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ABSTRACT
This paper examines ways in which hardware and
software technologies can be used for effective educational
assessment. The analysis considers current uses of computer
technology in educational assessment and future applications.
Computer systems can integrate administration of measurement
instrume:Its, presentation of instructional maten'als, recordkeeping,
and management of instructional activities. Computers can provide a
new kind of growth environment for classrooms and learning
laboratories, and thelr introductior is a promising way to stimulate
productive learning. Models that do not involve teachers, other
educators, and students in slow growth will probably not work. It is
best to start where users now are, and introduce formative evaluation
as a fundamental aspect of implementation. Eight specific
recommendations are given for increasing computer use in schools.
Three recommendations dealing with the purpose'l and methods of
testing in the schools are: (1) greatly increase the frequency and
variety of help services compared to high-stakes assessments, but
balance the two; (2) greatly increase the frequency of formative
evaluation, and provide funding and incentives to use the evaluation
data for ongoing improvement of educational programs; and (3)
increase the use of alternate methods of assessment (i.e., that
require human judgment and that measure more complex, integrated, and
strategic objectives.) Three recommendations dealing with the new
infrastructure for Computerized Educational Assessment (CEA) are: (4)
foster new item types and uses of portable answer media in order to
utilize the current testing infrastructure more creatively; (5)
encourage the development of a localized infrastructure of Integrated
Learning and Assessment Systems, and the coordinated evolution of
r'entral sites for development of help systems and tests, and for
research and development; and (6) encourage the professional
development of teachers and other professionals who are knowledgeable
and skilled about both the human judgment and the technical aspects
of CEA, and are skilled at integrating assessment with instruction.
Recommendations dealing with policy are: (7) federal and state policy

should both provide research and development funds and stimulate
private sector investment in improving technology-based assessment
practices; and (8) high professional testing standards must be
maintained and must continue to evolve for CEA systems. Eight tables
present study data, and two illustrative figures are included.
(SLD)
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EUCUTIVE SUMMARY
This paper was commis'ioned by the Office of Technology Assessment gYIA) of the U.S. Congress
in August 1990 as a part of a major review of educational assessment Of several commissioned projects,
this one dealt with computer technologies and their application in educational assessment.
One problem motivating the OTA statement of work is that computer advances have not as yet
cognitive functioning,
led to fundamentally new paradigms and approaches te measurement of human

ability, or achievement. The key remarch question addressed by this paper is how can hardware and

software technologies be marshalled for effective educational assemanent? Can such computer applications

reduce some of the testing problems inherent in current methods of elucational assessment? Current
testing methods have been criticized in many ways, including the failure to assess adequately thinking and
problem-solving procemes. These processes are vital to a citizenry who must compete in an increasingly
Furthermore, as a senator and
complex technological environment, and in an intensely competitive world.
congressman who encouraged this study asked, do not current testa (which frequently emphasize minimum
competemiies rather than complex thinking) exert an undue influence on what we teach and how we teach
in our schools?
The Statement of Work required that thisieneral problem area be approached through a two-fold
analysic (1) Current Uses: How is computer technology currently being used for the assessment of the
various objectives of assessment? (Consider the benefits and limitations of each of the technologies
currently being used.) (2) Future Uses: Looking ahead, what emel ging software and hardware
technologies may have implications for educational assessment, both through extending existing methods
of assessment and through generating completely new ones?
The two most extensive of the four sections of this itiper, sections IL and HI, meet these
requirements of the statement of work for analysis of current practices and future possibilities. In
addition, Section I sets the stage and Section IV presents a summary, conclusions and recommendations.
FINDINGS: 111IE Acrum, AND THE POTENTIAL
Educational measurements may be adminiatered using either portable answer media or interactive
testing stations. Portable answer media include answer sheete, readable on optical scanning equipment.,
or portable keypads or barcode readers which facilitate the entry of a letter or a number. Cnrrent practice
is dominated by the use of printed tests with scannable answer sheets.

Computerised Administration: When computers are used to administer a test, we lose portability
and must install computerized workstations or special simulation devices in a learning center or assessment
center. Portable computers, including notebook computers, may be used in the future for achninistration
of educational measures at temporary locations.

Conputers may be used in any of several processes during the life cycle of an educational
measurement instrument. They may be used to aid in:
1. design and development of meamirement instruments;
2. distribution of measurement instruments to testing locations;
3. administration of the measurement instrument% and,
4. analysis and record-keeping after administration.
Computers can improve and even transform any of these processes, but the emphaltis in this paper is on
the processes of administration. When the measurement' are administered by computer, it is likely that
computers are used extensively in the development, distribution, and later analyses as well.
A model for technology diffusion used by OTA distinguishes three levels of penetration of a new
technology.

1) Substitutive
2) Incremental
8) Transformational
These three levels provide a useful framework to report the findings. Computer administration may be
used as a substitute for conventional test administration, which uses scannable anawer sheets, printed test
booklets, and occasionally, adjunct audio and visual media or dtdects which the test-taker manipulates.
Testing has not always been dominated by printed, group-administered formats made up of a
goodly number of short items. Albert Suet's pioneering intelligence test developed early in this century
was individuany administered. It provided the test-taker with a variety of standardized tasks that could
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be answered vocally, or through a physical performance. Many useful clinical tests today are individually
administered, human-judged tasks. The Army Alpha, an intelligence test used to screen recruits,
represents the first widespread use of group administered paper and pencil test consisting of multiple
choice items. Such tests are wholly oliective that is, they do not require essessment in the judging of
responses to individual items. A distinction is made between assessment and measurement in this paper.
Amassment requires Inman judgment to interpret observed reaponses and assign scores, and to make

decisions based on the scores and other information. By contrast with this costly procedure, group-

administmed paper and pencil testa provided simple scoring rules. The number of correct items is typically
summed and a simple scoring formula is applied to correct for guessing.

Subsoltutive Uses of Computers
It Is perhaps not surprising that the current uses of computers in educational measurement are
primarily substitutive for paper and pencil item tests, rather than individually administered tests, since
the paper and pencil tests represent the dominant format for educational measurement. Substitutive
applications of computers take away the answer sheet and test booklet and present the items on an
electronic computer display, receiving the responses from a keyboard or pointing device. These
substitutive testa use the same kind of scoring rules used in the paper versions.
The use of such tests brings many benefits, including greater efficiency and standardization, and
a closer link of achievement tests to instructional modules, both in time and in content. Even when
separated from the instruction as separate pre- and post-tests made up of verbal items, the integration
with instruction is much tighter. When delivered by the same interactive computer system used to provide
instruction, hinth and helpe following testing can be given at the moment of interest and of need.
Wesknesses of Conventional Tests. Unfortunately, the wholly substitutive use of computers cannot

transcend the measurement lhnitations of the original paper and pencil tests, nor will it eliminate the
negative consequences if computerized testa are still administered as separate and aversive activities not
integrated with instruction. Item testa have been criticized for measuring shallow factual verbal knowledge
and being lees effective at measuring integration, organization, synthesis, problem solving, design,
creativity, motivation, persistence, etc. More clamming, when such tests are imposed as measures of
minimum competencies in reading and math and schools are held accountable for bringing up scores on
item testa, they become the focus of instruction. Boring drills to prepare for the tests may monopolize the
time that would be given to inherently wore interesting subjects and to thinking, problem solving,
producing, etc.
Incremental Improvements Over Substitutive CAnsputer Testa
Several incremental improvements over computerized conventional tests are currently in use. The
two most widely used systems are called computer adaptive and computerized mastery teeth. Unlike the
computerized conventional tests that give a fixed number of items in a fixed order (hie the paper testa

they substitute for) the incremental improvements change the sequence and the number of items
dynamica4. These tests also use conventional items, but in an adaptive test, et ^h new item is selected
depending upon how the student is doing, with more able students getting more difficult items and less
able students getting easier items. Computerized mastery tests administer a series of item clusters,
stopping when a decision bas been reached about whether the test taker is above or below some preestablished cut score. Both take far less time for more accurate measurement.
Other incremental improvements aim to derive more information of a diagnostic nature out of the
student's responses to the items. These systems combine cognitive analyais with measurement in a
promising way, but are highly experimental.
Improved displey and response processing offer many incremental advances. Computer graphim,
color, animation, video and audio add interest and realism te the item types poaaible in computerized
measurement.

'rrandonnationsl Uses
As the OTA statement of work suggests, there are transformational possibilities inherent in the
new interictive computer technologies and multi-media display capabilities. Not only can items currently
transcend the limited verbal representation on the printed page through multi-sensory presentation, but
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the definition of an item as a short, quickly administered task can be replaced by standardized performance
tasks of longer duration whieh require significantly more integrated processing. These complex and
integrative tasks can be presented as simulations or games, or as tool-like laboratory environments that
require exploratory, constructive, and hypothesis tasting activities on the part of student& Such highly

integrated and Anceptually demanding tasks, when used in assessment, can truly be labelled as
transformational', Unfortunately, Inch tasks are not yet having much impact in educational assessment.

They are slowly oomhig inte uee in experimental instructional settings. They can be scored holistically by
human judges, but the psychometrics for scoring computer-collected responsec to them and determining
air reliability and validity of such scores has not been developed. The infrastructure for developing,

distibuting, and interpreting them is not in place.
In another potentially transformational use of computer technokgy in assessment, students are
provided with computer tools for designing, developing and producing "exhilits": written documents,
presentation materials, performance scripts or plans, or other products of mind. Software productivity
tools exist for multi-media design, editing and production of student exhibit& These can be used in
combination with project assignments and with portfolio assessment methodoloees to get at learning
objectives that deal with creative productimi. In portfolio assessment methods, students use portfolios to
manage their own set of exhibits, including the intermediate stages in the development ef some of the
awaits. Such Imes of technology can be truly transformational in both instruction and assessment because
thoy provide a nenetrating method to asses; REEK as well as product Using holistic assessment based
on human judgment, the students and teachers can discuos intermediate products and can consider the
issues of strategy and tactics leading to the prcduction of a polished final product An exciting prospect
for the figure I. that student responses can be recorded while they are using computer design and
production tools. feature intelligent software can be used to provide hints and helps to improve strategy
and tactics at the moment of need.
Another transformational poesibility is that the use of productivity software tools may be
augmented through access to large data bases of images, audio and text. Software for searching such data
bases can be used in the production of student exhibits. These potential transformational uses of
computers are gaining momentum in the schools as a part of instruction in writing and other subjects, but
have not yet been formalized as a new assessment method.
Transformation of Whole Systems. Potentially the most powerful of transformational possibilities

inherent in the idea of computerized educational assessment lies in transforming the relationship of
assesament to instruction and to instructional management. Educational measurement has been viewed
as an activity separate from instruction. It precedes an educational sequence or follows it, but is left up
to the teachers to prepare and use their own measures during an educational sequence. The patterns,
teachers may look to in making up their own measurement instruments emphasize judging and grading
rather than helping and guiding. In its most visible embodiments, centrally prepared other than teacherprepared, Educational Measurement is viewed with fear and dishlte, and is not seen as integral to the
processes of learning and teaching.

Printed materials that integrate assessment with instruction and can aid in instructional

management are possible, and some have been developed, but computer-based systems that integrate
instruction, educational measurement, and management offer a msjor transformational step beyond these.
Such systems can transform the roles of educators and their effectiveness. Their roles as decision-makers

can be enhanced by supplying them with continuous and up-to-date information to guide their

interpretations and decisions. Students can become active problem-solvers, strategists, and producers
rather than passive recorders and regurgitators.

Help Systems Versus High-Stakes Testa A computerized assessment system that is fully
integrated with instruction and is never used for grading or high-stakes accountability is called a 'help
system." It is distinguished at some length from a high-stakes test in Section I. If it is true that the nation
needs to use more school time for progress and growth, and leas for grading, judging and measuring
minimums, then help systems which integrate assessment and instru tion (and are never used for grading
either the students or the teachers) offer a promising alternative.
Despite slow progress toward transformational and even incremental forms of computerized
that Computerized Educational
assessnvnt, the message of this report is positive and hopeful
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learners, for the evaluation of
Assessment (CEA) offers great potential for the assessment of individtve
educational programs, and for the transformation of professional roles and preetices of educators.
Educationsl Measurement Infrastructure
The key research question stated in the statement of work is: "How can increasingly powerful

assessment? To answer
hardware and more sophisticated software be marshalled for effective educational
be understood. Two aspects
this questiem, the nature of the educationg measurement infrastructure must

and the human talent. The
of this infrastructure are discussed in the paper the technological base
processing
infrastructure of the current system is centralized. Large computer facilities with paper
state
education
agencies,
equipment are at the center. These facilities are managed by testing compsnies,
f:ertification. There is a human
and in some cases, professional oromizations who test for licensing and
usually made up of
infrastructure of part-time test administrators for large national testing wpnizations,
fealties for a few home to
college teachers and secondary school teachers. They use borrowed or leased
physical location
administer the tests under controlled conditions. Unfortunately, there is no permanent
and no trained
for computerized assessment (even assesanent intimately integrated with instruction)
the
learning
and thinking
talent base to administer the assessments at the point when it could benefit
have admissions offices
processes of school children. By way of contrast, colleges and many high schools
decisions and
educational
measurements
to
make
admissions
and guidance offices which interpret
placement decisions, and to provide guidance and counselling.
Since the current infrastrocture for educational measurement is already in place, the question
arises as to whether it can be revitalis ad with a host of new item types and new methods that use printed
item types that
and scanned answer sheets more crwaively. This papqr reports on exciting new printed
mark
out
words
in rtmning text,
can tavivi0 and improve the current testing infrastructure. Students can
identify Ojeda or structures by marking on printed pictures, can draw arrows, lines or simple graphs, and
and associated software.
can even print numbers and :etters that can be recognized by the optical scanners
A new ..nfrastructure is needed in the schools, consisting of networked computer workstations, in
is necessary
order to obtain the transformational benefits of computer uses in assessment. This equipment
and games, and
to introduce computer-administered standardized performance tasks, including simulations
In
addition
to
capitalizing
and
process measures during tool use in the production of student exhibits.

installing the technology base, a new human Went base must be developed.

Such a new local

infrastructure is being instalied in the schools even now. There are two kinds of systems being installed:
Integrated Learning Systems (LS) and networked computer labs for tool use. The dominant mode now
for curriculum
evolving uses a relaoely powerful file server computer with large central disk file capacity
and for record-keeping. These systems may be used for computer-aided instruction; they may also be used
as labs for productivity tool use. The integrated learning systems come closest to the environment

foreseen in this paper as providing an infrastructure for the delivery of computerized educational
assessments integrated with instruction. The recommended system is referred to in this paper as an
Integrated Learning wsd Assessment System (MAS). This is a concept, not a particular product. It is an

evolutionary improvement over the Integrated Learning Systems (ILS) and the computer labs that now
constitute an important growth industry in education.
By integrating assessment, instruction, and records management, the ILAS offers the most
profound transformational opportunity of the computer. It provides an environment where sensitive and
important assessment, in the thll sense of the term defined herein, can take place and in association with
good management and instructione decision-making. These decisions are also enhanced by the properties
and features of the ILAS. Skilled teacher/managers, who are also good assessors and decisionmakers, can
develop professionally over time in a context of teaching with the use of an LAS. This provides a
challenging and promising professional growth path for teacherr toward new roles more consonant with
nations' needs. In achieving this professional growth, teachers working with Integrated Learning and
Assessment Systems will be greatly strengthened in their efforts lead students to high standards of
achievement in the complex and demanding objectives needed for success in a technologically intensive and
internationally competitive world.

RECOMMENDATIONS
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The eight recommendations developed as a result of the analysis of current trends and future
possibilities provide a vision and a direction. Specific details will need to be worked out state by state,
district by district, school by school, and company by company within the rapidly growing ILS industry.
This industry, which has an annual volume of over $800 million, is now evolving and will continue to evolve
toward the integration of messurement and assessment with instruction (ILAS). Because of the generality
of the recommendations, they have implications for reseerch, development, and implementation support.
There are substantial policy implications for these reconnnendations as well, for they lead toward
trensformatior II innovations. In particular, the entire Integrated Learning and Aasessment System (more
properly, Integrated Luning, Assessment and Formative Evaluation Syetam) that is envisioned in this
paper is tnnsformational of the iv/ is and activities of educators, both administriatore and teachers, and
of students. There are power shift as students and teachers are given more control over the information
they need to make decisions, and more control over the resources and policies that are connected with the
decisions they will need to make to optimize and manage the learning enterprise. Principals and other
administrators must become instructional leaders; interpreters of decision-orientr d data gathered from the
high-stakes assessments and formative evaluatkon data.
The recommendatices are divided into two me* groups, and there are three recommendations
in each group. The first set deals with the purposes and methods of testing in the schools, and the second
set deeds with building the needed infrastructure for computerized administration
of improved educational
measurements.
Three Recommendations Dealing With the Purposes and Methods of Testing in the Schools

Reomnapandstion One Greatly kneeese the frequency and variety
Mgh-stakes assessments, but balance the two.

of help

services competed to

Recommendstion Twe Greatly bacr.Ase the frequeng ef formative evaluation, and provide ftmcfmg
and incentives to tsse the evaluation data for ongoing improvement of educatioval programs.

Recommendation Three Increase the use of alternate methods of assessinent (i.e., that require
hum= judgment and that measure more complex, integrated, and strategic objectives.)

This recommendation is explained in terma of a conceptual framework consisting of forz
measurement methods and four kinds of objectives. no followin,g table summarizes Recommendation
Three, which calls for research, development, and i'....7.4ementation that emphasizes the measurement
methods of performance tasks, exhibits, and procees measures during tool use, and thus more teething
and learning of the higher-order constructs of integration, creative production and strategies. The use of
item testa for scaffolding knowledge should be improved and extended beyond scaffolding knowledge
(verbal knowledge aka some topic
terminology, definitiona, classifications, simple role use) as far as
poesible.

Recorranenclation & Measurement Methods Suitable for Different Objectives
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The greater the number of asterisks in a cell, the more appropriate a particular measurement
method is for the clam of oldective listed to the left. Thus, item tests are the best suited for measuring
scaffolding objectives. In general, performance tasks offer the greatest promise for measuring integration
objectives and process measures the greatest potential for measuring strategies.
Timm Recommendations Dealing With the New Inhastructure far Computerized Educational Ameesment
(SEA)

Becaumenelation Four: Falter new item types and uses of portable answer media in °Wu. to
utiftse the current teethes infrastructure mare creatively.
Portable answer media (mainly answer sheets) should be freed from domination by the multiple
choice item type. It is now possible to develop and introduce many new item types and task types for
paper delivery in help systems as practice and feedback worksheets, and to improve testing of blab-stakes
outcomes. In short: use the infrastructure that I. in place to broaden the assessment options available.
Recommendations Five and Six deaA with building the new technological and human infrastructure
for -omputer-administered assesament.

Encotwage the developnent of a localized infrastmeture of Integrated
Learning and laessment Systems, and the emanated evolution of central atm for development (eh*
systems and tests, and hr R&D.
Recommendation Th

Reccsnmendation Sic Encourage the profeadonal developnen% of teeth's" and other professionels
who are knowledgeable and allied about both the lmmen judgment and the teebnital aspects of CFA, and

are skilled at integrating assument with instructio&
Reeanunendetious Dealing wfth Policy

Recommendation flew= Federal and state poliq should bath provide R&D funds and etbnulate
private sector investment in improving technology-based aseemenent practice&
Recommendation Mgt* High professional testing standards must bemaintained and must centime
to evolve for CEA systems.
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SECHON I: FRAMING MB ISMS
BACKGROUND: ISSUES IN MEASUREMENT AND ASSESSMENT

How is measurement viewed and used in Education vs other occupations? What are the
differences between measurement and assessment, and the shifting social roles of each?

