his view, it is the
observation of these nascent skills that provides a better estimate of an
individual's potential for proceeding beyond current competence. Lacking
such information, the likelihood of underestimating the capabilities of
students and, hence, misclassifying them is increased. Particularly liable
to be misclassified are students from culturally different backgrounds who
have not had the oeportunity to acquire the skills and knowledge assessed
on standard tests.'4 In addition, without any way of articulating the
processes that may have operated, or failed to operate, to produce a given
level of performance, it is not possible to determine how to devise an
intervention to improve that performance.

Similarly, a major criticism of content ma tests is that, by resting on a
purely product-based approtch to assessment, they are silent on the proc-
esses involved in the acquisition of those products. There are several paths
to getting a correct answer on a test, and unless they can be distinguished,
the assessment has the potential for providing misleading information. In
contrast to the situation with static, standard-ability tests, the greater
concern is that content area tests can provide a distorted view of prowss
by overestimating the capabilities of many students.

Level of description and degree of contextualization are inappropriate
and lead to incorrect assumptions about students' skills. Although standard
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ability tests are product-based, they are frequently interpreted in terms of
sets of inferred psychological processes.5 The goblem is that the processes
that emerge are regarded as quite general ones operating in many, if not
all, academic domains. The belief is in the centrality of general, decentex-
tualized reasoning skills. This invites the conclusion that insrmaion aimed
directly at those processes will have widespread effects throughout the
curriculum.6 Unfortunately, there is no evidence that such instruction leads
to improved reading, mathematics skills, and so on.

In contrast, if ability tests emphasize general global processes, content
area tests go to the other extreme. They focus on the many subskills or
discrete pieces of knowledge assumed to be involved in effective perform-
ance within the domain. In this way, they reinforce the standard instruc-
tional practices outlined above. For example, mathematics evaluations tap
students' ability to run off algorithms, to solve problems displayed in a
recognizable format, and the like, rather than assessing students' under-
standing of the procedures they are asked to carry out. In addition, it is
assumed that what a child does now on a test is a reasonable reflection of
his or her knowledge, and that that knowledge predicts, or is equivalent to,
readiness to learn. Those are atsumptions with which proponents of
dynamic assessment quarrel. Students can be taught to run off algorithms
in a purely rote, mechanical fashion, or they can be led to understand the
rationale underlying algorithms and, therefore, to know something about
the mathematical principles exemplified in them. The tests that art used to
evaluate students clearly do not distinguish between these different "paths"
to a correct answer.

Evaluation is static and assumes that individuals tested will not change.
This final concern, particularly apparent in ability tests, stems from the
conclusions that frequently are drawn. The results of assessment often are
taken as providing a relatively permanent characterization of the individual
in question. The classifications that result, already presumed to reflect
"genera:" intellectual ability, are further regarded as fixed and unlikely to
change. This provides a pessimistic view of the student and rationalizes
institutional fail urcs.

Approaches to Dynamic Assessment
To counter these problems, DA procedures focus on students' potential for
change. The general approach is to observe and evaluate students in
contexts where they are helped to refine, learn, and use new skills and
information. Specific programs vary along a number of dimensions, in-
cluding: (i) the method of evaluating potential either by observing the
actual improvement resulting from intervention or by specifying and
assessing directly the processes assumed to underlie improvement; (ii) the
nature of the interaction between the examiner and the student it can be
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conducted hi either a standardized or clinical fashion; (iii) the targets of
the assessment either general or domain-specific skillm and (iv) whether
the assessment is conducted in a formal, one-on-one testing situation or in
an informal teaching setting.' Choices along these dimensions are deter-
mined by the particular shortcomings of standard testing being addressed.

Classification and Prediction

For those who prefer a standardized approach, a major goal is to generate
psychometrically defensible quantitative data that can be used to increase
the predictive validity of the assessment process.' An example is to identify
students whose performance is artificially reduced on a static test. In one
method, a test-train-test format is used. Students take a particular test, are
given practice and/or instruction on typical test items, and then take a
posttest. The middle traming portion is conducted according to a wear-
ranged format. Resulting data sources include: (1) the pretest score; (ii) data
from the instructional sessions; (iii) a change score, reflecting the amount
of improvement from the pretest to the posttest; and (iv) the posuest score.

Depending upon their particular tueoretical stance, different developers
focus on different aspects of the data. Budoff, for example, is concerned
with classification and prediction in the case of mentally retarded students.
He argues that

following suitable training, many low IQ children will function at a
level similar to the chili from more privileged circumstances. This
posuraining score, regardless of pretraining level, represents the
child's optimal level of performance following an optimizing proce-
dure. It permits a comparison between his presently low level of
functioning, as indicated by his IQ, and his potential level of func-
tioning the third score indicates the child's responsiveness to
training, and, by extension, to the classroom regardless of his pre-
training level. It is hypothefized to indicate the student's amenability
to training given suitable curricula and school experience.9

Budoff's students took a standard ability test, were then given instmc-
tion on typical items, and took a posUest. Following such training on a
variety of IQ-like test items, Budoff found three classes of children in his
"educable mentally handicapped" population; these were: (i) "nongain-
ers," subjects who demonstrated little or no gain following instruction; (ii)
"gainers," subjects who showed quite marked gain; and (iii) "high score:8,"
subjects who performed quite adequately on the pretest.

Although there arc some problems associated with employing gain
scores as a metric, Buda* found interesting correlates of the gainer/non-
gainer status. For example, middle-class children in special education
classes tend in the main to be "nongainers," whereas lower class children
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have a higher incidence of "gainers." Learning-potential status also pre-
dicts performance on a variety of labwatory cmcept-learning tasks and on
a specially constructed mathematics curriculum. It also predicts successful
adaptations to mainstreaming, the ability to fmd and hold jobs during
adolescence, the mother's perception of the child, and several positive
personality characteristics.

In Campione and Brownl° and Ferrara, Brown, and Campione," another
approach is taken. The focus is on data from instructional sessions, con-
centrating on learning and transfer efficiency as major metrics of readiness
and understanding. Students are pretested on their knowledge of the
domain in question, provided instruction on the items, and then Oven a
posttest. We are interested in determining which variables identify students
likely to show the largest pretest to posnest gains; that is, which variables
evaluate readiness. During the instructional/assessment sessions, students
are asked to solve problems just beyond their reach; they work collabora-
tively with a testeffleacher who provides a series of graduated hints
enabling them to solve the problems. This phase continues until the
problems can be solved independently. The amount of help each student
needs is taken as the estimate of his or her learning efficiency within that
domain and at that particular time.

After achieving independent learning, students are given a seeks of
"transfer problems" in order to evaluate the extent to which they can use
what they have learned. The amount of help needed to deal with the
"transfer problems" provides an estimate of the student's "transfer pro-
pensity,"li which is taken as an index of the extent to which the students
understand the procedures they have been taught; that is, having learned
the procedures, can they use and modify them in flexible ways?

These general procedures have been applied to the assessment of general
intelligence test itellls13-15 and of specific abilities such as early mathemat-
ics,16 with consistent and positive r.:64,111.5. Although static measures of
general ability and task-specific competence do predict the amount of gain
individuals achieve, the dynamic measures learning and transfer scores

aTe better individual predictors of gain and account for significant
additional variance in gain scores beyond ability and knowledge. The
"transfer," or "understanding," scores are significantly more diagnostic
than the "learning" scores. If one wishes to predict the learning trajectory
of different students, the best indicator is not their IQ or how much they
knew originally, or even how readily they acquire new procedures, but how
well they understand and make flexible use of those procedures in solving
novel problems.

Linking Assessment with instruction

Those concerned primarily with increasing the link between assessment
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and instruction have opted for a different approach. They focus more
directly on sets of cognitive processes assumed responsible for growth or
performance in a particular domain, and they conduct the assessment in a
clinical opportunistic fashion that combines assessment and instruction
throughout. Within this camp, there are both formal and informal ap-
proaches.

Among formal approazhes, the main program is that of Feuerstein.'738
which concentrates on the evaluation and teaching of general copitive
skins. He was motivated by skepticism about the suitability of traditional
psychometric measures as indices of an individual's capacity to acquire
skills, strategies, and knowledge. He developed the "Learning Potential
Assessment Device" (LPAD) to measure low-whieving individuals' abil-
ity to benefit from instruction. The philosophy driving the LPAD is that
structural change is possible regardless of etiology, stage of development,
and degree of severity of condition." Further, Feuerstein et al. argue that
"new cognitive structures" can be produced through the intervention
component of the LPAD, which serves a dual purpose. One purpose of the
intervention is to bring about changes in the child's performance in order
to be able to assess the child's degree of "modifiability" (ability to change).
The second purpose of the intervention is to remedy difficulties in the
child's problem solving and thus also to serve as the basis for the interven-
tion progam following assessment.

The goals of the assessment are to evaluate the modifiability of the
processes and to remedy deficiencies in the student's problem solving.
Toward these ends, Feuerstein employs a variety of specially devised tasks
and materials designed to tap the processes and track change in their
execution. He also changes the testing situation fundamentally. Rather than
being standardized and static, the testing is flexible, individualized, and
highly interactive. Feuerstein views the examinee as a learner/performer
and the examiner as a teaches/observer; these are roles that require active
involvement of the examiner as well as the student. The goal is not to obtain
a quantitative index of perform ance that can be used to compare individuals
or predict future trajectories, but rather to generate a rich picture of an
individual's strengths and weaknesses, which can serve as a basis for
directed interventions.

Although a detailed critique is impossible here, suffice it to say that
Feuerstein's work has been extremely influential and his programs have
been implemented widely in the United States. Feuerstein and his col-
leagues have used the LPAD with below-average adolescents and report
great success with the methodoloa. Supporting evidence for Feuerstein's
approach with this population has been found by other researchers working
in the area of cognitive intervention." The major questions about the
approach concern the transfer effects. Do the skills taught during the
assessment/intervention sessions transfer to other academic areas?2'

3 1,7



308 Dynamic Amassment

To illustrate the informal approach, the reciprocal teaching of reading
and listening comprehension skills are conidered.22 These researcheTs
differ from Feuerstein in choosing to situate their program within themore
constrained domain of reading comprehension. Working within a particu-
lar domain makes it considerably easier to contextualize the instruction in
a reasonable way; the process= being honed are always practiced in the
actual context of the academic task in question. In this procedure the
teacher and student take turns leading a discussion about a specific segment
of text, with the goal of achieving joint understanding. When the teacher
leads the discussion, he or she modeLs a set of cognitive strategies (ques-
tioning, summarizing, predicting, and clarifying) that fosters comprehen-
sion. When students lead, they attempt to employ these same strateees in
the search for meaning. As a consequence, the teacher is able to assess the
extent to which individual students select appropriate occasions for using
the strategies and execute them well. When their performance is le= than
optimal, the teacher is able to provide tailored feedback to individual
students that helps them to improve their skills. In addition to the adult
teacher, other students also provide encouragement and feedback to the
current discussion leader.

As opposed to more formal assessment, the evaluation the teacher makes
of individual student responses need not be precise. The virtue of this
procedure is that it is a regular component of classroom activity, taking place
on a daily basis. Because it is part of a familiar routine, tlx teacher has many
opponmities to monitor each student, and his or her judgments can reflect
aggregation of a number of different inputs. The fact that there are many
oppornmities for evaluation means that no single one is of undue significance.

This informal approach embodies some of the features of Feuerstein's
program. Sets of processes involved in the task are specified; an environ-
ment is constructed in which students are observed as they engage in those
activities; and the teacher acts as both evaluator and clinician, discovering
strengths and weaknesses and responding to student input by pmviding
feedback, practice, and support as needed. The informal approarph is also
diffexent in fundamental ways. The processes that art targeted are chosen
in reference to the academic domain in question, and the activities are
always modeled and practiced in context. These two features work to
minimize, or finesse, the transfer problem. As the activities are practiced
in the context of reading for meaning, whether they will "transfer to that
task is not a concern. Also, if the program is successful, improvements are
obtained directly on important school tasks rather than on processing skills
that are assumed to be related to performance on those tasks.

Perception of Students' Abilities

As a final point, DA procedures focus on students' ability to learn and on
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their "modifiability."23 In this way, they afford a picture different from that
emerging from standard ability tests. For example, teachers often regard
test scores as providing a relatively permanent choacterization of individ-
ual students. These perceptions can be modified in irteresting ways. Vye,
Burns, Delclos, and Bransford24 had teachers watch videotapes of chil-
dren's performances before and after intervention. Teachers were asked to
view both a segment of a standard static assessment and one of a dynamic
assessment of the same child. After viewing the excerpts, the teachers'
opinions of the child were elicited. Teachers who viewed only a static
assessment consistently gave lower estimates of the child's abilities than
those who saw both static and DAepisodes. After dynamic events, teachers
viewed that child as more competent and more likely to use strategic
approaches to learning than they had thought. This positive influence has
important implications for potential practical uses of dynamic assessment
information by classroom teachers.

Summary
Dynamic assessment procedures have been devised as supplements to, or
replacements for, standard testing prwtices. The main feature of dynamic
assessment techniques is that they seek to evaluate students' potential for
change either by observing their response to instruction or by determining
the processes responsible for change. These procedures have been shown
to be effective in providing richer and more accurate pictures of individual
students, highlighting those who perform poorly on standard tests but who
are nonetheless likely to imprwe quickly with opportunities to learn. They
also have been useful in diagnosing students' understanding of emerging
skills, again yielding helpful information about students' future trajecto-
ries. By focusing on the processes involved in change and growth, these
procedures call attention to the fact that expertise in an wademic domain
involves more than the accumulation of factual or procedural knowledge.
Finally, by emphasizing modifiability, they provide a more optimistic
picture of student capabilities, and can influence teacher expectancies,
which, in turn, can lead to increased educational attainments.
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Equity and Excellence Through
Authentic Science Assessment

Shirley M. Malcom

Perhaps the greatest challenge wc face in education is to provide quality
education to all children regardless of race, ethnicity, gender, socioeco-
nomic status, ability. disability, or geography. Many proposals have been
advanced for how equity in education might be achieved. The discrepancy
in performance on tests of basic skills between haves and have nots led to
the passage of landmark education legislation dwing the 1960s in the form
of Title I of the Elementary and Secondary Education Act (compensatory
education for disadvantaged students). The 1992 proposed budget for
Chapter 1 programs, the successor to Title I, is over $6 billion.

The earlier policy focus on enhancing basic skills, which characterized
the educational reforms of the "War on Poverty," is being replaced by
emphasis on higher-order skills. From the mid 1970s into the 1980s,
students from the most impoverished regions of the country (such as the
Southeast) and from the poorest subpopulations (including Blacks and
Hispanics) showed improvement on the scientx and mathematics assess-
ments of the National Assessment of Educational Progress (NAEP). While
the trend in NAEP scores shows that performance gaps in science and
mathematics have been narrowed at the lowest skills levels, little has
changed at advanced levels. The kinds ofcapabilities that are valued in a
knowledge-based economy are not equally available to all through the
present mechanisms by which we educateour children.

As evidence mounts that it makes a big difference in life chances
whether students attain the skills and knowledge transmitted in mathemat-
ics, science, and technology education, success for all students in these
areas takes on more meaning and achieving such success takes on more
urgency. But enabling all students to achieve at the highest levels possible
will require a rethinking of current goals for education and a minvention
of schooling in America. Raising standards for all children and helping all
children achieve much higher standards will take major reform in the way
schooling is organized. Achieving excellence and equity in science and
mathematics education will require a revamping of curriculum goals and
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mandares, enhanced instruction for all students, and very different ways of
measuring our trajectory toward these higher standards.

In 1990 the President and governess articulatal six national education
goals for the country including the goal that "by the year 2000, U.S.
students will be first in die world in science and mathematics achieve-
ment." The very phrasing of that goal places assessment in a prominent
(though not dominant) role. There are three objectives listed under that
goal: strengthening math and science education, especially in the early
grades; increasing the number of teachers with a substantive background
in science and mathematics; and significantly increasing the number of
women and minorities who study and complete defiees in mathematics,
science, and engineering.

