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FOREWORD

The Education Commission of the States will issue National
Assessment reports from time to time without interpreting
the results or explaining their implications. This is
partly because the National Assessment program is not an
experimental design relacing input variables to results
and partly because the Commission does not want to assume
the role of "authority" for what the reports may mean.

The Commission will encourage through the vears, however,
thoughtful speculation about the implications of National
Assessment for education.

To encourage examination of assessment results, the
Commission has asked 10 people interested in science or
citizenship education to give their reactions to National
Assessment and to the results of the first two reports.
It is hoped that these commentaries will assist others in
evaluating the results.

These commentaries accompany the Science and Citizenship
reports 1 and 2 (Juiy, 1970), which should be read to placs
these commentaries in full perspective.

James A, Hazlett
Administrative Director for
National Assessment ‘

Wendéllgﬁs‘Piarce‘ -
' Bxecutive Director . .~ .
. Education Commission of the States
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COMMENTARY: HNATIONAL ASSESSMENT IN SCIENCE
Mildred Ballou

The results of National Assessment in the area of Science
provide interested members of our society with valuable
information regarding the knowledges, undecrstandings, skills,
and attitudes of our young people about science. The
picture, of necessity, is incomplete; but, for the first
time in the history of American education, we know how
approximately 100,000 people (ages 9, 13, 17, and 26=35)
responded to questions and problems carefully constructed
to help determine the degree to which objectives identified
through the cooperative efforts of science scholars,
educators, and the lay public were achieved. As one
scrutinizes the exercises which have been released and the
responses made to each exercise by each age level, some
implications for curriculum change emerge. This does not
mean that results of National Assessment dictate curriculum
or that a national curriculum will result. Rather, as
students' strengths and weaknesses are uncovered, thoughtful
educators will take a hard looizx at what students know and
can do, interpret why, and hypothesize possible reasons why
certain weaknesses appear. Questions about what is worth
learning will be raised, all of which adds up to a new
appraisal of science educatign. An examined curriculum
leads to a dynamic, rather than a static curriculum. By
providing the impetus for critical examination of the
effectiveness of educatlen, National Assessment has done
the educational community, and ultimately all of society,
an invaluable service.

Educators have known for some time that elementary school
children are extremely interested in science. Studies in
this area indicate that 30 years ago the kindergarten-aged
child's sclence Lnteresis tended to be limited to his
immediate environment. 'Tmﬁay s five-year-olds study a wide
variety in physical science ‘and considerable depth and

gibreadth in “the life sclen e ulbrarlans repcrt that sclence,

f:;generate and sustain lnterests

baeks are the most P

_ hclces for shllaren in prlmary
and’ uppe" elementary graaes.]“ ' ole

rnice curricula tend to
“'These factors and-

- others- may cantrlbute to an- 1ncrease ;n science skllls and

~5wlnférmat10n as measurea by éycle Twc cf Natlonal Assessment




particularly in the 9- and l3-year-cold groups. In any avent,
current results will provide a basis for comparison of change
which has not besen available previously.

Thls ccmmentary w;ll deal mainly wiLh impressians- Do the
they wera dealgnad to assess° What are some PDSSiblé
explanations for responses given to selected exercises? Do
some of the responses have social implications? Each of the
four objectives in Science will be discussed by age level
responses.

Know_ the Fundamental Facts and Principles of Science (Objective
I) may be acquired in a number of ways. The methods and
settings in which a student acquires them (memorization in
isolation vs. development through a series of experiences)
affect his ability to use them. Since simple recall is all
that is required to respond correctly to many of the
exercises, one should not get inordinately excited about the
large number to which most or a good many 9~year-—olds
responded c@rrectly. Many of the 85% who indicated they
know that protein is important to the building of muscle
m;ght not select adequate amounts of protein or even
recognize protein foods when given a chepice. This does not
negate the importance of knowing facts and principles. It
must be clear, however, to educators and the lay public that
the knowing and the doing are two different things. I would
urge science teachers and parents to keep a constant vigil
for behaviors which indicate that the student. has integrated
the fact or principle he can verbalize into his life style.
Assessment of knowledge of facts and principles is much
easier than assessment of resultant behaviors, and as one
obsarves behaviors it is not safe to conclude that the person
being observed underszanﬂs the principle. The fact that 61%
of the 9s knaw hcw to connect a bulb to a flashllght battery
does not guarantae _that they unaarstana the Erlnclple. Over-
generallsatlén about ‘the 51gn1flcance of accumulated responses
-~ to Object;ve I.is. dangeraus._ only. 7% of ‘the 9—year=olas
respandad correctly to the exere;se in which they were asked
what the.température pf a mlx of equal amounts of. 70 F and

* have a temperature of 120 F)




Exercises to which most 1l3-year-olds responded correctly
were related to their life experiences: tooth brushing,

rain clouds, a balanced meal, comfortable classroom
temperature, and oxygen needed for a fire. Through vicarious
experience they had learned that the lack of atmosphere on
the mocn would preclude such activities as building a bonfire
or flying a kite, but would allow the launching of a rocket.

Those exercises to which a_good many responded correctly
raise some interesting quest;ans. Does one need to know a
scientific fact or principle to know that "The earliest men
on earth were probably ...not city dwellers..."? Do tradition
and observation, rather than knowledge of science, explain
why 48% of the 13s thought that when a person faints you
should lay him down and apply cold packs rather than the
correct response (given by 32%): lay him down and keep him
warm? The Adults probably would have responded similarly.
Cold e¢loths have been, are, and apparently will continue to
be applied to foreheads of people who have fainted. If
educators and the lay public deem it important, 13s can learn
that since the person who has fainted is likely to be chilling,
covering him with a blanket will help him more than the cold
pack. From the data given it is tenable to conclude that
during the years in elementary school students have acquired
a good bank of science facts and principles, but that an
increase is highly desirable.

In spite of the fact that "many l7-year-~olds have only had one
year of science instruction since they were 13, rather sig-
ificant gains were made, according to responses given. To
more nearly approximate an adequate assessment of knowledge
of the career science student, as well as the student whose
major interests and abilities lie in other areas, great
diversity in difficulty of items was provided. The responses
seem to point to a need for increased unde:stanalng of human
reproduction. Only 41% knew that the function of the placenta
is to carry nourishment to the baby. More shocking,
particularly since half of the respondents were girls, was
that only about one=fourth of the 17s knew that, on the
" average, in human females the egg is released 14 days after

' 5;menstruat1cn begins,; WLth ‘oday s EmphaSlS ‘on populatlon

" . the human repraductla ares have tremendous pﬁrsénal ana

’sgclal 51gn1f1cance. Currlculum rev;slan and the aevelcpment




The responses of young adults indicate a general decline

in information compared to 17s. A notable exceptiocn is an
increase in knowledge regarding body function, which may be
attributable to experience. The exercises tc which few
Adults responded correctly tended to be of a technical
nature, such as atomic weights, uranium-lead dating, DNA,
and the periodic table. Adults responded I-don't-know more
frequently than other age levels, which may reveal that
interests, success in areas other than science, and being
away from the school environment make guessing less necessary
to the preservation of an adequate self concept than for
persons in school. -

ead

Objective II, Possess the Abilities and 1s . Needad to
Engage in the Processes of Science, is much more difficult
to assess than Objective I. Yet it is in this area that the
assessment people used the greatest amount of ingenuity,

in my judgment, in devising and administering exercises which
actually get at some of the skills and abilities involved in
sciencing. The major changes in science teaching today are
toward the development of process skills. The rate at which
schools modernize their science programs is tangential to
monies available, teacher training and retraining, leader-
ship, and public acceptance. As palance beams and weights,
+hermometers (they're likely to be Celsius rather than
Fahrenheit) for each student to use in experimentation, and
other pieces of scientific equipment are available and
properly used in eclassrooms, -students gshould be recording
data of many kinde in the form of graphs, charts, and tables,
"and using numercus*techniques,.which‘shauld‘ccntribute to:
data interpretation skills. - o -

Nine-year-olds were presented with this chart:

. Weights of some Chemical Elements
'  ,Fsﬁnd}infaleD*gound Human -

~calcium - 5o 2 ‘pounds’ -

- Carbon. 18 pounds - -

~ Hydrogen ¢ 10 pounds:

714 ounces




They were asked which chemical element included in this
chart is found in the greatest amount. Eighty percent
correctly chose 64 pounds. When asked which was found in
the least amount only 54% responded correctly: sodium,

2 ounces. Fourteen percent chose calcium, 2 pounds, which
may indicate confusion between pounds and ounces. The
"greatest amount" choice simply involved selecting the
largest numeral.