Contrating Views Toward Ideasurement
We scarcely notice how measurement standards for time, quantity, distance, velocity, and money
structure our daily communications and commute, guiding our decisions. For scientists and engineers,
meacurement is an inseperable ally, used to calibrate and test equipment, quantity observations, validate
hypotheses, theories and designs. For skilled operators of complea sys 'fr=s, meaeurement provides an
appropriate array of instrument readings indispensable to timely detision milking. Businees decision
makers measure the performance of their business unit, summarizing it in terms of revenue, expense, and
productivity. The quality of their strategic decisions depends on the accuracy and completeness of their
data. For professional artists and athletes it is the feedback of coeches during practice, and scsrecard
statistics that are indispensable to improving perfoemance. In thew occupations, however, measurement
is as familiar and unobtrusive as are the common standards for the lay public. It is a totally integrated
aspect of work, eagerky sought, always essential to sound decision making,

In contrast, educe mai measurement is less integrated and more intrusive. It has become a
coercive tool of the educational system to assure compliance in the completPon of assignments and studies,
an embarrassing index of intelligence or liliteracy, a feared gatekeeper of opportunity, a weapon used by

administrators to indicate accountability and academic productivity. Teachers and administrators may

resist the introduction of measurement, but hi this they are not so different from people in ether
occupations. Few employees or professionals are enthusiastic about measurement when they are being

evaluated in bureaucratic settings by persons external to their work group. When measurement is
inbusive, high stakes and threatening, it is not welcome.
Is there a kind of measuremed system in education that wr:d evoke less reaistance, dishie and
fear than the current system? Could measurement become a more integrated and helpfid aspect of the
work of administrators teachers and students? Certainly there must be a way, and it will have to involve
a move toward more helping and less judging.

America needs a highly professional educational workforce. One indisputable mark of
professionalism in many occupations is the alelity to inierpret measures essential to their work with
sensitivity, balance, and goodjudgment Thnely and appropriate information is as important for educators
as for others to support and clarify their decisions. The feedback provided by helpful measurement ia not
only vital for immediate decision making, but Also for improving future decisions based on a framework
that enables one experience to be compared with another. Without clear indicators of desired educational
objectives, educators orient their priorities toward unspoken and unwritten priorities, including those
unrelated or even inimicable toward student learning.
New development:Lk and technologies are vitally needed in Educational Assessment. The invisible
intellectual acquirements of students are very hard to measure, and it I. even harder to do so in a timely
and up-to-the-minute way. The performance and productivity of an educational system, hether single
classroom, a local echool, a district, or a state, is also hard to measure; especially using the paper and perxil
instrument, which now predominate in measurement practice. Educational measurement experts devise
scales to make visible many subtle nuances inherent in learning, problem solving, and thinking. In the
hard sciences, the more deeply embedded and invisible is an hypothesized construct, the more costly it is
to measure, requiring complex instrumentation. Might it be possible to equip the classrooms of this nation
with computerized assessment instrumentation that will enable measurement to become the ineeparable
and unobtrusive ally of education? The answer tbia paper gives is iyer, but...". Yes, there are great
opportunities inherent in current and future uses of computerized measurement instruments. But
significant R&D is needed, a new infrastructure must be put in place, and thoughtful policy development
must guide both.
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A Distinction between Measurement amf .Assessment1

Taking meastnementa is not the same as performing an assessment. An assessment requires
interpretations and hinnan judgments, while a measurement alone does not. Consider an example from
medical practice: A pediatrician may measure very precisely the height and weight of a child, but to
intapret those measurements and take action requires an act ofjudgement: an assessment. There is no
unsmbiguous diagnosis of overweight or underweight based on the measurements alone. Other factors
such as age, sex, genetic factors, and health history may be even more important than the measures for
a given diagnosis and prescription. Especially valued is subtle clinical judgment based on years of
experience in interpreting the appearance, demeanor, odor and other subtle cues.
A particular amassment can be valid or invalid. Consider the sequence of activities that follow the
measurement of some set of human attributes.

measures > interpretations > decons > conaequences
The act of measurement is neither valid nor invalid (it may be appropriate or not, or accurate or
not), but the interpretation that follows the measurement may be valid or invalid. Thesejudgments should
employ more information than is available from a single measurement, especially when the decision involves
high stakes to some person or persons. Similarly, the decision is a judgment based on the kterpretation
and other information, and on the options available. A decision has consequences, both negative and
positive, which must be considered by the decision maker. Good teets provide statistical evidence that the
measure will predict future outcomes. Knowing this, the decision maker can be more confident that
certain positive outcomes are more hiely than negative ones. Good tests also provide published evidence
that a decision will at least be as fair and equitable as possible when negative c msequences for some group
of test-takers follow.
Assessors and evaluators eanrwt escape the responsibility foor maldng valid assessments based on
all the evidence mailable. Fur assessnient to be used in a more powerful manner in schools, far more
training and sophistication will be needed, especially wbni the assessments are high-stakes. Evaluators

should not be permitted (or coerced by external threats) to shrug their shoulders and "let the
measurement make the decision."

Evaluating America's Educational Needs
America's policy makers have read a variety of measures and indicators and know that we are "a
nation at r1sik."2. Consider a hypothetical national scale of educational achievement. At the bottom of the
scale is a large number of educational drop-outs and failures. A disproportionate number are poor, or from

ethnic and cultural minority. The middle range of our bypothetical scale also presents a grim picture.
Those who successfully entzr the workforce may not be sufficiently skilled to enable our economy to
participate effectively in an increasingly competitive global market. At the top of the educational
achievement scale the situation is positive - top colleges and universities in the United States are "world
class". The fact that increasing numbers of faculty and graduates are foreign-born may be taken as an
indication that America's candidates for higher education are competitive, but it is also an indication that
our universities are sought out by the best minds in all nations.

urhs terms Educational Measurement and Educational Assessment
are defined
more formally in other publications.
In ducational publications, the term
assessment has a variety of uses. The emphasis in thir paper is on making valid
interpretations and decisions for action from measurement.
The concept of
validity involves both the interpretations and the consequences of action, not
just the quality of the measure itself. [See S. J. Messick, "Validity",
in R.
L. Linn (Ed.), Educational Measurement, Third ed., (New York:
Macmillan,
1189),
pp. 13-103.]
2D. P. Gardner,
on
f,
educ t o
re
(Washington, DC: National Commission on ExceZe.ICIe in Education, 1983).
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Moving from the hypothetical tu the actual, there is recurring and growing criticism about the
etandardized educational tests we use to measure achievement. These criticism include charge3 that the
testa do not address higher order thinking skills, adaptability to new circumstances, or creativity. Instead,

they are seen to measure disconnected snippets of knowledge that are soon forgotten and are not
integrated into a knowledge structure that can be used, along with powerful thinking and reasoning skills,
to deal with the complex technology and new learning demanded of world class workers and citizens3.

Has an Ilistorical Shift Occurred in the National Needs Served by Educational M.:.mment?
In the past, success in school was not necessary for entry into the job market. As a result, not all
children were expected to succeed in echooL Testing practice reinforced the primary goal of education to select and sort out a small percentage of stulenta who qualified for managerial and professional careers
from the mjority of students who would ultimately be absorbed into a low-sloM workforce. In order to
achieve this goal, educational testa that sorted and ranked people gained widespread popularity. The moot
cost-effective technology for this purpose scannable answer sheets and multiple chowe test boaleta
war implemented nationwide in schools and colleges, and has become the dominant commercially developed
educational measurement tool in use at this time.

Today, the education and assessment paradigms are changing iu conjunction with dramatic
worldwide power shifts that will impact every aspect of society; particularly the way we educate our
citizenry. As unskilled and semiakilled jobs continue to decrease, sorting and selecting lose importance.
A high'r goal is to provide (^or each etudent instructional help so powerful that anyone with adequate
motivation can succeed. ::nding a way to offer such help to all children is necessary in orde; to meet
President Bush's goal for the year 2000 of providing an education sufficient to meet international
workforce demands. Technology may be the only feasible means to provide both instruction and
assessment at the level of intensity required.4
Our perception of standardized testing must be reconsidered in a new assessment context - one
that recognizeo the value of thinking, creativity, decision-making, teamwork and the technological and
interpersonal skIls required to succeed. Conventional tests have merit, but it is Ebat we are measuring
and beE that measurement is integrated with the professional practice of education that must change.
The solution must integrate amessment with '....struction and learning. It must reflect clear national goals,
both for student achievement and for teaching practice. It requires sensitivity to the economic need's of
states, and should celebrate the uniqueness of the individual.
PUBP081119 AND OBJECI1VES OF EDUCATIONAL MEASUREMENT AND ASSESSMENT.

A key requirement of the statement of work is to review computer applications to "the various
oNectives of assessment." A chapter by Milhnan and Greene in the third edition of 'Educational
Measurement" prnvides a good review of purposes and objectives for testing. As a part of a fundamental
description of purposes for testing, these authors distinguish between educational measurements taken

3wary Ann Roe, Iducatio
I
(Austin, TX: 1C2 Institute, The University of Texas at Austin, October,
1989).
Roe discusses the changes needed in the education continuum, from X-12
and on into the college and workplace to produce a world-class workforce. Beyond
the workforce, we need world-class citizens with knowledge and wisdom to vote and
uphold the higher accomplishments of our civilization, and with the leisure,
means, and desire to pursue service and culture.

Egfij,

4w . C. Norris, "The Future of the 1i:formation Bra.", in R. B. Heldman, (Ed.)
-PL. !
P
a:
wor s
eta
d S rv ces.
.

TAB Books, (Blue Ridge Summit, PA: TAB Books, 1987). pp. 262-263.
1 ci
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BEFORE, AFI'ER or. DURING an educational sequence5. In this paper, the coneept of educatiunal
sequence miv be viewed as several years of study (e.g., elementary, middle, or secondary school, two- or
four-year college programs, professional programs) or as a shorter sequence (i.e., a short sequence of
courses, a single course, or a unit within a course). Before the educational sequence a person is an
applicant or a recruit. Afterward they are graduates, drop-ou,,, or failures. In process, they are learners.
The current system is designed to provide teaching and resources to help them make progress toward
successftd graduation from that sequence. Thus, in educational assessment, the following exemplify
purposes and otdectives before, during, and after.
Purposes of Measurement &fag an Ethacational Sequence
o For selection among applicants
For placement of recruits
>o For guidance services
- Course of study planning
- Learner profiling

Purposes at Aleasuressent Nita an Evaluation Sequence
o Incremental grading
o Incremental failing (quizzes and mid-terms along the way)
>o

>0
>o
>o

>o

Routing to non-academie and "special* tracks
Measurement services to help individual students monitor progress
- extrapolate future progress
Help in formulating the sequence and Idapting the sequence to the progress of
each learner
Learning feedback: Hints and helps while students grapple with the task
Advice to teachers for grouping students for instruction or for projects
ClarKying the assessment rtandarda and making these assessment standards
the explicit goals of learning

Purposes ("Measurement lift an Edtrational Sequrace
o
o
o
o
o

>o

Assigning final grades and failures
Graduation
Certification
Licensing
Selection for jobs
Selection for scholarships, awards, etc.
Guidance services

- Career guidance
- Vocational counseling
- Exit counseling

At the beginning of each list above are bulleted items ("ce) that represent assessment imposed
externally on individuals and generally used for making high-stakes de Isions about their opportunifies,
rewards, or punishments. The remaining items in each list, designated by " > o", are items that we will call
"help services." These are typically referred to as guidance services when given
to applicants hgars or to
graduates or failures algt. There is a whole class of help services during the Ems= of learning; less
common, but these may be far more important in achieving the nation's goals.
Unfortunately, measurement in pisms during an educational sequence is an area left relatively
untouched by testing companies and measurement professionals. It is an area left large* to teachers.
This state of affairs represents an anomaly in the field of educational
measurement. Leaders call for
5Jason Millman and Jennifer Greene, "The Specification
and Development of
Tests of Achievement and Ability", in R.L. Linn, (Ed.),
Educational
Measurement,
Third Edition, (New York, NY: MacMillan, 1989).
(See
especially
Table
8 on page
336 that sumnarizes purposes for testing)
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assessment that will help improve, not just bring good or bad news6. Measurement professionals have
long sought the "holy grail" of measurementa that truly help learners and teachers, but the dominant
professionally developed tests continue to be high-stakes testa given before or after an educational
sequence. The productivity of measurement scientists in developing and implementing new measurement
instruments that will help teachers and learners in mg= is disappointWg. Most of the attention and
resources are given to work on externally imposed measures to support high-stakes decisions. Thus
Stiggins was condrained to point out in 1988 that;

'Amid the whirlpool te publicity, political turmoil, and scholarly debate currently
surrounding the development of a nationally standardized test, or statewide assessments, and of

measurement driven instruction, we art again failing to address the central issue in school
assessment insuring the quality and appropriate use of teacher-directed assezsments of student
achievement used every day in classrooms from coast to coast.°

Teachers develop the best measurement tools they can, but the models they follow derive from
the dominant practices they have experience& assessment with strong consequences before or after

educational sequences. They have learned norm-referenced testing, so they write tests that spread
students out and then grade on the curve. Often they use grading as a way of providing feedback to
learners, but frequently they unwittingly violate vital standards for validity of an armament: e.g., they
assign numbers that do not correspond to what is being measured (such as deducting points from a math

test score for tardiness, as though mathematics achievement and punctuality were on the same
measurement scale). They make inferences from test scores that are not valid (e.g. giving a low grade on
a supposed measure of educational knowledge to punish or control behavior). They may be unaware of
the plethora of posslilities for help services opened up by computer technolou, which can provide
continuous measurement.

Contmsting High-Stakes Amesement and Help Services within the Domain of Infividucl Assessment

In a high-stakes assessment, a person or group with appropriate authority and professional
credentials makes an interpretation of information about an individual that can have a major impact on
that individt fti's life. The term "help services" is probably not a familiar one to most readers of this paper;
nor is it a faz tiller term in the educational measurement literature. It is a term used in this paper to refer
to the use of educational aasessment to guide and help the learner in accomplishing important educational
goals. The before and after uses are familiar ones; guidance and counselling. This guidance may be "high
Makes" in the sense used herein, if a critical interpretation and decision is made that affects the persmes
life, and that decision is made without the examinee's consent, but if the course of action is left up to the
individual, it is classified here as a help service.

Table 1 characterizes the distinction between highotakes assesament and help services for
IndMdua
Nine points of distinction are given. In each the acronym TEST (lest - education aequence lest) is used to refer to the high-stakes test (usually given before or after the sequence), and the term
Help System is used to refer to a help service that uses measurement continuously to improve the process
of learning and instruction.

6 Paul H. O'Neill, Chairman of President Bush's Educational Policy Advisory
Committee, and CZO of Aluminum, Company of America: "We have some good toot., that
tell us something, but they don't tell us in a way that would allow us
make
specific interventions in the process... They tell us we're not doing very well;
they don't suggest why not." Quoted in, Robert Rothman, "2 Groups Laying Plans

To Develop National Exams", Education Week, Vol.
Projacts in Education, Sept. 26, 1990).
7Richard J. Stiggins,
Instructional Priority,"

X, No. 4,

(1990 Editorial

"Revitalizing Classroom Assessments The Highest
(January 1988). pp. 363-368.

EhLneirpsint,
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Tads 1
Centrasting High-Stokes Tests vs. Help Systems in Incrnriduel Assessment

Any measurement, whether a TEST or a Help System, is designed to provide relevant, reliabk,
fair, and timely information to professional people (or to people who aspire to act in a
professionally appropriate manner) tc help them make valid and defensible decisions.
L WHY: TO RANK STUDENTS OR TO ADVISE THEM?

1. To Rank Them The BEFORE TEST is
designed to spread people out as much as
possible along the score scale. A wide score
spread facilitates ranking, and thus promotes
comparisons between those who are higher and
lower on the scale. The AFTER TEST is
usually designed to spread people out to
facilitate grading, but in criterion-referenced
measurement it is used to determine 'passing'
at some carefully established level.

1. To Advise Them. For a Help System
ranking is irrelevant, and 'scores' may not even
be visible. What is displayed to the learners
and teachers is information to help them make
better decisions that will facilitate progress
from one step to the not

t. WHAT IS ME NATURE OF ME DECISIONS TO BE MALT?

I High-stakes decisions about individuals.
These decisions can have a significant impact
on the future activities and opportunities of the

2. Low StaketDecisione about Learning
itogigm, Decisions about which larger units
in an educational sequence to take nut or
about how to correct and improve within a task,
have a small impact, and mistaken decisions

testee, but the decisions are made for them by
someone else.

can be corrected quickly.

& WHO ARE ME PROFESSIONAL DECISION MANE=
3. Officers of an Institution. For TEST. the
professionals are admiuions officers, State and
District Administrators hdding schools
accountable, school psychologist*, faculty
groups considering graduation requirements,
and the like. They seek defensible information
to back sometimes unpopular decisions.
Teachers make high stakes grading decisions.

3. Learners and Teachers. It is the teachers
themselves, and the more advanced learners
who have internalized the standards of
ewellence, who are the professionals.
Psychologists and other professionals cannot
stand by teachers and learners to guide them in
making valid inferences from every
measurement

111

4. HOW DOM TESTING USUALLY TAKE PUMP

4. &aerate testing sessions, usually obtrusive
to the flow of learning and teaching, where
printed test materials are distributed and used
nrider strict supervision.

4. Ithabivaimarsamzemat The same
materials are used to learn or to produce a
student product that are used to measure.
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5. WHAT PROFESSIONAL STANDARDS ARE REQUIRED?

Verv High. Proper use of TESTs requires
professional knowledge and experience. It
requires knowledge of professional standards
for interpretation and use of tests in general
(e.g., that TEST scores should not be the sole
basis for a high-stakes decision). It also
requires specific knowledge about the particular
measurement instrument and the situation.
Proper use of TEST. may be sacrificed
for administrative convenience and may be
given lower priority than the goal of lower
costs.

5. HI& Proper use of Help Systems will also
require professional hnowledge, particularly
knowledge about a measurement standard
,
what it means to be good t3t something at
progressive levels of ewellence.
There will emerge standards for the use
of Help System information which, like TEST
information, can be misused. For erample, it
will hopefully become common knowledge that
Help System data should not be used in
grading students or evaluating teachers.

6. HOW SECURE MUST BE ME MEASUREMENT TAM, DOOM AND RIL0ONIST

6. Utmost mai& must be maintained to
assure that the items or tasks, and key, will not
be known by any test takers in advance, and
that the scores and reports will not fall into the
wrong hands.

6. Emagigion, The standards and the
form of the tasks should be known in advance.
Complex tasks may be practiced as often as
necessary before the high-stakes tests. (The
learner, however, should have the right to keep

mem scores private).
7. WHEN 'MUST ME DECISION BE MADE (TIMELINESS)?

7. Delayed. It is acceptable to haue a gap of
several weeks or months between the time of
ITSTing and the time of decision-making. The
decision is important and is scheduled in
advance.

7. Para. even Immediate. Decisions informed
by a Help System are the &ego-day, minute-byminute, decisions learners and teachers must
make. These decisions cannot wait for scoring
and interpretive data from a distant location.

& WHEN: FREQUENCY OF THE MEASUREMENTS WHICH INFORM THE DECISIONS?

& Meg int, A single TEST, rether than a
sequence of measurements, informs most
high-stakes decisions (grading is an eweption,
where a sequence of tests and quizzes is often
used).

& Continuous. A Help System provides a
continuous sequence of measurements, repeated
cycles af Teach <...> Test (mon accurately,
cycles of Practice <> Coach). Measurement is
often indistinguishable.

9. WHERE DOES SCORING AND BEPOICTING TAU PLACE?

9. itaccaLgtiLataicaliiii with fast scanners
and paper processing machines, along with
large computers and an expert staff.

9. It takes place in a decentralized educational
rang where the data is immediately available
to teachers and learners.

The recommendation that educational assessment practice emphasize help systems in the future
gains support from the comparisons in Table 1. If America's needs have shifted from selection andjudging
to knproving achievement for a demographically complex student body, assessment methods are needed
that are linked closely with instruction, that are designed to advise and help students and teachers make
better decisions about learning progress at the moment of need, are decentralized to the places &learning,
and are continuous. As in all assessment practice, high professional beandards must be maintained; but
different standards will be required, and they will have to be adopted by the teachers and the more
advanced learners. Assessment, in contrast to measurement, requires balanced human judgement.
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Purposes and 011jectives of Program Evaluation

The term program evaluation refers to the collection of data to guide deciaions about educational
oequences, and aspects of them. By contrast, the term individual assessment refers to assessments made
about individual students. The focus of the statement of work for this study way on individual asseswaent.