Reform is the big idea in which assessment is embedded. Concerns for
standards and equity are controlling the discussion of reform. The chal-
lenge we face as Americans is to achieve both without compromising
either.

Assessment in The Service of Excellence and Equity

While concern for equity has been a component of the expressed rationale
for reform and a major civil rights and psychometric concern within the
testing community, less attention has been given to the notion of how one
might design assessment to drive equity in the reform of science and
mathematics education. In the past, advocates for equity in education have
used assessment results to argue for the need for reforms, such as expand-
ing the mission of Chapter I funding to include emphasis on science as well
as mathematics and to focus on higher as well as basic skills. Michael
Johnson (chapter 15) reported on the use of high-stakes testing to build
student esteem and confidence, and to raise teacher, community, and parent
expectations for the student participants in programs of the Science Skills
Center in Brooklyn, N.Y. While serving these purposes. assessment also
documented the quality of the center's programs in the eyes of the world.
But Johnson's work also called attention to the fact that the standards set
in examinations that can be barriers to high school students may be
attainable by students at an earlier level; that is, the current standards may
actually be too low because expectations for all children are likely too low,
but especially expectations are too low for the African-American and
Hispanic children whom the center serves.

How can these students be so successful in intervention programs
outside of school when such discrepant results are obtained within the
typical school setting? A study conducted by American Association for the
Advancement of Science in 1983 looked at programs that work outside of
school to improve the precollege education of women and minorities in
mathematics, science, and technology and synthesized the findings ob-
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tained from questionnaires, site visits, and interviews. The characterisdcs
of exemplary programs that have implications for school reform are these:

Strong academic emphasis exists in mathematics, science, and
language arts.
Teachers are highly competent in their subject-matter areas.
Teachers believe that students can learn the material.
The focus is on enrichment rather than remediation.
Emphasis is on applications of science and mathematics and on
careers.
Instruction is integrative (across subjects) and focused on real-world
problems and projects.
Opportunities are provided for hands-on instruction and work with
computers.
There is strong organizational leadership, with low staff turnover.
Resources are adequate.
School and area resources arc linked.
Opportunities are offered for in-school and out-of-school learning
experiences.
Parents are involved; the community is supportive.
Specific attention is paid to removing race- and gender-based
inequities in instruction.
Female and/or minority professionals and staff are involved.
Peer-supported systems (communities of learners) are developed.

Evaluation was critical to determining the effectiveness of these programs.
The primary questions focused on success of students in the program, their
attitudes toward science and mathematics, and their later success in school
as evidenced by grades and tests of student performance, college admis-
sions, degree attainment, and awards.

Cole and Griffm draw on the AAAS study in their report "Contextual
Factors in Education: Improving Science and Mathematics Education for
Minorities and Women," and extend its implications to all schooling by
building on the educational research base. Other r,tudies of successful
intervention projects by Stage et al. and by (lewdl support the rmdings
by AAAS.24 One could easily surmise that if the schools attended by
minorities and females more closely approximated in standards, character
and intent the most successful of these projects, American education would
be well on the way to reinvention.

Many of the elements in the list above relate to general organizational
concerns, such as the need for able leat:m.ship or low staff turnover; others
are specific to science and mathematics because of the structure of practice
or definitions of mastery, such as the need for hands-on activities or
working with real-world problems and big ideas in contexts appropriate
for the learners. If one is persuaded by Baron's paper (chapter 14), one
could argue that the context for assessment should reflect the context of
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curriculum and instruction. And by extension, if the context described
above is one that works for female and minority students, it should also be
the context for assessment that serves equity. Baron describes (in Table 1)
the charac.eristies of enriched performance assessment tasks that appear
to be consistent with equity-enhancing instructimal models. By contrast,
in Johnson's report, the need to explain the intent of examiners and question
writers to students indicates assessment that is not equity-enhancing since
all the onus for translation of intent is transfeffed to examinees, and
students have little opportunity or encouragement to provide answers in a
context that makes sense to them. Without a translator the students cannot
show what they know because they have difficulty determining what the
questioner is getting at.

Assessment for Aixountability

Most current discussions about examinations center on those tests intended
to measure progress toward educational reform or those aimed at ensuring
accountability. The debate has focused primarily on the extent to which the
multiple purposes of assessment can be served by various proposed assess-
ment designs, and on the purposes of the different kinds of assessment. It
is here that the battle line has been drawn: is the issue reform versu.s equity,
or is it reform to achieve equity?

If assessment is viewed through the lenses of reform and equity, two
very different perspectives emerge, as the following comparisons show:

Reform Equity

Change will occur within the
educational system only when people
(teachers, stuaents, principals, etc.) are
held accountable. Assessment hohis
them accountable, and a new system
of assessment can serve as the driver
in the system.

The United States is the only major
industrialized counuy that doesn't
have a regular set of assessments in
plam, especially a school-leaving
examination.

3 )6

Introducing a new system of assessment
may make a bad situation worse since the

testing will be in plac long before any
changes in the schools that affect
perfmmance levels can mut It could
have a chiling effect on students who
once again bear the bulk ofthe burden
and blame br any pedornsince
deficiencies.

It is difficult to lake international
comparisons seriously since
assessment for school leaving has had
little effect on equity or on gender.
raciallethnic. andior class-based
disparities in school petformance,
educational access, and life chances.



Sldrley M. Malcom 317

Students have little reason to work
hard since there is no penahy for not
working hard. A test with real
consequences to the students' life
chances will sesve as a motivaIng
force.

Employers need a way to know
whether students have mastered the
goals fcw K-12 education. We need
indicsuors that tell us what students
know and are able to do.

Assessment can affect what happens
in the classroom. especially what and
how teachers teach. Teachers teach
those things that Art tested and those
things for which they are held
.vountab le .

Those who spe4 against the current
assessment movement arc
self-interested, do not want standards.
andior do not warn to be held
accountable.

Many of the disparities in motivation
and deficiencies in effort ere relMed
to disparities in opportunities for
challenging. meaningful coursework.
It is difficult to motivate students
with material and pedagogical
techniques that are contextually poor,
that reek of low expectations, and that
are not engaging.

Students also need feedback on their
performances early enough to correct
deficiencies. But it is difficult to learn
what you are not taught. There is
ample evidence to verify that the
schooling experience of haves and
have nets is sufficiendy different to
maintain the gap. Employers need to
support meaningful reform before a
system is put in place to further
restrict students' employment chances.

The level of staff development that
teachers need in order to
accommodate the new assessment is
staggering. Unless we get the goals
right and the assessment right, we may
end up where we don't want to be.

Those who push for assessment fust
are naive, and are looking for a simple
solutkm to complex problems,
including those of resource allocation.
low expectatkms, and unequal
opportunity to learn.

Clearly, there is considerable disagreement about means, ends, and who is
to be held accountable in the current discussion ofassessment in the service
of reform.

Equity in Standard Setting

The gravest inequity in standard setting would be to set different levels of
standards for different subpopulations of students. Ideally, standards would
evolve from a common core developed through a wide-ranging, consen-
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sus-building process that leaves roam for locally expressed requirements.
While standards would satisfy the test of scholarship (best knowledge,
skills of the disciplines, and habits of mind), there should be recognition
of the legttimacy of needs within standards (the intermt of early adoles-
cents in and their need to be informed about the workings of their own
bodies, for example).

Equity in Implementing Standards and Designing Assessment

it is not sufficient to put in place stardards that address national, local, and
personal needs; resources must be provided to implement these within
schools. 1Irs assessment can be considered equitable for students if there
has been differential opportunity to access the material upon which the
assessment is based. If students have been provided opportunity to learn.
assessing how well they have used that opportunity is best done at a level
closest to the student; that is, in the classroom setting.

To determine whether schools have provided students with opportunity
to learn, district/system level testing against the system's stated standards
is needed to show that the material has been covered to a sufficient level
of m&stery. District standards can be compared with others in the state,
region, and country. Student assessment based on school-generated tech-
niques can be calibrated to external testing of samples of students, provid-
ing benchmarks for curriculum, instruction, and assessment for each
school and guiding quality control for the system. Thus, the student would
be held accountable for performance specified by the school, and the
school would be held wcountable for providing access to curriculum and
instruction necessary to perform well in external testing. The district would
be held accountable for devising standards, and providing resources,
incentives, and assistance to schools, while the state would be accountable
for providing an adequate resource base for each of its systems depending
on the job that system must do to meet the standards. "Pass through
accountability" would replace "pass down blaming of the victim."

Many elements mast be considered in the design of exteinal examina-
tions or systems of examinations, including those in the following list:

What is being tested; specifically, what aspects within each subject
matter domain are being assessed? How well do these track with the
way the content domains were taught, the way they appear in actual
practice, and how the knowledge and skills within those fields are
valued?
What specific goals for education are being tested (for example, the
ability to recall, or the ability to use information once provided)? How
arc these assessed goals related to the real-world use of the knowledge
and skills being assessed?
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What exactly will be measured (for e,xample, processes, products,
skills)? To what extent will measurement be direct ("Student will
demonstrate ability to fly a plane by flying a plane") or indirect
("Student will demonstrate ability to fly a plane by answering
questions about flying in a written or oral exam"), sequential
(answering questions and then flying) or simulated. How different,
similar, or interdependent is the information we obtain througli each
type of measurement?
Who will develop and score the assessment? What will be the
relationship among the teacher, assessment developer, and
assessment scorer, and how much do these groups interact with and
reflect the race/ethnic, gender, regional, and other characteristics of
the learners?
To what uses will the assessments be put? What will bc the balance
between student, instructional, monitoring, policy, and
accountability purposes? Who needs to know the outcomes and for
what purposes?
What will bc the elements of the assessments and of the specific
examination units within the assessments (for example, short answer,
performance, some combination)? How will these elements
themselves be evaluated over time for their ability to predict the desired
characteristics or to indicate mastery for different segments of the
student population?
What will be the specific mechanisms of assessment? To what extent
will testing occur in the context in which the behavior will ultimately
be judged? In familiar or unfamiliar settings? With or without
technology? With familiar or unfamiliar testers? Individually or in
groups?
How will we interpret the results? What will be judged an acceptable,
unacceptable, or exceptional response; how will we respond to
"outliers" or to "nonstandard" answers? How will standards and
ranges be set (relationship to learners, to judgments of content
"experts," and, especially, where context-dependent)?
How will subject assessment be packaged? To what extent will
assessments be made "one subject at a time" or across subject-matter
domains (that is, as the student is likely to encounter the material in
the real world or as it was encountered in the learning situation)?
How will we balance nationally agreed upon and locally expressed
curriculum standards with national and local needs for reporting on
student performance? On how an individual's performance maps
against these, or how the performance of different groups of students
map against these standards?
How much difference from current modes of assessment and
mechanisms of reporting will the public tolerate? How close to
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world-class standards do we dare assess? How much bad news can we
stand, especially about the standards achieved by students whom we
consider advantaged?

Are we better off with the flawed system now in place or with an
unknown examination system that could bring even greater problems?
What differences in opportunity to learn and achieve will flow from
assessment? Will it help students, teachers, or parents do something
different to promote learning? Will it lead to reallocation of resources
to enhance learning; for example, by moving th tb. best teachers to the
neediest vudents or providing summer instruction for students not at
grade level at the end of the school year? And does better assessment
increase our responsibility for intervention, as better technology in
medicine has increased the demand and the ethical dilemmas we face
in determining use of that technology in treatment? If we are prepared
to do more, once we know more, perhaps the dangers of inequity
possible in new assessment are worth the risk. But absent the resolve to
intervene, one could argue that assessment becomes little more than
voyeuri sm.

What is the proper role of assessment in reform? If we accept the
premise that the primary purpose of assessment should be to improve
learning, then the primary audience for the data must be those who can
directly affect learning (teachers, students, and parents). Many other
stakeholders can argue that they need information the investors (the
public and their representatives, policymakers, elected and appointed
officials), and the end users (employers, colleges, and universities). The
operative question is, How much information and about what? To move
from improving learning for a student in a classroom, to changing school
systems to improve learning for many students, to improving learning for
all students nationally, shifts the purpose and structure of assessment as
well as its costs in time and money. Who shall be assessed (every Etudent

or a sample of students?), how often (every day or two to three times in 12
years?), what (progress 'n mastering small competencies or ability to
understand large ideas and demonstrate articulated skills?), and why (to
improve learning or to hold educators or ..-olicymakers accountable?) arc
decisions that ultimately hinge on our concept of and belief in the need for
equity for all our children.

Reform reports such as A Nation Prepared: Teachers for the 21st
Centwy4 and America's Choice: high Skills or Low Wages5 insist that we
must have educational reform because we must provide for the many the
level of education in this country now provided to the few so that the floor
of learning can be raised to support a knowledge-based economy. Concerns
for equity arc the cornerstone of this wave of educational reform. Equity
concerns must then he at the heart of assessment design if we expect
assessment to play a central role in moving the reform agenda.



Shirley M. Makoin 321

What Do We Mean by Equity?

Equity is a meaningful term only when we talk about difference. "Differeme"
has meaning in many areas that bear cm a discusgon of learning and assess-
ment. We can talk about differences of biology, culture, policy, and education
and what effects these might have on learning. In biology, difference refers to
the natural variation that occurs in the genetic makeup, and outwardexpres-
sion of that genetic makeup, as it develops in a particular environment.
Difference is a matter of perspective: compared to living organisms in other
phyla, humans seem very like each other. Qmpared to members of one's own
family, the human family seems very diverse indeed. Humans havea common
genetic ccue that defines them as human and different gemtic aspects; for
example, those that defme them as female or male. Humans develop over time
as genes and environment interact; growth and develcvment affect body and
brain, allowing gudents to craistruct and handle more abstract ideas as they
"mature." While we are far more alike than different, the variation available
to nature renders each of us unique.

Looking at difference fron a cultural perspective, female and male children
may have certain roles that have been ascribed to them by virtue of custom
and independent of capability; that is, where expectations, attitudes, and
opportunities are basal rust or primarily on gender. In a political context
difference may affect the opportunities that have not been (and are or are not
being) made available to particular groups. As a nation we have sometimes
highlighted and celebrated differences; at other times wc have tried to down-
play or obscure them. While the metaphor for our population has shifted from
melting pot to salad bowl, the clear intent of education in America remains
that of providing a common core of shared experiences, values, and knowl-
edge to hold the country together. How one addresses the differences around
that common core (or even how one defines the core specifically to include
pluralism) remains the great debate of educators and scholars alike, from
among both "Iumpers" and "splitters."

Political considerations aside, the diversity within the classroom is real
and requires a pedagogical response. Different sets of skills, aptitudes, and
interests. (and, in all likelihood, preferred ways of learning) tend to cluster
around particular kinds of intelligences, ranges, and styles that are observ-
able. These skills and interests may also cluster around different sets of
shared experiences, many of which are guided by traditions, customs, or
shared institutions which are products of where we live, our racial/ethnic
group, the structure of the language we speak, or even whether or not we
have a computer at home. Good teachers know how to pull all these
differences into their pedagogical toolboxes, to serve as latuzhing pads
and cognitive anchors upon which to build the shared core of learning.

If our societal goal is to allow everyone to achieve her or his full
potential if we are to nurture the talent of all our people then we must
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do two things concurremly: provide the common core that we have as a
community decided we want all students to have, and provide individuals
with what they need to attain mastery as they develop individual talents.
This argues for a broad education that includes the humanities, arts,
sciences, sports, mathematics, and technology as students explore the
possibilities. The common core includes those elements that define the
values of our counuy; our human needs; our local, regional, and national
workforce and citizenship needs; and our needs for personal empowerment
and working cooperatively to achieve shared goals; and fec building a
common vision of global responsibility. Standards must recognize the
consensual core of required knowledge and skills while at the same time
taking a pluralistic approach to that which surrounds the core. In teaching,
one necessarily moves in the opposite direction through individual
interests, talents, experiences, and culture to build the core. Most
importantly, each student must be given what she or he will need to
continue to learn. Since the school is not the only place that education takes
place, a crucial question is, What should school provide? The home,
community, and family are also central places for learning. What should
they be expected to provide? When we assess that which the school has
provided, how do we do so without contamination from the effects, good
or bad, of the larger environment? Yet, if the core is centrally important,
school or some societally structured equivalent must ensure that it is
provided somewhere for everyone. As society has decided that more and
more topics are central are necessary for the well-being of the individual
and the nation it has added them onto the mandate of the schools. Until
recently we have added more and more content expectations without
asking whether the core really ought to be expanded or whether it should
he re-examined or even reduced.