That rather few (17%) of the 9-year—olds in the sample were
able to reason, giver the fact ice melts at 32 F, that water
veoled down from 40 F would freeze at 32 F is not surprising.
T:xe¢ starts to melt into water when the surrounding temper-
ature goes above 32 F. The exercise itself is problematical.

Developing exercises assessing students’ abilities limited

to a zingle objective, at best, is difficult. The exercise

in which 13s are given several choices why the paint on one
side c¢f a house is not lasting as well as the paint on the
other sldes may not get at the ability to engage in the.
process of science as much as it gets at other objectives.
Thirteen-year-olds' inability to identify a thermometer

as the laboratory equipment necessary to determine the boiling
point of water probably reflects the lack of equipment and
laboratory experience in many schools.

Seventeen-year-olds' responses to Objective II reflect the

wide range of course choices available to high school students.
That 68% answered the @é@system disturbance item correctly

is encouraging: many of the respcndents have already completed
- their formal education, but with knowledge of the ecological
system they possess a degree of scientifiec literacy in an

area of great concern today and in the years ahead.

Adults responded to Objective II quite similarly to Objective
I: they did best on day-to~day, life-use items, and on items

- of a more academic nature they often did less well than 17s.
It was heartening to note that Adults, toc, did rather well

n ecclcglcal E?ereises., « . , ; -

e

_Objectlve ITI, ,Understand thle estigative - _of £
‘provides some ;nterestlng ideas” students ‘and young adu;ts have,

- about differentiating scientific probing. from other forms of:
‘data and information collection.. Nine-year-olds recognize -

seed ‘planting, combined with cbservation and keeping records

ef grcwth as a PDSSlble sclenge experlment. While one cannct'

. 5<




generalize on the basis of one released exercise, at least
when asked to identify the most scientific statement among
the choices given about why an inflated balloon which had
been rubbed against the wall stayed there, 78% responded that
there must be a reason other than magic or that the balloon
wanted to stay. It is common for 4s, 5s, and cften 6-year-
olds to explain events in terms of magic and to assign

human characteristics to inanimate objects. This one bit

of evidence that most had moved from the make-believe,
phenomenistic level of thinking, to looking for cause=effect
relationships is encouraging. It is not surprising that 9s
could not identify a scientific theory as an explanation of
why some things act the way thsay do. Perhaps the definition
given as the correct response is too limited. According

to Compton's Illustrated Scienge Dictionary a scientific
theory is: o B '

An established or accepted explanation of relation=-
ships among observed scientific facts, events or
phenomena; also, the result of a verified hypo-
thesis; also, sometimes, a hypothesis concerned
with major phenomena.

It is not surprising that 13s had greatexr success identi-
fying the unscientific than the scientific. J. D. Wienhold,
in an unpublished doctoral dissertation completed in 1969,
reported that attempts to measure uvnscientific attitudes of
teachers were more successful than attempts to measure
scientific attitudes. This may be related to the difficulties
involved in the construction of an instrument. ' '

The released exercises under Objective III for 17s and young
adults are too few to provide a basis for drawing conclusions.
Tt is interesting to note that the scientific theory exercise
for Adults states, "A possible explanation...." Perhaps the

 simplification of the exercise for 9s by deleting the word
possible resulted in complication! : :

Implications for curriculum improvement in the area of

understanding the investigative nature of science are worthy

. of attention. Objective III is inexorably tied to Objective
~II;5fEethépg;as_studéhtsquAméréwactive’scigncing;jand less

' rote.learning about. science, they will discover for them-

. selves the investigative nature of 'science. - = '

6
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Objective IV, Have Attitudes about and Appreciation of
Scientists, Science, and the Consequences of Science that
Stem from Adequate Understandlngs is another area that is
difficult to assess. Many people who say they don't believe
in astrology read their horoscopes daily = = and wonder!
Released exercise results for 9s reveal only that many
children are aware and suspicious of certain superstitions.
Thirteen~-year-olds upset a cultural bias as they responded
that they believe most women can be successful scientists.
Since only about 7% of the women scientists in the world are
American, perhaps the responses of 13s provide an infin-
itesimal sign of things to come! That only 8% indicated
they are often curious about why things in nature are the
way they are (64% said they are sometimes curious) is Perhaps
the most disappointing and alarmlng result released. Pre-
schoclers are extremely curious and investigative. Is the
educational and socialization process so stifling and
inhibiting that curiosity about nature diminishes? Or could
it be that young adolescents interpreted the term nature too
narrowly and excluded themselves from nature at an age when
self-awareness is a major concern? In any event, an adequate
science program encourages and increases curiosity through
exciting experiences in ingquiry. Curricula and teaching
methods must be improved.

Seventeen~year-olds responded that if they learned about a
special television program dealing with a scientific topic,
they would watch it often (17%) ; sometimes (64%) are not,

in my judgment, cause for concern.. E;ghty—éﬁe percent would
be sometimes viewers, which may indicate an ability to judge
between and among many excellent pPrograms, Well-rounded
people, including scientists, watch different programs to
meet Personal needs that vary constantly. ‘Winston Churchill
read mystery stories to relax when the going was really
rough during World War II. Let s upgrade taiev151an '
watchlng tastes in. all araas.. L

Twenty-n;ne percent of the Adults sald they would watch a
science Program cften - 56% said- umetimes, for a total of-
85%. Apparently sclent;flc telecasts at 1east have a fair
’ chance to capture the v;ew1ng publ;c._” s

”Purely arbltraxlly.-I alected tc dlscuss selected exercises-
under ‘each cf the - four ijédtlv a;_state some - reaetlans to
the exerelses, hypcth351ze about. reasons. why some of the
: respanses ‘ware glven, and lndlcate scme areas in whlch




improvement seems to be important in science teaching. My
major conclusion is that the schools have done a good Jjob
with science, but improvement is needed. Exciting
curriculum changes and changes in teaching technlques are
well under way. I believe that the lay public can view the
prospect for tremendous improvement in science education

with optimism.

-Dr..Mlléred Ballcu is professar of elementary educat;on at
Ball State- Un;ver51ty, Muncie, Indiana. - She recelvea her -

B. A. and-M. A. degrees from Drake University, her doctorate
Vfr@m Northern Colorado University. -She has taught nursery
lschcalg all -elementary: ‘grades, special classes. for gifted ,
-5tudents, undergraduate -and - graduate classesi .She has been’
La aemonstratlon teacher at Drake, -has . taught sclence on - ’
'KDPS—TV in. Des Mclnesé Iawa, and’ canducted a summer—l@ng
'elementary science’ warkshap in LaPaz,.Bcllv1a. “She is a’

past pres;dent of. the . IowaiSclence Teachers Association and .