Eastagursthingsa will be given less emphasis in this paper, and this term will be used to include
evaluations of individual dames or special interventions as well as evaluations of the teachers'
performances within define, educational sequences. We also use this term to refer to statewide and
national assessments, which are used to make interpretive conclusions about the progress and problems
revealed by measurements taken using national and statewide simples.

A wend distinction between two forms of program evaluation is summative and formative
evaluation. Summative evaluation usually emphasises measurements taken after an educational sequence,
although it may compare them to measures taken before to show gain. The kind of dmisions made by
summative evaluation are to approve a particular program or terminate it. Formative evaluation, on the
other hand, interprets est measures in the light of man measures and looks for ways to imptm the
mmHg so that the desired outcomes will be achieved.
Summative and formative approaches to program evaluation are contrasted in Table 2.

Table 2
Some Contrasts Between Stmunative and Formative
Approaches to Program Evaluation

..,...

SUMMATNE PROGRAM EVALUMON

FORMATIVE PROGRAM EVALUATION

I. MA. Any program evaluation, whether formative or summative, is designed to provide
relevant, reliable, fair, and timely information to the appropriate decision-makers to help them
make valid 'and defensibk decisions about programs, and their teachers.

4.1.1...

2. What Deadens are Chwactaristic &Program Evaluation?

2. /fish-stakes decisione about _programs and
about key oersonnel roles within Drotrams.
Decisions are made to approve or discontinue,

2. liggithfo refine and improve:
to emphasize or de-emphatize particular
program components; to allocate resources to
revise and improve a component

..m..m.....

3. Who Malws the Deadeas?

3. Administrators with program authority and
budget control.

3. Developers, teachers, and users concerned
with improving the program.
Administrators approve funds earmarked for
continuing or special improvements.
=OM
,

4. When are the Decidens Made?

4. tilt infreouent intervals when programs are
targeted for summative evaluation and rcview.

4. Ideally, Gfialialifiniizitszfri of a
semester or a year. At a rninimwn, during
the initial trial runs of a program.

15
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5. How we the Illessuressents Taken?
5. The most common summative method is 10 look
at aggregated itudent scores on standardized testa
so that comparisons can be made across different
schools.

6. finparained scorint. botk student
igramigiss and direct measures o f the
system we used. Measuring individual
system components makes it possibk to
highlight specifics that need revision.

0. Whose Do the Eniustions Take Place?
6. At multiple sites of program operation. General
standardized measures are collected that can be
summarized across sifts. Reports are prepared
centrally,

6. At multiple sites. General program
improvements are sought for all, Width
localization and customization. Local
teachers and users play a greater role.

Tree Measurement Methods far Program Aweasment
1.

§ummarizing and anratatina individual measures. Both completely objective,
machine-word/de measures and holistic measures requiring human judgment will be
part of a guod program assessment.

2.

DIreckizekammegin In a computerized learning and testing environment,
direct measures can be obtained, such as the number of lessons passed per student,
average time, errors, difficulty of the lessons, and approach to or avoidance of
certain elements within tl lessons. Task engagement can be measured directly.
Do students experience ft lain kinds of instruction or not? Do they encounter and
engage critical instructiom I elements?
This is a very promising area for future development Other direct system
measures could include time on task, mean time to help, and effectiveness of each
kind of help.

3.

lissigdsrantganim Future accomplishments in later classes, higher education,
and workplace set* .021 sften give a different picture than course grades when
included in a propau 'valuation. Selection test scores and grades in initial
academic classes may be highly related to one another, but may not be related to
long-term measures, which after all, are much closer to what our nation needs than
first-year grades.

A Note on Amazing Teachers. States um multiple choice tes ta with the flavor of verbal
and mathematical minhnum competency exams in licensing teachers, weedb kg out those who fall below
a certain cut score. In licensing teachers in this manner, legislators and state administrators have a
dilemma. They can show the public that they are striving for higher standards by pushing up the cut
scce on the testa, but to do often results in the politically unacceptable consequence by rejecting too
many prospective teachers from racial and linguistic minorities, who did not do as well as whites on the
verbal and mathematical items. If this cut score is forced downward by these political realities, then
those accepted into teacher education programs just above this cut score have almost as much need as
those below the cut score for remediation and improvement. Could not help systems for the
professional growth of teachers, both preaervice and in-service, reduce this dilemma by fretting higher
atandards while helping more candidate teachers achieve them? Do not formative evaluation systems
offer a hopeftd approach when they take direct system measures and focus on how the instruction
operates? Could these systems not take some of the focus off of poorly defined qualities of teachers
and focus on system attributes that could be changed by management and by better tools?
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Summary of Purposes: A Four-Fold Clessification of Purposes for Educational Measurement
The distinction between externally imposed measures for high-stakes decisions versus help
services is anslogous to the distinction between sturmative evaluation and formative evaluation. Thus,
a way to summarize the broad purposes for measurement considered in this paper is to consider
individusl assessment separately fkom program evaluation, and consider both High-Stakes and Help
purposes for each.
Table 3
Four Purposes far Educations" Assessment

Assessment to support:

High-Stakes Amesements

Decisio' los about individneb

Selection, Placement, Grading,
Failing Graduating Licensing,
Certification, Selection for
awards...

INDIVIDUAL ASSESSMENT

Decisions about programs
PROGRAM EVALUATION

Summative Evaluation to
Fade and judge educational
programs, and teachers, and to
hold educators accountable.

Help Services
Guidance, Course planning,
Progress Monitoring,
Diagnosis, Advice on
strategies, tactics,
standards...

Formative Evaluation to
identify areas of strength,
areas to improve, and ways to
improve.

METHODS FOR MEASURING THE ACHIEVEMENT OF INDIVIDUALS

In this section, four methods for educational measurement of individuals will be introduced.
These wall form the major organizing framework in both Sections II and M. All four are applicable
toward arry of the four categories of purpose shown in Table 8. The four methods are (1) km istg,
(2) fitammliusiesi 21thtmlasm tags (0 glEkllit MAW& (exhibits), and (4) =SR ingmm taken
during tool use.

Item Testa, Item tests are made up of test items of a familiar nature. These usually require
very short tiLie intervals to complete, and are appropriate for sampling widely and shallowly from
information domains. The most common items are multiple choice items that have only one correct
answer. Item tests meamure scaffolding knowledge wet memorized terms, facts, and short procedures
that can be taught when we "cover" a curriculum rather than teaching it for integration and for
transfer to new situations.
Standsrdized Performance Task= These standardized tasks require the integration of multiple
lower level pieces of information, and simple skills, in order to perform integrated and complex
activities, e.g., solve a problem, design and conduct an experiment, write a document or prepare a
preeentation ur demonstratiom The task takes much longer than a simple test item and has integrity,
unity, and reference to socially valued roles that students might find interesting and relevant
Performance tasks, unlike llama, need not have a single correct answer. They are scored to reflect
different paths or solutions. Students may he given partial credit. Holistic assessment is commonly
used in grading performance, thus, human it iges rate the standardised essay, experiment, documented
problem solution, etc. on a scale that may range up to nine or ten points. Different levels of score have
different meaning, so that students may be given specific feedback on tho standards for any leveL
Ideally, students should be permitted to repeat the performance task untll they are satisfied that they
understand the holistic standard for excellence.

2
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Creative Products (Ezhibits). An example from athletic competition illustrates the difference
between a standardized performance task and a creative student product. The olympic figure skating
contestant must first perform a set of standardized "school figures", like figure 8's and jumps. Holistic
ratings on a 10 point scale are used, and the ratings of several judges are averaged. Then the
contestant presents a free-etyle program. It must meet certain criteria, but the composition,
choreography, amount of risk, C.c, are up to the contestant. The judges have agreed in advance to a
set of standards to rate the five-style programs on the same 10-point scale. The contestants fully
understand the criteria used in the rating system.
Examples of student exalts are writing assignments, reports, payeentations, performances,
designs, artistic productions, etc. The tasks cannot be standardized, or else the room for creativity is
diminished. This sort of objective goes beyond integration to enable the assesmnent of transfer of
learned knowledge and skill to a new situation, putting together what has been learned in a new way;
adding new insights not directly presented in the way the materiel was originally I earned.
The result of the student's creative production is an exhilit, which must also be scored
holistically for primary traits agreed to in advance. In ideal situations, these primary traits are fully
understood by both teacher and student. Like the Olympic contestant, they know the difference
between a performance that is rated 8, 9 or 10. Moreover, the more completely the learners
understand the holistic scoring standard, the more valid that measure becomes. This is in contrast to
coaching for an item test. With an item test, the more we focus on narrow oliectives and structured
types of questions, the less valid the test becomes. Frederilsen and Collins,' who introduced these
authors to the Olympic skating example, advocate holistic scoring of student exhibits as a method of
increasing "systemic validityf that is, the more you teach to it, the more valid it becomes, whereas
when you teach to item tests, you teach tricks for guessing and things to memorize to avoid thinking.
This makes the test lees valid for measuring the desired level of cognitive functioning.

Indirect Measures During Tool Use Suppose a student uses an outline processor, followed by a word
processor, for writing an essay in response to a creative production assignment. Whenever the student
uses one of these software productivity tools, he or she is interacting with the computer and the
responses can be scored and interpreted. Research and development is needed, and intelligent
software, to perform this interpretation and to generate hints and helpful advice to help improve the
student strategies.
It I. not necessary to wait until intelligent scoring programs can be put on-line during tool use.
Both standardized performance tasks and student exhibits may be utilized now by using holistic scoring
schemes performed by human raters. As teachers and students learn to assign these holistic scores,
they achieve an important educationcl objective of understanding in a deep fasbion what it means to be
excellent. The use of computer tools during the development of a creative product facilitates this
process. The ability to print out intermediate products, as with a word processor, and discuss and
evaluate them is an excellent way to integrate assessment with instruction aimed at creative
production objectives.
Exempla' of learning strategies are !Hoary research tasks that require searching strategies,
interviewing and questioning techniques, note-talcing and review techniques, and methods for
controlling emotional states such az anxiety and procrastination. Examples of performance strategies
are found within both academic and athletic games, and within tasks like writing, speaking, or
performing.
SUMMARY

Section I dealt with the evolving purposes, objectives, and roles of educational assessment in
the 1990's. Meeaurement and assessment were shown to be fundamental to all occupations and
°John R. Frederiksen and Allan Collins, "A Systems Approach to Educational
(Washington, DC: American
Educational Research Association, DeceMber 1939). pp. 27-32.
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professions because decision-making is fimdamental to all, and decision-making depends on sensitive
judgments based on appropriate and accurate information.
Educational measurement plows a peculiar and skewed role compared to measurement in other
professions. There is a lack of consensus on what should be measured, and measurement practice is
skewed toward using the measures for judging, grading, sorting, and selecting. The current
measurement technolnies have grown out of the successfid use of aptitude tests for sorting and
selecting. However, grading practices and testing for accountability in achievement measurement
resemble these aptitude testing practices too strongly. Thus, a case was made for the development of
a new family of measmement applications called help systems more integrated with instruction, and
geared toward achievement through learning progress for a demographically diverse student
population. Such a development will better serve current national needs, which are poorly served by
finding better methods for selecting and poising judgments.
Program evaluation, including the assessment of teachers, also appears to be skewed toward
judgkig more than helping. It could profit from much greater focus on measuremcat integrated with
instruction for providing help to improve the teachers and their programs.
Section I introduced a distinction between measurement and assessment. Measurement is a
vital process of dedding what attributes to measure, and then providing accurate data so that decisionmakers can determine presence or absence, and more or less of the attributes selected. Educational
amassment uses measures, iggi other information, about individuals or programs to make an
interpretation and then a decision. Aesessznent requires hinnan judgment that goes beyond the
accurate measurement of some attribute.
Human judgment is required in three of the four measurement methods discussed in section II.
1.
Objectively scored item testa
2.
Holistically scored standardized performance tasks
3.
Holistically scored student products (exhilits)
4.
Human judgments about intermediate producta in the process of developing a
student exhibif, on performing a task
None of these measurement methods are new. Standardized performance tasks have been a part of
individually administered tests for intelligence and clinictd diagnosis for many decades, but they require
highly trained professionals to administer the tasks, rate the responses, and interpret the resulting
profiles. Both standardized written amignments and amignments for creative writing are common, but
also require holistic grading. Good teachers or writing, specking, presenting, acting, performing,
athletic coaching, and crafts judge intermediate products or performances and provide hints ca helps
along the way.
How have computerized methods been used in administering each of the four measurement
methods? Can computerized methods go beyond substituting or incrementally improving item testa for
high-stakes purposes, and beyond the conventional uses of item testa for selecting and judging? Can
computers transferm assesauient by partially automating the ',coring of standardized tasks, student
products, and by providing hints and helps during process? The latter contribution would be
transformational. In addition, the computer's role in introducing a much closer integration between
instruction and assessment would be transformationaL How much promise do computers have for
transformational applications?
In the next section, these and other issues will be addressed. We will show that computers
have so far been used primarily to substitute for and incrementally improve item testa. But this paper
will show that computerized educational assessment offers great promise for introducing the help
systems and the formative evaluation systems that will enable teachers to develop professionally in
enhanced roles as assessors and managers; students to achieve higher, more complex achievement
objectives than are measured by conventional testa, and educational systems to evolve through
measurement and formative evaluation toward the kinds of productive systems our nation needs.
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=nom II: CURRENT USES OF COMPUTERS IN ASSESSMENT
TYPES OF COMPUTERIZND IMMUREMENT SYSTEMS

The term Computerized Educational Assessment System (CEA System) will be used in this paper
to refer to a system that usee computers in some part of the administration process for an education&
measurement instrument. Computerized systems for administering testa can be grouped into six
categories, depending upon the mode of administration used. Mt of the six CEA System types use
computers in the processes of scoring and reporting of results. The six CEA Systems are:
Portable, Non-Interective Answer Media
1) Scanned answer sheet systems
2) Portable keypad systems
8) Bar code readers
Interactive Testing Stations
4) Computer work stations

o Learning stations
> in Classroom (Group Dicplay)
> in Cluster (Individual or Small Group Use)
o Specialized lab work stations
5) Customized simulator environments
8) Specialized notebook computer systems

The six CEA System types are grouped into two categories: Portable Non-Interactive Answer Media and
Interactive Testing Stations. Answer sheet systerns do not use computers to present the displays or accept
the responses, but do use computers to rican the answer sheets, score them, and Oat out reports. This
widely used testing technology edits because of computer technology and paper handling technologies.
Furthermore, its portability is one of its important assets, since testing can occur in any room with the
suitable desks or tables. Portable keypad systems and barcode readers that do not interact can substitute

for the answer aheeta and the limners. The responses go directly into a digital form without the

intermediate scanning step. The barcode readers are currently being used to aid in the process of holistic
scoring of student essays. Many national and state testing wograms now incorporate student mew which
must be graded by two or more f-Aznan assessors. The bar-code readers help manage the data and aid in
rapid decisions to add a third reader if the first two ratinp diverge widett.
Most computer workstations and customized simulation environments are not portable, so a new
infrastructure must be set up consisting of local rooms equipped with a sufficient number of computer
workstations or simulators. Schools have learning centers with workstations that can be used for
instruction or for measurement. Interconnection to a central file server is desirable to collect the
records
from each student's testing session.
The notebook computer system is so small and portable that it has the potential to enable interactive
testing to compete with scanned answer sheets. When fully developed for computerized
mear reznent,
such systems would also replace the portable keypad systems and barcode readers.
Emend& Processes in Adininistering an Efilladieeld Messurement Instrument
Considering the six processes of test administration listed below reveals some of the variations among
the six types of CEA systems. Not included are other processes measurement experts use in developing,
distributing, and in statistical analysis and record-keaping following administration.
These are discussed
briefly later in this seolion.

fl

agEntiaLliza_migarkpkos. Three methods are in use, portable displays for each
individual (e.g. printed test booklets), inwractive computer displays used
one-on-one, and group displays
using a variety of media.
21 %kink& a Record of Res .inses: The most common method is to use the scannable answer
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abeet. It is most often used in an individually paced mode. That is, the students are given a certain
amount of time to work a certain number of items that they can sequence in any manner and arrange their

time as they wish. When the items are presented in a group mode, for example, when an auditory
listening test is given in language assessmout, students are all given the same amount of time to complete
ex% item. Interactive computers in labs or learning centers are individually paced and use a variety of
response entry devices (keyboard, mouse, joystick, touch screen, vcice pickup). Notebook computers are
portable and would lend themselves either to individual pacing or to group pacing.
ficorkw and renortimc Getting the responses into the computer and providing a scoring key

in the computer is the challenge. Scanners for answer sheets have made mass group testing postale.
They can and should be improved to go beyond multiple choice items. Developing a scoring key for
complex performance tasks, even when all responses are collected by computer, is no easy task. Once
scored, software for generating a variety of reports is available and is quite mature.
intagedidissuumaguthr jaywalk Conventional answer sheet systems are scored
objectively and require no interpretation during the scoring. This has a cost advantage and removes the
bias from suldective rating, since human graders are not immune to bias or to differing interpretations.
Interpretation of the results cores after the answer sheet is sent back to be scanned, scored, and the
results printed out. On some clhical testa, computerized tools are now in use to interpret profiles of scores
from psychological instruments that produce a profile The best of these are *expert systems" that have
captured the rules expert assessors use to interpret profiles.
Individually administered tests of intelligence and of psychological diagnosis require substantial hinnan
assessment throughout. When testa are individualt- administered, the expert human administrator judges
and scores each performance for each task. Sometimes the score is objectively determined, but more often
the student's vocalizations or movements must be interpreted.
Mojtedgestililettakm Huinan proctors or trained teachers preside over testing sessions

to assure standardization and fairness, and to deter cheating. Computer methods have been used in
computerised testing centers: video cameras, time control, alarm lighta, etc. Monitoring for overall teat
security goes beyond session monitoring. The security of test booklets and answer keys must be
maintained during development and distribution, as well. Electronic distribution provides new means, such
as encryption, to solve this old security problem in high-stakes testing. It also provides new risks because

it offers those so inclined new ways to gain access to the items and the keys, and the possibility for
tempering with the scores.

11 limailmtimatianchimaikaimi HantliosPPed People require sPeoisi Provisions- TheY

may be given extra time. The visually impaired may require a human reader. Computers, i.e. educational
testing stations, can be equipped with special response devices (audio, braille keyboards, unconventional
response devices for physically handicapped people, etc.). Willinghein9 has published a comprehensive
volume on issues in testing handicapped people with conventional teats.
More work I. needed to integrate the creative engineering :or computer interfaces for handicapped
people into assessment practices. Interactive computer displays can blow up printed information, provide
headphones and volume controls for audio, and can provide a variety of special response devices for those
who are physically handicapped and cannot use a keyboard or mouse. Conputers can also control time

intervals very precisely, and it I. pomade that a much more equitable way to adjust the timing for
handicapped people can be determined. For example, it takes blind students longer to read a pansage in
Braille than sighted students take to read the text. Perhaps the cfmnputer could determine when the
student had finished reading and then provide equal time for answering. By extension, it might be possible
to provide different amounts of time equitably for test takers from different language groups Rven as
Braille is more time-con/Riming than Engliah text, reading an English text is more timetonsuming for a

9Warren Willingham et al., Totjaulansligu
(Boston, MA: Allyn and Bacon, Inc., 1988).
These authors considered studenta who were learning disabled: hearing impaired, visually impaired, and
physically handicapped. Their work was sponsored by the College Board Educational Testing Service, and
their Graduate Records Examinations Board, so the research was conducted with paper and pencil and
multiple choice and standardized essay tests.
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native Spanish-speaker than for a native English-speaker.
ADVANTAGES AND DIFFICULTIES OF ANSWER MEW SYSTEMS

Modem
Interactive testing stations have several challenges if they are to compete favorably with the er:sting
predominant use of answer sheet systems. Conaider the following strengths of answer sheet systems and
item testa.

1. B2IgtirthimAA2akagentiggatzatiggimsliffleadingL Many gradations of =Inning and
processing equipment are available, so each application can find a cost-effective implementation.
Processing larger volumes of tests offers economies of scale.