Standard Setting Amid Diversity

The establishment of standards has to date largely been controlled by content
specialists looking mostly auheir own part of the curriculum. Their statements
tend to become accepted or rejected depending on the extent to which those
who achieve the standards also are able to achieve larger societal goals such
as earning a living, raising a family, voting, or carrying out other stch roles.
How much of the curriculum is negotiable; how much of assessment is
negotiable? Do the differences within our population require greater choice
than a single examination for the entire country can accommodate?

Concern for equity requires us to ask how much the standards should
depend on the needs of the learner as opposed to relying solely on the
"absolutes" articulated by the disciplines.

If we accept the need for pluralism, then we would tend to favor a
system of external examinations to accommodate the political reality of
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decentralization and local control as well as the cultural reality of differ-
ences in lifestyles and values in different regions of the country. If we
accept such pluralism within curriculum and assessment, are we also
willing to accept some level of flexibility in the medium that students use
to demonstrate their knowledge and skills?

Challenging Current Practice

Equity concerns cause us to look at many current te.sting practices in a new
light, to explore what we are measuring, what we think we are measuring,
and what we want to measure.

A recent publication, Assessment Alternatives in Mathematics, notes,
for example, some of the problems with timed tests:

The use of time as a factor in testing, whether for standardized tests
or for practicing basic addition facts, is an equity issue. Many students
suffer from enough anxiety in testing situations to keep them from
showing their true understanding. Others have physical handicaps,
vision problems, or difficulty in writing. Even the slowest student
should have as much time to finish work as he or she needs, especially
when being assessed. Preanswered timed tests cannot allow for
mathematical investigations and for working on problems for which
the solution is not immediately apparent. Timing of performance
tends to discourage persistence and to promote thoughtlessness and
jumping to conclusions. Quickest does not equal most talented. The
use of time in standardized tests is mainly for the purpose of creating
a [normal distribution] by preventing some children from answering
all the questions. Speed is less important to real-life success than
reasoning, accurate analysis of situations, and the willingness to
tackle tough problems.6

Other equity concerns noted in this dztcument were reliance on stand-
ardized testing and especially the issues related to the forming of such tests
(with what populations and with what deemed appropriate responses); and
the language of testing (especially compared to the primary language of
instruction and the language of those tested).

The most fundamental issue, as noted earlier, is whether all students
have equitable access to the courses and teachers (the curriculum and
instruction) needed to perform on the assessment. This isa serious problem
for many subpopulations of students in the United States who live in inner
city or rural areas, who are poor, who are female, who are members of
traditionally undereducated minority groups, or who are some combination
of these characteristics. Studies by Jeannie Oakes point out the devastating
effects of trazking and the distribution of intellectual and material re-
sources in science and mathematics on opportunity to learn.7 As science
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and especially mathematics play critical gatekeeping functions for employ-
ment and education, specific equity concerns arise with regard to access
before assessment issues can ever be broached.

Science and Mathematics: The Great Equalizers?

In 1983 in an article in Daedelus, David Hawkins argued that mathematics
and science are the "great equalizers."s In contrast to language (reading.
writing, and speaking), which is highly related to experience and thus to
socioeconomic status, Hawkins noted that science and mathematics, de-
pending, at least initially. on formal instruction in school, are potential
levellers among young children who come from widely different social
conditions. If Hawkins is correct in his assertions about the equalizing
power of science and mathematics, why do we see such unequal outcomes
of NAEP performance. even early within schooling, between students in
inner city or rural schools and those in suburban schools? Why is there
such discrepancy between the scores of Black and Hispanic students on
the one hand and those of White and Asian students on the other? Orwhy,
by the time female students are tested at 17 years of age, have science
scores diverged from those of males students?

Most observers of these results would likely agree that these outcomes
reflect different educational experiences for these different groups. So the
equalizing potential of science and mathematics is lost in the reality of
schooling. We have learned of these differences through testing, but what
do they tell us about the students themselves, what they know and can do,
or the educational experiences they have had? And what have we done with
the information we have gained? As the assessment stakes gow, as reports
call for testing that affects employment and college opportunities, as the
movement toward a national examination (or examination system) esca-
lates, fears of bias and concerns for equity should increase.

Assessment in the Service of Equity
Advocacy groups and testing companies alike can agree on the need to
avoid bias in testing. What will be tougher than avoiding bias will bc
building a system from the ground up that supports equity. What consid-
erations would have to be incorporated to construct an equity-supporting
assessment? Assessment can be equitable without yielding the same results
for everyone. What it must do is, give all groups a fair chance to demon-
strate what they know. Assessment will be equitable if the following
conditions arc met:

The rules about what is to be known (and therefore what is to be
assessed) are clear to all.
The resources needed to achieve are available to all.
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The ways of demonstrating knowledge are many and varied.
Some of the things that are valued by different groups are reflected in
the original statement of what is to be known (or what skills one should
have), along with societal or expert community statements of what
everyone should know and be able to do.

The issues related to assessment become more focused when we look
at assessment of specific disciplines or activities. We assess writing by
having students write. Write what? In what setting? With rewrite opportu-
nities? Under the conditions we give them or under conditions like those
in which they are most likely to have to write in authentic situations? The
community of people who teach writing have agreed on certain ideas about
what constitutes a fair assessment of writing. But since writing is a
competency about which we all have views, opinions, and standards, no
matter what teachers might say, parents can form judgments about the
quality of their children's effort and output. Mathematics is also a compe-
tency, but the distance between school mathematics and real-world mathe-
matics, and the uneasiness of much of the public in debating specific
aspects of quality of effort or outcome, combine to place the onus for
reform and assessment squarely within the mathematics and mathematics
education communities. Parents may look for the basic indicators: can my
children add, subtract, multiply, divide, and do simple fractions? But
beyond that many parents do not know how to assess the quality of the
mathematics instruction their children receive. Over a period of some
years, standards have been derived for what mathematics should be taught
and learned by students at different grade or developmental levels.

These standards should be disseminated to the public in understandable
language so that they, too, may make judgments about the adequacy of the
mathematics being provided in the schools they support.

Contemporary reformers point to the leveraging role of examinations
and examination systems and suggest a role for such exams in the United
States. The examination systems in the European Community can provide
important historical, cultural, and political insights to the U.S. assessment
debate (see chapter 12). A major feature in the origins of examination
systems in Europe relates to their "selective function:" for gaining access
to university, for example. But the use of examinations for selection for
the civil service and professions predated their use to determine admission
to the university. As Madaus and Kellaghan note, examinationwere used
for reasons of equity, "to replace the old system of patronage and nepotism
for making appointments to the civil service which had secured the
dominance of the aristocracy:" that is, to move away from a Istem where
who you knew rather than what you knew got you a _Ob. The authors note
the prevalence of many of the same arguments (motivating force on
teachers and students; connections among exams, achievement, and com-
petitiveness) among 19th century reformers. At the time when examina-
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Lions were flourishing in 19th centwy Britain, the authors note that "the
state was recognized to have only limited obligations to wcure the educa-
tion of its citizens." There was no ethos operating to support the idea of a
right to a publicly funded education for all. In addition, examinations were
perceived as a "cheap and effective method" to cause classroom and local
agencies alike to invest more resources in support of education.

Reinventing Assessment
The European examination systems were developed as instruments to sort,
select, and direct the distribution of scarce resources (jobs, education,
university positions). How do we use examination systems if we want to
improve learning for all in a country where education is accepted as aright;
indeed, as an imperative? In reality, examinations are also used in the
United States to sort, select, and distribute resources. We would have to
reinveru assessment for it to work as a cultivating, standard-raising tool
that is effective in a highly decentralized educational system. with an
extremely heterogenem school population. These are challenges the
European systems have never addressed. I believe the "reinvention"
would look something like this:

Assessment would be aligned with the nationally agreed upon and
locally available curriculum.
Curriculum would be based on standards that are rigorous but not rigid;
diverse but without compromising the highest standards of excellence;
reflective of student and societal needs; derived through interaction of
public, discipline, teaching, and user communities; world class but
distinctly developed to flt America's values and needs.
Assessment would inform resource allocation rather than simply reflect
it. Students would be provided with various modes of assessment, and if
a particular mode is found to provide the best instructional information,
its use for a particular student could inarase.
Assessment would focus on higher-order skills, use of subject matter,
and demonstration of competencies, especially in settings that are
contextually meaningful to students.
Assessment would be continuous and usually indistinguishable from
instruction; it would prompt reinstruction and reassessment until the
standards are achieved.
Assessment would change as the curriculum changes toward
subject-mauer instruction according to the way the discipline is
conducted by its practitioners, and as it connects to other fields.
Assessment would inform student initiative and learning outside of
school.
Teachers would be prominent in the assessment development and
scoring process.
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Teachers, developers, and scorers would be reflective of the tested
populations and would include males and females and persons ft=
different regions and different racial/ethnic groups.
Acceptable "outlier" responses to assessment questions would be
captured and, where awropriate, would be included Ls training
examples for teachers to illustrate the range of appropriate responses.
Consistency, inconsistency, and redundancy among assessment results
would be captured and used to improve the assessment process.
Assessment of individuals would be primarily for improving
instruction and to direct reteaching, intervention, and career
counselling.
Anonymous, aggregated assessment results would provide
infIrmation for quality control and accountability of schools and
school systems.
Technology would become a more prominent tool of assessment,
especially in providing contextually richer questions; assistance to
poor readers, non-English speakers, and students with disabilities; and
in diagnosing learning problems and misconceptions.
The use of timed testing would decrease.
Students would be able to see their own scored assessments (with
comments) as well as examples of exceptional and acceptable
responses.
An appeal (or explanation) process would allow students to challenge
scoring.
Assessment results for quality control would be publicly reported, and
resources and technical assistance would be provided to assist schools
reach appropriate levels of performance.
Standards for school performance would be set at world-class levels,
and schools given some period of time, resources, and technical
assistance to raise their performance to meet those standards.
Regular subpopulation sampling and separate reporting would be a
part of the assessment process, and appropriate intervention would be
put in place where necessary to improve subpopulation scores.
As in sports performance (in gymnastics and diving, for example),
students would be encouraged to demonstrate superior performance in
tasks they select, with degrees of difficulty attacixd. Creativity would
be rewarded with additional recognition.
Single-score reporting would be replaced with scoring that provides
more information about competencies, skills, and lowwledge attained.
Scoring would be rich enough to inform teachers of children who move
from grade to grade, school to school, or region to region, about what
these students have been taught and what level of knowledge they have
achieved.
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Reinventing assessment to support equity can only be achieved through
reinventing schooling; reinventing schooling can only be achieved by
reinventing assessment to support equity. What must come first is the will
to do both.
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Appendix:

Examples From the Field

The appendix of this volume is a collection of assessment ideas and
examples from schools and universities. Even though there are a great
number of suggestions for reforming science and mathematics assessment,
including those in this book, there is not yet a published record of examples
of school-based assessment practice. Many of the available examples of
performance or authentic assessment come from large-scale tests, or from
examples of innovative ideas for items that might be used in the place of
multiple-choice tests. Few of these examples provide information for how
they might be integrated with the curriculum or how a teacher might use
them. Practitioners and teachers currently have few examples of specific
approaches that work at the classroom level. The collection that is pre-
sented here is an initial step in providing concrete examples developed,
used, and described by teachers.

The examples range from elementary grades throu;!, college and span
several areas, including life, earth, and physical scienc...s as well as mathe-
matics. The assessment approaches incorporate strategies that include
journals, creative drama, interviews, construction of models, and labora-
tory performance. All of them represent attempts to develop multiple
assessment processes that reflect both individual and group achievement.
Many of them also look beyond simple, objective, content-oriented assess-
ment, working hard to develop innovative strategies that include affective,
motor, and social aspects of science learning. These strategies are what sets
the examples apart from traditional assessment, reflecting a holistic and
highly individualized view of student science learning.

As the reform of science and mathematics curriculum and teaching
begins to find its way into the schools, and lassroom practice, it is
important that new assessment approaches accompany these changes. If
that parallel activity is to take place, it is important that a literature of
field-based practice, developed and implemented in schools, be accumu-
lated. Policy-makers and researchers needto work together with teachers
to develop this collective experience of what works in science and mathe-
matics assessment. The following examples represent a fffst step toward
this goal and toward developing ways to communicate and share ideas
among the larger community that is interested in advancing science and
mathematics education.
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Students Showing What They Know:
A Look at Alternative Assessments

Thomas M. Dana, Anthony W. Lorsbach,
Karf Hook, and Carol Briscoe

In this paper we present exx.tples of assessment activities we have devel-
oped and used with our students at the Florida State University School, an
urban K-12 school located in Tallahassee, Florida. The classes represented
in this report of our assessment practices arc middle- and high-school-level
physical science, biology, and chemistry classes.

Assessment in school science classes is viewed as an opp munity for
students to show what they know about science in terms not on of specific
content knowledge, but of the processes of science as well Ve see this
knowledge as more than a set of isolated ideas and facts. FL, students to
truly know science, they must know it with understanding, in a way that
allows them to connect new knowledge with what they already know, and
to apply their knowledge to problematic situations inside and outside of
the classroom. Indeed, assessment practices, especially in science classes,
must integrate the best of what we know about student learning with the
nature of science itself.

The assessment ideas included here should be looked at as a way to
diversify and humanize the assessment process by having students show
what they know. By reasoning. inferring, talking, and writing, students
express their knowledge in a variety of ways. The ideas included in this
report should be considered components of an ongoing assessment pro-
gam. Taken together, the assessments are part of a portfolio that form a
holistic profile of what our students have learned through theirexperiences
and thinking in our science classes.

Theoretical Rationale
'Avo major theories drive the way we approach assessment. The first is
constructivism, an epistemological theory about the nature and origin of
knowledge. The constructivist view recognizes that individuals construct
knowledge as they interpret new information and reconstruct what they
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already know. The other major theory, cognitive interests, provides a
framework to consider the purposes behind curricular processes. Each of
these theories is described below in relation to our assessment practices.

Constructivismt

Learning in science is a search for viable solutions to problematic situ-
ations. To learn science is to understand the process of constructing
scientific knowledge, to identify problems and work out solutions with
others in the classroom, and to explore current scientific knowledge and
understand why it is accepted by scientists as viable. Constructivists
believe that knowledge is personally constructed by students and that
learning occurs as meaning is given to experiences in light of existing
knowledge. Viewing scientific knowledge in this manner leads to the
establishment of a classroom environment where students are actively
involved in building scientific meanings. At the Florida State University
School, we want our students to understand and to accept responsibility
for their own learning. Accordingly, our assessment techniques allow
students to express their personal understanding of scientific concepts in
a way that is uniquely theirs.

Theory of Cognitive Interests

Another way we conceptualize classroom assessment practices is through
Habermas' theory of technical, practical, and emancipatory cognitive
interests,2 as described by Gnindy.i Assessment based in technical interests
helps control and manage student learning. Educators with technical inter-
ests are themselves keenly interested in specific facts and algorithms, and
they tend to focus on precise behavioral objectives, such as those found in
many state and school district curriculum frameworks. Such teachers feel
the need to "teach to the test" to ensure that students will learn what the
teacher, or the framework objectives, designate as being important. When
assessment is based solely on this interest, it is difficult to assess the extent
to which students understand scientific concepts.