.- past. secretary ‘of: the;",, jence 'eachers Assoclatlcn. K
."*She ‘has Pu}allshed ‘nume s O Sl >




’-,comment on: ths rssults ‘as

SCIENCE ASSESSMENT COMMENTARY

Wilmer Cooksey

Society today is asking some very important gquestions of
educators concerning education in America. Parents are
concerned about the reading ability of children, their
ability to score on achievement tests, and the high drop
out rate. The increasing disorder and vandalism in our
schools are indicative that some of our goals are not
being reached. The large, complex central administrative
offices are constantly keing challenged for change to meet
the individual needs of pupils in a particular community.
Community control of schools is being advocated in many
larger cities as a means of improving instruction and
classroom performance. Some cities have piloted reading
programs using parents as para-professionals in an effort
to improve reading. The Federal government has funded
various curriculum studies through NSF to improve and
revise the teaching of chemistry, physics, biology, earth
science, and elementary science. Aside from standardized
tests that have ranked students on percentiles, there is
little or nothing known as to how much these curricula
have contributed to the overall knowledge of our youth.
With so much input by scientists and educators and so many
dollars from federal funds, educators feel that the youth
of today should havs a vsry hlgh degree of scientific
lltsracy. As yst thsrs is no document that either supports

Ths Natlcnal Assessment of Educatlonal Progress, with its
census=1like results, the flrst effort to assess what a
. student knows, what hs can do and what his attitudes are.
This commsﬂtary 1s being prsparsd with thsss ccnsldsratisns

1n mlnd

1n attsmptlng tc rsv1sw thls rsport I rssd carefully,

' analysea snd trlsd to: findt séapprcprlats way to- 1ntslllgsntly
ssxroom . tsachsr. Thsrs are many
-~ ways to comment on’ the statisﬁ cal" rssults sbtslnsd in- the
']Sc;sncs rsport s did. not warnt - .givs data cbtainable by
cise: ther. I jted to- glvs ths lntsr—




The responses of 9=-year=—olds in the areas of biology,
physical science and earth science indicate that they are
equaily knowledgeable in each subject. The exercises
contain items of general knowledge of the environment.
Some exercises could be answered by knowledge obtained
from observation of the environment. While the exercises
are of general knowledge of the environment, there is '
science content that could only be learned in a classroom,
from actual experiences. :

Some explanations for the success of the 9-year-olds may be
due to the use of some of the elementary curriculum projects
available. Among these, "Science - A Process Approach," is
perhaps the most familiar.

From the classroom teacher's point of view, there are
several implications for further study and implementation:

l. The primary school pupil is living in a society highly
developed in technologv. He is constantly using the benefits
of scientific knowledge and skills through research and
development. If we expect him to have knowledge of facts

and principles of science, we must set our objectives and then
teach for them. At the age of nine, most elementary pupils
are curious about their environment. ' The inner city, rural,
subu:ban and small tawn pupil can be taught these facts and

equlpment nge.klts are avallable commerclally, or pupll—
'madéﬁappazatus"maymbe'usea.. All 9-year-olds will not have
the same motivation. - Some will want to pursue various
interests toward more detailed experiments. Encouragement
and additional. stlmulus shculd be glven to those w1th l;ttle
cur1051tg. oo : :

2. The regpurces cf each commun;ty shculd be utll;zea in the
7teach1ng of science to the. 9=year-=old. Field trips and '
community resource - personnel shauld be used extenasively. Even

‘ though the?env;ranment may be essentlally manufacturing,




developing acceptable attitudes and appreciations about
science.

The performance of l3-year-olds on exercises administered
to assess knowledge is higher than I had expected. The
exercises they did poorly on may be explained in terms of
the amount of experience they had in using tools and
interpreting data. -

The curricula for elementary science today differ from the
traditional curricula. The newly developed programs contain
kits for experiments, literature for individual study and
objectives stated in terms of behavior. Many of the
exercises admninistered to l3-year-olds required knowledge
obtained from experience in or outside the classroom. It is
the opinion of this commentator that youth must be taught
science and not taught about science. Some of the new
curriculum projects do this through experiments and develop-
mental progressions of increasing competence in the process
of science.

It is logical to assume that as more elementary schools
adopt the newer curriculum programs, the youth completing
his elementary education will be more competent in all
phases of science information. Elementary teachers will
feel more confident in teaching science that is more
meanlngful to the stuﬂent :

~Apprcglmatelyw5prercent*cfithe-exerciSéSHaamiﬂistered to the
l7-year-olds were prhysical science. If we consider the
‘traditional curricula in high schools today and the courses
"selected by hlgh ‘school students, it is possible for a

student to graduate with only one science course. . A typical
high school. graduate may have taken only one science course,

. usually- biology. - cher possibllltles are biology and chemistry,
'blalcgy,,chemlstry and-phys;cs, and fﬁﬁally. biology, chemistry

' ;Fand physlcs, and advanced chem;stry., Most of the exercises

| assess;ng kncwledge requlred 'e formal background galnea

‘éamplete a trade ccurse'
In soma hlqh schools,




nature = = an Earth scilience or physical science course,.

With these factors in mind, the responses point to a question
that has risen frequently - - "How much science do we expect
the high school graduate to know?" If we are to answer that
question, the implications that can be derived from this
report by teachers are:

1. Define the objectives for science in behavioral
terms,

2. Select a zurriculum providihg evidence that the
objectives can be met.

3. 8Select a curriculum that meets the defined needs
of the students. :

The task of the educator today is to educate all citizens.
The person most capable of selecting relevant curricula,
writing and defining objectives, and selecting activities
to aid the student in reaching these objectives is the
classroom teacher. Students terminating their education
at the high school level would benefit more from a
terminal science course rather than from one of traditional
ccllege-greparatcry courses.

There is a close relatlonshlp betwaen the results of the
17-year-olds and the young a&ults. The l7—year—clds scored
higher on exercises requlrlng knowledge acquired in school
-while the Adults scored-higher in areas of general knowledge.
It is reasonable. to expect that there are college graduates
as well as high school dropouts in - this group. It is
possible for a college graduate to camPléte his education
without addltlcnal sciance ccurses, thus. not - lncreaslng his
sclentlf;c knowledge._&;~. : ; : o

' \jThe fact that A&ults answerad many exarelses I—dan’t-knew

indicates: the 1eve1 of maturlty and- hanesty expectea of Adults.
It.also. 1nalcates the lmpagt that the era. of. eurriculum -
, rev;s1an has ‘had- on’ sclantlf;c lnfcxmatlcn., These. 1ndlv1duals
' may ‘have ‘left school: bafcre the curriculum revisions: began
1949-1960.@;Mcst of: the programs were 1mp1emented An - the




In the area of general scientific information obtainable
by routine activities as an active citizen, it is logical
to expect that the Adults would have a higher percentaqe
of correct responses.

The National Assessment of Educational Progress in its
National Science Report has shown how much 9s, 13s, 17s, and
young adults know about the facts and principles of science,
how much they understand, their ability to interpret data
and tlelir attitudes toward science and scientific knowledge.
The task before the teachers of science is to interpret this
data in a manner such that learning of scientific knowledge
by youth will be more rewarding. '

Mr. Cooksey in 1969-70 was a graduate student and Chemistry
Teaching Associate at the University of Maryland in College
Park, Maryland, on leave from Washington, D. C., schools.
Prior to his 1eava he taught 1n Washlngton 8 Douglas Junior
High Schccl.




NATTONAL ASSESSMENT OF SCIENCE EDUCATION - A BEGINNING

Richard J. Merrill

This commentary is based upon the preliminacy draft cf
National Assessment of Educational Progress Report I,
Science Ns National Results, which was released to the panel
of interpreters on June 7, 1970. In addition to that
document and the more detailed report which is to follow
within the next year, the reader will wish to familiarize
himself with goals, procedures, and plans of NAEP and with
the Science objectives upon which the assessment was based.
These have been published separately by the project.