2. &dahlia, Usability in many locations and settings.
3. Widespread familiaritv and acceptance. The public is familiar with test booklets and answer
sheets and accepts them with equanimity. Studies with new item types that require people to
think, rather than eliminate and, if necessary, guess, meal that thinking items are not welcome.
Students agree that open-ended items that do not give the answer among a int of distractors are
"probably more valid'. Still, they find them much harder, more time consuming and they dishie
them.

4. genzagg, Because each item takes such a short time, much more content and variations in
cognitive demand can be covered in the time available for testing.

5. &WAIL Rehted to the larger number of items that can be taken in a given time period, the
scores are more reliable than with tests consisting of fewer items.

6. asktigaglisibz The admissions tests predict fizat-year grades.

7. jazgidinglitottmatitamthisbnplakagAnd jaism

From centzal sites to the netwe-. k of
part-time test administrators, conventional testa have a well-established infrastructure that is not
in danger of being supplanted soon. Capitalizing new hardware for each school is not enough.
It I. also necessary to train the larger group of test developers, test statisticians, teachers and
other users how to use the equipment and software effectively.

Criticisms of Item Test/Answer Sheet Systems
Among the many criticism of the common testing format are:

1) That our testa rely on many brief and unconnected items, and thus measure only the temporary
axistence of snippets of knowledge. Instead, students need to develop an integrated personal
knowledge structure that can provide the learner with an organized, powerful, generative and deep
form of knowledge usefill in adapting to changing circumstances.

2) That our tests measure less important outcomes and miss many things of obvious importance to
success in an increasingly technological society suvh things as critical thinking and reasoning,
problem-solving, trouble-shooting, flexibility, creativity, motivation, peridstence, and strateglea for
learning and self-control.

3) That the domkoant objective item formats, in particular, multiple- choice promote strategies that
have nothing to do with important educational outcomes strategies of elimination, guessing, time
allocation.
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4) That focussed preparation for a broad collection of snippets of knowledge tested via specific test
formats takes time that should be spent on attaining the deep and powerful knowledge and thinking
skills needed to be a contributor after schooling.
5) That the use of narrow testa of minimums focusses instruction and squeezes out the more difficult
but desirable outcomes.

8) That the tests are artificial, indirect, and not given in an interesting, integrated, real-world

context.

7) That the te.. are biased toward certain ethnic and gender groups.
8) That the items have but one correct answer, portraying education as a search for a collection of
little right answers, rather than as a process of forming one's own questions and eNaluating several
partially right alternatives to complex problems.
Minimum competency testing, considered in the next section, has come in for special criticism.

Mahatma Competency Testing and Its Effects on What, How and Whom We Teach
Varying federal, state and district policies for mandated achievement testing uthng standardized normreferenced and criterion-referenced tests have tended to narrow the curriculum, encouraging teachers to
teach to the test. As a result, classroom teschers devote a significant portion of time in test preparation
and practice tasting prior to the mandated state and/or national tests. This narrowing of the curricuhim
has focussed classroom instruction on an outdated notion of basic skills (basic reading and arithmetic) that
has left little time for teething science and other complex subjects, nor thre for advanced skills, higherorder thinking, reasoning, and problem solving *Mx

Clearly, there is a direct relationship betwftn what we test and what we teach. Two maxims
concerning assessment programs summarize the relationship succinctlr "What you test is what you get."
and "What you don't test you don't get."° Mehrens and ICaminiski have written concerning the issue
of how closely teachers should teach to a test." They discuss a continuum of teaching to the test and
recommend that the point where one crosses from appropriate to inappropriate methods depends an the
inferences the teachers wishes to make from the test scores. If the teacher is interested in inferring to
a larger domain of knowledge, then it is inappropriate to teach narrowly and specifically to a sample of
scaffolding objectives drawn from that larger domain.
Standardized item testa have also significantly effected how we teach (and how we think about
teaching). Slime standardized items are generallv quite short, and hove one and only one correct answer,
we teach students that knowledge can be broken down into short, simple additive components. We may

le Lauren B. Resnick, *Tests as Standards of Achievement in Schools," Paper

presented at the 1989 Educational Testing Service Invitational Conference
Proceedirqs, The Uses of Standardized Tests in American Education, New York,
October 281 1989

Lauren B. Resnick and D. P. Resnick, "Assessing the Thinking Curriculum: New
Tools for Educational Reform " In Bernard R. Gifford and N. C. O'Connors (Eds.)
Future As us smsnts $ Chanaina Viswe of Actitude_. Achievement.
and Instruction
(Boston, MA: Kluwer Academic Publishers, in press).
Lorrie A. Shepard, "Why we need better assessments", laggational Leadership.
April, 1989, pp. 4-9.

"William A. Behrens and John Kaminiski, "Methods for Improving Standardized
Test Scores: Fruitful, Fruitless, or Fraudulent?", Educational Measurement:
Spring, 1989, pp. 14-30.
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not teach students that the solution and problem solving path we use is as important as the answer.
laewiee, we have not taught students that there may be several alternative correct answers. In cur
attempts to cover the broad scope of material addressed in the state curriculum plans, we have not spent
sufficient time on the "powerful ideas" and the "core, essential concepts" of the disciplines. If achievement
testa are the operational ice, they offer a way to select and narrow to a smaller target.
We need to teach a smaller number of powerftd ideas well, rather than a broad coverage of content

without a coherent structure.

Furthermore, we have tended to view the content disciplines of

mathematics, reading, writing, and science as separate and independent knowledge domains. We do not
teach students to understand the relationships within and among these knowledge domains. We typically
do not have students write or speak about their own mathematical ideas, or reed original source materials
about great mathematicians.
Finally, by advocating the use of standardized, item-based tests, the minimum competency movement
has influenced whom we teach. For example, results on standardized achievement testsare generally used
as a primary indicator for retaining students at their current grade level rather than providing appropriate
instruction and repudiation so these students can progress to the next grade with their peers.
A recent three-year study by the National Commission on Testing and nublic Policy, entitled "From
Gatekeeper to Gateway: Tranafbrming Testing in Americau," cherged that the American testing system
has become a "hostile gatekeeper" which limits opportunities for many students, particularly women and
minorities. The commission called for a innovative, transformed assessment system which would "open the
gates of opportunity for Amerka's diverse people."
Superintendents often demand that principals and teachers "raise test scoree as the most important
goal. It is not emphasized that the test scores are only proxies or indicator behaviors for the real learning
outcomes which we expect from schools.
As Shepard" points out, teachers may direct students away from good instruction when using a
standardised test to idratit, mild handicaps. The results from these tests significantly harm students by
labelling them. The label becomes the explanation for the observed behavior, "He cannot read because he
is learning disabled". Then they are redirected into less challenging classes, with lower expectations, and
where there is less teacher encouragement and pressure for learning progress. Shepard also discusses the
effects of errors of measurement. In one study nearly half of the students labelled as learning disabled
were really normal or were average performing students in above-average performing classes or schools.
SUBS'ITTLITIVE, INCREMENTAL, AND TRANSFORMA.TIONAL APPLICATIONS OF INTERACIIVE

TESTING mama

Three Stages in Tecfmology Dilation
The U.S. Office of Technology Assessment has found that the diffusion of a technology goes through

three typical phases. These phases are:

11 The substitution thus: The newest technolov is used as a more efficient substitute for the
older manual or labor-intensive procedures. For example, the first applications of computers to
assessment were simple computerized tests that duplicated the exact items in the exact item
sequence, and used the same scoring procedures of their printed test equivalents.
2./ IktitmastinctuosdaLtuasninsitis. Working with the implementation of technologY et the
substitution level, inventive people soon discover incremental improvements that utilize features
of the technology not used in its substitution phase. Examples will be given of tests where items

uNational Commission on Testing and Public Policy, From Gatekeeper to
MA: National Commission

Gatewavs Transformina Testina in America, (Chestnut Hill,
on Testing and Public Policy, 1990).

Lorrie A. Shepard, "Identification of Mild Handicapi" In Robert L. Linn
(8d. ) educational Measurement. Third Zditios (New York, NY: Macmillan Publishing
Company, 1989) pp. 545-572.
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ere selected dynamically according to a mathematical model. Another incremental improvement
still making an hnpact is the move from the monochromatic printed content of most test items
to incressed use of computer graphics, color and even animation in the item contents.
al The introduction of new approaches to accomplishing fundamental goals: Inherent features of
the technology that were dormant during the substitution and incremental improvement plumes
are introduced in this phase. The goal of the original activity is reconceptualized at a deeper
level.

Use at Interactive Testing Stations to Administer Item Tests
The second edition of Educational Measurement (1971) includes some early references to the potential
of testing by computer". These original coinputerized testing applications typically employed mainframe
and minicomputer systems acceseed by computer terminals. Widespread use of computers for testing was
significantly spurred by the advent of the integrated circuit and microprocessor in 1970, followed by the
first personal microcomputers in the late 1970's.
Typically, computerized testing involves the conversion or translation ofconventional paper-and-pencil
tests to a computer-ridministered format with little or no change in the basic test structure or procedures.
Table 5 highlights the major benefits and limitations of computerized testa compared with conventional
paper-and-pencil tests.

Table 5
Benefits and Limitations of CAmputerized Testing

Teclmolou Benefits

Technology Limitations

o Greater standardization of
test administration
o Immediate test presentation
o Immediate test scoring and
reporting
o Enriched display and response

o Limited number of computer

capabilities

terminals per school

o Incompatible computer
hardware and software
o Need for equating studies
between computerized and
paper-administered testa
o Limited computer experience
of some students
o Need to examine equity,

o Allows new item types and
item formats
o Reductions of certain types
of measurement error
bias, and legal issues
o Ability to measure response
o Possibility of new types
latency for items and
of measurement error
components
:rom computerized testing
o Improved capabilities for
o Leek of imaginative item
score analysis and interpretation
types when multiple choice
o Improvements in test security
format is copied from paper
o Easy aggreption of testing records
tests.
o Creation of customized tests and
items by computer

14 Frank B. Baker, "Automation of
Scoring, Reporting, and Analysis",
in Robert L. Thorndike (Ed.) Sducktional Test
Measurement,_ Spcond EdItLa.o (Washington,
DC: American Council on Education, 1971).
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Research reviews have examined comparability of test scores from computerized testa and paper aal
pencil tests." These studies typically show no significant differences or only slight test score differences
in favor of one or the other testing mode. These differences are of little practical significance. Recent
reviews hypothesize that these small mean score differences may be due to opecific user characteristics
of a small portion of examinees." These user characteristics might affect performance negatively on
computer-administered testa more than the paper-administered tests for a small portion of eiamiumn..
Examples of Computerized Testa

The computer administered conventional test (CT) is the most widespread of the types of
computerized assessments. Ccanputerized tests are employed to measure generalized achievement, to
diagnose skills and learning capabilities, personality characteristics, learning aptitudes, and mastery of
instrmactiural objectives.

An illustrative computerized test is the WICAT Comprehensive Assessment Test."

This
computerized testing product includ comprehensive testa of reading, mathematics, and language arts for
grades IE-8. The computerised testa measure a common set of educational objectives addressed by all of
the majer standardised achievement tests. A testing management system is providedfor selecting students
aud tests, for sequencing the testa, administering the tests, and generating computerized testing reports.
The computerized test items include text, graphics, and digitized voice quality audio. Directions for taluag
the test are given with test, graphics, and digitized voice-quality audio.
Educational Testing Service has developed computirrized versions of two College-Level Examination
Program (MEP) testa and is currently conducting research to verify comparability of scores from the
computerized and paper-and-pencil tests. One of the CLEP testa employs digitized, photographic
Mustrations to test artistic judgment." Educational Testing Service has also developed interactive
assessment videodisc demonstration projects for medical certification and English as a Second Language. 12

District-wide implementations of computerized testing have been demonstrated for measuring state
assessment objectives." Widespread use of computerized professional certification tests has also been

C. Victor Bunderson et al., "The Four Generations of Computerized
Educational Measurement," In Robert Linn (Ed.) Educational Measurement. Third
Edition (New York, McMillan Publishing Company, 1989).
John Mamma and Anne L. Harvey "The Equivalence of Scores from Automated
and Conventional Versions of Educational and Psychological Tests: A Review of
the Literature," Research Report No. CBR 87-8, ETS RR 88-21. (Princeton, NJ:
Educational Testing Service).
16

Steven L. Wise and Barbara S.

Plaice,

"Research on the

Effects of

Administering Tests via Computer," Educational Measurement: Issues and Practices,
vol. 8, no. 3, Fall 1989, pp. 5.10.

17Wicat Systems. Wicat Comprehensive Assessment Test. (Wicat Systems, Orem, UT, 1990).
18

William Co

Ward,

"ETS Innovations in Assessment,"

Educational Testing Service, 1990).
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(Princeton,

NJ:

Bennett, and S. Swinton, Design of an Interactive
Demonstration Project (Princeton, NJ: Educational Testing

B. Bridgman, Randy

Assessment Videodisc
Service, 1986).

2° James B. Olsen, A:-.71 Cox, Charles Price, Mike
Vela f "Development, Implbmentation, and Validation of aStrozeski, and Idolina
Computerized Test for
Statewide Assessment," Educational Measurement: Issues and Practice, vol. 9, no.
2, Summer 1990, pp. 7-10.
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Camprmer-Based Psycho logind Testing and Interpretation
An emerging area of computerized testing research and implementation is computerized psych&logical
testa and interpretations. Computerized testing versions have been developed for several psychological
testa such as the IlLinesota Multiphasic Personality Inveatory, Ohio Vocational Interest Survey, SelfDirected Search, Functional Skills Screening Inventory, Marital Adjustment Test, and cognitive style testa.

Computer Based Test Interpretations (CBTI) are also provided for several psychological, personality,
and vocational related tests. Computerized test interpretations provide detailed text and graphics based
reports which interpret the results of psychological testa. I ofessional guidelines have been adopted by
the American Psychological Association doncerning computer based peychnlogical tests and test

interpretations."

INCREMENTAL IMPROVEMENTS IN COMPITEER-ADMINISTERED MST&

L Cmptunized Adatja Testing
Reckase notes that, *Adaptive testing, the dynamic selection of items to match the performance of
an examinee during the aaninistration of a test, has fmally become a readily accessible methodology for
use in standardizr 1 testing programs23." This form of testing has achieved a milestone with the
publication of a comprehensive "Primerwu that presents in terms as accessible to lay readers as possible
the significant benefits and steong teclmical foundations behind this important innovation in testing.
A computerized adaptive test is a computerized test in which the next item or task is adaptive or
tailored depending on the examinee's previous resPonses. In a computerized adaptive teat, an item of
average difficulty is administered first. If the examinee answers the item correctly, a more difficult item
is presented. If the examinee answers the item incorrectly, a less difficu% item is presented. The adaptive
testing process continues until a specified stopping rule is reached and the testing process terminates.
l'ypical adaptive test termination criteria include a fixed number of test items, a minimum standard error,
or a malimum information value.
Computerized adaptive testing is based on pioneering developments in item response theory.25
Dean A. Slawson, District-wide Computerized Assessment in Texas (Provo,
UT: Waterford Testing Center, 1986).

"Allan C. Bugbee, Jr., "Students Prefer Computer Administered Testing,"

est_j_a_arLosuegoctice, vol. 8,

no. 4, Winter 1989, p. 28.

"American Psy chological Aasociation, Committee on Professional
and Committee on Psychological Tests and Assessment, Guidelines for Standards
Computer
Based Tests and Interpretations (Washington, D.C.: American Psychological
Association, 1986).
23Mark D.

Reckase,

"Adaptive Testing: The Evolution of a Good Idea,"
idarditt2ag_geal,
vol. 8, no. 3, Fall 1989, pp. 11 16.

24 Howard Wainer, (Bd.)

T
famputsrArm_tive
er

Erlbaum Assoc., Hillsdale, N.J., 1990.

25 Fred M. Lord, Applications of Item Response
Theory to Practical Testing
Problems (Hillsdale, NJ: Lawrence Erlbaum Associates, 1980).

Ronald R. Hambleton, "Principles and Selected Applications of
Item Response
1
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Computerized adar trre tests include four major components: a pool of test items ikom which the teat is
created, a procedOr self:ding items frau the pool, a method for computing the test score when the

test ix completed, and a means foe determining when the testing should be terminated. Additional
information on the components and standards for computerized adaptive testa have been documented.26

Computerized adaptive tests yield all of the benefits presented above for computerized testa. In
addition, computerized adaptive testa also provide the following benefits and limitations presented in Table
10.

Table 8
Benefits and Umitations of Computerised Adaptive Tests
Technology Benefitr
o Increased meaxurement preciaion
with significantly fewer items
o TestaAtems are individually
selected acccedingly to each
ezsminee's responses

Technology Limitations

o Incresaed testing efficiency

o Unidhnensional item rearonse

o Limited number of computer
terminals in schools

o Requires large numbers of
student responses for item
calibration and analysis

with time savings of 50% to 70%

and scalhig model does not
necessarily reflect stages
of complex cognitive growth

o Rapid and accurate measures
at all ability levels

o Improvements in test security
o Ideal for ranking and grading.
Spreads people out along a
single dimension.

o Schools are not structured
to take advantage of the time
savings from adaptive tests

o Requires more advanced test
interpretation skills

Examples &Computerized Adaptive Testing One representative example of computerized adaptive
testing ix the College Board Computerized Placement Tests developed jointly by the College Board and
Educational Testing Service." The Computerized Placement Testa are computerized adaptive tests
designed for use by two- and four-year colleges to assess if entering students are ready for %nllege level
work in English, reading, and mathematice, or need additional developmental courses. These tali.' have
been used for a period of four to five years at approximat sly 80 colleges woes the U.S.

An additional example of computerized adaptive testing is the Differential Aptitude Tests,
Computerized Adaptive Edition published by Psychological Corporation." This test battery provides
Theory" In Robert L. Linn (ed.) Educational Measurement, Third Edition (New York,
NY: Macmillan Publishing Ccepany, 1989) pp. 147-200.

Ronald K. Hambleton and Hariharan Swaminathan, Item Response Theory:
Principles and Applications (Boston, MA: Kluwer Academic Publishers, 1985).
26

Bert F. Green, Darrell B. Bock, Lloyd G. Humphreys, Robert Linn, and
Mark D. Reckase,
"Technical Guidelines for Assessing Computerized Adaptive Tests," Journal
of Educational Measurement, vol. 21, no. 4, Winter 1984, pp. 347-360.
27L. J. Abernathy, (1986)
Computerized Placement Tests: A Revolution in
Testing Instruments.
(New York, NY: College Board).

241The Psychological Corporation (1986).
Differential Aptitude Tests,
Computerized Adaptive Testing Edition.
(San Antonio, TX: The Psychological
Corporation, Harcourt, Brace Jovanovich, Inc.)
League for Innovation in the Community Colleges, Computerized Adaptive Testing:
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computerized adaptive tests for the following aptitudes: verbal reasoning numerical ability, abstract
reasoning clerical speed and accuracy, space relations, spelling and language usage. This computerized
adaptive testing battery is available in both IBM PC and Apple II versions. The test is used injunior and

senior high schools.
With the emergence of microcomputers, computerized adaptive testing has now become feasible for
widespread operation and knplementation, as well as for research. Within the past few years, a wide
variety of computerized adaptive testing systems have been developed, demonstrated and implemented

by organizations includhip American Institutes for Research, American College Testing Program,
Amassment Systems Corporation, Educational Testing Service, Psychological Corporation, and Wicat
Systems. Computerized adaptive testing applications are presently available for achievement testing
aptitude testing, compensatory education selection testa, collegeentrasce and placement testa, professional
certification, and Reassure tests." Computerized adaptive tests have also been developed for district
and statewide assessment."
2. Computerized Mastery Tests
In comparison to computerized adaptive testing which attempts to obtain accurate measurement across
a broad range of proficiency levels, computerized mastery tests seek to provide accurate measurement at
the cut more or decision point whith separates masters from non-masters. The computerized mastery

test presents items which help to discriminate examinees above and below the mastery cut score.
Computerized mastery testing is the preferred model of choice for most certification and licensing /
programs. The theory and procedures for computerized mastery tests have been documented.'
Examples of Compute:1rd Watery Tests
Educational Testing Service has developed a computerized mastery test for the National Council of

The State of the Art in Assessment at Three Community Colleges.
CA: League for Innovation in Community Colleges, 1988).