Practical intemsts focus on the understanding and communication of
ideas. Learning science is considered a matter of making sense of ctne's
own scientific ideas in the social context of the classroom. Emancipatory
interests are evident when students take control of the assessment process,
rising above the traditional teacher-dominated classroom to ensure that the
teachers know what they have learned. Our assessments follow practical
and emancipatory interests as they give our students the responsibility to
demonstrate to us the scientific concepts and relationships they have
constructed.
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Applications

Samples of the alternative assessment techniquos we have employed arc
described in the following sections. Student examples of each technique
are included where appropriate.

Concept Mapping's

Concept mapping helps students to organize and represent concepts in
meaningful ways. After identifying concepts relevant for a particular topic,
students organize these concepts in hierarchical relatioaships. Through
concept mapping, students can connect concepts in a variety of ways and
can represent the personal meanings they hold for concepts. We have
adapted concept mapping as a means of alternative assessment. For teach-
en, concept maps provide periodic "windows into the minds" of learners
as they construct their understandings of science concepts. As summative
assessment tools, concept maps provide teachers with a richer view of
students' knowledge than is possible using conventional tests. We often
use pre- and postunit concept maps to document student growth. Because
concept maps assess meaningful learning, both students and searhers can
direct their energies away from rote learning and toward learning for
understanding. The examples presented here (Figures la and lb) are from
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an 8th grade physical science class. The students were asked to generate a
list of ideas associated with the topic of light and then to organize the ideas
in a concept map. This was dont both prior to and after the learning
activities. The.,e students have been using concept maps as a means for
organizing ideas for two years.

Creative Assessments

These assessment techniques are used by students to represent what they
hue learned during a particular "unit" in a creative manner. Rather than
just recalling unrelated facts, the students show what they have learned in
a context that makes sense to them. They might use scrap books, comic
books, or home videos, for example, to demonstrate particular concepts.
This helps students make particular scientific concepts relevaht to their
own lives. This assessment technique also emphasizes the application of
higher-level thinking skills in a context that many students find highly
enjoyable.

In the scrap books, 8th grade students were asked to choose ten concepts
they had learned about light and color. For each concept, the studtnt
prepared a page of the scrap book. Using the model of a child's "how-and-
why type" science book, the students wrote questions and answers they
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thought best showed what they had learned. Each page was augmented
with an illustration or magazine cut-out to represent the concept- The scrap
books were evaluated by both the teacher and fellow students according to
a scoring scheme negotiated by the teacher and the class. Comic books and
home videos were produced in a high school chemistry class by students
showing what they had learned about atomic theory and the history of its
development. Teams of three students cooperated to reach consensus on
the meaning of the concepts they wanted torepresent and how they wanted
to present them.

This Is What I Know...

Our classrooms become a place for students to tell others what they have
learned when we conduct a simulation ofa professional scientific meeting.
The presentations help the students to understand that scientists are more
than laboratory researchers, stereotypically represented with white labora-
tory coats, protective glasses, and Einstein-like hairstyles. The students
learn that communication is an integral part of the work of scientists, and
that scientific progress would be quickly curtailed should scientists not
communicate their ideas to their peers.

in all of our classes, students work in small cooperative groups to
prepare presentations to be made to fellow students. Groups of students
become class experts on a specific concept and synthesize different per-
spectives and ideas in the presentations. All students do not have the same
knowledge, even though they all "studied" the same topic, so the presen-
tations become sessions where peers teach peers.

in the discussions after each presentation, both the teacher and the
students provide questions and comments to the presenters. Presentations
to the class are evaluated by the teacher, the presenters themselves, and
fellow classmates according to a scheme worked out prior to the presenta-
tions. Content knowledge, individual understanding, and presentation ef-
fectiveness were considered to be important factors by one of our reek
high school classes. As a conclusion to a "unit," presentations have been
ideal ways for our students to synthesize and evaluate the scientific
concepts they have constructed.

Journals

Journals are a way for students, teachers, and parents to keep track of the
development of a student's knowledge. Before, during, and after class
activities and often as a homework assignment, students record thoughts,
feelings, and ideas related to their science learning.

Journal writing has been used in a variety ofways with our classes. We
often provide a sentence stem or question to help students focus their
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thinking. Enablers such as "When I think of atoms, I wonder..." or "What
do you think about making recycling mandatory?" have been successful
ways to have the students reflect on their scientific beliefs and values.
Students are sometimes asked to look back over theirjournal entries and
write another entry that focuses on the growth of their knowledge. At other
times, the teacher and the student maintain a personal dialogue by writing
back and forth about the scientific, social, and technological relevance of
ideas raised during class.

Journals, or other records of reflective thought, are a way to capture
growth over a period of time. Students can become more thoughtful
aSSestiOrs of their personal learning histories. Further, by having our
students keep written journals, we are better able to understand the whole
of a student's knowledge, not just a sampling of what he or she has learned.

Oral Interviews

Not all students can adequately express what they know in writing. Others
have difficulty reading and understanding written test questions. Oral
interviews focusing on the communicative act between teacherand student
are a way to overcome these problems.

In oral interviews teacher and student are jointly responsible for deter-
mining what a student knows. Through personalized communication,both
teacher and student negotiate the meaning of what is being said, with the
student empowered to make sure meanings are expressed thoroughly and
understood.

Students learn that the teacher respects what they have to say. Because
students know they can communicate with everyday language rather than
formal scientific jargon, test anxiety decreases and self-esteem blossoms.
Similarly, a teacher can ask students to elaborate on statements to detex-
mine the breadth and depth of students* understanding. The focus of the
task is to determine conceptual understanding rather than vocabulary
knowledge.

An interview turns the assessment process into a learning opponunity
for both teacher and student. In our efforts to understand what students
know about science, we have found oral interviews to be an effective way
for both teachers and students to communicate what is known.

implications of Alternative Assessments
Tests constructed separately from students and the learning process per-
vade much of educational assessment today. Science educators must ask
themselves if they are satisfied with an assessment program that is almost
solely concerned with whether decontextualized scientific facts can bc
recalled from students' short-term memories. Far more valid are assess-
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ments that allow students to show what they know in a variety of contexts.
We view alternative assessment techniques to bc a part of the classroom
curriculum because they continually create opportunities for students to
clarify the meanings they have constructed. We feel that utilizing only one
type of assessment is insufficient for educators to ascertain the nature and
extent of student.s' knowledge. Therefore, we advocate the use of a variety
of classroom-based assessments in order to develop a more extensive
profile of what students know.
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Use of Creative Drama to Evaluate
Elementary School Students'

Understanding of Science Concepts

Michael Kamen

There is a geat deal of concern regarding the quality of elementary science
education. The typical science lesson in theelementary classroom requires
students to read a chapter and choose the "right" answers to a set of
questions. Science is usually not presented in ways that encourage students
to construct models and maximize their conceptual understanding of the
phenomena. Students generally have to memorize the correct answers.
Even when a hands-on approach is used, students tend to hold on to their
original conceptions. Students may use the correct words but fail to
understand those words.

Scientific knowledge is viewed by many scienceeducators and philoso-
phers as being a human construction! This view is very different from the
positivist view of science. The positivist perspective treats science as a
process of revealing the truth, with the scientist seen as being objective and
apart from the "truth" that is being investigated. In this approach the
scientific method is considered the process to reveal this truth. The con-
structivist perspective does not treat science as static information to be
discovered; instead, science is viewed as a fluid process of inquiry. From
this inquiry, models are developed that explain the world in useful ways;
however, these models arc influenced by a person's experience and infor-

mation.2
If wc accept the notion that knowledge is constructed by people, then

we must find ways to focus on our students' current conceptions and help
them construct more sophisticated models. It does not work to simply try

to teach the concepts.3
Assessment is a vital ingredient for tbe teacher who is trying to help

children construct meaningful models. It is not the fmal step of a lesson;
rather, it is an integral part of the teaching process.
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Creative Drama as Assessment

Creative drama can be used as an effective assessment instrument within
the context of a lesson.4 A defmition of creative drama will help to clarify
its use. Gourd' defines creative drama as "an art form for children in which
they involve their whole selves in experiential learning that requires
imaginative thinking and creative expression. Through movement and
pantomime, improvisation, role-playing and characterization, and more,
children explore what it means to be a human being."5

The use of creative drama to help students understand coneepts is not
new. Drama educators have been making claims that it is an effective
strategy in many curriculum areas. In an ethnographic pilot study, I
examined one fifth grade teacher using creative drama in her science
lessons.' The teacher discovered that creative drama was a powerful
assessment instrument. She made the comment that "it [creative drama]
tells you what they don't know. It's a great evaluation." She asked the
children to act out interactions and adjusted her lesson based on the way
the children presented their ideas.

Examples

Creative drama can be used in many areas of science in this way. Some
examples will illustrate how it works:

A class has been studying air pressure. All of the studentscan tell you
that if a gas is heated, it expands. The teacher then asks the children
to stand in a sectioned-off area of the classroom. They arc told that
they are each an individual molecule of air. They pantomime the
action of the molecules as the teacher controls the temperature. Some
children curl up into the fetal position and slowly move to a position
with their arms and legs extended as the temperature rises. They are
presenting their model which shows individual air molecules expand-
ing as the temperature increases. The teacher now can address those
children's conceptions (or misconceptions).

A fifth grade class is studying solar energy. They have watched
balloons inflate on top of bottles placed in front of a light bulb. The
students observed that the balloon on the black bottle inflated first,
followed by the clear and silver bottles. The children discuss what
light does when it strikes the different colors. They use the terms
"heat" and "light" interchangeably. The teacherwants to help them
understand that there is a difference between heat and light. Three
children are asked to be molecules in the clear bottle. TIllese children
line up shoulder to shoulder. A fourth child is labeled a photon. The
photon (running at 186,000 miles/per second) heads toward the
molecules. The four children pantomime what happens when the
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photon hits the clear bottle. This is repeated for the other bottles. The
teacher gains clear insights into how the children are thinking about
these concepts and can then address the students' conceptions in their

own terms.

A third grade class is studying the behavior of land snails. They test
the snails with a variety of foods, classifying the snails' behavior as
positive, neutral, or negative. Yet the results are not consistent. The
teacher asks the students to pair up. One student is a piece of food
and the other is a snail. The students act out positive, neutral, and
negative interactions. Very quickly the teacher sees how the students
have operationalized te three kinds of interactions. The teacher can
then use the pantomimes as a way to help the students see the need
to have consistent operational definitions.

A teacher wants to see what her fifth grade students have learned
about wavelength, amplitude, and resonance. She sets up the class in
one long row of chairs. The children are instructed to show a wave.
She then asks them to change the wavelength and amplitude. They
stand up higher when the amplitude is increased. More students stand
up at the same time when the wavelength is increased. There is an
interesting result. When the wavelength is too, long the wave dies
out. A student eagerly raises his hand to announce that if they added
more students to the line, there could be a longer wavelength. This
gives the teacher insight into the children's construction about waves
and why objects of different length make different sounds.

Creative Drama Compared to Other Forms of Assessment

The power of using creative drama is that it encourages the students to
construct clear models that can be observed directly by the ,:acher and
other students. Many assessment procedures require students to restate a
definition or concept or to demonstrate that they have achieved a skill by
performing a specific task. Creative drama is unique in that it requires a
student to demonstrate his or her understanding of the concept or idea in a
way that is meaningful to the student. By using creative drama the teacher
is gaining insight into the students' understanding of the concepts while
the lesson is in progress. This allows the teacher to respond to the students'
needs during the lesson.

The students can also learn directly from die assessment. The process
of designing and presenting a representation of their conceptions will help
them to think about the concept in a way that is meaningful to them; they
will "own" the idea. They will also have the opponunity to watch and
discuss the ways in which other students present the same concept In this
way abstract ideas can be discussed in concrete terms. As a filth grade
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student described the creative drama in his science class, "You may not
learn as much from twting, but you remember it better. It's sort of like the
secondary in football. If the first one doesn't get him, the secondary will
come around and tackle him."

A fmal point is that creative drama is a dynamic activity. In addition to
providing the teacher with information about what the students understand,
it is a great deal of fun for the students and elicitsan extremely high level
of engagement for the entire class.
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Alternative Assessments in
Elementary Science

Maly Dolan Thiel

Briggs Elementary School is located in Maquoketa, Iowa, a rural commu-
nity of 8,000 in central-eastern Iowa about 20 miles west of the Mississippi
River. During the past three years, the curricultun taught at Briggs has been
rewritten according to Iowa's Standards for Approved Schools. This paper
will outline particular changes in science and, more specifically, changes
in how we now assess students in this area.

I am part of a team of three third grade teachers who teach all subject rucas
except physical educatice, music, and art My students range from gifted to
learning disabled, a-risk to out-of-school enriched. They are "Everyman's"
children. Our team is finding that alternative assessment in science may be
the most dynamic current resource currently available for developing a
positive and relevant image of sciaxe fair both teachers and stuckans!

Elementary teachers often feel inadequately prepared to teach science.
We frequently relied on text-driven science curricula, which generally have
a low-level cognitive focus that ignores the affective and psychomotor
domains. Standardized tests reinforced the practice of teaching students
factual information. As a result, students seldom went beyond the "know-
ing and understanding" phase. With so much information to process, they
had no time for "doing," although some students did get to watch their
teachers do an experiment from time to time.

Now, however, Iowa's Standards for Approved Schools mandate nontest
assessment in all curricular areas. Curriculum writing teams determine
expected student performance outcomes at various grade levels; as a result,
students may gauge their success in fulfilling clear, specifically stated
performance requirements.

Assessment has been integrated with learning tasks, and I have come to
view it as multidimensional and continuous. This has not been an easy
change, nor has it been completed. At this time I am continuing to utilize
standardized tests, but I also consider performance assessments, Iowa Tests
of Basis Skills data analyses, library circulation records, parent input, pupil
self-evaluations, modifications of book tests, comments from people vis-
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ited on field trips, students' daily journals, and grade-book checklists in
determining student achievement. Several techniques used in other content
areas can be adapted for science assessment. Both students' cognitive and
affective domains can be Kldressed by using "KWL" charts ("What I
Know, What I Want to Know, What I Learned; " see Table I). Similarly,
personal journals describe class activities, then allow personal comments
about feelings and attitudes.

The sometimes neglected psychomotor domain can be addressed by
teacher observation and visual records (via() tapes and photos) of student
manipulative activities. Student creativity and application of knowledge
can be assessed in a similar manner by examining student products, such
as a musical instrument made as a part ofa sound unit. Student anhusiasm
for the subject can be recorded by charting items of interest brought and
shared with the class. I have used several methods ror recording anecdotal
comments, but I find clipboards with individual flipcards or post-it notes
to be most effective. I hang the clipboards near my desk so I have a constant
visual reminder about rectwding student behaviors, reactions, and com-
ments relevant to the science unit.

The success I have had has primarily been in the area of "authentic
assessment." Grant Wiggins, a leading expert on student assessment, sees
this type of evaluation as real-life representation that concourates on both
teaching and learning to ensure that mastery is genuine. I found the most
difficult task was to create clear, specific performance outcomes that could
be understood by third grKiers. The first authentic activity I assigned was
to prepare a booklet reporting a three-day animal observation. I wanted the
students to observe the same animal over a period of time, make comments
about specific behaviors, and show higher-order thinking skills by using
qualifying numbers, infuences, or intemetation of =TM observation
compared to knowledge of a similar, previous occurrence. I attempted to
convey these desired outcomes to the students on a "rubric" (a sheet of
guide rules; see Table 2). I indicated to the students what was expected for
a "3," the best "grade"; what would be considered "2" quality; and
finally, what would be graded as a " I."