Tt should be stated at the outset that this commentator
believes that the kind of national assessment being attempted
is desirable, that the information it produces will be useful,
and that its leading. to the development of a "national
curriculum” is as unlikely as it is undesirable. NAEP is a
well-thought~out plan which is being executed with integrity
and skill. Whatever value or interpretation one places on

the information the praject has gathered about science
lltéracy, one feels that the information is reliable. Sampling
procedures have been rational, and the project has made a
commendable effort to minimize the effects of readlng
difficulty and gther problems . of "teststaklng" that always
beset educational measurement: -The project also seems to be
conscious of and open about its limitations. It seems eader
to do its best, Learn from its mistakes, and do better next
time. All crltlclsms embodied in the following commentary
have the dual intent of helping the reader understand the
11m1tat10ns of the stuay and helping the progect 1n ltS future
attempts +to ovéercome théSé 11m;tat;cns.

Wcmer, Frank B., What 15 Natlonal Assessment? Ann Arbor,




THE OBJECTIVES

The statement of science education objectives that served

as a basis for assessment was developed by the Educational
Testing Service, with the assistance and guidance of a panel
of 12 scientists and science educators. The statement of
objectives was reviewed by the Exploratory Committee on
Assessing the Progress of Education (ECAPE) and by 11 lay
review panels prior to acceptance late in 1965. Sub-
objectives and representative behaviors for the various age
levels were organized under four major objectives:

I. Know the fundamental facts and principles of science.
Twenty-nine content categories are suggested. They
need not be listed here. Most of the subject matter
commonly dealt with in science in grades K-=12 could
be listed under one or another of the categories.

No major omissions are evident, nor do any of the
categcriés seem inappropriate.

II. Possess the abilities and skills needed to engage
"~ in the processes cf sciencei '

A. Ability‘to iﬂentifyﬁand define a scientific problem.
B. Ahility to suggest Q: fecognize a scientific hypothesisg

C. Ability to prapcse or seleet validatlng pracedures
(both 1691ca1 and emplrical). Lo :

" D. —Abillty tc thain requisite data.—~

:jE;;TAbility to; interpret‘data,‘i e.,.t@ ccmprehend thé
- meaning of data-and reccgnlze, ‘Fformulate, ‘and - :
evaluate conclusions’ and generalizaticns cn the ba51s
a*éf informationrknawn or- given.~” o e

f,E;iiAbilityftg check the 1Qg1cal ccns;shency ‘of" hyPotheses .
S g - ' 3, or. experlments._”



I. Ability to read scientific materials critically.

J. Ability to employ scientific principles and laws
in familiar or unfamiliar situations.

IIT. Understand the investigative nature of science.

A. B8cientific knowledge develops from observations
and experiments and the interpretation of the
observations and the experimental results; such
observations and experiments are subject to 5,
critical examination and to repetition. A

B. Observations are genéralizeﬂvinpiaws.
C. Laws are generalized in terms of theories.

D. Some quest;cns are amenable to scientific 1nqu1:y
and others are nDt :

E. Measurement is an important feature of science
because the formulation as well as the establishment
of laws are facilitated thrcugh the development of
quantltat;ve distinctions. Measurements are
inherently and Qﬂly approx1mate and are progress;vely
lncluslve and preclse. : »

E;”;Sciencé‘is'not,_and will prebably never be, a
;flnlshed enterprlse."‘ : _

Whlla all of the statements under cbjectlves II and III are
,reascnabia there. seems tg be- can51de:able redundancy. II A
- is quite similar to. III D, and . II. B, . C, D and E overlap ITT
A.*nAt“least tw pcrtant“’bgect;ves, develapment of-

‘7;c1355;f1catIcn jystéms and cbfmunlc t;on cf sc;entlflc




B. Have accurate attitudes about scientists.

C. TUnderstand the relationship between science and
misconceptions or superstitions.

D. Be ready and willing knowingly to apply and utilize
basic scientific principles and app;@aches, where
appropriate, in everyday living.

E. Be independently curious about and participate in
scientific activities.

The writer of attitude objectives is always faced with a
dilemma. If he decides, somehow, what the "desirable"
attitudes and behaviors are and states them, they will nearly
always be controversial. If, on the other hand, he decides
that any attitude is acceptable as long as it is based on

(or held in light of) accurate information, then he is really
only measuring knowledge, not attitudes. This conflict is
evident in the set of objectives used. There is a little of
each approach, and "Have accurate attitudes about scientists"
can't make up its mind. This goal area needs to be reworked.
Such recent statements as the Educational Policies Commission's
Eﬂucatién and the Spirit of Science,2 NSSA'S Behavicral

for Callfornla Publlc Sr-hoclsZ shculd be very useful. Of the

present set,,cbjectlves D and E come closest to the mark, but
their measurement was far from adequate in the assessment.

On the whole, the objectives upon which the Science assessment
was based are valid, well-stated, and deserving of careful
attention by school people and interested citizens.

L4

2 Educational Policies Commission, Education and the Spirit
of Science, Washington, D.C., National Education -
Association, 1966. ' ' ’

3 Eiss, Albert F. and Harbeck, Mary B., Behavioral Objectives
in the Affective _Domain, Washlngtcn, D.C., Eatignal .
Education Asscc1atloﬁ, 1959, ' '

4 Callfcrnla State Department of Educatlon, Science Framework -

for callfcrnla Publlc Schaols (Erellm;nary Edltlan),
Sacramento, 1969 :
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‘ exercises in these areas.

THE EXERCISES IN RELATION TO THE OBJECTIVES

In general the exercises released are clear, concise,
unambiguous, and related to the major objectives they purport
to measure. The overwhelming majority of exercises are
quite conventional multiple-choice items with I-don't-kncw
as an extra alternative. I-don't-=know turned out to be a
very attractive alternalive to many Adults on many items.

It is possible that a disproportionate number of correct
answers went down the "don't know" sink. This hypothesis
might be worth checking on another round by administering
some persons an alternative form in which a choice is forced
but the person can indicate his degree of ccnfldence in his
answer, e.g., "sure, probably, or wild guess.”

The distribution of numbers of exercises by ohjective and
age level is given in the following table. Numbers of
exercises released are in parentheses. (Twenty-two
exercises not yvet scored at the time this commentary was
prepared are not included.)

OBJECTIVE I} OBJECTIVE II |OBJECTIVE III jOBJECTIVE IV
KNOWLEDGE PROCESS SKILLS| INVESTIGATIVE ATTITUDES
NATURE OF
SCIENCE
AGE .
97 (41) 28 (13) 1l (5) 11 (3)
13 - 74 (28) 30 (12) 8 (4) 10 (3)
17, 87 (37) 24 (9 5  (3) 5  (3)
Adult 86 (35) 23 (11) 5 @ 5 (W
9 (14) . 31 (10)

Total 344 (141) 105 (45) 2

The most striking feature is that almost twice as many

exercises were administered to measure Objective I as were
used for all the other objectives combined! No rationale

' has been foered to explaln this. Pe:haps the designers

of the items felt that Objective I was most important.
Perhags knawledge items were easier to write. Perhaps it
was felt that objectives II, TIII and IV were adequately

‘covere& with fewer exercises.: On the other hand, perhaps

the designers found that some of the objectives they

~defined “in areas II, III and IV were not measurable within

‘the real ox: 1mag1ned constraints of the study. Possibly
time or’ rescu:ces were - 1nadeqaate for full development of
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Wr.atever the reason, the result, in this reviewer's opinion,
is that released information for objectives II and III is
rather scant, and for Objective IV is so meager as to be
almost worthless. With Objective IV the situation is
worsened by the unresolved problem of objectives already
referred to, and by the questionable wvalidity of some of
the exercises released. For instance, Exercise 354 (age 17)
and 450 (Adult) asks, "If you learn about a special
television program dealing with a scientific topic, do you
watch it?2" (often, sometimes, never). There are simply too
many variables unrelated to interest in science that could
affect one's response to this item to put much stock in the
pattern of response. :

Measurement of attitudes in a "testing" situation is, in

any case, extraordinarily subject to interference of the
subject's attitudes toward the test, toward the administrator,
toward the "image" he seeks to create, and so forth. Perhaps,
in addition to experimenting with other kinds of test items
such as forced choice, semantic differential and free
response, NAEP should in the future seek out and report other
kinds of data that might shed light on attitudes about
science. For instance, television rating surveys might
provide data about how many l7-year-—-olds watched certain
specific science telEVLSLDD speclals as compared with
competing prggrams.