22 Mark D. Reckase,

(Laguna Hills,

"Adaptive Testing: The Evolution of a Good /dea,"
vol. 8, no. 3, Fall 1989, pp. 11-

umsajaniumnrismajarism_inajmUsi,
16.

Susan Grist, Lawrence Rudner, and Laurens Wise, " Computerized Adaptive
Tests" ;RIC Clearinahouse on Tests, Measurement. end ilragaigetj,2DJAigeLtzs_M5.
(Washington, D. C.: American Institutes for Research, February, 1989).
G. Gage Xingsbury, "Adapting Adaptive Testing with the MicroCAT Testing

System" ridgpatclawigusents_liesielAndjractice, vol. 9, no. 2, Summer 1990,

pp. 3-6.

Sue M. Legg, Dianne Buhr, and Robert Wickham, "Adaptive Testing for StateWide Assesament, MicroCAT News, March 1989, pp. 1,4,5.

Jose Stevenson, "Computerized Adaptive Testing in the Montgomery County,
Maryland Public Schools," MicroCAT_Neww, April 1987, pp. 1, 4.
"'Fred M. Lord, Applications of Item Response Theory to Practical Testing
Problems.
(Hillsdale, NJ: Educational Testing Service, 1980).
David J. Weiss and G. Gage Kingsbury, "Application of Computerised Adaptive
Testing to Educational Problems" Journal of Educational Measurement, Vol. 21,
361-375.
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Architectural Registration Boards.32 Test questions are organized into a series of short structured
testlets designed to match the overall test content specifications and to provide equivalent measurement
characteristics. It would be inappropriate to select individual items randomly froma pool or even according
to difficulty level as in a computerized adaptive test. To do so would almost always violate the rules for
content, coverage and balance found in the test's specification. Testiets also serve to correct unezpected
context effects; for example, if the computer selects two items from a pool, the first item might give away
the answer to the second one inadvertently33. A minimum number of testleta are drawn randomly from
the available pool of testiets and then administered to the examinee. At the conclusion of each testlet, a
decision I. made concerning whether or not the examinee should be classified as a master or non-master
based on performance from the combined testlete Computerized msstery tests typically require only half
of the questions administered in the conventional paper-and-pet:tail format.

3. Computer-Based Divemelic Tasting. A particularly intriguing application of computerized testing for
educational purposes is the computer-based diagnostic test." A computer-based diagnostic test attempts
to identify the specific conceptual, procedural, or performance errors which the student makes in response
to test items or testing situations. Same diagnostic tests attempt to diagnose and class* cognitive errors
within a generalized problem solving &main. These errors are often referred to as misconceptions or
cognitive wbuge!

4. Incremented Improvements to the Diepby of Item Contents
Computmized Video, Graphics and Animation Testa. The increasing capability of microcomputers
to display still frame video, motion video, high resolution graphics, and animations provide for increasingly
more realistic and challenging types of test items. These capabilities provide for assessment of interactive
and dynamic characteristics similar to real life situations. With video and photographic display capabilities
of microcomputers, educators can develop and administer tests of science, social studies, art, history, and
languages which are very realistic and life-fike. How much better would be a science test which included
photographs, motion segments, and high resolution animated color graphic displays of science concepts and
processes?
Itaunples of Video, Graphics and Animation Tests. In 1979 the National Science Foundation funded

32William C. Ward, "ICTS Innovations
Educational Testing Service, 1990).

in Assessment,"

(Princeton,

NJ:

33Howard Wainer and G. L Kelly, "Item dusters and computerized adaptive testing: A case for

testlete, imagstlizigiMmg&H, (1987). pp. 185-201.

"Kikumi K. Tatsuoka, Diagnossig Cognitive Errors: Statistical Pattern Classification Recognition
Approach. (Urbana, IL: University of Illinois, Computer-Based Education Research Lab, 1985).
David L. McArthur, Diagnostic Testing Project. (Los Angeles, CA: University of California at Loa Angeles,
Center for the Study of Evaluation, 1985).

Garlie A. Forehand anel Myrtle W. Rice, Diagnostic Assessment in Instruction. Machine Mediated
Learning, VoL 2, No. 4, 1988, pp. 287-296.

Isaac L Bejar, Educational Diagnostic Assessment. Journal of Educational Measurement, Vol. 21, No. 2,
1984, pp. 1754
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a proof of concept study for a computer-controlled videodisc addressing college-level developmental
biology." This videodisc included computerized testing components, some with motion video segments
(i.e., unraveling of the DNA molecule), still-frame video displays, animation graphics, and high resolution
graphic dimply items. Evaluations of the videodisc testa showed that students effectively learned and
retained the information presented in motion video, video AM frame, and animation displays.
A computerised graphics and anhnation Let has been developed to test science process skills of
variable identification, hypothesis formation, operational definition, experimental design, andinterpretation
of data. The test demonstrated hk -t reliability, and difficulty and discrimination indices which were
acceptable for evaluating criterion referenced achievement." A computerised animation test has been
developed for a three-dimensional spatial rotation task. The test included 80 three-dimensional rotation
items created from eight basic graphic figures."
POTENTIALLY TRANSFORMAIIONAL APPIJCATIONS OF COMPUTERS

1. Current Uses ("Compliers to Administer Standardised Performance Tasks
An extensive, two-semester, fifteen-unit Physical Science course has been developed by the Texas
Learning Technologies Group". It is in use hi eleven other states besides Texas. In the minimum
configuration, videodiec or computer displays are presented by the teacher on a monitor at the front of the
dams. Students work in small groups of four or five around videodisc equipped computers at the back of
some classrooms or in a learning center. These same computers can be used for individualised tutorials
for individual students. The Texas Physical Sciences curriculum includes a variety of simulations, but these
are not scored as a part of the assessment. It is an interesting commentary on the state of the art in
scoring standardised performance tasks that Educational Testing Service was approached to assist TLTG
in developing the assessments for this innovative curriculum and developed a see of multiple choice pipe..
and pencil administered tests (ETS is involved in other projects involving the scoring of simulation tasks).
Recent nationwide trends in educational assessment favor the use of performance-based assessments
as alternatives to the traditional multiple-choice standardised tests.3' Performance tasks require
students to publicly display and effectively use their personal lmowledge and skills to write, discuss, think,
solve complex problems, and conduct experiments. Examples of performance tasks considered by states

"Bunderson, C.V., Bail* B., Olsen, J.B., Lipson, J.L, and Fisher, KM. Instructional effectiveness
of an intelligent videodisc in biology.

hkshinassufgzumuhx, 1,2, 1984.

"Michael E. Hale, Development of a Computer Animated Science Process Skills Test, Paper Presented
at the Annual Meeting of the National Association for Research in Science Teaching (New Orleans, Lk
AINA 1984).

3719118e L Bejar, A Psychometric Analysis of a Three-Dimensional Spatial Task. (Princeton, NJ:
Educational Testing Service, 1986).

"Borich, Gary D. "Outcome Evaluation Report of the TLTG Physical Science Curriculum, 1988The University of Texas at Austin.
" Doug A. Archbald and Fred N. Newmann,
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involve direct writing assessments, open-ended mathematics and reading items, integrated reading and
writing exercises, and hands-on science experiments.
Results from a recent survey show that nearly half of the nation's states are developing, or plan to
develop, performance tasks as a significant component of their statewide aseessments." The states of
California, Connecticut, Messachusetts, New York, and Vermont are currently implementing etatewide
performance aseesements. The states of Alaska, Arizona, Colorado, Florida, Hawaii, Kentucky, Maine,
Missouri, New Jereey, North Carolina, Oregon, and Pennsylvania are currently developing statewide
perfonnance measurements. Additional information on perfonnance measurement systems can be found
in the following references.41 Performsnce tasks have recently received national educational support and
interest from a coalition of three dozen educationsl and civil rights groups."
The most widely employed performance task is the direct writing assessment tiding standardized essay
prompts, currently used in the National Aasessment of Educational Progress, the General Educational
Development Testing Service, twenty-eight statewide assessments, and in the College Board Advanced
Placement Tests. The writing performance task requires students to write a brief easay(s) in response
to a specific writing prompt(s). Current computer measurement technology has been applied to the direct
writing testa in the following areas:
o
o
o
o

Banks of writing prompts,
Word processors as alternatives for students to use in creating the written eassys,
Text data bases and editors which teachers can use for storing, retrieving, and managing the
student essays.
Barcode readers for recording holistic writing scores

Future comvater technology developments are expected to provide additional capabilities for measuring

student writing performance including: computerized handwriting recognition systems, automated
handwriting and text conversion systems and automated scoring of student essays.
Examples of Performence Taiga Educational Testing Service haa just announced a computerized
portion of the National Teacher Examinations, the most widely used teacher licensing exam." In the

"Pamela R. Aschbacher research described in Robert Rothman "New Tests Basad
on Performance Raise Questions" Iducation Wee); September 12, 1990, p. 1010.
41 Lauren B. Resnick, Educatim_AGLIMUDA119.2-Ibilak
(Washington,
National Research Council, 1987).

D.C.:

Doug A. Archbald and Fred 14. Newmann Beyond Standardized Testina: Assessing
t
rv h
(Reston, VA: National
Association of Secondary School Principals, 1988).
Joan B. Baron, "Blurring the Edges Among Assessment, Curriculum nnd
Instruction," Paper presented at the Education Co:mission
for the States and
Colorado Department of Education
1.

Assessment Conference, Boulder, CO, June 1990.
Grant Wiggins, "A True Test: Toward More Authentic and Equitable Assessment,"
Di Delta Kaonag, Nay 1989, pp. 703-713.

Grant Wiggins, "Teaching to the (Authentic) Teat," Educational peaders42,
7, April 1988, pp. 41-47.
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computerized test, the teacher candidates will be asked to supply their own answers as well as select from
multiple-choke responses. The teachers will also be asked to write brief computerized maw. Maptive
testing features are also included.
The National Bureau of Medical Examiners and the National Council of State Boards of Nursing are
currently developing and pilot testing computerized adaptive performance tests for professional certification
of physicians and nurses. These tests include applied patient management problems with multiple correct
answers, open ended performance item, and medical simulation exercises.
The military and commercial training industries have also developed a wide variety of performance

tasks and work simulators. Many of these work-based performance tasks and simulations employ
computer technology for developing, administering, scoring, and reporting. These computerized
performance tasks range from the combat games and two dimensional flight aimulators which run on single
or networked personal computers to the complex three- dimensional, full-flight simulations which are used
to train airline pilots and flight terimicians.

2. Current Uses of Student Products in Amessment
Increased national interest in performance testing has also lead to an emphasis on student exhilits and
portfolio methods." A student portfolio includes a representative collection of the student's work over
a sustained period of time requiring concentrated effort and providing a perspective on personal progress
the student has made toward exemplary performances. For example, the variety and range of student
exhibits in a mathematics portfolio might include: written journals, biographies of
investigation, student
conference presentations, student designs and inventions, investigative reports, physical or computer
mathematical models, videotapes, and/or reflective essays.
Interactive computer technology provides a very effective vehicle for assisting students in the
development and management of creative products, exhilits, and portfolios and assisting teachers in the
evaluation of these creative performances, exhibits, and portfolic.
3. Process Manures During Tool Use
Using integrated desktop software systems such as the Apple Macintosh or Microsoft Wmdows 3.0,
it is feasible to collect computerized process measurements as students select,
use and integrate each of
the available electronic educational tools. These process measures can be used to evaluate student time
spent with various tools, sequences and patterns of tool use, most frequent activities
with each tool, and
generalized learning and problem solving strategies. The collection, analysis, and reporting of
process
measures during tool use will require a generalized instructional management system
which
is
able to
collect data nonintrusively.
The future holds promising potentials for unobtrusive measures and feedback during and after the
use of tools in the production of exhibits, presentations, etc. Currently, tools like word
processors are
stimulating instructional valuable dialogue between teachers, students, and fellow students as intermediate
products are reviewed and discussed. The ease of changing drafts in the
computer promotes experience
and instruction on review and revision.
4. Computer Appfications That Integrate Amassment With Instruction

Increasingly, testing specialists and educators are strongly recommending the need to integrate
assessment with instruction. In his preface to the third edition of Educational
Measurement, Robert Linn

"Donnie P. Wolf,, "Portfolio Assessments Sampling
no. 7, April 19891 pp. 35-40.

Ltg_a_dershits, vol. 46,

Dennis P. Wolf, "Opening

pp . 24-29.

Student Work," Educational,

Up Assessment," Educational Leadership, April 19881
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reiterates the historical need for integration of assessment with instruction."
"In my view, the biggest and most important single challenge for educational measurement today is
no different from what it was at the time the first edition of this book appear* that is, to make
measurement de a batter Ab of facilitating !twang ibr all individuals. However, A) dot%
measurement has done a much better job of predicting who will achieve and of describing that
ociahmerma

than of helping teachers adapt instruction A) enhance the learniny of individual

shedents. The combined efforts of cognitive psychologists, measurement specialists, and educators
will need to be devoted to this task if educational measurement is going to &Tome, not "a process
quite apart from instruction, but an integral part of if."

Linn and Tyler are only two of the many measurement professionals who have written concerning
the need to integrate assessment with instruction." Two of the primary methods currently employed
for intograling ammon=4 with instruction include Computer Managed Instruction and Integrated
Learning SYstelni*

ComPutela Managed Lairuetien- Computer managed instruction (CMD systems use the eomPuter
to record and manage much of the routine data associated with managing an entire classroom, school, or
&Mkt in IdAdh the MANN"; aro imoking ma differing insbructiom
ngs, with different curriculum
materials, and with differing achievement levels. A computer managed instrudion system typically
consists of a bank of instructional objectives, a large item bank, lesson pretests, curriculum materiels and
exercises, lesson post-tests, and a bank of instactional prescriptions.48 Item banks are used to create
the required .pre- and post-tests. CMI tests in the past were usually administered in paper-and-pencil
format with a cominderleadable =ewer Amt. The answer sheets were scanned using desktop
or highspeed scanners or the score results are entered by teachers usirg a keyboard. When the tests are given
"Robert L. Linn, "current Perspectives and Future Directions." In Robert
L. Linn (Ed.) Educational
(New York, NY: McMillan
Publishing Company, 1989).
46

Ralph W. Tylr, "The Functions of Measurement in Improving Instruction"
(Washington D.C.: American
Council on Education, 1951) p. 47.

In B. F. Lindquist (ed.) lisigurjanikaeva
47

Fank B. Baker, "Technology and Testing: Itate of the Art and Trends for

the Future," gssznaLauwastianauftwardent, vol. 21, no. 4, Winter 1984,
pp. 399-406.

Nancy S. Cole, "Future Directions for Educational Achievement and Ability
Testing," In Barbara S. Plake and John C. Witt (eds.) The Future of Testina
(Hillsdale, NJ: Lawrence Erlbaum Associates, Publishers, 1986).

Garlic A. Forehand and C.

Victor Bundrson, Basic Concepts of Mastery

Assessment Svgtems (Princeton, NJ: Educational Testing Servlce, 1987a)

Michael E. Martinez and Joseph I. Lipson, "Assessment for Learning,"
Educational Leadership, vol 46, no. 7, April 1989, pp. 73-76.
Anthony J. Nitko, "Designing Tests Integrated With Instruction,"
In Robert
L. Linn (ed.) Educational Measurement. Third Edition (New
York,
NY:
McMillan
Publishing Company, 1989) pp. 447-474.
Lorrie A. Shepard, "Why We Need Better Asseedments,"
Educational Leadership,
vol. 46, no. 7, April 1989, pp. 4-9.
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on learning workstations, the term CM is not usually used. CMI systems may in iude networks among
several personal computers and several dnaktop scanning machines. The msinfinmelased CMI systems
such as Project PLAN, Individually Guided Education, and the Navy CMI systems, implemented hi the Mid
1960's and 1970's, promised to provide individualized education through widespread use of printed
curriculum materials and computer-scannable answer sheets. Each of these large-scale C1111 systems has
been retired. Current CM system implementations typically employ microcomputers linked through
modems and local area networks.
Integrated Learning Systems WS were designed as integrated learning environments for students,
combining assessment, instruction, and management within a single system. An ILS typically includes the
following hardware componentic a central file center, mass data storage devices, local area communications
network, thirty or more personal computer workstations, and a printer. The primary software components
hiclude an instructional management system, comprehensive computer assisted instruction, computerized
testing and assessment software, der development activities, and instruction-related software tools.
The ILS environment provides students with opportunities to take computerized achievement testa
and receive appropriate prescriptions for mastered and non-mastered objectives. The prescriptIons include
comprehensive computer assisted instructional modules designed to teach non-mastered curriculum content
and objectives. Student responses to the courseware lessons and computerized testing materials are
monitored and teachers receive reports on individual students and class performance as students proceed
through the curriculum lessons or computerized testa at their own pace.
USE OF COMPUTERS IN PROGRAM EVALUATION

Computers play a critical role in collecting, analyzing and reporting data from local and national
evaluations of many educational programs (i.e. Chapter 1 and Chapter 2 of the Elementary and Secondary
School Act, National Assessment of Educational Progress, National Educational Longitudinal Study,
etc)." Program evaluation is conducted primarily to judge the worth and value of educational programs.
Educational programs are judged as valuable if they lead to significant hnprovements in student learning
as measured by student achievement test scores and other edit,. Aional indicator variables. Data from
individual student and group pre-test soores are compared with data from student and group post-test
scores to determine if an educational program produces any significant azinevement gains or losses.
Gamputer data base management systems and statistical packages are often used to manage the program
evaluation data and to conduct statistical anal?ses of the individual and aggregated group achievement
results. Nationsl evaluations of educational programs also use computers to conduct nationwide statistical
analyses of educational program effects and outcomes.
Computer applications for program evaluation are generally found at the large district, state and
national levels. However, to the authors' knowledge, there is not a uniform national system or
computerized network for use of computers for program Pvehiation. If each district had a comparable
computer and the program evaluation data from each district and aggregate the results at each state and
from each state to the national educational agencies. New computer applications should also be developed
for aasistance in district and state needs assessment, review of proposed evaluation designs and
instruments, and statistical analysis, and database management of the program evaluation data.
Use et Computers for Aggregating Individusl Data
Computers provide ideal data collection, aggregation, analysis and reporting tools. With local area
networking and long haul telecommunications capability, data concerning certain elements of student
achievement can be aggregated from the classroom to the school administration office, from the school
administration office to the district administration office, from the district administration office to the state
educational office, and from the state educational office to the national Department of Education. Data

4 terbert J. Walberg, e d Geneva D. Haertel, mkt XnternationalEncvclopedia
21_11InsatimiliEllaRti2B(Aew York: Pergamon Press, 1990).
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base management systems can be used at each level of agpegation to store, query, retrieve, and report
results from various subsets of the program evaluation data. Statistical packages can also be used at each
appropriate level of aggregation to provide statistical analysis of educational program effects. Several
states (Florida, Ohio) and districts (Azusa, CA; Pharr San Juan, and Alamo, TX; and Anne Artmdel
County, MD) are currently implementing district-wide and statewide information networking syetems which
will facilitate aggregation and integration of student achievement data.

Use of Direct System Measures
The increased availability of networked personal computers and integrated learning systems provide
the foundation for development of direct measures of the effectiveness, efficiency and productivity of' the
educational system. The computerized learning system can record each interaction the student has with
the computerized instructional and assessment system. These data are stored in a data base management
system for easy access, etatistical analysis, and creation of customized or standard reports. Data from
student interactions can be used to calculate the following preliminary list of direct measures of system

performance time on task, mean time to help, lesson and response duration, lesson effectiveness
evaluation, attrition, lesson avoidance, and estimated completion times. Additional direct system

performance variables should be hypothesized and investigated.