This rubric was not specific enough for third-gaders, except for the
number of days that observations were required. Performance outcomes
should have been stated in observable terms, such as, "the student will
write a sentence describing at least one thing the pet is doing, tell if the
animal has done this thing in the past, and make a commenttelling whether
this is new or old behavior." This would be considered a "2," and to get a
"3," the student would have to write more than one sentence and describe
more than one thing the pet was doing. Besides indicating whether the
behavior was old or new, the student would have to usc number qualifiers
(how many times), relationships (cause and effect), or comments about
how today's behavior reminded the student of something from the past.
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lable I. The KWL Chart

The KWL Mart is a group IIIICSSIDalt technique. Before insuanion, students list what they airearly

Know (or think they know) and what they Wass to Loam. Aherne*, students list what they have
teamed, checking back so see thu what they listed inider "K" is factual and whether they answered the

questions in the "W" section. This tedmique can be used to assess pupils, instruction, or cuticular
matenals. In this cunt*, the subject was dbarauus.

What We Know
Some wine meat-eaten (carnivore).

Some %me plant-earzn (berbivore).

Some were large some small some sin

of Mrs. Thiel (medium).

They are whin.
Some west the size of dog or chicken.

They had four stages when they died.

Seale could fly.

Some had :help teeth.

Some lived in water.

Some ha I sharp hams.

Some Lad flat teeth (plant-caters).

Most hatched aux of eggs.

Sane used their back-spies for protection.

Same lived 70 million years ago.

Some lived by swamps.

Some had very big feet.

Most of them &an% lUte cads other.

Same had long tails.

They died over 60 million years ago.

Some were just big lizards.

Some wen egg-maim.
Some have lesig necks.

T-Rert was tyrant king.

Some weighed mom than 12 elephants.

Dinosaur means thunder lizard.

What We Want to Know.
Why did they die? (become satinet)

How did they say alive for so long?

Really how long ago did they live?

Why did they hate each other?

How muds did they weigh?

How slid they live their life what did they

do?

How did they swim?

Is then still one alive? (hie Loth Ness Monster)

Why west some plant eaten, while others were

meat eaten?
What ere all their names?

Why are some so big?

Why did the meat eaten eat the plant eaters

or did they en each other?

How many bones did they have?

Why did BO= have such sharp teeth?

How long were their tails?

Did Triceratops really kill T-Res?

What We Learned
Dinosaur faints were first discovered about

200 years ago.

Richard Owen called the fossils Dinosauria.

Somas' find dinosaur bones in steep mynas, hy

riversides, in qzanim.

They carefully dig so they won't break the

bones.

They shellac du bones to keep them preserved.

Scientists cover the bones with planer caste so

they won't break on the way to the museum.

Little bones an safe in tissue paper or match

bases.
Molds are made so other bones can be made

from this if they hseak or to make a model.

Scientists number the bones and take pictures

to make sure the dinosaur goes together

correctly in the museum.
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Table 2. Three-day Animal Observatkm Rubric

Day I Day 2 Day 3

Student completes ob-
servation of pet/nature
for one day.

Student documents a
number of pet/nature
behaviors.

Student completes
observaitm of pet/nature
for at least two days.

Student demonstrates a
number of pet/naum
behaviors and indicates
some insight about the
behavior:

Student completes observa-
tion of pet/nature far all thme
days.

Student documents a number
of pet/nalwe behaviors thor-
oughly and shows great in-
sight about the behaviar.
(Example: canvareskon-
basis, indicates numbers of
behaviors; re/aft to past =-
valences that art similar;
gives specific details, etc.,
for more than one thing the
pet was doing. Resides indi-
cating whether the behavior
was old or new, the student
would have to use number
qualifiers (how many times),
relationships (cause and ef-
fect), or COMMON about
how soday's behavior
reminded the student of
sonwthing from the past

The rubric format was difficult for the third grade students to under-
stand. I had to explain that the two main expectations applied to all levels
of activity. (A matrix layout would be an improvement.) Further, I ex-
plained that students could get more points for thorough, explicit sentences
about their observations. (The third graders had previously received S's
and U's, so the idea of ranking their performances was vague.) In the
original rubric I used terms like "insight" and "observable behaviors."
Many third graders had difficulty with this vocabulary. A significant
amount of explaining was needed to convey the meaning to some students.
A more controlled vocabulary should be used.

If the rubric had been written in terms of observable outcomes, evalu-
ation would have been easier. I was disappointed that I still was subjective
in distinguishing the "1-2-3" performance levels. This is a problem that
must be addressed if there is to be trtz inter-rater reliability amcmg a grew of
teachers. This first attempt taught me much about the process and the need to
be explicit about desired outannes while leaving mom for creativity.

The students did a good, perhaps intuitive, job of interpreting the
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requirements. Still, the majority ofstudents received " I's" and "2's." In

a one-sentence self-assessment, the students indicated they enjoyed this

type of activity, especially after having taken the Cognitive Abilities Test

and the Iowa ibst of Basic Skills earlier that same month. Further, by giving

the students the opportunity to present their observations orally, I also

found that some students knew more than their written products indicated.

I recorded an anecdotal comment for each of those students, which I placed

in their science portfolios.
The rubric helped me focus on what was truly important; it also helped

me focus on how I determined student understmiding through evidence of

a performance activity. It was useful ki students because they were able to

see exactly what was expected and what had to be done to achieve the

objectives.
Alternative assessment has positively changed my attitude about evalu-

ating student performance. I no longer view "tests" as definitive state-
ments of what students know. I see a need for clarity in teacher/student
communication. As a teacher I need to become more aware of the variety

of student learning styles and the need to address them within the five

domains of education concept, process, creativity, attitude, and appli-

cation of knowledge.
There is still a need for standardized tests as indicators and predictors

of wow behavior. However, alternative, authentic assessments are vital if

we are to give individual students the opportunity to create, elaborate,
demonstrate, and evaluate what they are capable of learning.



4

Math: The Tool We Use to Study
Science; or, There's More to

Assessment than Computation

ffirstin Lebert

The purpose of an assessment is twofold: it isa means by which children's
grasp of knowledge is measured, and a means by which educators can
determine the instructional needs of children. Above all, assessments must
give a clear picture of what children actually understand. Recently, the
District of Columbia Committee on Public Educatkm (COPE) published
"Our Children, Our Future: Revitalizing the District of Columbia School
System." One of COPE's recommendations for elementary educatim is
"to replace current tests for mathematics with state-of-the-an tests that are
integral to instruction itself." For a recommendation of this magnitude to
be implemented, a cadre of educators is required who have a deep under-
standing of the discipline, are committed to change, will accept the short-
term risks associated with change (such as a possible drop in their classes'
computational test scores), and who will assume leadership roles. Only
with dedicated and committed teachers can we make such a drastic change
in the way we teach and assess the mathematics and science curriculum.

After I had been in the classzoom a number of years, it became apparent
to me that we were nt.: accurately assessing children's math and science
concepts. Children were fooling us. The model that I developed OYU the
years while teaching third, fourth, fifth, and sixth graders was not so much
a collection of lesson plans and accompanying assessments as it was a
procedure that allowed the children (with guidance) fast to discover an
algorithm and then to apply that mathematical procedure to solve science
problems.

The Program

The philosophy on which this model is based is that assessments are to be
used for determining children's understanding of tin concepts taught, as
shown by their active participation in problem-solving activities. The
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program was developed at Ben W. Murch Elementary School in Washing-

ton, D.C. The school serves children in prekindergarten through the sixth

grade. The teaching staff believe that children learn best when they are
active participants in their own insuuction with developmentally appropri-
ate learning experiares.1 The success of this teaching strategy for grades

3 through 6 is in large part the result of many of the children's problem-
solving experiences in the early grades.

This program, which does not group according to academic achieve-
ment, was developed to compliment dm District of Columbia Competency-

based Curriculum (CBC) in science and mathematics. The CBC was
originally developed and implemented in 1980. The science curriculum was

revised in 1984, and the mathematics curriculum is being revised now
(1990-1991). The CBC is tkw instrument by which the math and science skills

are closely organized among the various levels, kinderganen through grade

12.

Instructional Pracfices

The teaching techniques used withthis m3del include cooperative work by
the children, questioning, discussion, justification of answers, and reading
about mathematics and science. Children are placed in working groups so
that there is a range of academic achievement. After group work, there is

discussion time when children are required to justify their answers or
results. The classes are required to do outside reading about mathematics
and science and to turn in book reports.

Assessment Techniques
Children's understanding of the concepts taught can be assessed through
their oral responses, model construction, illustrations, and written state-
ments. Correct answers to math problems alone do not fully assess chil-

dren's understanding of the concepts taught. Asking children to justify their

answers puts the responsibility of learning on the child. WI= youngsters
are asked to write statements and use illustrations to descae science
concepts, teachers can determine more easily how much the children really
understand, as the following examples illurrate.

Balance of Forces. This instructional sequence introduced and rein-
forced children's understanding of force and how weight and coun-
ter-weights can be arranged on a lever arm so that they are in balance.
Children experimented by balancing pennies on a ruler to determine
the rule that force times lever arm on one side of the pivot point must
equal force times lever arm on Um other side. Children were in-
structed to balance the ruler on the edge of a book at the six-inch
mark. The students developed olgerent possibilities for balancing the

357



Lebert 349

Figure 1.

Figure 2-

4- 2 + 5
9"1 r

Can you lift the load of 7 pennies

A) With one penny?
A) With two pennies?
C) With three pennies?

How can you prove your answer? 13/
orxperi ;%4A.+.

(7.4:1

weights (pennies) on the ruler. At the end of the session, there was a
discussion about the possiHe configurations and how one could state
a mathematical rule that would fit them.

A class of third graders initially stacked only one penny at each mark
on the ruler. After seeing several patterns that balanced, one third
gradex determined the mathematical rule for this must be 4+2=1+5
(Figure 1). Later the class was asked to stack more than one penny at
a marker. They learned that the initial rule was insufficient. When
fifth and sixth graders experimented with this model, several identi-
fied the correct rule. On an assessment question a fifth grader clearly
indicated his grasp of the concept by his illusuation (Figure 2).
Children were then required to apply this mathematical rule by
designing mobiles using straws and paperfolded designs (Figure 3).
The end-of-unit assessment included multiple-choice questions with
illustrations. In some of the questions, the children were required to
justify their answers.

Seasonal Change. To determine first-semester sixth graders' under-
standing of seasonal change, an assessment was developed in which
the children wrote in narrative form their reasons for the change and
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Figure 3-

drew an illustration for clarification. This assessment was given after

approximately two weeks of unit study that included a math unit on

degrees in a circle. The papas were rated I (understanding), 2

(possible understanding), or 3 (little or no understanding). The re-

sponse shown in Figure 4 was rated "understanding." Although there

is no ieference to the earth's tilt, the paragraph clearly states the

reason, and the illustration matches the description. Figure 5 shows

a response rated "little or no understanding." The student has

excellent writing skills and clearly described the zones but gives no

reference to the eanh's tilt. The illustration shows a possible confu-

sion with night/day and seasonal change. The child with little under-

standing also illustrates the sun revolving around the earth.

Ratios. The District of Columbia curriculum includes the study of

ratios in the sixth grade. To develop children's unckrstandingbeyond

a superficial level, assessments rec..ire children to construct scale

drawings and models of their homes or other buildings. They were
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asked to calculate floor space and room volumes in their respective
projects. By doing this, the children had to review and use concepts
of area and volume learned earlier. Interest was sustained since most
students were visualizing and quantifying space that was very famil-
iar or significant to them personally. They could also see what
numbers do when they calculate peritneter, arc., and volume of their
models.

Erosion. In this unit children use math skills to calculate percent of
slope in their study of erosion. Each winting group had to identify
erosion in the immediate area and what might have caused thc
problem. Each child was responsible for sketching the area, deter-
mining percent of slope, and writing a short narrative on how erosion
might be prevented (Figure 6).
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A Final Word

In the preceding discussion I have illustrated how I believe children should
be taught and how learning should be assessed. For instructional practices,
I rely heavily on cooperative work, questions, engaging the children in
discussions, and requiring them to justify their answers. I assess r:iildren's
knowledge using wriuen statements and oral respoises. I alsk MSC= their
lanowledge by requiring them to apply the skills learned in constructing
models or solving problems using the scientific method. Some ofthe lesson
plans used I have developed; most have been shared by others.

This program is based on the concvt that the child must be given the
opportunity to fonnulate math rules using caner te objects and then must
apply the skills learned. Science is used as the vehicle in which children
apply math skills. By doing this, teachersare better able to assess children's
understanding of both science and math concepts.

Reference
1. Ben W. Much Elementwy School Middle States Self Study, 1990,

(District of Columbia Public Schools, Washington, D.C.)
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Alternative Assessment in
Measurement Studies

Donald C. Snyder, Jr.

This alternative science assessment project is an interdisciplinary approwh
that incorporates science and mathematics in the instruction of measure-
ment. Students learn the dimensions thai are measured (length, time, inns,
weight, temperature, and volume), the units in which they are expressed
(gram, meter, liter, second, degree, etc.), and the instruments utilized for
their measurement (balance, meter stick, graduatedcylinder, cubes, vernier
calipers, measuring tape, thermometers, spring scales, beakers, and stop
watches). The unit was developed for inner city (urban) students in grades
7 through 9. The science classes were heterogeneously grouped for instruc-

tion.
Measurement is an area that is confronted every day by students, and

this project is based on student interest and curiosity. Questions such as.
"What time is it?" "How far away is the subway station?" and "How cold
is itT' are frequently discussed in hallway and classroom. Students often
ask how distance, volume, and mass are measured. They also want to know
what instruments are utilized to make measurements in these areas. This
alternative assessment project is intended to strengthen students' belief in
the relevancy of the curriculum in their daily lives.

This assessment project permits extensive integration of concepts in

science and mathematics based on the hands-on approach. (Examples of
measurement projects are shown in Figures 1,2. and 3.) Upon completion
of these laboratory assignments, students should have enhanced their
process skills (ability to make observations, manipulate apparatus, inter-
pret data, prepare graphs, record results, draw conclusions based on
experimental data, and classi4), their problem-solving techniques(mental
computation, estimation, approximation, and geometric relations), and
their critical thinking skills (ability to formulate key comprehension and
mathematical questions such as, "What is the yoblem?" "What is being
asked?" "What aTe the unknowns?" "What are the data?". Assessment was
based on the results of the completion of a series of measurement labora-
tories. Students utilized these skills throughout the school year and did well
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Figure 1. Metric System Measurements.

L Problem: The meter is the basic unit of length. We will apply this
idea to the measurement of various objects.

11. Materials: meter stick, paper, pencil, and crayons.

III. Sketch:
A. objects measured
B. materials

IV. Procedures:
A. Measure various objects in the classroom.
B. Record the measurements in a table.
C. Sketch the objects measured.

V. Results:

objects width
-

length
textbook mini CMS [MSS cms
desk

chair

height

arm

hand
.

finger

class space door

classroom

VI. Conclusions:
A. Define these terms:

I.
2. anti-
3. kilo-

4. circumference

5. meter

6. distance

B. What is the base unit of length?
C. Develop a bar graph of your class height.
D. What is a graph?
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Figure 2. Measurement of Volume, Mass, and Temperature.

I. Problem: illustrate the measurement of volume, mass, and temperature.

II. Materials: graduated cylinder, beaker, florence Oa*, Erlauneyer
flask, rack, suing, balance, thermometer, ice cubes, water, and various
objects (rock, rubber stopper, beaker, pencil, pen, and aayon).

III. Sketches:
A. Sketch objects that can hold and measure liquids.
B. Sketch a balance and thermometer.

IV. Procedures:
A. Record the amount of water in your graduated cylinder.
B. Measure the volume of water needed to fill a beaker.
C. Diagiam objects that hold and measure liquids.
D. Measure the volume of a rock by water displacement.
E. Find the mass of objects using a balance beam.
F. Find the mass of a dry beaker and a beaker filled with water.
G. Take the temperature of cold and warm water.

V. Results:
A. Volume; I. Amount of water in the graduated cylinder:

2. The yam= of water in the beaker:

B. Mass: ri. object mass

-a. rock

b. rubber stopper

-c. beaker

11. pencil

e. pen

f. crayon

2. Mass of beaker and water beaker
C. Temperature; 1. freezing point 2. boiling point

3. warm water: 4. cold water
VI. Conclusions:

A. Define the following terms: 1. thermometer; 2. temperature;
3. meniscus; 4. volume; 5. area; 6. mass; 7. Celsius scale;
S. circumference.