Another th;ng To watch for in evaluatlng the exercises is
whether more than one objective is 1nvclved in a given
exercise. If, for instance,. both factual information and
process skills are needed to answer an item correctly, then
one knows that the suceessful assessees had both, but one
doesn't know where the unsuccessful assessees were deficient.
An extreme example is Exerc1se 21 for 13Egeare91ds, 17=-year-
olds and Adults. The exercise calls for using a balance

and a ruler to measure the density of a rectangular wood
block. This task is directly related to objectives II C, D,

E and G, and I F_ (whleh would include the concept of den51ty).
it is meanlngful that only 4% of 135, 12% of 17s and 12% of
Adults were successful on . this exercise, but one does not
know what kapt the great majority . from succeedlng. Some
clues ‘would come from analysis of ‘the other items that ‘were
clustered with this" cne, but thcse 1tems have not been.
released., While this is an extreme example, most of the
Objective II items for 17s and Adults involve two or three -
components of ObjéCtive II, and many of them requ;re ijectlva

7I-type 1nfcrmat;cn as well.'-'
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Another source of possible confusion is the item which
purports to measure process but can be successfully
answered on the basis of content knowledge alone. Exercises
~152/435 (why few people in the U.S. get smallpox today) and
230/436 (deterioration of paint by wind and sun) seem to fit
this category, but this trap has generally been avoided.

Since over half of the exercises have not been released, it
is not possibla to generalize about how well the sub-
objectives were covered. Among the released exercises, this
commentator finds little evidence of assaessment of objectives
II A (ability to identify and define a scientific problem),
II I (ability to read scientific materials critically), III B
(observations are generalized in laws), IIXI F (science is not,
and will probably never be, a finished enterprise), IV A
(recognize the distinction between science and its
applications), IV D (be ready and willing knowingly to apply
and utilize basic scientific principles and approaches,; where
appropriate, in everyday living) and IV E (be independently
curious about and participate in scientific activities).

. THE RESULTS

There are a number of things that can be done with the kind
of raw data that NAEP has gathered. One is to look for common
characteristics among the ii:ems on which a given age level is
generally successful or generally unsuccessful. This has been
done in Report I, Science National Results. The only thing

that might be added here is the Dplnlcn that perhaps half of
the Objective I (knowledge) items which were answered
successfully by 66% or more of the 9s and 13s seem to be
1nformat;on that would be as likely to be learned out of
school as in. school. ‘This would seem to be true of such items
as 101/201 (a human baby comas from its’ mcther s b@dy), l02

(a stlck neads to be dry in Qrder to burn), l03/202,(ygu
brush your teeth to keep them from decaying), and 106 (thick
dark clouds generally bring rain). This is not to imply that
‘the items are trivial, or that it matters whether one learns
something in or out of school. It does suggest the possibility
that NAEP may here be measuring samethlng that is not 7
'prlmar;ly a school Ero&ucﬁ., Most of the other exerc1ses in
all objectlve categarles for all four age levels seem to
measure - learnlng that would probably result from school..
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Another way to treat the data is to draw comparisons,
wherever possible. Only a small sample of what is to come
by way of comparison by region, sex, race, urban-rural, etc.,
is included in Report I, and this will not be discussed here.
Longitudinal comparisons will also be available in three or
four years. The comparisons that are not yet available will
probably constitute the most interesting and useful infor-
mation to come out of the assessment.

Comparisons of performance by different age levels on
similar. exercises (including unreleased ones) are presentcsd
and discussed in Report I. Lots of lively dinner table
conversations shouvld arise from the implication that 17s have
more correct information than Adults, but they don't as often
know when they don't know. Some of the comparisons on
spacific items could lead to worthwhile research.

Another thing that might be done is systematically to place
a value on each exercise, decide whether performance was as
good as should be expected, and suggest what should be done
to improve future performance. That sort of analysis is
well beyond the scope of this commentary. A less rigorous
approach will be taken = - that of identifying items that
come as pleasant or unpleasant surprises to the reviewer.

PLEASANT SURPRISES UNPLEASANT SURPRISES
101/201 - 92% of 9s and 98% 228/425 - 53% of 13s and
of 13s know that a human 41% of Adults believed that
baby comes from its mother's ~ an ocean fish fossil found
body. = . - in a mountain. rock was
: : o . ' carried there by a great
108 - 85% of 9s knew that flood. Only 26% and 39%,
"protein is important to : respectively, chose "the
building of muscle. - ﬂ ~ mountain was raised up
e ', S ' after the fish died.
156 ~ 78% of 9s felt there i
must be a reason why a - - ~237/441 - Only 38% of 9s
vrubhed balloon sticks to the ‘and 49% of Adults could time
wall.” o e ' 10 swings of a pendulum.
20447,89%39f,l3s,and 95% of < 417 - Only 55% of Adults se-~
.17s selected the best . lected "outlawing the use of
‘balanced meal fr@m five insecticides" as not. helplng

»alternatlves. o _;@'v*f_" _to increase food supgly-
21
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—'kEEEELVEd his - B.S:
and Ed. D. aegrees from Teachers CDllege. Columbia.

241/349 - 79% of 13s and 92%
of 17s selected mathematics
as being useful in scien-
tific reseacch.

304 - 89% of 17s knew that
living dinosaurs have never
been seen bv men. (THE
FLINTSTONES notwithstanding!)

306 = 70% of 178 selected "out-

lawing the use of insecticides"

as not helping to increase
food supply.

350,/446 =~ 72% of 17s and 57% of
Adults understood that
repeated measurements are
likely to produce results that
are
same."

"close but not exaﬁh;y the -

325/420 = Only 41% of 17s
and 45% of Adults knew the

330/416 - Only 29% of 17s and
55% of Adult=s knew when,
during the menstrual cycle,
ovulation generally cccurs.

333 - Only 18% of 17s knew
that nuclei are more dense
than the rest of the atom.

337 = 93% of 17s thought that
metal cans for food are made
chiefly of tin.

346/444 - Only 33% of 17s and
25% of Adults knew that

- doubling the linear dimen-
sions of . a cube increases
its volume eightfold.

348/445 - Only 12% of 17s and
12% of Adults could measure
and calculate the density of
a rectangular wood block.

332/433~— Oonly 21% of 17s and
15% of- Adults knaw that
rocks can be dated by the
amounts of uranium and lead
: they ccnta;n. :

These are by no means the only ;esults that may be con51dered

Ilgcadll c)r Ilbaa 11 '

nor are they all aquaily 1mgartant

Each

reader should look  for: his own "surprlses," apply his own
<,values and dec;de far hlmself what the rasults mean.