Use ("Long Term Educations" Outcome Mammy
The nation relies heavily on standardized item testa with items which can be answered quickly, with
one and only one correct answer, and which are generally independent and unrelated to other
test items. These are efficient and far less costly than searching for long term educational outcome
measures. Meaaures of success in employment rates after achooling, and in productive accomplishments
(e.g., publications, patents) is difficult and costly to obtain. Emphasis has therefore been placed on short
term variables which might improve student scores on the multiple choice tests of scaffolding objectives.
Thus, we have focused on improvements in one type of learning indicator and have neglected exploration
of long term improvements in learning.
The primly long term outcomes expected from K-12 education include basic skill competencies in
reading, writing, binguage, and mathematics for ftmctional real world andjob-related coni4xte higher order
thinkins reasoning, creativity, and problem solving skills; and an increasing repertoire of alternative
learning strategies. Long term outcomes should emphasize applied capabiles and performance required
for later classes, higher education, and ftiture workplace settings. Long term outcomes should emphasize
the need for lifelong learning and education.
To assist in providing closer links between the worlds of school and work, the U.S. Secretary of Labor
has established the Secretary's Commission on Achieving Necessary Skills (SCANS Commission).5° The
focus of the commission is to identify essential job-related skills for effective work performance. The initial

list includes twenty-eight ftinctional job skills in the areas of resource management, information

management, social interaction, systems behavior and performance, human and technology interaction, and
affective alas. It is expected that by age 16, all students will have gained proficiencies in these workforce
readiness competencies. These competencies provide the potential foundation for measurement of long
term educational outcomes.
To illustrate the need for focusing on long term educational outcomes, consider the results from a long
term research project with the Graduate Record Advanced Chemistry test. The project51 found a strong

negative correlation between examhiees scores on the Advanced Chemistry test and the number of
"Michael Kane, Sue Berryman, David Coslin, and Ann Meltzer,1,42.122.011rei
Achieving NecessarvSki]J.s (Washington, D. C.: Pelavin Associates,
Inc, 1990)
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subeequent research papers and publications produced by the examinees. Graduate schools should
consider whether they value efficient test-taking students more highly than those who emphasise research
and publication.
These data suggest the need to explore the variables which influence long term educational outcomes.
Our typical short term perspective on educational ouWomes may mitigate against what we really want to
measure.
CURRENT UM OF COMPITI1ERS IN DEVELOPMENT, DISTRIBUTION, AND ANALYSIS OF
KOUCATIONAL ASSESSMENTS

Since the mid 1960's computer technology has been employed in selective areas of testing and
amessment. Test publishers have used mainframe or minicomputers to enhance productivity in the tasks
of test consiruction, item banking, test printing and test distribution. Word processors are employed for
item writing, editing, and review. Item banking program; are used to store large collections of items for
easy access to item displays and item characteristics. Additionally, computers are used to facilitate test
construction, editing, and review. After the test is developed, laser and color printers facilitate test
printing and formatting.
Computerised tools for content, job, and task analysis would be helpful to flirther define and develop
more complex, integratad and motivating assessment find performance tasks. There exists a long standing
separation between the content and processes taught in school and the content and processes required in
the world of work. To reduce this gap, editable versions of SCANS commission functional skills and
assessment scenarios could be made available to state departments and school districts. The states and
districts could then customise these components to their own local needs and requirements.
The benefits and limitations of computer uses hi test development and reporting are presented in
Table 7.

Table 7
Benefits and Limitations of Computers hi
Test Development and Reporting
Technology Benefits

o Word processors used for item
writing
o Item banldng programs for item
search, selection, and
insertion
o Automated test construction,
o
o
o

editing, and review
Item analysis and calibration
Improved test printing and
formatting
Increased flexibility and
ease of test

Technology Limitations

o Limited number of integrated
test construction systems
o Limited graphics editors
o Lack of professional item
interchange formats
o Limited computer experience
of test developers

o Automated ordering and
distribution processes

o Remote electronic registration
o Improved test reporting
Computer technologies have also been used effectively in test registration and distribution processes.

Using a touch telephone, computer access for remote registration and scheduling
can easily be
accomplished. The electronic registration information can be used to schedtde the number of test
administration sessions and to electronically download the test from a mainframe computer location to
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distributed testing center lace tions. These same procedures can be used to download tests from mainframe
computers to personal computers.

Examples off azurite: Uses in Test, Development
Excellent summaries of computer uses in test development, distribution, and reporting are provided
in the following references."

Test Anelysis, Record Keeping and Reporting

High speed test answer sheet scanning marlines scan and process answer sheets, score the tests, and
store the information in a computer readable format. Large mainframe or minicomputers are then used
to process and analyze the testing information and to prepare printed reports for the individual students
and groups tested. These mainframe and minicomputers are typically located at centralized test
development, publication, and scoring service centers. Test publishers have used comp liter technologies
to enhance their productivity in test construction, item banking, test printing, and test processing and
reporting.

Computers are used in test analysis, record keeping, and reporting because they provide for
automation of time consuming and tedious hiunan labor tasks. The computer can read, score, and store

each of the item responses. Item analysis and item response theory statistics can be calculated easily, and
the item and tad statistic files can be automatically updated using only a few simple commands. Archival
copies of test scores can also be easily made. Computers provide for a wide range of individual and group
reports to be printed from the resulting test scores and waffles. Computerized interpretative reports have
also been prepared for an increasing number of educational and psychological tests.
THE INFRASTRUCTURE FOR EDUCATIONAL311EASUREMMIT AND ITS PROBABLE EVOLUTION

The term 'infrastructure" is used in this paper to refer both to the technological delivery system and
the human expertise. The educational feeders for sustaining the flow of expertise are also part of the
human infrastructure. For conventional paper and pencil testing, the infrastructure is in place.
Computerized educational assessment requires the introduction of a new decentralized infrastructure. It

"Frank a Baker, "Computer Technolou in Test Construction and Processing," In Robert L Linn (ed.)
Educetional Measurement. Third Edition (New York, NY: McMillan Publishing Company, 1989), pp. 409428.

Tee-Chi Hsu, Tlevelopments in Microcomputer Apphattions to Testing," Paper presented at the
Annual Meeting of the American Educational Research Association, San Francisco, April 1986.

Jason Millman and Jennifer Greene, "The Specification and Development of Tests of Achievement
and Ability* In Robert L. Linn (ed.) EslazdoanmeAtj2g0.3ditjan (New York, NY:
Macmillan
Publishing Company, 1989), 143. 335466.
Jason Millman and Judith A. Arter, "Issues in Item Banking," slourna_l_diAncational Measurement,
Vol. 21, No. 4, Winter 1984, pp. 315-330.
Anthony J. Nitko and Tee-Chill "A Comprehensive Microcomputer System for Classroom Testing,"
Journal of Educational Measurement, Vol. 21, No. 4, Winter 1984, pp. 377-390.

Gale H. Raid, Item Writing and Item Banking by hficrocomputer: An Update," Educational
M._..jusLit: Issues and Practice, Vol. 8, no. 3, Fall 19 pp. 17-20.
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requires permanent learning and assessment centers at schools and colleges. The mix and configuration
of these centers between sepsrate lab rooms and computerized classrooms has not been determine&
Three different groupings of professionals currently make up the human infrastructure that is driving
bnovation and hnplementation of the precursors of CEA. These three are:
1. Educational measurement professionals, and the current testing industry.
2. Instructional technologists, trainers, and htunan resource development professionals.
3. Computer techigalogista and users from many fields of endeavor.
Each of these has its own strengths and weaknesses. The testing industry, which is both sustained and
criticized by measurement scientists and related professiorals, will receive the most attention in this
review.

A Critique et the Educational Measurement Infrastructure and the Currest Testing Industry
We have quoted the words of leaders in the educational measurement profession and have provided
footnotes to document that these professionals are very concerned with the need to integrate assessment
with instructio is, but have not found the resources to shift very much of their research and development
into the new /Amities, nor have they introduced many new products.
These professionals work at universities, school systems, at some industrial corporations, at the twc
major nonprofit centerr, Educational Testing Service of Princeton, NJ, and The American College Testing

Program in Iowa, and at for-profit testing companies. They constitute the current U.S. educational
measurement infrastructure for research and development. Whether they distribute testing products or

not, people in many orginizatione form a professional community with an important collective wisdom for
dealing with the complex issues of educational measurement. However, the tendency for this professional
community to communicate to its in-group in mathematical and statistical terms tends to isolate it".

An advermrial relationship shred at the testing companies has developed from a growing number of
politically active consumer groups. These advocacy groups have gained publicity by attacking different uses

of standardized testing without dtmonstrating a grasp of the complexity of the assessment issues, or
proposing sound alternative measurement solutions.
Despite its contribution to the science and technology of measurement, the U.S. educational
measurement infrastructure has not kept pace with trends and practices in the other two professional

communities. As a result, instructional technologists are more likely to lead out in the development of new
applicatkea that integrate assessment with instruction. Neither have many measurement professionals
kept up with computer and information technology. These tr.ands have the potential to transform the kinds
of human-computer interactions possible in education as well as the outcomes that can potentially be
assessed. Thus, as the media for learning is transformed by advances in computing, our definition of
literacy, education, and assemment must reflect this transformation.
Current educational tests are defined in relation to interactions with printed matter, rather than in
relation to dynamic interactive environments rich in visual and auditory displays, new response formats,
or large computerized archives of information. Cerputer users from many disciplines are developing
simulations, visualizations, and interactions that make new kinds of assessment (such as Help Systems)
posale. These innovators, however, are not cognizant of educational measurement issues and practices.
The need is great to link knowledge acquired from interactive multimedia research with testing and
instruclional development tractice.

How Much Leader ship Will the Tenting Industry Provide? Professional testing companies have
important strengths, but are the target of much criticiam. They are national resources of expertise in
measurement science, and often ascend to statesmanlike leadership on education issues where their
expertise is etrong. They promote and try to abide by high professional standards for quality and fairness.
Where they maintain significant numbers and quality of researchers, they enlighten the national debate

a.M
"The publications of SAW, in general, and of the new ETS policy
information center have a refreshing accessibility.
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with factual data They also may pioneer new item types, new computerized methods, even new ways to
integrate assessment with instructhm.
Various anti-testing advocacy groups attempt to protrily them as villians, but their villainy is often
illusory. The tests bring bad news about the educational progress of minority groups versus white males,
and this is taken as proof of bias in the tests. It may only indicate failure to provide the educational help
in homes and schools that children from each group need.
A more valid criticism results from constraints these companies operate under. It is not a conscious
policy on their parts, but is very real. Professional testing companies exert a strong conservative and
inertial force in slowing the pace of acceptance and implementation of computerized testing and unfamiliar
instructionally-oriented systems. Whether organized as for-prophet or not-for-profit, these coinpanies make
their income from selling paper test booklets, paper answer sheets, and in scanning and reporting paperand-pencil multiple choice testa. Companies are thus very reluctant to adopt computerized testing; they
are alio reluctant to be the first to announco a computerized standardized achievement test. Several
companies have been willing to invest in research and development in computerized testing and have
developed some computerized testing products for item banking localized test scoring and aptitude
testing. However, in the absence of a proven market and delivery infrastructures, none of the msjor
professional test publishers have been willing to announce development or release of a computerized
standardized achievement test.
Professional tasting companies continue to rely on mainframe and minicomputer technology for test
development, research and reporting tasks. In general, these organizations have not emphathzed buildhAg
expertise in microcomputer technology, or in innovative display and response technologies.
Several forces act on testing companies to keep them locked into this conservative posture.

laudingssiludnigu
States, Professional organisations, and membershiP
organizations mediate between testing companies and the test-taking public. AB with any business, the
client is much in conizol of what types of new testing instruments are developed and deployed. Clients
can lead out, and when they do, the testing companies are responsive. The innovative National Council
Architects Review Board is sponsoring R&D that is potentially very significant. The College Board and
the GU board have sponsored some forward-looking research in CEA. The College Board is distributing
computerized placement tests, and innovative microcomputer-based testing systems.
An increasing number of states, districts and Canadian provinces have .:,2pressed interest in

computerized testing. Testing companies will be responsive to these clients, but technology companies may
persuade these clients that they can provide a faster, kes expensive solution. The statistical and scientific
quality standards that the testing companies adhere to are hard to explain; hard to sell.
;
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testing companies should be commended because of their continuing strong commitment to professional
test development research and validation standards and to standards of fairness and quality. However,
these same commitments to professional standards requiring exhaustive research and validation tend to
repress innovation, creative solutions, and exploration with the use of new technologies for testing. It will
simply cost too much before it can begin to yield a return on investment.
The idea of formative research starting with a partial system and evolving it over time based on
field experience, is fraught with too much risk to companies who are Judged by the unchallengeable quality
of each product as it comes out the door.

3. Tasting companies are very concerned about legal challenges. They have had to right many
challenges to the use of their product@ in certain high-stakes areas (employment selection is perhaps the
most hot!, litigious). They have not perceived tt2t low-stakes producta like help system are so
fundamentally different that legal liabilities may be minute.

o dev
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t
makers of a high-stakes test is in an awkward potation if the also develop the instructional help products
to prepare people for those tests.
kit
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ILCausealthu?risma taiLlniatailamirm prevent organisations from changing, The test

developers are not given time by their msnagers to by out new item types or delivery options. They must
make their quotas of items, or else schedules and budgets will not be met. The innovative developer who
takes time off to work on a research project, even if funded from another part of the compai3y, may not
be promoted as readily as those who keep fully occupied on bread and butter tasks. These tasks are to
develop dependable, accepted and valid multiple choice tests of the highest qualiky the world has ever
known.
This observation is not unique to testing companies. They are business organizations, albeit with high
ideals. They must meet their client's schedules and produce an income to survive and thrive.

ILMftsmiklintatmlatmswitosighlsrAtakidAt The MAUI investment in new modes
of testing means high costa for R&D that must be diverted from improving the bread-and-butter printed
tests, high costs for restructuring the compagy internally and retooling people expert in pi er processing
to become good at computers, and an expensive, missionary-type of selling to convince people to install
hardware with the features of ILS systems in order to run the new tests. Such investments are
questionable, to say the least, for a supposed market that does not have an infrastructure in place.
t-i

The more academically
oriented a testing company is (and the non-profits tend to be quite academic), the less comfortable they
feel about embarking on new business strotegies that involve high amounts of capital investment and risk.
Hardware for permanent testing centers, anda new technically literate human infrastructure is very costly.
!
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'Me Probable Evolution of Current Testing Products
Figure 1 shows some possille evolutionary progressions in the delivery of answer sheet/item test
measurement instruments. A test requires stimulus presentations, and response entries correlated to the
displaws. Printed booklets and answer sheets doininate, but some tests use audio-visual media. Listening
and language testa require audio or video tapas, or their equivalents. These group testing modes
(individual response, group pacing) will give way to group presentation systems with either answer sheets
or electronic response devices. Help systems (practice with feedback worksheets) can be implemented with
paper, although computer delivery has far more benefits, but at greater costs and loss of portability.
Notebook computer-like devices offer both the functionality and the portability of printed tests.
Probable Evolution of Answer Sheets. Answer sheet systems should evolve and will do so. Because
of the established infrastructure, both technological and human, and the low cost, the portability, and the

public familiarity with these systems, it is desirable that actions be taken to promote the continued
evolution of answer sheet systems. It is probable that answer sheet systems will continue to evolve as
scanners provide higher resolution and as new item types beyond multiple choice are developed to utilize
these syetems. Test answer sheets are divided into several hundred "bubbles" =all ovals or rectangles
where the scanner looks for a mark. Most test developers use this type of sheet only for multiple choice,
but it is possible to use an answer sheet for other item types. For example, by providing a grid for each
item in a math test of 4 cokunns and 13 rows of bubbles, the rows respectively designated by the symbols
"-"(minus), "P(divide), "."(decimal), or a digit from 0 to 9, students could enter arithmetic expressions such
as 9/15, 02.8, 45-7, and many others into tile grid without selecting from 4 or 5 multiple choice

alternatives".

542rent Bridgeman

A comparison of multiple-choice and

free-response
ETS Research Report
(in press).
Bridgman took away the distractor, in graduate record exam math
items, and presented the same item stems with grids to 3000 students. The "gridin" items are much harder than the original multiple choice items, and wore
superior in measuring at the high nd of ability.
The erroneous responses
entered by most students were not usually the distractors invented by the test
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It I. also possilge to arrange paragraphs so that the words, printed in non-scannable ink, each fill
across several bubbles. Then words can be marked or lined out by the student and these selections ca.
be scored". Recent research at WM has resulted in a new family of 'Figural Response Items"56.
These items utilise high-resolution optical scanners that pick up tiny picture elements (pixels) from lines
and marks drawn by the student. The computer reconstitutes the locations and configurations of these
pixels and comperes them with specifications in a scoring key. The figural response items presented to
the student contain pictures on the answer sheet. The student marks a part of the picture (e.g., mark the
nucleus in the cell), draws an arrow (e.g., which way will the ball trimel when it emerges from the curved
tube?), oir draws a line (e.g., where could you cut the flatworm to yield the pictured cross-section?).
The art of handwriting recognition is developing; and will eventually mature to the point where
printed letters and numbers can be recognized from ecanned answer sheets. Figure 1 depicts these
developments.

Answer Sheet Systems In the Clammorn. Answer sheet systems can certainly participate in the
transformation of learning and instruction through integrating assessment with instruction. Teachers can
use computers to display both instruction and assessment information to whole clmses. Students can mark
their responses on answer sheets, which could be scanned on an optical scanner attached either to the
teacher's computer or to a multi-purpose computer at the back of each classroom. The measurement
activity could be quickly scored and could be made a part of a timely group discussion.
Poodle Leadership from tbe Instructioned Science and Technology Community.

The second profsessional grouping, instructional technologists and those in training al human
development who use similar methods, have a greater likehlood of providing leadership in assessment
integrated with instruction than does the testing industry. LON the measurement professionals, not many
of them have kept pace with developments in technology and few are strong in educational measurement.
The new breed of cognitive and instructional scientists offer many exceptions to this generalization, at least
as regards technology. The subgroup who have engaged technological pNgems most resolutely are
generally known in the Integrated Learning Systems industry.
Current Statue of the ILS Industry. An industry has been created for Integrated Learning Systems.
It has grown out of earlier work in computer managed instruction and computer assisted instruction,
including drill and practice systems. The industry is made up of a group of small specialized ILS companies
and a group of large computer manufacturers. The small companies sell software, hardware, and services.
They sell hardware as dealers, primarily, although one of them (Wicat Systems) began as a vertically
integrated company that developed hardware, software, courseware, and provided services. Wicat Systems
has since offered its educational courseware and services for delivery on commonly available PC platforms.
The ES industry is different from the industry for educational software that will run on stand-alone PCs.
Stand-alone operation is a different concept from a system which integrates instruction, management, and
testing through one networked configuration. Several of the ILS companies are systems integrators and

developers.
"Winton Manning,
;anomage.
ETS Research Report RR-87-18, Princeton, N.J: Educational Testing
Service, 1987.

"Michael E. Martinez
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William Kraft, Winton B. Manning,
ses INS Research Report RR-

-90, 1990.
Michael E. Martinez, A comparison of multiple-choice and constructed ficural
response items.
Paper presented at the meeting of the American Educational
Research Association. Boston, MA, April, 1990.
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integrate hardware, software, and service, and install the HAS systems in the schools as a part of their
overall fee. This group of small specialized 1LS companies includes Jostens Learning Corporation,
Computer Curriculum Corporation, Wicat Systems, Plato Learning Centers, Wasatch Systems, New
Century, and others. The distinguishing feature of this industry is the possession of substantial curriculum
materials that operate on the integrated learning systems and cover entire sullject matters over several
years of the K through 12 curriculum. The set of small specialized 1LS companies have found a market
niche that I. growing rapidly. Many labs and learning centers are being installed in whools. The group
of small 1LS companies probably accounts for about 2800,000,000 dollars per year in volume, while the
large computer manufacturers, of which IBM, Apple, and Tan,dy are the most prominent, control over
$500,000,000. IBM is the most vertically integrated and largest of these and offers courseware, software,

and hardware under its own label. Much of the courseware and software has been purchased or
omtracted from mill software companies, from consortia, and from individuals.
The large ctinputer manufacturers install labs consisting of personal computers of their own make.
Sometimes these PC's are stand alone, but increasingly they are networked into a central file server for
use in a variety of educational activities wing computers. This includes instruction in computer science
and propamming, instruction in word processing spreadsheets, and other business productivity software
tools, writing labs integrated with writing instruction in a variety of classes, desktop publishing and
paphics labs.