B. What are the units of mass and volume in the Metric System?
C. What method did we use to measure the volume of the rock?
D. Water displacement; I. water and rock:

2.water 3. tot*: pp
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Figure 3. Density Laboratory: What is Density?

I. Problem: To determine the density of various objects.

II. Materials: block of wood, rubber stopper, cork stopper, graduated
cylinder, string, balance, water, and graph paper.

III. Sketch:
A. Illustrate a block of wood and all items that had their densities

determined.
B. Illustrate the balance and graduated cylinder.

IV: Procedures:
A. Measure the length, width, and height of a block of wood. What

has this determined?
B. Measure the mass of each object.
C. Use the formula D (density) = M (mass) / V (volume) to

determine the density of the objects.
D. Calculate the densities of a rubber and cork stopper by water

displacement.
E. Use a graph to determine the density of water.

V: Results:
A. Record the mass and density of thevarious objects in the

following charts.

Object Mass Density
wood

rubber supper
cork stopper

,

,

graduated
cylinder

B. Graph the density of water.

VI: Conclusions:
A. Define these terms: I. density; 2. volume; 3. mass;

4. measurement.
B. What units are used tc express density?
C. Why is the density aa bowling ball greater than the density

of a volleyball?
D. What is a graph?
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in measuranent competition (State champions, Division B, grades 7 and

8, "Measurement," in 1988).
This type of assessnent offered students an opportunity to apply the

units, manipulate apparatus, and measure a variety of items, and they were

eager to do so. They understood the relevancy of activities beyond just

memorizing photos, reading textbooks, and answering questions. This

project enhanced instruction because students became "active partici-

pants" in science.
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Earth Science Final Exam:
A New Approach

David L Stevens

The interdisciplinary, contemporary earth science class at Glenelg High
School in Maryland is one which adheres very closely to the philosophy
and content of the American Geological Institute (AGI) program, "Inves-
tigating the Earth." The major topics covered during the school year
include energy, maner, and change; the water cycle; the rock cycle; earth's
biography; and plate tectonics.

The prow= is intended for ninth grade students whose ability level
may range anywhere from average to gifted and talented. With the excep-
tion of talent-pool students, most classes are homogeneously grouped.
Class sizes usually range from 28 to 34 students. The classroomfiaboratory
setting is a self-contained facility generally suitable for any introductory-
level science class.

A major goal of the earth science wogram is to involve students in dm
inquiry process of science. Throughout the school year this involvement is
accomplished through numerous laboratory investigation, classroom dem-
onstration, and home activities known as "actions." The final exam is maely
the last stage of a year-long continuum students learning by doing, students
assimilating by asking, and students retaining by applying. This final exam
encourages cooperative learning as well as the use of higher-level thinking
skills such as prediction, deduction, synthesis, and problem solving.

The Exam

For the exam (see Figure I), the classroom becomes a geologic location
which the students must investigate and describe. &Wenn start the final
CUM by spending two to three days measuring, identifying, awl recording
data taken from meta-long plastic tubes that have been placed at specific
locations around the classroom. Each tube represons a hypothetical core
sample of material taken from that location. The tubes contain various rock
and fossil specimens that will be used to draw conclusions about climate,
geologic age, geologic events, and geologic Aistory. Students may collect
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Figure 1. Earth Science Homws Final Examination

Part
Part B:
Part
Total score on final exam:
ABCDE

'Rachel: Mr. Stevens
Date:
Name Period

Dinctions: You may use any source of information you wish. You may freely
converse with and/or work together during the initial two and one-half days of
observation. YOU must formulate your own theory and be prepared to write it in
your own words on the day of the fmal examination.
Your job is threefold:
A. Take all necessary measurements and observations about the area during the
two and otw-half days of observations. It is your responsibility to devise data
chins that will enable you to somatically reccxt all measummaits.
B. Using all of the data collected in class, devise a model of the area. Your model
is to be prepared at home and lvought to class on the day of your final examination.
Be sure to include all observed rock types mid be sure to be accurate in showing
the thicknesses of each rock layer. Keep in mind the relative distances of each
observation point when constructing your ix lel. HINT: You have used several
kinds of models this year. Among dune hay :en topographic maps (Lab 1-10),
cross-sections on mph paper (Labs 9-1 anu 11-W A), and three dimensional
models (Lab 3-1). You may find some and or all of these helpful when preparing
your model. Be mindful of each sedimentary rock and its metammphic counterpart.
Pay particular attention to the effects of different cooling rates on magma and the
specific igneous rock that is produced. You may find it helpful to refer to the class
notes se4tion of this quarter's notebook, specifically that section entitled "Rocks."
C. The day of your final examination, come to class prepared to write your theory
explaining what the general area looks like today, during the past, and at its very
beginning. Be sure to validate each part of your theory with the daza you have
collected. Include geologic time periods as to when specific events took place. Be
sure to describe each event thoroughly. Leave nothing for granted. Assume I am
totally unfamiliar with this area and therefore need a very detailed commentary.

Special notes:
1. Horizontal Scale: 1 cm = 1 km
2. Vertical Scale: 1 cm = 10 m
1 Lab Table Top = 1 km
4. All height readings are taken from the table top.
5. Fossils belong to the layer of rock below them.
6. The thickness of the fossil is to be added to the thickness of the layer of rock

below the fossil.

BE THOROUGH AND GOODLUCK3 i;
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their data individually, in pairs, or in small groups. The data collected and
the method by which the student represents the data comprise one-third of
the final exam grade.

In thc second part of the fmal exam, each student takes his or her data
home and constructs a "model" of the area represented in the classroom.
(Previous examples of models are withheld frmn the students.) Fmished
models usually take the form of geologic maps, topogaphic maps, cross-
sections, or three-dimensional replicas. The model comprises another third
of the final exam grade.

Last, each student is required to write a geologic history of the area. The
theoretical geologic history must be plausible, and the theory should
identify as many of the area's unique geologic features as possible. There
is no required length for the theory, which constitutes the remaining third
of the final exam grade.

Summary

Alternative methods of assessment such as these provide the teacher with
addit;onai, nonconventional methods for evaluating a student's progress.
Eac'i year I encounter students who are consistently unsuccessful with
traditional, paper-and-pencil, objective tests.Many of these students desiic
to succeed and are willing to try. They just don't get passing grade:, on
conventional forms of assessment. Their apprehension is overwhelming
when confronted with an end-of-the-year objective examination that is
supposed to cover the entire course and take BO minutes to complete.
Taking and passing such an exam is virtually inconceivable to these
students. It seems that failure is inevitable. Oncemy studalis start waiting
on their fin tt exam, however, most of their appreknsion disappears aiA the
opportunity for success becomes a reality.

Within the last three years, my school district lus undergone a complete
revision of all science curricula. Every topic or unit in the newly revised
curriculum guides contains an "alternative assessment" section.

The fmal exam described here is an alternative method for demonstrat-
Mg student competence. It is a method ofassessment that offers the same
chance of success for the average ability student as it does for the gifted
and talented smdent It gives each student a unique opportunity not just to
recall facts but to solve problems and generate ideas. It allows everyone
an opportulity to employ his or her individual talents or personal strengths
to complett a task. Since the final grade on this exam is derived from three
separate parts, the successful completion of any two parts can ensure the
student a passing grr Ie. The successful completion of all three parts can
ensure the student an outstanding grade. in my classroom, the use of
alternative assessments has improved both the level of student interest and
the likelihood of student success.
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Project Learning Assessment

Glenn Fay, Jr.

At Champlain Valley Union High School (CVU), a school of roughly 1,000
students in ruralsuburban Burlington, Vermont, student projects are used
to assess achievement in knowledge, behaviors, and skills. The compo-
nents of project learning assessment are shown in Figure 1. In project
learning assessment, students design, implement, present, and evaluate
projects. (A sample project is shown in Figure 2.) Students involved with
project learning range from high-risk to gifted.

Over a three-year period, two teachers collaborate and collect projects
to be used as indicators of student progress. Students in freshman level 2
biology move on to earth science as sophmnores and to owironmental
studies as juniors or seniors. Students in freshman level 1 biology go on to
chemistry level 1 as sophomores. The same two teachers work with these
students and compile projectfolios and other assessment data.

These courses offer a somewhat triaiitional scope and sequence, but with
significant differences from conventional courses. First, learning is focused
on the essential skills and content funn CVU's mission. As a result, the
content is more integrated with other programs such as the humanities, and
demonstrating skills receives more attention. Second, stuftnis are empow-
ered to a large extent. Tim focus of classes is growth and demonstrating
achievement. The entire school and community arc used as resources,
including three nearby colleges, a university with a moderate-sized medical
center, and local businesses and industry.

The philosophy behind project learning assessment is that, in a changing
world, learners need to be assessed authentically as active participants, not
as passive observers. The goal of project learning assessment is to evaluate
students on the basis of their ability to demonstrate essential skills, behav-
iors, and knowledge. (The points covered in evaluation are shown in Figure
3.)

Results aml Significance

Students develop a performance record based on project folios, perform-
ance assessments, quizzes, and self-evaluations as they work on projects.
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PROJECT LEARNING ASSESSMENT/Goal Setting

PROJECT DESIGN

MaPPing
Implementing

Evaluating

TESTS GROI IP WORK SELF EVALUATION

Figure 1.

For each student there is a record showing application of knowledge, skills,
and behaviors. High-risk students often donot take or choose not to finish
standardized tests. They find relevance in projects and take pride in their
performances. They also remember what they have learned.

In order for this type of assessment to be accomplished, the teacher's
role must change from lecturer to manager. This role becomes one of
planning, gathering resources, helping develop skills, and working with
individual students, parents, and other teachersrather than drilling students
on content. Experience with project learning assessment has shown that
there arc a number of implications for curriculum and instruction, includ-
ing the following:

lithe mission is to be achieved, it is necessary to design "down" from
the mission to goals, objectives, learning resources, and activities to
=UM mastery.
Essential skills, behaviors, and knowledge that al students should
acquire need to be defined.
Disciplines should be integrated so students can integrate knowledge
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PROJECT - FUMY CAREERS IN CHEMISTRY

..)tject 'ye
Researcr a career 1. cr re'ateo to the flee of cfernistry, rterv ew a persor 'n trat f 'e

anc trr q Dack nformat Ion to c'ass for some type of presentat,ort PIesentat'on aro one Gage x
!,trzct shoLlc rce )ct t le, cescrpt Ion, salary rarge, potertial risk factors, jot gernarc,
eocat'ona: ck.af,cat'cns assets or rt wares, arg a small orig.r.a' grxd-c Ora oresertatkr
te wth tre re'p cf a'oser arytr!no that wll' get tre aucerce's attert or

Crag fsc
Career 'nformat 'or 15
Name a"e t t'e of irterv ewee 5
Cazs orrsertat 'en 20
leirtter At stract
Tota'

.10
50

ExartV es
Crem'stry Teacher

ochem-st
AssCcate 5cerrst
Ovro;ca' Engineer
Tectsr,ca. Cc-st. ta't
Ervrortnerta*
ircustral Crern*t
Rac:o cqlst
Neoca' TeCMC
Nu ear Sc'ert
mecca' Dr tor
Psych.atr'st
Ree'stereo ht.c..c2 Nkr'F:e
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Figure 2.

EVALUATION FORM
Student name
Project name
Total class days preparation
Were your goals achieved?
Did your plan work fully? Explait .
Skills you learned
Grade for Project
What would you do differently for your next project?
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and find a context for learning similar to the real world, making
learning more relevant.
The schedule should be designed with longer time periods available to
students to learn.
Teachers should be provided with training that promotes alternative
assessments.
Teachers should be evaluated using alternative assessment as a
criterion.
There should be exit surveys and college and business surveys to
evaluate student growth using alternative assessments as compared to
traditional assessment.

Fmally, with project learning assignments students, teachers, college
admissions officers, parents, and others have a comprehensive history of
Audents' demonstrated growth, strengths, and weaknesses in skill areas
that have been identified by business people and educators as being
essential for success. Assessment will demonstrate what students know and
what they can do with what they know. Project assessment provides a
method of evaluation; it can also be a source of feedback to improve
instruction.
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Performance Assessment in an
Elementary Science Methods and

Materials Course

Ronald K. Atwood

The elementary sck ice methods and materials course at the University of
Kentucky is one of six courses in a methods, materials, and practicum block
taken by education students prior to student teaching. The entire elemen-
tary education component, including this course, reflects a constructivist
perspective, since that approach has been shown to be more effective than
more traditional approwhes.12 The central thrust of the course involves
critically analyzing a variety of curricular goals, instructional materials,
and instructional, management, and evaluation strategies.

The evaluation of preservice teachers (and elementary students) in
science has both infomial and formal components. The informal compo-
nent includes utilizing good questioning techniques and observing students
interacting with concrete materials and with each other. Evaluative data
obtained through more formal means complement data obtained infor-
mally by providing a more nearly complete picture of instructional effec-
tiveness, and such data are probably more defensible in arriving at grades.

Some of the formal evaluation tasks used to measure preservice teach-
ers' understanding of instructional materials and science content would
probably be viewed as performance assessment by the majority of profes-
sionals currently working with that concept. Like many terms used in
education, however, performance assessment has not been sharply defined,
although the criteria suggested by Wiggins3 are quite helpful, especially
the view that performance assessment should be authentic.

Even the authentic criterion is subject to interpretation; that is, a task
could be viewed as authentic by one teacher but not by another teacher,
student, or legislator. An analysis of examples of what others consider to
be performance assessment tasks is also helpful.° Emerging leaders in
performance assessment may soon be willing to take the risk of providing
numerous examples of what should be excluded. The debate that could be
expected to follow should help sharpen the concept.
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The examples below are examples of performance assessment tasks
usal by the author in an elementary science methods and materials course
to assess students' understanding of science content and investigative

Example 1: Assessing Ability to Observe and Infer

Expected behavior: Students will be able to state three to six
observations of some phenomena and one inference that follows
logically from the observations.

Performance activity: Students are told that one object to be used
in a demonstration by the instructor is a black steel caLanet and that
they may use this information in observation statements if they wish.
Students are also told to write from three to six observations based
on the demonstration and one inference that follows logically from
their observations. The instructor, without funher comment, brings
two small, shiny objects, which appear to be essentially identical from
where the students are sitting, into obvious contact with a vertical
surface of the steel cabinet. When hands are removed from the
objects, one object falls and the other object remains where it was
placed.

Scoring rubric:

Outstanding performance occurs if the student focuses on the most
interesting event, that is, the different results for the two shiny
objects. The student should make observations that provide a basis
for inferring an explanation of the different results. The observations
must indicate that one object remained on a venical surface of the
steel cabinet with no visible means of support.

Acceptable performance occurs if the student makes one minor error
such as stating that one object remains against the side of the cabinet,
but not explicitly stating that the object has no visible means of
support.

Unacceptable performance occurs if the observations are unrelated
to the inference or do not clearly support it, or if statements presented
as observations contain inferences.

Example 2: Assessing Ability to Infer Properties of Sets

Expected behavior: Students will be able to infer the properties used
to set up two intersecting sets of "A-blocks."

Performance activity: Students are shown two intersecting sets of

.376



368 Assessment in a Methods and Materials Coarse

A-blocks placed in two intersecting suing loops. One string loop is
black and one is white. No A-block is either black or white. A-blocks
that do not have the property of either set are located in a cluster
outside the two loops. Students are asked to infer the one property
used to place the objects in the black loop and the one different
property used to place the objects in the white loop.

Scoring rubric:

Outstanding performance occurs if the correct property for each set
is identified, such as "yellow" or "not triangle."

Acceptable performance occurs if the student describes the entire set
of objects rather than the property used to form the set. An example
would be "all yellow objects."

Unacceptable performance occurs if the student uses an incorrect
property or more than one property to identify either set.