:Dr. Rlchard J Merrill is- cansultant "in Secondary gurglcnlum

T MEL Dlablc Unlfled School Dlstrlct Concord, california.
from” the UnlverSLty of Michlgan, h;s M.A.

He

"He taught

’fhlgh school chemlstry and served as Caogdlnator of Secondary

55;Sc1ence ;n Rng:Sldé (Callfornla) C;ty Schaals.
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has served as BExecutive Director of Chemical Education
Material Study and is president=-elect of the National
SEléI’lCL Teachers Assoc:.uticn.




REVIEW OF REPORT I - SCIENCE NATIONAL RESULTS
Elizabeth A. Woond

The difficulties and hazards of this project must be empha-
sized before any consideration of the results. Specific
gquestions test specific knowledge in individuals. Reviewers
and news media will want gensralizations, preferably spec—
tacular and unexpected ones. To make broad generalizations
from the limited results available at this stage of the
project would be to do a disservice to the project and every-
one associated with it, and might result in unwise direct-
ives to the educational community. The statemeni: of goals

of the Naticnal Assessment specifically recognizes this. For
example, "One goal of the National Assessment is to report to
the American public examples of knowledges, skills, and under—
standings that are common to almost all American youth.

Note that it is examples that are reported, not jenerallzaticnsg

In Report I of the Science National Results, the writers
nave, for the most part, been scrupulously honest in detail
and laudably cautious in their statements, but even they
have erred in some cases. For sxample, “9-year-—olds were

told that "Big leaves usually give off more water than likttle
leaves" and were asked to choose the picture of the leaf

that gives off most water. Eighty-nine percent performed the
simple task of choosing the big leaf, but this was reported
as "89% knew that big leaves give off more water than small
ones."

The present results are 1ntended as a bench-mark for purpcses
of future comparlsons.' Only 40 percent of the results are
being released at this time and a repeat survey three years
~from now will give 1nterast;ng comparative information.
However, each exercise has been administered to approximately
2,000 individuals. Is there not some useful information to
be derived from scme of the examPles available at this time?
I thlnk there is.

It is cf Hnterest tc know that thé superstltlan about number
13 is not widely held by 9—yea;—olds-' only 20% of them
thought it unlucky; 45% did not associate bad luck with -
breaking a mirror, walking under a ladder, or letting a klack
;cat cross ycur path. ~, « ‘ -
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Knowledge about health care is widespread: 91% of 9-year-olds
and 98% of l3-~year-olds chose the reason for brushing teeth to
be to keep them from decaying; 85% of 9-year-olds chose protein
as the most effective muscle~bullder; 89% of l1l3-year-olds and
95% of l7-year-olds could select the best balanced meal from
five choices. We must remember that we are assessing total
learning, not just what respondents have learned in school.
Their health habits may come from television and other outside
influences as well as from school, and we may be at the mercy
of the advertisers in this area.

The fact that 67% of the 1l7=year-olds and 75% of the Adults
could not answer correctly that doubling the length of the
edges of a cube multiplies the volume by eight should be taken
into account by those designing mathematics and science
courses. at the freshman college level. It might also be of
interest to the packaging industry.

Those planning sophisticated laboratory experiments in physics
should be aware of the. result that 4% of the 1l3=-vear-olds, 12%
of the l1l7-year-olds and 12% of the Adults were able to deter-
mine the density of a cube-shaped block of wood when led step-
by—-step through the processes of aetermlnlng its valume and
mass. « : :

Before attempting to alert the public to the more subtle

aspacts of environmental interaction, we must consider the

fact that 20% of the l7-year-olds and 30% of the Adults thcught»
that the decrease of a rabbit population which fed on grass.

and was in turn food for hawks would have no effect on either
the grass or the hawks. '

Those ;aachlﬁg 13-yéar=olds about the structure of matter
-should be concerned. about the fact that they have given. 41% of
 them.the idea that atoms can be seen with a microscope (2%
with a magnifying glass and. 1% with_the unaided eye). The
: whcle labarlous effort to. datermine the arrangement of atoms

.. in. such. substances as penicillin and DNA by X-ray diffraction

»wauld ba nonsense lf ‘they could be seen w;th visible light.

In view Df such grave mlsccnceptlans, the fact that 61% of the

lB—year—alds sa;d that: in hot- water thé molecules are mcv;ng
" faster than in- cald water (125 T=don' t-know) while only 49%

of the Aﬂults gave thls answe: (and 32% =dcn 't=know) may not
repgesent educational prcgress.
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In the opinion of this reviewer, it is not a cause for
concern when school children do not know thosa results of
science which are relatively remote from their own experience
and which they have probably been asked to accept on the
authority of the teacher. Nor is it a cause for satisfaction
when they have memorized them. However, it may be a cause
for concern when, among l7-year-olds who probably know that
iron rusts and who probably have seen rusty cans, 93% said
that cans commonly used for containing food were made of

tin - = probably because they are called "tin cans" rather
widely, for historical reasons. This should alert educators
to increase their efforts to encourage students to question
labels of all sorts (including labels for groups of people)
which are at variance with their own exgerience.

Although théﬂstaff‘axercisea extreme care to try to ensure
understanding of the questions by every assessee, there are
indications that carelessness and inattention may have
affected the results. When 9-year—-olds were asked to choose
the one item which could NOT have caused the failure of

the water supply from a household faucet, 64% chose items
which could have caused it. They might have expected that
the question would be asked in the positive way..  The 17%

of l1l7-year—olds who chose X-rays as detectable with unaided
human eyes may have been using the abbreviation "X-rays" for
"X=ray phctcgraphs, One comronly hears, "Has the doctor
seen the X—rays yet?“ R ‘ '

'The SCLEBEE ‘exercises were to have been §ESlgnéd tc assass

ach;evement of four broad Science objectives. - These
objectives seem to have ‘been well chosen, in consonance w1th
the thinking of scme of our wisest. present-day teachers of
science. Obgectlve ‘T (Know the Fundamental Facts and

~Prlnc1p1es of Sc;ence) ‘is, -in the opinion ‘of this reviewer, -

less vital to the- 1ntellectua1 well—be;ng of our pcpulat;cn
and to Lts sclentlflc llteracy than the remaining objectives;
namely, IT Possess ‘the" Ab;l;t;e% and Skills Needed ‘to Engage

“inthe" Pracesses of Sclence, TLT, Understand ‘the Investigative
- Nature of Sclence : :

- of Sclentlsts;
" Stem from Adequate Uhderstand;ngs.
.~DbjEthVes saams ta 1ncrease w1thfth31: dESLgnaE;ng rcman

IV ﬁave Attltudes about and Appreciation
Sglence, ‘and the- Lcnsequences of Science. that
~The ;mportance of - these

;;nUanrtunately the flrst abjectlve 15 the eas1est to test and
fby far tha greatest number;c

X ,gises is. directed to- test-.
"N"mbalancﬁ w111 be- cnrrected in




the next assessment. Ralph W. Tyler, Chairman of the
Exploratory Committee and still actively associated with
the project, has said, "IL.earning is a process of acquiring
ways of thinking, feeling and acting, that - is, of '
accuiring patterns of behavior." We need more exercises

on the National Assessment directed toward assess;ng
1earn1ng as defined by Ralph Tyler. -

In spite cf the inevitable d;fficulties:and disappointments,
the first round of the Science National Assessment has
produced results which demand attention. Comparison with'
the second round will be even more fruitful.