The Previous Evolution of Integrated Learning Systems. It was difficult enough to learn how to
develop interactive instruction, then integrate it with CMI-1fite testing and with instructional management.
Now forces in the marketplace, and voices in the mead& community, are calling for a better and deeper
kind of assessment than the computerized item tests provide, and for a deeper form of integration with
instruction.
Some of the evolutionary threads that have led up to today's 115 systems have a continuing influence
today. The Plato system was developed in the College of Engineering at the University of Illinois, starting
in 1969, under the direction of Dr. Donald Bitzer. Plato introduced some of the first multi-terminal labs
at learning centers in schools. These were supported by large mainframe computers made by Control Data

Corporation (CDC), but have in reeent years been replaced by networked personal computers in the
numerous schools and colleges using tbis system. There was a brief merger between Plato and Meat to
form the Plato/Wicat Company, and not too long after this merger failed, the Plato labs were acquired by
The Roach Organization who markets and supports them today. Plato was championed for many years
by William Norris, chairman and founder of CDC, who as head of the Norris Institute today is an
statesman and leader in the movement toward transformed schools through the use of integrated learning
system technology.
The Stanford Institute for Mathematical Studies in the Social Sciences pioneered drill and practice
labs that originally used noisy teletypes (this worked extremely well in schools for the deaf). This work
was soundly based and thoroughly researched, and led to the founding of Computer Curriculum
Corporation, an integrated learning system provider that continues as a strong player today. The Stanford

Institute also influenced the design of the IBM 1500 system, which in many ways was the earliest

prototype of the twenty- to thirty-terminal integrated learning system labs found today. This system was

discontinued in the early 1970's, but was very influential in building the human infrastructure for
Integrated Learning Systems."
The IBM 1500 system was one of the parents of the TICCIT system, completed in 1975 under
National Science Foundation funding. mar offered a thirty-two terminal integrated learning system.

The other 'parent" was the technology of interactive two-way television over cable, developed by the nonprofit LITRE Corp. The TICCIT system was designed by the team that balanced the contributions of

"C. Victor Bundertion and Gerald W. Faust, Programmed and Computer-Assisted Instruztion", in N.
L Gagne (Ed.), EIRDEZEgan OF TEACHING METHODS: The Beventy-fifth Yejlrbook of the
National Society for the Study of Educatksy_art L (Chicago, 1L University of Chicago Press, 1976). pp.
44-90.
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instructional scientists/ technologista and engineers. It was built around a coherent instructional model
and a coherent inatructional management model. Hazeltine Corporation acquired TICCIT from the prime
contractor, Mitre Corporation, after the NSF fimding ceased. Hazeltine in turn sold it to Ford Aerospace.
It was recently acquired by a larger training and simulation company. The TICCIT system used testing
intimately integrated with instruction and with management, and had an early form of computerized
mastery testing.
Another early ILS company besides Plato and CCC was Wicat Systems. The Wicat Integrated
Learning System drew on some of the experience with the Stanford drill and practice systems and on the
TICCIT computer-aided instruction system. Meat systems also benefitted from some of the earliest
interactive videodisc work. Wicat's current business consists of two parts: training systems, especially
simulators for airline and other industrial training and education systems, integrated learning systems
installed in hundreds of schools. Wicat hivested substantially in computerized testing and has several
batteries of computerized achievement tests that may be integrated with most curricula. With help from
foundation grants, Wicat's nonprofit institute also developed a battery of "learner profile" testa, which
included many innovative item and test formats.
Labs for general computer use in schools represent another evolutionary trend. These labs have
primarily been equipped with stand-alone computers used for programming computer literacy, and now
word processing, and other business productivity tools. So long as these labs consisted of stand-alone
computers, they had little potential for computerized assessment or integration of assesmnent with
instruction. However, as many of them have become connected to file servers with network software, it
becomes feasible to use them as learning/assesament centers.

The Posellie Future Evolution of Integrated Learning and Armament Systems Figure 2 depicts
some possible trends in the evolution of integrated learning and assessment systems. As mentioned above,
stand-alone computers could not integrate management or measurement, but could give individual lessons
and provide opportunities for tool use. The networked labs were of two kinds: integrated learning systems
and specialized computer labs. Off to the side are special simulators, such as those found in driving classes
and vocational classes, and two-dimensional simtdation software programmed on interactive videodisc
systems.

Currently there is a movement to place integrated learning systems in classrooms instead of in
separate lab rooms. There are three forces driving this:
1) Educators have difficulty taking an entire classroom out of servke (actually the service intensifies
but this is not their perception) so they wish to spread the terminals out among the classrooms.
2) Educators feel that the teachers will become more involved if the computers are in the classroom.
9) Computer manufacturers can sell more hardware this way. For example, one thirty-terminal lab
versus fifteen classrooms equipped with four terminals each presents an obvious short-term
business payoff.
The thirty-terminal lab has many advantages for computerized educational assessment becauae of the
security, standardization, and monitoring required in high-stakes testing sessions. The system
administrator in the learning center can manage testing sessions. The group presentation computer at the
front of the room hes advantages for integrating instruction with assessment, and so does the learning lab.
The most difficult configuration is classroom Ppe. Four terminals in a classroom will ip unused most of
the time because the entire group must be attentive to the group activities. Texas Learning Technology
Group halm J 'wed the use of both teacher-controlled presentation systems and four or five classroom
PCs. The g. uup system achieves 45% utillization while the stand-alone PC's are used under 10% of the
time.

Putting integrated kerning system hardware and software 1121 presently designed into classrooms is
probably not a good idea. It carries with it a management model for individualized instruction, but
classrooms are managed primarily for group instniction. Therefore, Figure 2 and Figure 1 both predict
the development of group-paced assessment and instruction technologies. The teacher controls the
computer with a file of visual materials, iucluding videodisc simulations and scientific visualizations.
Assessment questions are integrated with the presentations and students may respond either on answer
sheets used for practice and feedback, or in the future, on small electronic devices hie notebook
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computers. These devices have potential uses in individualized instruction, individualized testing,
homework, and tool use, as well as group response.
SUMMARY

Current uses of computers in assessment have primarily been substitutive and incremental, but there
are several transformational possibilities. This section has considered computer-administered item tests
and incremental improvements to them, standardized performance tasks, computers as tools to get at
process assessm,ent awl feedback, computer-enhanced displgy and interaction, and computers that integrate

assessment with inaruction and management. To achieve the benefits of any of these applications,
whether incremental or transformational, a new infrastructure must be established in the schools to put
the tools into the hands of the students an& .he teachers. Discussion of the probable evolution of buth
answer sheet systems and interactive workstatioas introduces us to the future of CEA, where grouporiented systems integrated with labs and with portables can play a transformational role. In Section a
we turn to further elaboration of these future possibilities.

Li9

SECHON III: FUTURE USW OF COMPUTERS IN ASSESSMENT

The last section showed current uses of computers in assessment are primarily substitutive and
incremental in terms of the technology diffinion model. Transfonnaticnel uses were introduced in Section
II; these inchide the use of computers to administer standardized perfbrmance tasks, and to provide

feedback and helps related to procees during tool we. Other transformational possthilities included
graphics, animation, and multi-media for deep visualization of difficult concepts, and perhaps most
importantly, the integration of amessment with instruction and with management. This section will
concentrate on the transformational applications and will discuss scientific and technological developments
underway and anticipated that can lead toward these transformational possibilities.

TWO mu= SCENARIOS FOR COMPUTERIZED EDUCATIONAL ASSESSMENT:

Scenario 1. Three students are clustered around a video screen. Each holds a notebook-sized

computer with an inmisille infra-red data linkage to a computer that is displaying interactive graphics and

video on the screen. They are managing a simulated McDonald's restaurant franchise in their city.
Complex management issues are presented to them, with the emphasis on financial decisions. The

students perform some cakulations on their notebook computers, then signal their declaim Two agree,
but one has a different decision. The system feeda this information back to the students, clearly displaying
the differences in both decision process and result. The students argue for awhile, then agree with the
one student and continue with the simulatiosi. me two saw their different errors. The system,
meanwhile, has recorded the arithmetic errors made by one of the students and the critical reading error
that led another to use a wrong process. The system updated the learning progress map of the one in the
domain of the mathematical concepts of fractions; and the critical reading map of the other. When each
student re-enters their respective map a comment will be provided to each, designed to motivate practice
and prescribe tutorial help with fraction and critical reading concepts, and advice on how to make better
judgments in the future.
Although Scenario 1 can be seen as an integration-level test of rapid judgement requiring financial

calculations, the students do not regard it as a test. No grading has occurred, but the experience is

perceived by the students as an opportunity to debug their thinking skills. They were deeply engaged and
motivated by practicing in a simulated area they bad chosen. Traditional midterm and final tests are
scheduled later in the semester, and the students know these tests will involve writing a report about the
experience, working another unencountered problem alone in a simulated environment, and a 80-minute
computerized mastery test of scaffolding level objectives. They knew they could practice any of these tasks
in advance of the high stakes final exam.

One of the students, as it happened, was a high school junior working on a more extensive written
report on the franchise simulation to put in her portfolio, as part of the admission requirements to a
praitigious business school. Using the word-processor in her notebook computer, she added a few thoughts
to her report, gleaned from this day's diecussion with fellow students.

Scenario 2. A group of sixth grade geography students in the midwest are typing short responses
to a series of questions presented on a video projector at the front of the room. The video involves NASA
satellite shots. Answers are entered into their notebook computers via an infrared link to the main
computer at the front of the room. Students know that their responses (along with those of a nationally
representative sample of students at 499 other schools nationwide), will be wied to evaluate the nation's
progress in geography instruction.
Although the questions are abort, they are clustered together into small sets with a meaningful
context. The sets differ in cognitive demand and can be placed on a learning progress growth scale. The
students are motivated to perform well because they know that tomorrow the teacher will review their
results, will show the class' standing on national and state scales (updated overnight),
and will go over
common errors, neatly listed and sorted by the computer overnight. Those with the greatest desire to
learn rapiclly from their mistakes will go over the mimed items (stored in their notebook computers) that
evening at home.
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The parents know that the students will be bringing assignmentihome recorded in their portable
notebook-sized computer. The PTA has been working with the parents to encourage them to work with
these students at home. The computers at schuol remain on after hours. Telephone and modem linkages
enable parents to dial up for fiwther information about the student's progress on learning progress maps
that visually display the curriculum for the student that year.
Administrators know that they have tl strictly avoid the use of learning progrees data while holding
the teethes. or students accountable or grading them. They are content to know that an outstanding
accountakility test will be given at the end of each block, and one that will be reported to the state at the
end of the year. They are comfirtable in knowing that the curriculum is aligned with this assessment, and
that the teechers can tell them how the progress data is looking. They have statistical machinery that
allows them to predict how well each class will be dohig as a group on the assessment at the end of the
year. Moreover, they have formative evaluation information tha gives them early warning that the classes
might not be doing well on the annual assessment.
Curriculum developers use the national item analysis results gathered from 500 selected schools to
update tutorial exercise sets in geography that provide hints and helps for each of the common errors
found in the analysis of the over 10,000 student response vectors. These seta will go out to participating
schools in both printed and electronic form, depending on the delivery system at a particular schooL
Both scenarios are consistent with the recommendations in this report.. To move successfully in this
direction will require program in scientific foundations, technological tools, and policy.

8OENT1FIC TRENDS
Trends in Cognitive end histructiond Science
The first scenario described above incorporates some guesses about where Cognitive and Instructional

Science will position assessment and instruction in the future. Progress I. being made in the analysis of
cognitive processes for use in instructional design, individual diagnosis, and feedback. It takes years of
deep cognitive analysis hi specific teak domains (e.g., the franchise management task) to be sensitive

enough to provide the diagnosin of the fraction error and the critical reading error described in the
scenario The use of mass response collection methods illustrated in scenario 2 might lead to seta of
common errors that will permit a more pragmatic, if less precise, approach to the problem of building a
responsive and reasonably intelligent learning environment with built-in diagnoses of the most important

pitfall&
The power of "impasses" - the evidence presented in a problem situation indicating a selected solution

approach does not work - is understood in cognitive science. Impasses are opportunities to learn.
Students are challenged to try using a better approach. If the system contains help so powerful that all
with desire can learn, at least the most common impasse:I will be followed by hints, cross-references, or
examples to guide thinking toward that better way. Current intelligent tutors that can generate the best
help for each learner are even more utopian than what is envisioned here. We predict the development
of empiricel methods that can aid in discovering the important impasses quickly, then lead to tutorials that
teach one or two correct approaches. We do not envision eirtiper-diagnoser" of any possible error model
that a confused but creative mind may have generated.
The power of social context and group effects is very much on the scientific agenda for cognitive
science today, and amario 1 honors this by using group discussions among the three students, as well as
on-to-one interaction& Meani'lg that will transfer to new situations is "negotiated" through group dialogues
(and inside one's own head, as in the reflection afterward by the girl working on her portfolio). Useful
knowledge structures are not memorized from books or computer screens.
Respect for integration, transfer, and creative production also characterizes cognitive science today.
In scenario 2 even the scaffolding items of geography instruction were integrated into testlets containing
more meaning and context than individual item. In sce-aario 1 a standardized simulation task was used
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to teach an integration objective. The impending final exam question using an unencountered problem
would provide a test of knowledge transfer. The portfolio building activity described for one student offered
creative production and transfer.

Learning and Cognition are situated in real human and phyeical contexts". Providing more
project-Elm activities, and small working groups introduces more of this reahty into achool settings.

Metacognition and learning strategies are always difficult to address. The situation is improved by
introducing simulation exercises and computer tools. Learning strategy is a dull subject without a specific
context, without specific 'rules of some game". Generally speaking, about the best one can do is some
variant of "SQ8R" (Study, Question, Read, Redte, Review). Strategies become vital and interesthy within
the context of some "game" like chess, franchise management, using an outline processor or a spreadsheet
prcgram. Interdisciplinary expertise can be shared, and strategies and tactics for accompliahing different
goals can be discussed within these specific domains. The very discussion thus generated is metacognitive - reflecting on t' Night. Specific tools and tasks with a formal structure and syntax mn be used to promote
this kind of diumeeion and self-refiection. That is why the proposed emphasis on strategy objectives,

practiced and perhaps eventually assessed within performance tasks and computer tool use is
recommended.

Conative and self-management objectives are at least as important as cognitive objectives. Conative
objectives deel with motivation, persistence, commitment There mist be research and development aimed
at breaking out of the cycle of dislike and avoidance for conventional testing and instructional practices.
Students need help and confidence-building experiences leading up to challenges that they respect and
value. The two scenarios depicted the achievement ofnew attitudes toward finding ones own errors -then
fixing them. New student attitudes toward self- management and self-motivated writing, reflection, and
learning were also depicted in both scenarios. The reasons for claiming that CEA can help are given in
the section on achievement constructs, below.

Trends in Measurement Science
In scenario 2, two recent developments in measurement acience are assumed. One is a national scale
of learning progress. A candidate for developing such scales is the Irkerarchically Overlapped Skills Test

(HOST) developed by Don Rock". It is based on clusters of items (sometimes called testlets) that
contain increasing levels of cognitive demand, Girl one including the previous level. The constructs
underlying each level are understood by the testlet developers and can be illustrated and taught. A
student's position on the scale, *Ike a norm-referenced ranking scale, has instructional utality. The
student knows what he/she can do, and what must be learned next. Other new scales diagnostic of
learning progress are also under development".
The theory and practice of using testlete (instead of individual items, which do not carry enough
context) is the second recent development". Measurement science has developed powerful machinery

"John Seely Brown, "Toward a new epistomology for learning', in C. Frasson tad J gauthiar (eds.),
jakiligganftinhe Crossroad oIALggj Education. Norwoot NJ: Abler, 19
"Rock (1989)
"Yamamoto and Gitomer, 1989.
" Howard Wainer & G. L. Kiely, "Item clusters and computerized adaptive testing: A case for testiets".

slmaL9LEslangswilimmot 1987, ROL PP. 195-201.

Howard Wainer and Charles Lewis, "Toward a psychometrics for testlets", jountal o(Educational
Meaeurement, 19--
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for dealing +with item tests. However, it has not yet developed equivdent machinery for measuring
constructs inferred from the highly variable responses made during a flexible performance teak, like a
computercontrolled simulation, nor during tool use while producing an exhibit. Item clusters may use
familiar item types, yet group them into contexts that can repreeent levels of cognitive demand, subsets
of content or process, aspects of procedure, aspects of stratev. Banks of such clusters can be sampled
using adaptive techniques to gain much valuable knowledge about how each student is progressing.
Developing models for incorporating time as a measuement variable constitutes one of the most
important trends in measurement science. Many aspects of time may be measured, including the time it

takes a student to complete a particular task, the time it takes to complete a whole set of tasks, the
amount of time something is displayed for a student to observe. In the past, descriptive statistics on time
intervals have not been kept because of difficulties in precisely timing individual itema and component
parts of items. Today, with computerized testing and computerized administration, measuring time is way.
However, little research has been done in this area. The relation of time to all aorta of proficiencies in

many fields and for many thought processes is a subject for research that will occupy thousands of
graduate students and scientists in the figure.
Resew& hgegrating Assesement and Instruction
Successfully integrating assessment with instruction has been the goal of measurement scienLista for
decades. Enormously difficult to accomplish, it involves the integration of many scientific disciplines:
Developmental Psychology, Cognitive and Instructional Science, human and organizational disciplines hie

Orpnizational Behavior and Anthropology, as well as Measurement Science. Since science and
measurement are inseparable, it is vital that the interdisciplinary nature of the field be recognized and
actively promoted by toky's educational measurement science leadership.
In the pa t six years, there has been a flurry of activity in the field of educational measurement
around the integration of assessment with instruction. For example, withir Educational Testing Service
in Princeton, N.J. there is a recognition that this integration represents a fertile area for research.
=eating from a broad range of consulting expertise and collaboration with universities and private
organizations, tome promising new developments have emerged. A number of these are described in two
forthcoming books62. In addition, A new moLograph63 commissioned by ETS proposes a research and
development agenda for integrating assessment with instruction. Through an extensive literature review
and analysis, Richard Snow of Stanford University and Ellen Mandinach of WS seek to identify what can
now be answered through research, organized around four general questions:

I) What constitutes learning progress toward mastery in an instructional domain?
2) What constitutes diagnostic assessment of learning progress for instructional use?
3) How might performance tasks that provide such assessment be designed and evaluated?
4) How might collections of performance tasks be mapped into an instructional domain to guide
instructional adaptation?

The recommendaticas Snow and Mandinach make for Systems That Integrate Instruction and

62Frederickson, N., Glazer, R.., Lesgold, A., and Shaft*, M., Eds. (1990), Diagnostic Monitoring of Skill

end liands

NJ: Erlbaum
Frederickson, N., Mislevy, R., and Bejar, L (in press) Int_Thitgrzi_kiutEew
Hillsdale, NJ: Erlbaum.

ner_Su_Woa

"Snow R. E., and Mandhiach E. B., (1990, Pre-publication draft), integratinE Assesaent and

kilktejoKA_RagEshApipmixospiAmsin.
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Assessment (SIM) are consistent with several of the mg* recommendations made in this paper. In
particular, remarch and development practice must move as rapidly as poseible in the direction &learning
progress help systems. Snow and Mandinach fisther point out that in the old paradigms (e.g., CM) the
instructional tasks and tests remain distinct from instruction. They are hopefid that the field I. maturing
to the point where integration of the two can be successfully addressed. However, they point out with
needed caution that theories of learning progress and its diagnosis for teething in an instructional domain
are not now available. Their agenda for research and development I. therefore a long-range one.
Measurement science will be challenged as never before to stretch into previously uncharted research
areas. New kinds of growth scales are needed based on sophisticated cognitive and developmental theories,
rather than the overly simplistic and erroneous model that curriculum is comprised of equivalent snippets
of knowledge. Moreover, scoring methods for complex integrative tasks, performances, and tactical
sequences in tool use will open up new poesibilities for computerized assessment. Promising models that
mix growth measurement with diagnosis of different strategies are now being developed. In a way,
measurement science is entering an era pregnant with possibilities for the explosion of new models and
methods, much like the era of L.L.Thurstone when many new methods for the testing of primary mental
abilities were pioneered.
FUTURE PROGRESS IN INSTRUCTIONAL SCIENCE AND MEASUREMENT SCIENCE DEPENDS
ON ornz DEVELOPMENT OF GENKRALIZED ACEMVEMENT CONSTRUCTS
Educational and psychological tests measure human aptitudes, traits, or achievements. None of these

are visible physical quantities that can be observed with the five senses; therefore, before appropriate
items or performance tasks can be developed, we must "construct" a mental picture with words or images
to define what we are trying to measure. These ideas are called "constructs." In aptitude testing,
psychologists and measurement scientists have developed such constructs as spatial ability, induction, and
deductive reasoning. Psychological tests measure constructs of personality and of clinical pathology.