Example 3: Assessing Ability to Assemble a Circuit Tester and
Ability to Test a Circuit Puzzle

Expected behavior: Students will be able to assemble a circuit tester
from D-cells, a flashlight bulb, and wires and use it to infer four
plausible circuit patterns for a circuit puzzle.

Performance activity: A student is presented with two flashlight
batteries (D-cells), each in a battery holder with metal clips at either
end of the battery; a fluhlight bulb in a bulb holder; several wires
with alligator clips on either end to facilitate repeated and rapid
assembly and disassembly of a circuit tester, a circuit puzzle with
more than four plausible circuit patterns. The student is asked to
include both batteries in making a circuit tester and to use the tester
in the task of inferring (and drawing) four different circuit patterns
(each plausible for this particular circuit puzzle), showing as little
wire as possible on the inferred patterns.

Scoring rubric for part 1, assembling the circuit tester:

C,ustanding performance occurs if the student arranges the two
batteries and light bulb appropriately in a series circuit with two wire
test leafs for completing the circuit.

Acceptable performance occurs if the student arranges two batteries
and a light bulb in a series circuit which can function as a circuit tester
but does not use two wire test leads for that purpose.

Unacceptable performance occurs if the student can not assemble a
functional circuit tester in the allotted time.
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Scoring rubric for part 2, testing the circuit puzzle:

Outstanding performance occurs if the student is able to use the
circuit tester to obtain the appropriate data in an efficient manner and
infer four plausible circuit patterns, each of which shows as little wire
as possible.

Acceptable performance occurs if (i) the student has one pair of
terminals improperly classified as either a "will light" or a "won't
light" combination but completes the task, based on the data he/she
has collected, with no more than one extn wire on one inferred
pattern, or (ii) the student works with accurate data and infers four
plausible patterns but one or two patterns include redundant wires or
one pattern has a needed wire missing.

Unacceptable performance occurs if (i) the student improperly clas-
sifies more than one pair of terminals as either a "will light" or "won 't
light" combination, or (ii) the student works with accurate data but
includes more than two redundant wires or !Caves out more than one
needed wire.

While each of these three tasks requires the preservice teacher to use paper
and pencil in recording responses, concrete materials that also can be used
with elementary students are utilized as the major data source for the
performance. In examples 1 and 2 it is the instructor who is directly
manipulating the materials to provide concrete data sources for the stu-
dents. In example 3 the students are manipulating the materials, as required
by the nature of the task. All three examples are considered by the author
to represent authentic performance assessment tasks for the elementary
science methods and materials course.

In addition to the demonstration and hands-on task formats used to
administer assessments of some desired course outcomes, student under-
standing of other course content, such as issues and trends, is assessed with
flexible essay questions, exclusively a paper-and-pencil format. For all
assessment tasks, regardless of the administrative format, the focus is on
assessing the student's ability to demonstrate understanding, usually
through application and/or analysis. Consistent with this focus, students
are allowed to use their own notes and copies of required readings on all
assessmerts. They are also allowed to retest on comparable but not iden-
tical tasks when their initial performance is not satisfactory. An evaluation
system with these characteristics has been associated with improved stu-
dent perfonnance.6 Further, student ratings and comments on the college's
evaluation of teaching forms indicate:

Many students judge the scoring rubric of the performance tasks to be
too rigorous.
The retest option is highly valued by students.
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It appears graduates of our program have accepted position in schools
typical of those described in recent surveys,7 where science tends to be a
low-priority curriculuin area. Experience suggests that in schools where
instruction in investigative science does occur, formal performance assess-
ment strategies comparable to those modeled in the methods and materials
course are seldom used.

In Kentucky, elementary science historically has not been included in
the required state assessment program. However, the sweeping Kentucky
Educational Reform Act (KERA) of 1990 includes provisions that will
require science to be evaluated in detennining the effectiveness of each
elementary school. The state will utilize perfomance assessment tasks to
determine each school's effectiveness, and rewards or sanctions will bc
assigned to personnel at the building level based on the results. Further,
each school will be required to implement a performance evaluation system
as a component of its instructional program. Finally, the six broad goals of
KERA require elementary science instruction consistent with the kind of
science advocated in the methods and materials course, and the science
education profession.8 Thus, the demand for performance assessment in
teacher education programs in Kentucky can be expected to increase, and
massive experimentation with performance assessment can be expected in
the state's schools. Other states seem to be pursuing or contemplating
similar moves. Looking beyond the multitude of problems to be worked
out and pitfalls to Le avoided, the end result should be more effective
teacher preparation programs and young people who are much better
prepared for life in the 21st century.
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Preparing Preservice Kentucky
Science Teachers for a

Performance-based, Nongraded
School System

John Guyton

Kentucky's 1990 Education Reform Law (HB 940) mandated perform-
ance-based evaluations and nongraded primary schools as a means of
radically improving the quality of education in the state. At Murray State
University, students preparing to teach elementary science are being
trained and evaluated in a performance-based mastery system that will lead
to success under the new system. Pre- and posttest measures include
attitude, knowledge of science, and knowledge of methodology. The
underlying philosophy of our approach includes the reduction of fear of
failure in science activities and the use of performance assessments to
prepare individuals with minimal science experience to teach science at
the elementary school level.

Teachers have been found to model the techniques they are exposed to
as students. Preservice elementary teachers in Kentucky have had little if
any expedence with hands-on science. Surveys of preservice elementary
teachers in west Kentucky indicate they have had fewer than nine oppor-
tunities io participate in hands-on science prior to methods class. One
reason reported by the author's stukkats for hesitating to teach science
using discovery activities is fear of failure in frmit of their stucknts. On the
pretest, over 75 percent of students reported fearing that their hands-on
experiments and demonstrations would fail.

Preservice teachers as r,11 as recently graduated teachers reported
making more extensive use of hands-on activities and performance assess-
ments after experience with them and with the Model for Failure/Success
(described below) in their methods course. The positive experiences and
enthusiasm for teaching science while learning it are passed from new
teacher to elementary children. When preservice teachers were exposed to
these expetiences, they reported less suess when using hands-on methods.

3s1



Guyon 373

M_ODEL_ FOR FAILURE SUCCESS,
ii

Figure 1.
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Reevaluate Problem,
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Growth of Knowledge Cycle

GROWTH OF KNOWLEDGE

Performance assessments have been incorporated as an integral compo-
netit of diagnostic. formative, and summative evaluations; they have also
effectively measured the cognitive, psychomotor, and affective domains.
HoweveT, in this elementary science methods course, the diagnosticassess-
ment has been used to identify strengths and weaknesses within the class,
and the summative assesdment Las been used to establish an exit grade.
Traditionally, these have been pencil-and-paper tests, not performance-
based in the truest sense. The formative evaluations, including cognitive,
psychomotor, and affective measures, ha ve been pe formance assessed.

The Model . allure/Success

The Model for Failure/Success (diagrammed in Figure 1) is based on the
path researchers in science follow, including the failures. The system
progresses from identification of a problem to developing a hypothesis and
designing an experiment. The experiment may succeed or fail. If it fails,
knowledge still grows as the problem, hypothegs, and controls are re-ex-
amined. The experiment is redesigned and repeated. This cycle is repeated
as many times as necessary, hence the model's subtitle, "Growth of
Knowledge Cycle." Once teachers understand the frequent failure of
science experiments and the mod to prepare students to analyze and profit
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374 Preparing Preserving Kentucky Science Teachers

from faihne, anxiety is reduced. The teacher's fear of failure is lessened
by the knowledge that some experiments should fail, thus providing the
students with a model for success through failure.

Preservice teachers in the methods class were oriented to the failure
cycle and then participated in experiments designed to fail. As they
examined the variables and exercised more control over them, they devel-
oped an unikrstanding of the concept that they could never have obtained
through reading only. Eventually they succeeded with the experiments,
thus becoming "expert." Using this approtch releases the teacher from the
tensitm inherent in having to appear as a science expert before students,
and permits him or her to become a consultant or fellow investigator who
scanetimes leads the students and sometimes learns from them.

My stud, reported that the problem-solving activity following a
failed experiment released them from the prearure to appear as experts.
Immediately being involved in a discussion oi the variables allowed them
to shift the emphasis from "It did not work" to "What went wrong?" It
also enhanced their self-confidence and that of their students. Moreover,
it is only through teachers modeling and practicing "failure" that students
learn to profit from it.

Table 1. Other Performance Assessed Activities in Teaching
of Science

Act2vity

Peer teaching

Performance Criteria

Accuracy, involvement; proper use of
discovery

Teaching in area schools A4curacy; teacher evaluation; inde-
pendence; participation; activity level

Computer competencies Accuracy, organization.; application to
other task; involvement

Science kits (SAPA, ESS, Accuracy; thoroughness; use
SCIS, PALS)

Environmental involvement; use of new ideas
education weekend

Current event
or TV discovery

Accuracy; appearance; aiscovery; rele-
vance

Egg drop or invention Originality; performance; relevance
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Performance Assessment of Class Activities

All evaluations of preservice teachers in the class (except for pre- and
posttests) are performance-based. Performance assessment allows pre-
service teachers to refine their psychomotor skills and appraise their
cognitive development; it also allows observation of preservice teachers'
affective &main. Sample performance assessment activities are shown
below and an overview of others is provided in Table 1. By the end of the
semester, students' performances have been assessed in over 12 categories.
Any deficiencies identified during performance assessments receive anen-
lion to prevent an unprepared teacher from entering the profession.

Sample Performance Assessment No. 1 "Rockets"

Goal: Basic skills and core concept.

Performance outcome: Skills in constructing models and ranging
techniques developed; safe launch procedures practiced.

Assessment tasks: Students are observed constructing and launching
rockets.

Performance criteria: 1. Proper constniction (yesinc). 2. Level 2 or
higher (yes/no). 3. Aesthetically pleasing (yes/no). 4. "With-it-ness"
(yes/no). 5. Safe launch (yes/no). 6. True flight (aerodynamic stabil-
ity) (yes/no). 7. Parachute deployment and recovery (yes/no). 8.
Proper ranging and decision (yes/no). Totals: number of affirmatives;
number of negatives.

Scoring rubric: Excellent: 6 affirmatives. Good: 5 affirmatives.
Below standard: fewer than 5 affinna.ives.

Sample Performance Assessmerft No. 2 "Circuits and Motors"
Goal: Core concept.

Performance outcome: Understanding basic characteristics associ-
ated with series and parallel circuits, motors, and diodes.

Assessment task. : Students are guided through several discovery
activities involving small electric motors, batteries, bulbs, and wires.

Tasks include: Creating series and parallel circuits; reversing direc-
tion motor shaft turns; connecting motors and baueries with motor
shafts turning in opposite directions.

Performance criteria: Students are given a diode and allowed to
investigate. They are then asked to describe the nature and charac-
teristics of the diode.

384;



376 Preparing Prescrvice Kentucky Science Teachers

Sample Performance Assessment No. 3 "Surface Tension"

Goal: Basic skills and core concept.

Performance outcome: Demonstrate understanding of control of
variables after failed activity and knowledge of surface tension.

Assessment tasks: Students learn to examine variables after experi-
encing failure in an activity and learn some characteristics of surface
tension in the prccess.

Performance criteria: Students float and refloat wire screen boats
and investigate problems encountered. Students propel soap boats
back and forth across a pan of water and investigate problems
encountered.

Scoring rubric:Excellent: correct description of surface tension and
understanding how to recover from failure. Good: understanding
surface tension or benefiting from failure. Additional experiences
needed: confusion, no conclusion.

Sample Performance Assessment No. 4 "Weather"

Goal: Basic skills and core concept.

Performance outcome: Knowledge of weather and skills appropri-
ate to teaching weather concepts.

Assessment tasks: Design a 3-day unit on weather to teach children
operating on a variety of cognitive levels. Utilize the materials
provided (cotton balls, matches, ice, coffee, salt, test tube, plate,
drinking glass, 2 thermometers). Include a task designed to evaluate
the students' knowledge of condensation. If students do not demon-
strate mastery, what strategy will be employed to remedy the situ-
ation?

Performance criteria: 1. Relevance of selected activities (yes/no).
2. Appropriateness of activities for cognitive levels (yes/no). 3.
Adequacy of evaluation (yes/no). 4. Remediation plan (ym/no).

Scoring rubric: Excellent: 4 affirmativcs. Additional experiences
needed: 3 or fewer affirmatives.

Mastery in a Performance-based System

Preservice leachers learn how to teach in the new nongraded elementary
level classes through participation in a performance-based mastery system.
Their mastery of the science methods course is necessary since it is their
only experience with teaching hands-on science. I f their experience is poor,
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their teaching will be compromise4, so they must master the skills of
directing hands-on activities. Students participate in numerous activities
that ensure maximum exposure to and saturation with the methods of
teaching science, and they are evaluated in the cognitive, psychomotor, and
affective domains. When all components ofan objective have been suc-
cessfully completed, students advance to the next objective.

Three essential elements the mastery approac4, performance assess-
ment and the Model for Failure/Success are combined in this system
for preparing elementary science teachers. The system allows preservice
teachers with limited backgrounds in science to overcome their fear of
failing in science activitt s as they master technique" of teaching and using
discovery. Comprehensive performance evaluations chan their progress
through the objectives and document the skills, knowledge, and motivat;on
of new science teachers.

Recommendations

The approach described here has two uses. First, teachers can increase their
confidence and skills through practicing "Failure/Success" while actively
engaging in hands-on science. Second, performance evaluations provide
both a mechanism for students to master the subject matter and for teachers
to assess the level of attainment of each student. These techniques arc
recommended to all science teachers. Too often students see the teacher as
authority, not leader or guide. Practicing failure/success transfers the
responsibility of doing science to the student and allows performance
evaluations of student work. Such evaluations give teachers a clear view
of the level of attainment and the 3kills the student is developing. This
contrasts with traditional evaluations that yield only superficial ranking of
students and ignore areas where the student's knowledge is deficient.
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Assessment of
Collaborative Learning in Chemistry

Judith A. Kelley

Applied Chemistry for the Nonscientist is a one-semester chemistry course

at the University of Massachusetts at Lowell taken by liberal arts, manage-
ment science, and fine arts students as a part of their core requirements.
The students range from freshmen to seniors and from 17-year olds to an
occasional 30- or 40-year old. Their majors are diverse and include art,
music, management science, English, criminal justice, and psychology.
The text used was Chem Com: Chemistry in the Community! A collabora-
tive learning approach is used in the course, and in 1989 and 1990, the
assessments of learning turned out to be a major contributor to the students'
learning activities.

Course Content and Structure

The course goals arc for each student to learn how to approach problem
solving scientifically, to be able to apply basic principles of chemistry to
solving theoretical and practical problems, and to become adept at locating

resources and applying learning to the understanding of contemporary
issues involving chemistry. Considerable emphasis is placed on hands-on
learning, searching out information, and distinguishing between fact and

opinion.
In addition to the text, students use the Sargent-Welsh periodic table of

the elements, a computer-conferencing network,2 current news articles,
and a calculator with logarithms (for calculations involving pH). In 1989

a class of 26 students met once a week for 3 hours (no laboratory facilities).
The 1990 class of 25 mct twice a week, for one hour in a regular classroom
and for two hours in a classroom with tables (no sinks). The 1991 class
returned to one 3-hour time period and had a laboratory available.

The collaborative learning aspects inveh,ed students working in groups
to: (i) learn techniques for solving proVems involving moles, heat gain or
loss, pH, and so on; (ii) comprehend concepts such as solubility and
isomerism; and (iii) acquire skill in distinguishing fact from opinion.
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recording observation& and graphing and interpreting data. Students
worked in groups to go over their knnework, do experiments, take weekly
tests, and carry out projects. Students collectivelydecided the grade weight
to be given to each component of the course and which units or topics were
to be covered in the course. (Topics chosen in 1989 were water, nuclear
chemistry, food, and health; in 1990 they were water, petroleum, air, and
climate.) Students also participated in computes conferencing that
provided for dialogue between weekly classes and sharing information on
resources, library readings, and current events.