Dr. Elizabeth A. Wood recently retired from the Bell Telephone
Laboratories and lives in New Providence, New Jersey. Dr.
Wood has a B. A. from Barnard College and an M. A. and Ph. D.
in geology from Bryn Mawr. She is associate director of the

~ PSNS Project and a member of the Commission on College
Physics and a Fellow of. the American Physical Socciety. Dr.
Wood is the authcr of Crvstals and Light (Mcmentum Serles)

and Sc;ence fer the Airplane Passenger.




NATIONAL ASSESSMENT PROGRAM 'IN SCTIENCE

. Stanley E. Williamson.

Since the founding of the Ameriecan sy: zem of public education
in the mid-seventeenth century and through its gradual evolu-
tion to its present position of importance in today's SQClsty,
citizens, administrators and teachers of each independent
school unit have raised these guestions: How well is our
school doing toward meeting the needs of the pupils and of
this society? In the sciénces? The humanities? In citizen-
ship? As educational costs have skyrocketed, school boards
and administrators have been hard pressed for definitive an-.
swers to these questions. It has not been easy to find direct
evidence that our schools have, in fact, bésn'dcing a good job
of meeting the needs of pupils or of society,' as expressed in
recognized and statsd educational objectives. Even extensive
new curriculum progrsms suppcrted by the. Federal gcvernment,

in sngllsh mathematies, sciénce. and social science have not
produced indisputable evidence that modexrn curriculumn materials
and prccedures‘ars,mcré'sffsctivs,than conventional programs.

That a nssd exists for such 1nfsrmat;on is self-evident.  How
this evidence can be most sffsctlvsly and efficiently obtained
may be dsbated for years to come.  That some kind of assessment

~ is necessary,- +that it must come, that in fact it is taking

placs all the t;me, 1s a trulsm we must accept The National
Asssssmsnt Program is one plan that may be used for a syste-
‘matic; census-like survey of the knowledges, skills, under-
standings and attltudes ‘held by different  age 1svsls in the
‘sducst;anal systsm and by young adults. Only by obtalnlng some
form of ijsct;ve sv1dsncs rsgardlng ths achLEVsmsnts of child-
ren, youth and young ‘adults in scssptsd sducat;onal obgectlvss
can 1mprcvements be mads in the sducatlcnai prccsss, its ob-
7'jsctlves, content and methaﬂology.‘ , -

fIt is’ nct cnly dlfflcult bﬁt dangsrcus, to draw qene;al con-

fi‘clusians from very: limltsd data 'such.as revealed by this phase
. ..0of the Assessment prcgram." E@stsr, “there is evidence to. give
© i some’ tsntatlvs answsrs to- ths f@llOWLng qusstlcns .of- 1mpcrtancs
- in American’ educatlcn today ~In this paper this evaluator will

'ig?attsmpt tc 1aent1fy tsntat_» {answers tc the Lcllcw1ng qusst1cns~




1) What does the National Assessment of Educational Pro-
gress in the sciences mean to American education?

2) What does the National Assessment Program mean to
science education?
a) To curriculum design and development?
b) To strategies and techniques of teaching?

No attempt will be made to critically evaluate the concept of
National Assessment, the selection of test items, the sampling
techniques or statistics used.

l) What does the National Assessment of Educational Pro-
gress in the sciences mean to American education?

That we live in a science-oriented society, one that
is greatly influenced by science and the products of
science, and a society which greatly influences the
direction and thrust of science, is without question.
Science thern must be an integral part of general edu-
cation and is recognized as one of the 10 major areas
selected for study and analysis in the first phase of
the National Assessment program. This recognition is
important, for it reveals the importance and need for
science in the educational program K-12. Specifically,
the National Assessment of Education in Sclence has

a. ...identified the four major general objectlves
for the'lo selected areas of the curriculum.

For the first time in many years (possibly ever)
the objectives of education and, in general, the
specific objectives of each area of the curriculum
were developed using the same criteria by scholars
in the field, by school staff and administration,
'and by lay citizens. While it may be impossible
to identify educational objectives that satisfy
_everyone, the objectives selected for the Assess-
‘ment program are realistic, practical and attain-
- able. :

The objectlves are 1n keeping with current trends
~ in science education: and give these trends proper
‘recognltlon on a natlonal basis., The achlevement
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of the four objectives in the science program
would assure the development of scientifically
literate citizens to cope with the many science-
related problems in society.

...made a major contribution toward providing a
quality science education program for all. As data
iz collected and analyzed, it will be possible to
identify geographical regions, community types or
society groups where educational opportunities in
the sciences are limited or lacking. Once this
Assessment has been made, steps can be taken on a
local, state, regional or national basis to make
necessary provisions for improvement. Needed fa-
cilities, instructional materials and equipment
cculd be identified, as well as new methods and
procedures for financing ‘education development.

...provided much-needed evidence for curriculum
reform and development in the sciences.

During the past 10 years local, state and national
committees have spent much money and given much
time and effort to designing new curriculum mater-
jals in the basic sciences K=12. The general use
and effectiveness of these new programs is not
known, nor do we know whether the new materials
are reaching children and youth in all geographi-
cal sections or all levels of ability. This Assess-
ment program may provide much-needed evidence to
enable science educators to critically evaluate
current science programs and the contribution made
to general education, and to design and develop
more effective programs.

...provided needed information to bring about the

evaluation and improvement of teacher education

programs for prospective science teachers.

In the past, teacher education programs for the
preparation of science teachers have not kept pace
with current curriculum developments. This was

~due to alack of communication between groups pre-

paring curriculum materials and those responsible
for preparing teachers. Prospective teachers must
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not only know content and methodology, but must
also be aware of, and accept, the major objectives
in the area they teach. They must understand the
place and role of the sciences in the total educa-
tional program of children and youth. The Nation-
al Assessment Program will assist individuals re-
sponsible for preparing science teachers to become
familiar with the objectives, content and methodo-
logy, and the importance of teaching for scientific
literacy.

2) Wwhat does the National Assessment Program mean to science
education?

Study and analysis of the data in the National Assessment
report reveals that it has many implications for science

education - both positive and negative. Some of the im-

portant general implications are:

a. Implications from the objectives

The objectives selected by the science committee are
timely, realistic, psychologically sound, practicable
and attainable. They are consistent with current de-
velopments in the science curriculum. It is assumed
that each objective is of major importance and should
be somewhat equally assessed. An analysis of the num-
ber of exercises at each age level (9, 13, 17 and young
adult) for each obiective raises some questions. The
number of exercises in each category is as follows.

Objective

I II IIT v

number % = number % number % number

9 (62) 41 - 67 13 19

13 (47) @ 28 &0 12 - 25

17 (82) 37 70 9 17

- Adult (49) 35 70 11 22
Total Ave. -67 _— 21

N W B
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rThe'rélativgvemphasis,nn"éxercises for Objective I,
.. Know the Fundamental Facts and Principles of Science,
T would lead a reader to believe that the Assessment
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program places major emphasis on this objective. MNo-
dern science programs on the other hand, place much
emphasis on objectives III and IV. One may conclude
from this that what is actually being emphasized in
science teaching today is not being assessed - - at
least not in relative proportions. Students assessed
were, in general, not high achievers at all age levels
in the facts and principles of science, were average
or better in abilities and skills, were average in
understanding the investigative nature of science, and
were low in attitudes toward science and scientists
(this may be due to distribution of exercises over the
four objectives). Scientific literacy requires the de-
velopment of proper attitudes and investigative skills
as well as a knowledge of fundamental facts and prin-
ciples., Efforts should = made for a better distri-
bution of exercises over all four objectives. The

small number of exercises related to objectives III

and IV make it all but impossible to assess achieve-
ment in these important aspects of education. In other
words, the exercises selected are not assess;ng achieve-
ment of all accepted objectives.

Implications from data by age levels

The Assessment program does reveal the gradual, gene-
ral development of science concepts by 9s, 13s, 1l7-year-
olds and young adults. In general, there is gradual
progression in the understanding of concepts for 9s,

138 and l7-year-olds, but a leveling-off for Adults.
This may reveal a major weakness, not only in the
science program but possibly in the entire educational
program, in that students have not mastered the art of
learning or developed the desire for continuous self-
education after leaving the school. For many students
and adults alike, learning is something that takes
place only within the four walls of a classroom--for
some reason they do not relate learning with experi-
encing. Major emphasis on scientific facts and Prlnc;PléS
may not leave time for the other--something that is
viable, permanent and transferable. This area has many

- implications for future research in science education,

i.e., ‘at what age level should certain science concepts
be introduced in the curriculum? When are concepts
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understood? Which objective, if attained, will con-
tribute to a student's understanding of change, ac-

cepting change and being able to adjust to it? How

can we teach science to insure survival value of the
knowledges, skills and attitudes desired?

c. Implications from an analysis of student answers to
exercises

The data gathered from the science exercises show what
different age levels know and can do, their information
and misinformation. The overlap exercises (ages 9-17)
reveal about what one would expect. The general drep
between 1l7-year-olds and young adulits reveals from
these exercises that the curve of forgetting is quite
steep and there exists a low degree of permanence in
science taught, especially factual information. This

is especially true of exercises in the physical sciences
using quantitative measures.

l. 9-year-olds (most 100-67%; many 66-34%; and few 33-0%)

While science at this age level is about equally
distributed between the biological and physical
sciences, the Assessment exercises are distributed
23 biological and 39 physical. Nine of the 23 bio-
logical were answered correctly by a majority of
the students in comparison to 14 of those in the
physical sciences area. Twenty-five were correctly
answered (biological and physical) by most chil-
dren and only three (all physical) by a few chil-

. dren. Forty-one exercises are identified with
Objective I, 13 with Objective II, 5 with Objective
IIT, and 3 with Objective IV.

The Assessment reveals a preponderance of exercises
in the physical sciences and reveals that 9=vear-
olds are not achieving well in this area. This may
be interpreted as a need for better distribution of
exercises drawn from each science and some investiga-
tion on the part of 'science curriculum makers as to
adequacy of concept selection and development in the
physical science area. Research is needed to identi-
fy concept distribution (biological and physical)

‘at this age level. What are the real needs and
interests of pupils in this age bracket?
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2. l3=year-olds (most 100-67%; many 66-34%; few
33-0%)

Assessment exercises were distributed as fol-
lows: 18 in biological sciences and 29 in the
physical sclences. Eight of the biological ques-
tions were answered correctly by most of the pu-
pils (approximately half) while only six of the
questions in physical sciences were answered cor-—
rectly by most of the students.

One may conclude (1) that physical science exer-
cises were more difficult, or poorly stated,

(2) less emphasis is placed on the physical
sciences in the school curriculum, oxr that

(3) physical science concepts are more difficult
to understand for a majority of students. Exer-
cises involving experiments, abstractions or
quantitative measurement are revealed by this
data to be more difficult for most 1l3-year-old
gstudents. Here again research is needed in
science education on concept, selection and de-
velopment (content), and methodology. What con-
cept development? To what extent should science
be made quantitative at this age level? Should
science be theoretical or descriptive?

3. 1l7-year-olds (most 100-67%; many 66-34%; few
33-0%)

Fifty-two exercises were included in the Assess-
ment at this age level - -~ 37 for Objective T,
9 for Objective II, 3 for Objective III, and 3
for Objective IV. There were 16 exercises from
_ the biological sciences and 36 from the physical
- sciences. At this age level two of the biology
exercises and. six from the physical sciences were
correctly answered by most of the students. At
the other extreme, five of the biology exercises
and 10 of the -exercises from the physical sciences
were answered correctly by few students.




The exercises at this age level are better than
two to one from the physical sciences, while in
the actual school situation, almost all students
elect biology and less than 30 percent elect
chemistry and/or physics. Should the Assessment
program select exercises that more nearly re-—
flect what is taught in the secondary school or
should the science program be redesigned to in-
clude more physical science in the scholastic
programs of all students?

Here again, exercises from the physical sciences
appear to be more difficult for students, reveali-
ing weaknesses in objective, content and method-
ology of science taught at this level. On the
other hand, one may seriously question the exer-
cises selected for the Assessment program. Which
science concepts are of greatest importance for
all students to live in and adjust to technolo-
gically oriented society? What kind of evalua-
tive instruments will best reveal the achieve-
ment of these concepts? Much research is needed
in these areas in science education.

Adults (most 100-67%; many 66-34%; few 33-0%)

s

Forty-nine exercises were included in the Assess-
ment of this age level -- 35 for Cbjective I, 11
for Objective II, 2 for Objective III, and 1 for
Objective IV. Twenty-five exercises were from.the
biological sciences and 24 from the physical
sciences. Only eight exercises were answered
by most of the participants (5 biological, 3 phy-
sical). The remainder of .the exercises were
about equal in difficulty. Adults tended to do
poorly on factual information exercises and ex-
celled on those related to experience. An ob-

- vious implication here is the need in the science
education program to develop a structure of science

- (science built on an understanding of relation-
ship) rather than have mere contact with or rote
memorization of the facts and principles of
science. ‘Science should be taught so that the
processes of science have "carry-over" value in
adult life. ‘
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These data reveal a need to examine the science pro-
gram for relevancy and look at its role in assisting
the individual in the identification of and develop-
ment of solutions to daily environmental problems.

a. Implications for curriculum design and development
and methodology

At this point in time and state of development, the
Assessment of Educational Progress in the sciences

does not provide conclusive evidence for making de-
cisions regarding the direction science curriculum

design and development should take.

1. The identification of general science objectives
is an important first step in any curriculum de-
velopment program. It now becomes the task of
curriculum writers to provide the kinds of ex- ‘
periences that will enable each student to achleve
each objective to the level of his ability. It
becomes the responsibility of those who design
instruments for assessing educational progress
to measure the achievement of each objective
in relation to its importance. Assessment at
its worst could lead to a national curriculum or
teachers teaching for the test; at its best it
can provide guidelines for future curriculum im-
provement.

2. A second major contribution of the National As-
sessmeni Program is the identification of areas
“in science eﬂucation in-whiéh~;esearch is needed.
For example, C
‘a. Little is known about concept development --—

-at what level and for how lcng should given
, concepts be studied?
b. How can laboratory experlences ‘be used to pro-
- vide max;mnm effectlveness in the 1earn;nq
pxecess? i :
" c. What methods contrlbute mcst to the realiza=
" tion ‘of" accegted objectives?
d. How can a ‘balance ke malntalned between cog-
-'nitlve and affect;vg domains?
‘This Assessment does not answer these quest;ons
“but does shcw that such questlcns exist.
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3. The Assessment clearly reveals that while we be-
lieve in the development of the four stated ob-
jectives it is still most difficult to measure
each objective with equal ease. The cognitive
domain, both from the standpoint of curriculum
development and student evaluation, commands
the greater effort and attention. Research is
needed to devise science experiences that place
more emphasis on the development of cbjectives
ITII and IV in the learning process and in pro-
ducing evaluative instruments that will measure
how well these objectives are achieved.

Finally, much research is needed in the area of
pPhysical science concept development, especially
those concepts using gquantitative measures. The
Assessment shows that in most exercises using
laboratory equipment participants were able to
answer with a degree of accuracy, but exercises
that followed which emphasized an understanding
of the concept were poorly answered. Curriculum
writers should consider the value of an inte-
grated approach to science -- one that develops
"a structure of science" rather than emphasizes
isolated facts and principles.

]
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