As homework, students read sections of the text and responded to its
questions, sought information from the library, and prepared themselves
for hands-on work. Them were no prepared lectures in the usual sense, but
each week students' questions were answered and requested information
about theories and concepts was provided. The students took some tests
individually and some in groups. Test content ranged from traditional
questions and problems through carrying out experiments (always in
groups); pooling, plotting, and analyzing data; reporting on information
learned in individualized library assignments; and applying knowledge to
comprehension of news articles.

Assessment

The chemistry concepts tested in the various units were the following:

Water unit: measurement and the metric system; physical versus
chemical properties; symbols, formulas, and equations; nonpolar,
polar, and ionic substances; solutions, solubility, concentrations, and
pH.

Chemical resources unit: moles, grams, conservation of matter,
periodicity of physical and chemical properties.

Petroleum unit: structure and properties of organic molecules, basis
for methods of separation, and energy from =rations.

Nuclear chemistry (1989): types of radiation, nuclear atoms, iso-
topes; radioactive decay, half-life; fission, fusion, and nuclear power,
ionizing radiation.

Air and climate (1989); breathing and photosynthesis, composition
of the atmosphere, gas laws and kinetic molecular theory, tempera-
ture control of climate.

Health (1989): homeostasis; proteins, carbohydrates, and lipids;
types and roles of proteins; how enzymes work; interparticle forces
controlling protein shape; buffers; rate of alcohol metabolism.
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The skills assessed were the following:

Conducting experiments: observing, collecting, recording, and
analyzing data; graphing and interpreting graphs; drawing con-
clusions; constructing hypotheses; and designing experiments.

Studying and doing projects: distinguishing fact from opinion,
using logic, locating and digesting information needed for analysis
and problem solving, organizing and presenting information in
oral and written form, assessing risks versus benefits, learning how
to learn, learning how to solve problems.

In addition to the assessment of skills listed above, through discus-
sions with students, their answers to open-ended questions, and
observing their work, it was possible to assess students' personal
growth in the areas of: (i) development of a sense of mastery of
content, materials, and computers; (ii) enjoyment of learning and
science; and (iii) development of a sense of responsibility for their
own learning. At the same time, it was possible to understand
something about how learning really occurs, the variety of ways in
which students learn, and the conceptual and other blocks that
prevent students from learning.

Grade Performance

In comparing student grade performance in 1989 and 1990 with that of
previous years (Table 1), it was clear that the collaborative approach
provided performance at least equivalent to that of preceding years.
Grades were based on student performance on weekly in-class assess-
ments, homework, and the final exami7;Ation, as well as on student
participation in class, group, and telecommunications activities. It ap-
peared that the greatest amount of learning took place when students
took tests and did experiments in groups of three or four. Because they
were being graded on the output of the group, and could submit only
one set of answers to questions and problems and one report for
experiments, they took these group activities seriously. They taught
each other how to solve problems. They argued ideas and issues out
when they were in disagreement. Some learned to argue far what they
believed and others learned how to listen. Because the composition of
the groups varied each week, any particular strengths or weaknesses of
individuals (in ability, skill, personality, commitment to the task, and so
on) were shared among all the students.

Assessment of groups rather than individuals was a major teach-
ing/learning tool. Students helped each other gain an understanding of
chemistry theory and its applications. At the same time, most students
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llsb le 1. Course grades earned by students in 1990 and 1989 using the Chem-
Com/Collaborative learning ammach, and in 1987 and 1986 using the precollabo-
rative learning approach.
Grim les Number of Students

1990 1989 1987 _1986
4.0 A 6 4 2 3
3,5 AB 4 5 0 3
3.0 B 3 4 1 5
25 BC 0 3 3 4
2.0 C 3 3 2 5
1.5 CD 4 0 1 2
1.0 D 3 2 0 3

Pass 1

0.0 F 1 2 4
1 2 4

1990 1989 1987 1986
No. of students enrolled _25 26 15 29
% earning credit 92% 85% 47% 86%

acquired attitudes toward science and themselves that are an essential part
of our current goals in science education and education in general. Several
students reported at the beginning of the course either that they had never
had chemistry or that they were afraid of science. By the end of the
semester, student responses to open-ended items on a questionna ire indi-
cated that many students felt that they had acquired both general and
specific knowledge, had learned about learning; had a greater under-
standing or awareness of science issues, were empowered by the collabo-
rative approach, felt free to contribute, enjoyed the course, hal acquired
skills, found science interesting and were less afraid of it, and were mom
willing to question things. Some students reported that they still felt
inadequate with science or felt that they had not made any permanent gains.

Student Creativity

Students were encouraged to truly experiment, rather than just follow
cookbook descriptions of demonstrations of chemical phenomena. For the
first time in my 25 years of teaching introductory chemistry courses, a
group of beginning chemistry students came up with a unique idea for an
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experiment and were able to test it out. What follows is the copy of the
announcement of this experiment sent to class members via teleconununka-

[appchem/announce #250, jkelley, 1221 chars, 26-Apr-90 23:07]

TITLE: ANNOUNCING THE INVENTION OF A NEW EXPERI-
MENT.

The Air and Climate Group (you all should ID yourselves on here for
the benefit of posterity) has invented a wonderful new experiment:

As part of testing CO2 in bromphenolblue, group members brought
in 4 samples of exhaust in 250 ml Erlenmeyers:

1925 Model T

U Lowell diesel bus

'76? Kawasaki

'86 Caprice

10 drops of the indicator were added to 125 mL distilled water. 10
mL of this brew were added to each 25OmL Erlenmeyer in which the
exhaust sample had been collected. The flask was restoppered and
shaken vigorously. The indicator solution was added in 10mL incre-
ments till flask were nearly full (total vol. 220 mL). By color com-
parison it could be seen that the list as given above goes from least
to most efficient in burning.

If anyone else wants to try this experiment, the students will tell you
more about it, but if you decide to try it, be sure to give credit to these
students for their invention: Deb Maue-Sprague, Bill MeWhinnie,
Jeff Dorandi, Heather Boudoin, Joseph Abdulmassih, Bob Charette,
Jennifer Alexander, Joe Fernalo, Arthur Smith, Tim Sprissler, Kirk
Ross (who missed the best part today), Kevin Bibeau.

Conclusions
The factors that worked well in this collaborative learning situation in-
cluded the weekly, in-class assessments; group problem solving; the final
examination; and group decision making. In fact, all group activities
enhanced the learning process except the computer conferencing.

Computer conferencing has been known to make significant contribu-
tions to collaborative learning, but it did not do so in 1989 and 1990
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although student couributions improved with time. It is likely that the
conferencing would be improved if students were required to contribute to
on-line discussions of topics they perceived as important, and if the
students were convinced that they were talking to each other as well &s to
the instructor.

Overall, with collaborative learning, students learned basic chemistry
content and were exposed to other approaches to chemistry teaching. In
addition, most students acquired awareness and understanding of signifi-
cant contemporary issues, and many learned about learning. Group tests
and experiments turned out to be valuable teachingreaming tools. Fmally,
collaborative learning created an environment in which students felt free
to ask questions and enjoy learning and felt empowered by their panicipa-
Lion in significant decisions about course content and grading. It is also
likely that experimenting with collaborative learning will permanently
alter a teacher's conception of knowledge and how it is acquired and
shared.

Reference and Note
I. American Chemical Society. ed., Chem Com: Chemistry in the Com-

munity (Dubuque, IA: Kendall/Hunt, 1988).
2. The computer network used is called "CoSy," developed by the

University of Guelph, Ontario. available from Softwords in British
Columbia.
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Figural Response in
Science and Technology Testing

Michael E. kt linez

The changing role of testing demands new assessment methods. One such
method is the figural response item format. Figural response items differ
from traditional test items in two fundamental ways. First, they are not
multiple-choice items; rather, they call for constructed responses an-
swers generated by the student rather than chosen from a list of options.
Second, the student demonstrates understanding by carrying out some
operawn on figural media such as gaphs, illustrations, and diagrams,
rather than on words or numbers.

Both features of figural response items have potential benefits for
testing. For example, the student's constructed response might be a closer
approximation of the desired skill than would be the selection of a multi-
ple-choice option. Expression of understanding through figural repre-
sentations might enable the measurement of knowledge that is difficult or
impossible to express verbally or numerically.1 In addition, people who
tend to think pictorially might find expression of their knowledge facili-
tated.

Figural Response Projects

Paper-and-Pencil Delivery

At first, figural response itcms were printed on paper and answered with a
pencil. Twenty-five such items were developed for the 1989-90 field teSt
of the National Assessment of Educational Progress (NAEP). These sci-
ence items were given to fourth, eighth. and twelfth grade students. To
compare the properties of figural response items with multiple-choice
items, each figural response question was matched with a multiple-choice
counterpart. Items of the two formats were administered to equ;valent
groups and compared statistically.2 Figural response items were found to
be somewhat more difficult and were more predictive of overall ability
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than multiple-choice items, a pattern consistent with findings in other
studies.3

In addition to comparing item format properties, this study pilot-tested
a technology that involved high-resolution scanning of the students' pencil
responses, and computer scoring of those responses.' While the NAEP
items were intended to be scored by computer, they were first hand xored
by expens. Thus, figural response questions need not rely on automated
scoring. They can be constructed and scored by local educators and thus
supplement more traditional types of items, such as the muhiple-choice
format and essay writing.

Computer Delivery

Following the NAEP study, the project shifted to computer delivery of
items, which enables an examinee to carry out operations not possible with
paper and pencil. The project has two strands of development. In one
strand, figural response items are being developed for architecture ken-
sure testing (Figures 1 and 2). In the other strand, items are being ceated
for assessment of proficiency in cell and molecular biology (Figure.; 3 and
4). Items in both architecture and biology use the same IBM-compatible
computer interface for delivery (although thc format is not limited to this
platform). Test items arc presented and answered on the computer using a
mouse.

Computer-based responses to figural response items arc made by using
a set of tools activated by on-screen buttons. The tools are few in number,
which helps keep the computer interface simple and accessible to users
who lack extensive computer experience. Our "move object" tool enables
an examinee to move an object on the screen, and the "rotate" tool allows
an object to be rotated at 90-degree increments. Both move object and
rotate are used in Figure 1 to position elements of the recreation center on
the site. In Figures 3 and 4, the move object tool is used to move molecular
gmups and chromosomes, respectively.

Our "draw line" and "draw arrow " tools allow the user to create straight
lines, with or without arrowheads. The draw line tool is used in Figure 2
to extend the survey of the property by drawing in two additional property
lines. The draw tool can be used to create a free-form line, such as might
be used to plot a function on a line graph. The "label" tool permits selection
of a label from a list and placement of that label on a figure. Only the tools
needed to answer a particular item are offered to the examinee. Again, all
responses o the items are made by using a mouse.

Research

Our research program is guided by a central question: How does the figural
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nor* I. Sample figural response item on site planning. The item Eon reads: "A icaestionsl censer
site plan must accommodate a club house in its prams position. AS Well AA =As COW% pool, bleachers.
and a service building. Prepare the site plan *goading to the following objectives: MP:nerve all trees.
(2) Bleachers shall serve the tennis courts. (3) Pool shall he adjacem to the dub house. (4) Service
building shall relate to the dub house and the parking lot." Tools needed: Move Object end Rowe.

response item format influence what a test actually measures? The research
is intended to illuminate the format's construct validity the meaning of
what is measured. Some current or planned research directions are
sketched below.

Psychometrics

If figural response items are to complement multiple-choice and other item
types, their psychomeuic properties must be understood. These properties
include difficulty and ability to predict overall proficiency of the examinee.
As mentioned earlier, the NAEP figural response items were somewhat
more difficult and predictive than their multiple-choice counterparts. An-
other study will determine whether the proficiencies measured by figural
response and multiple-choice items are unidimensional; that is, whether
they measure the same construct to a sufficient degree. If multiple-choice
and figural response items are found to be unidimensional, they can exist

,3!')5
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Figure 2. Sample figural response itan on surveying. The item stem reads: "Given sn excerpt of a
Property Description and partial plotting of the described lot below. draw the botmdary Siresunderlined
in the partial description. . . North 32 degrees -cow EAST 120.00' to a mks thence parallel with
raid northeasterly side of Oak Street SOUTH 58 degrees -00'CO" EAST 40.00'to alsakr4 thence at right
angle to the northeasterly side of Oak Street, NORTH 32 degrees -00'-0(3" EAST 40.00' making sa
&flak of . .." Tooh needed: Draw line, Erase, and Move Object.
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Figure 3. Sample figural response item on molecular cmdiguration. The item stem mods: "Given the
D-glucose below, construct its L-glucose stereoisorner using the template shown." Tools needed: Move
object md Bram
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Metasts
Cell I Gamete

Each of the
chromosomes
can be used once,
morn than once,
or not at WI

Figure 4. Sample figural response item oo cell division. The item stmn reads: "Cell I has the nonnal
diploid duomosome compkment of an organism. Using the chmmosomes on the right* show the
chromosome complement of one of the expected gametes from this organism. Assume there is no
crossover involved. Tools needed: Move Object and lime.

side-by-side in tests and count toward the same score; if not, they must be
administered separately and would count toward separate scores.

Strategies

Our research must address the question of how item formats influence
cognitive processing. Multiple-choice items can sometimes be answered
by using specialized strategies.5 For example, a response elimination
strategy can eliminate implausible options. A test taker might conclude that
options A and C arc implausible; if two options (B and D) are left, there is
a 50 percent chance of getting the item right by guessing alone. Another
stratea involves "working backward" from the options trying each with
the question stem, and determining which one works. Test coaching
programs emphasize competence in such strategies. Unfortunately, these
strategies often have little to do with the ability that the test is intended to
measure (for example, knowledge of biology). If scores can bc elevated
through the use of these strategies, "noise" is added to the measurements
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and the actual construct measured is to that extent impure. Advantages
accrue to students who cre "test wise." Worse yet, students might invest
effort and/or money in learning test-taking strategies that are peculiar to
the test item format. Constructed-response questions reduce or eliminate
the utility of such strategies.

Diagnosis

Diagnosis is an often-stated and worthy goal of a new generation of tests.
The addition of a diagnostic function can make testing more relevant to
the processes of teaching and learning. Constructed-response items have
been shown to be especially useful for diagnosis, since examinees are
unconstrained and uncued in the expression of what they know.° "Uncon-
strained" means that responses are not limited to the options presented.
The responses are also "uncued" in that options are not present to trigger
retrieval or processing of information. Constructed responses therefore
have greater fidelity to what is in the mind of the examinee.

Domaiii and Person Characteristics

As pointed out earlier, symbolic representations (such as figural, verbal,
numeric) appear to interact with person characteristics. Some people prefer
some representations more than others, or are better able to process them.
Novel item formats, such as figural response, might facilitate the expres-
sion of knowledge and ability for some learners. Also, it appears that
symbolic representations interact with subject-matter content. Some kinds
of knowledge can be expressed easily in one format, but with mat
difficulty or not at all in another. Figural response items might bc
used to measure understandings that are untapped by most existing tests.

Learning

Basic characteristics of figural response tasks, their elicitation of con-
structed responses and use of figural material, might make them useful for
promoting the learning of new material. Some of that value might come
from the construction of the response. Information that is generated is more
memorable than information that is merely visually inspected or copied.'
In addition, visual information (or verbal information that can be translated
into a visual representation) is generally more memorable than most verbal
information.° Thus, the primary characteristics of figural response items
might make them especially useful as tasks to faciliate learning.
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Conclusbn
Alternative forms of assessment are welcome and necessary for improving
the relationship between assessment andeducation. Figural response items

are one potentially important member of a new generation of testing
methods. The visual nature of much of science and technology makes die

use of figural response in these domains natural. As described in this paper,
figural response items arc being developed for use in large-scale assess-
ment, but they can also be developed by teachers ar school district staff for
local testing. Figural response testing might, in combination with other new
and old assessment methods, broaden the kinds of thinking called for by
tests.
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