Admissions tests measure verbal and mathematical ability developed over previous learning and schooling.
In achievement measurement, there is no generally agreed-upon set of constructs, yet differing conceptions
have a great impact on research, teaching, and on how the public views educational gvals".
As was mentioned earlier, the predominant uses of educational measurement earlier in this century

were for sorting and selection based on intelligence or aptitude. The historical shift from sorting and
selecting to promoting growth in learning is correlated with the shift away from aptitude measurement and
toward achievement measurement. It ill worthwhile to understand how aptitude conotructs and test
formats influences achievement testing today.
Contrasting Aptitude Ifeeasement and Achievement Measurement

Aptitude measurement cuts across many contacts.

When we are measuring an aptitude or
developed ability's, it is appropriate to eample from many small performances with little specific contest.
Decontextualized iteme get at abffities that are general - they are applicable to many contexts. Aptitude
testing is certainly one of the most successful and widespread applications of behavioral science, at least

"Nancy S. Cole, "Conceptions of educational achievement", Mucatio_Beanal earcher, April, 1990, Vol.
19, No. 3, pp. 2-7.
"College admissions tests, of which the Scholastic Aptitude Test (SAT) is
the most widely used, are no longer said by their makers to measure aptitude.
innate and difficult-to-change traits of individuals, but "developed abilities."
A "developed ability" is subject to schooling.
It is assumed that the SAT
measures verbal and mathematical abilities that have been gained through studies
and exercises in many subjects, as well as by activities outside of the school,
taken over the twelve years of schooling. Developed abilities take many months
and years to develop.
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when success is measured by how widely it I. used in military, industrial, and educational settings. The
widespread use of aptitude testing has generated much criticism about its validity, equity, and
inappropriate uses. From the perspective of this paper, one of the most damaging impacts of aptitude
testing is that its very success hes promoted extensive copying of its item types and methods in the quite
different field of achievement testing.

Aptitude testing methods should not be copied for tests of achievement. The tendency on the part
of teachers (taught to them in college measurement courses) to copy the item types and test formats from
aptitude testing for use in classroom achievement testing. Aptitude test formats carry with them as hidden
conceptual baggage the "high-stakes" frame of reference (ranking and grading) instead of the help service
mentality. It also results in a definition of the curriculum as actually delivered to the students that is more
fragmented and decontextualized, not integrated and clearly relevant to valued total performance.

Achievement Measurement is Always in Context.

Unhle aptitude constructs, which utilize

decontextualized items, achievement measures are always in a subject-matter context and a value context - valued performances worth doing. We achieve at valued performence tasks within the domains of history,

science, art, automotive maintenance, etc. The public gives "face validity" to curriculum tasks that
resemble valued tasks or products in life and work, but the prevailing theory in educational circles is that
we should not make the context too specific, else we are "training' rather than "educating'. Leading
cognitive scientists are now inaisting that valuable and persistent learning is always situated in a
meaningftd context.

Achievement Meastwes are Derived from a Curriculum Plan, and hem a Set of Values. Theories and
values about what knowledge is lead to definitions of an achievement donsah', and a curriculum is a map
of what must be covered, and in what rough order, within that domain. Typical practice when specifying
a curriculum is to begin with content outlines (topics, not performance tasks), then develop a set of
objectives.

These reflect the prescriptions for good performance objectives found in instructional
technology text books. Unfortunately, these objectives tend to emphmize. too strongly simple verbal
knowledge rather than integrated performances. Later, when teachers are confronted with a fairly

extensive curriculum outline, usually provided by their district, they pick out the objectives they feel they
eta cover, snipping them, as it were, from the horizontal fabric of the "quilt" that represents the topical
domain. At worst, this practice results in esnippet curriculum" where lit& pieces of factual knowledge
are presented unconnected to one another and unrelated to the complex and nested thinking processes
used by those knowledgeable in the domain. This is, of course, a caricature of the worst in curriculum
hnplementation. The curriculum outline built by tills process, may be quite thoughtful and integrated (but
usually it has far too many topics in it). As implemented by busy teachers who must read the topical
outlines and make selections to fit into the time available (and to fit what they are knowledgeable to
teach), the best curriculum guide may be reduced to a "snippet curriculum" when implemented in a
particular class.
Even the best curriculum guide that follows the practice of writing performance objectives of a
primarily verbal nature may produce testa and instruction that are far from what is desired and needed
by our culture of the 1990's.

Achievement Constructs are Needed in Order to Develop Better Instruction and Measurement
Insizuments. Instructional ecientiata have been groping toward a generally agreed-upon set of constructs
that cut mime subject matters and permit the prescription of the more promising approaches to teaching
and learning. Taxonomies of educational objectives have been the most visible manifestation of this search
for constructs useful in instructional development.
Curriculum developers have been guided by two main taxonomies of objectives. An objective is a
prescription for writing performance items or tasks, so the objectives selected, and the constructs behind
them, determine the measurement instruments used to assess achievement in a curriculum. One such

it;
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taxonomy of educational objectives was developed by Benjamin Bloom and his co-workers". It includes
such constructs as memory, application, 'analysis, and synthesis. Another taxonomy is based on Gagne's"
model which includes constructs such as memorization, concepts (classification behavior), rule using, and
problem solving. Instructional developers who use these taxonomies are likely to develop objectives at
higher levels of processing than those who use no model or taxonomy, .only prescriptions for writing
behavioral objectives. These prescriptions home an hnplicit model of achievement in them, and this implicit
model is that knowing verbal information "about something' is the predominant objective or kind of
behavior that can and should be measured.
The problem for all developers is that there is a paucity of examples of test item and task types that
can be developed and used within the constraints of the print delivery system. The item types in the
developers workshop of tools are inherently dominated by short instructions on a printed page, and by
short quickly recorded and interpreted responses on another printed page. Aptitude test items offer a
strong example for developers to follow.
OM is Fundamental in Merimring
Teaching Achievement Constructs. Multimedia presentation
and dynsmic interaction capabilities of Computer Administered Tests are more fundamental in getting at
different achievement constructs than would be seen at first gitInce. They are far more than a more
interesting and motivational presentation.
This paper adopts the perspective that the measurement methods of standardized performance tasks,
student-developed exhibits, and process messures during performance permit curriculum developers to tap
processing wed above the level of the typical print-mediated verbal test item. This is the crux of the
argument for using Computerized Educational Assessment CEA takes us beyond the print delivery
system to scorable interactions with more realistic, contutuallized tasks. Such tasks are necesswy in
assessment of more important, higher.order constructs than can be measured and implemented using them
print delivery system alone.

Table 8 is the embodiment of this central argument It adds another dimension to the four
measurement methods: the dimension of generalized constructs to describe individual achievement. We
will call these ''achievement construct? and note that they are related to curriculum objectives at a level
of generality higher than is found in the familiar taxonomies of educational objectives.

"Benjamin Bloom, Taxonomy of Educational Objectives. Handbook I: Cognitive domain, (New York,
NY: McKay, 1958).

"Robert Gagne, ThL Conditions of Leernin2. 4th ed.; (New York, NY: Holt, Rinehart and Winston,
1985).
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Table 8
Measarement Methods
far Different Achievement Caistructs

MEASUREMENT PRACTICE

ACHIEVEMENT
CONSTRUCIE

(nub of Oliectiveg0
Item Test

Perfonsuece

Student

Tanks
Scaffolding Knmeedge

Process
Messures

*MO

0

Intepated Pe:famine°

*0

*00

Creetive Production
*00

minder &Integrated Skills)
Strategy Improvement

to (-)

I

The four achievement constructs found in the four rows of Table 8 are defined as follows:
1)

Scaffolifing knowledge is verbal knowledee abvut some tepic (terminology, definitiona,,

classifications, rules).

2) Integrated performance is the capability to perform well in iwre complex tasks requiring the
student to im or AR* the scaffolding knowledge, along with common-sense and task-specific skills,
to solve some problem, operate some real or simulated equipment, perform some experiment, write
up a carefWly specified paper, or make a careffilly specified presentation. Standardized performance
tasks generally take far longer to complete than short verbal items.

Creative production and *ander at perfornunce copal:City to a new *intim. Creative
production objectives require students to kangrgumggygk both scaffolding knowledge learned
previously, and previously demonstrated ability to integrate into a new situation. The project task
requires them to use their knowledge and skill to design and produce some written or mediated
11)

presentation or some product.

4) Strategy improvement. Strategies are of two kinds: learning strategies and performance
strategies. The former applies to techniques students use when confronted with learning tasks for
the different types of scaffolding knowledge, or learning to perform an integration task well, or
learning to create a new kind of exhibit. Performance strategies are specific to some well-defined

task, game or tool to be used. Strategy improvement is a construct that must be inferred from more
proficient learning of a particular type, and from more efficient choice of stra,tegy and tactics ja

=Ea of Performing or Producing.
All four achievement constructa Lave both cognitive and conative aspects. The cognitive aspecta
include knowledge and proficiency. The conative aspects include motivation, commitment, desire, and
persistence for achieving at high levels. Conative objectives are of utmost importance. We often pay lip
service to them but do not try to assess them. The importance of conative objectives leads to a corollary
to the central argument of this paper: Instruction with integrated, unobtrusive measurement using all of
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the four kinds of peribrmance tasks will be more motivating and less aversive to students, offering
promising new approaches to the achievement of conative objectives. Consider the negative attitudes and

avoidance toward testing in particular and toward studying in general (found among many of today's
youth). Can a new family of help systems with interesting, challenging performance tasks and assignments
to produce exhibits lead to more engaged and challenged students? As another postale benefit, can
unobtrusive =enurement (e.g., measuring use and avoidance) help identify attitudes toward learning and
persistence, leading to ways to improve them?

As with the achievement objectives, the use of computers in achieving conative objectives is
fundamental, not incidentaL There are several reasons for this. First, it has been demonstrated
repeatedly that interactive instruction, especially where video dims and video are involved, is very
engagin& interesting and motivating to most students." Second, the miss-placed emphasis on "getting
the right answer the first time" (a no-win situation) might change. Most students repArd an error as a sign
of inadequacy, rather than as an immediate opportunity for unqualified and rapid self-development. Some
educators have similar defensive attitudes. While teachers still have to create an environment to permit
a different conception toward errors, computer use presents a different modeL Finding a bug or error in
a computer program is a part of the process, not a reflection on the individual. To find a bug is a welcome
thing; perhaps it means that you have now caught that last trash fish out of the deep trout pond. Perhaps
the debugging metaphor can improve attitudes towards learning from errors. Third, the use of computer
productivity tools to develop student exhibits brings with it direct instruction about the need for revision.
Once again, the students are taught actively that errors are not bad, but a part of the process. Finally,
good performance in complex tasks, and products that can be exhibited in a portfolio bring validation from
adults and peers, not just the questionable validation of a grade.
TECHNOLOGICAL TRENDS

Pretfictions of Technology,Trends

The literature on future technology trends is very large and spans both popular magtudnes on
personal computer trends, and magazines and journals associated with computer science and engineering.
Among the latter of the IEEE Spectrum (Institute for Electrical and Electronics Engineers) has an annual
update on technology trends." This large and varied technical literature cannot be reviewed here, but
some themes clearly have potential significance for the field of assesament:

o gmiluisagalausikaLkalsome more imu213Mat The increasing use ef
interactive computer technologies by groups is much talked about; including networking, electronic
mail systems, and the bite. "Groupware" is a new buzzword. Groupware is defined as:
Computer-based systems that support groups of people engaged in a common task (or goal) and

that provide an interface to a shared enuironnk...."
It can refer to face-to-face interaction that occurs at the same time in the same place, or it can refer
to interactions that occur at different times and in different places.
Education is a field well positioned to take advantage of groupware. It is organized around

"Gary Borich, The Texas Learning Technology Group Evaluation Report, Austin, Teal', 1988.
"'What's new in products and applications", IMEAftgAngo, The Institute for Electrical and Electronic
Engineers, Jan. 1991. It contains news of a 64 talion bit memory chip that will be in mass production for
products such as notebook computers in 4 years. See also "Fifteenth anniversary stunmit", 11)12, McGraw
Hill Publications, September 1990. To commemorate its fifteenth anniversary, Byte nutgazine assembled
computer industry leaders to make their forecasts of personal computing.

"Ellis, CA, and Gibbs, SAL, and Rein, G.L. Groupware: Some Issues and Experiences.
he
Volume 34, #1, January 19, 1991, pp. 39-57.

cgollununications
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traditions are deeply ingrained, such as appearing in class at a scheduled time,
and communicating verbally and nonverbally with other students and teachers. Effective groupware

could be built around interactive display generators and projectors, with files of materiels for
explaining difficult concepts, using animations, scientific visualizations, games and assessment tasks
that can be displayed and discussed by the class. Students equipped with handheld responie units

add yet another dimension to the potential group experience. We have developed Scenario 2 to
incorporate this trend toward group interaction. The ramifications for group problem solving, team
building and pining are virtually endless when technology is employed in this manner, but as yet,
it is an area that remains poorly developed in education.
o
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gorsaggslktanna, This is promising for record-keeping and statistical fiinctions in CEA Systems.
Stand alone personal computers do not lend themselves to CEA. The expansion of networks opens
up the possibility of access to assessments stored at numerous host computers with &livery to
individuals in homes and workplaces. Because of the security and privacy issues associated with
high-stakes assessment, the kinds of aaessment made available in this inamer will most likely be
help systems where disclosure is not an issue.
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two decades, the world has witneseed a remarkable development in graphics, coke and video display
capabilities. Wigh resolution interactive graphics, video, animation, and graphical user interfaces are
becoming familiar to millions of computer users. Visualization techniques offer a new window on the
previousky unseenn. Speech recognition is an important goal that will become extremely important
for assessment and instruction. Digitized video on magnetic disks is a current reality that will
become more available and inexpensive in the future. A merging of video and computer technologies
is expected, as well as the integration of computer and communications technologies.
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jaggsgaingm, As discussed in connection with Figure 8, the notebook computer offers this same
portability and versatility, and for more functionality than printed answer sheets. id otebook
computers are sometimes equipped with handwriting detectors, minimizing the importance of
keyboarding sldlls in computerized assessment.

o CallillgaligleasOnsisizsilfinitisinsatanim

WidesPread accessibility

of low-cost Personal

computers and production software like word processors, graphics design tools, spread sheets,
equation solvers, etc. will increase and will define a new kind of literacy. This new literacy will
become a part of the definition of an educated citizen in the modern world.
ADMINISTRATION OF FUTURE CEA SYSTEMS.

Trends in Paper Testing.
Fme grained scanners and advances in image processing will open up a new range of scannable item
choice. Several of these were diecussed in Section II, including figural response

types beyond multiple

nEric L. Schwartz, "Computing the anatomy of the brain", BAd_gig jggsaziaLsLaskugfig

Visualization, Vold, No. 1, Jan/Feb 1990, ppe 20-27. In the premier issue of a new magazine on this
subject, visualized neuroscience models "take° us into Ur skull" to give uo insight into the brain's mapmaking ability.
G. Comer Duncan, "Visualizing the collision of a star with a black hole", rj;s21,ALMAglaingsf
Scientific Vlswalkntion Vol. 1, No. 8, July/Aug 1990, ppe 2429. A short time later, another visualization
takes us out into the distant universe to "see" a rare astronomical event.
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items (marking, drawing lines and arrows) and Clete-elide (marking key words or inappropriate words in
a sentence or paragraph). These item types are easily implemented using interactive computers. Portable
answer media, in particular scannable answer sheets, are by no means restricted to 4- or 5-alternative
multiple choice items.
The following response formats include those categories of response entry whichcan be accomplished
on both answer sheet, and electronic media, and thoee only possible on electronic media.

&spoon entry

Select &am a limited set of choices by darkening a box on an answer sheet, or point to one of
several choices and dick with nun, cursor, moving field, or finger. Type the number or letter
associated with the alternative selected on a keret.
o

o Mark a part of a picture or line out a word on a high-resolution scannable answer sheet (Also
possible on a bubble answer alio .t if objects and words are carefidly positioned over the bubbles).
Use a mouse, joystick, or trackball to do the same things on a computer controlled display.

Entasbackutzings.
o Grid-in a few digits and symbols on an answer sheet, or type the same on a keret.
o Print by hand on high resolution answer sheets, or print with a stylus on a notebook computer or
sensitive pad.
o Use a keyboard to enter character strings.
o Move a cursor among a set of letters and words, selecting them and dropping them to a line
where the response string of characters is being build. Signal when completed.
o Recognize line segments or directional arrows on high-resolution answer sheets.
o Recognize line and shape information drawn with mouse, light pen, finger, or stylus on a sensitive
surface.

Vocal uttemem
o Digitize and recognize a given set of words.
Duration of response:

o Measure and record the lateuy before the response begins (thinking time).
o Measure and record the duration of the response; its entire composition.
M

IrMat1112.0,11:

o Use joystick, steerka wheel, or other special interface device to input force, velocity, and direction
information into the computer, and adjust displays accordingly to provide immediate visual feedback

to the user.

Trends in Interactive Electronic Devices

All the response possibilities discussed for high-resolution answer sheets, vocal utterances and
response times are possible on Educational Testing Stations as well as Laboratory Workstations. In
addition, the display options that follow are increasingly being made available. Expense is a major factor
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in both display and respon e options, but costs have been decreasing rapidly in the memory requirements
to generate the displays, Li disphw drivers and monitors, and in response devices.

Trends in Information Display

Text: Multiple character fonts are available and the future will see a huge array of standard and
customized fonts. Students can reflect their own stylistic "signatures" in student products. Graphical
user interfaces assure that "What You See Is What You Get" (WYSIWYG).

Line araphica Increased resolution, drawing and animation capability will put drawing power into
the hands of students and teachers for illustrated exhibita. Color displays will become easier to
produce, edit, and display..

Ehtsgmikaljnism These are increasingly easy to scan, digitize and manipulate for student
exhibits end teaching materials.

Piaitized Audio will be increasingly inexpensive and available far musical backgrounds (and
foregrounds), and voice reproduction. Synthesized voice and music will be so available and
inexpensive that it can be used increasingly both by materials developers and by students for their
own exhibits.
Video (motion); n'he technologies of video and interactive computers will merge".

cantal_spina jatseda in displays will be used for many instructional relevant puposes, e.g.:
testing of aptitudes for perceptual speed; pacing for practice in tasks in which speed is valued (e.g.,

WineRichness and realinn in performance tasks and simulations will increase greatly in response to the
dramatically improving capabilities of user interfaces. These capabilities, when coupled with the low cost
and wide availability of "desk-top multimedia publishing", will enable more educational groups to develop
their own materials, or at least to customize existing materials. Indeed, individuals "in their preps",
having knowledge and experience in some valuable area, (perhaps acquired as a hobbyist), will be able to
develop performance tasks and games with potential for instructional use. This will occur independently
of the authors having knowledge or expertise in cognitive, instructional, or measurement ecience. Thus
the results will be of mixed quality.

Notebook computers for each student
The trend toward reduced size and coet and increased capability has frequently been noted in the
press, with innovations appearing almost monthly in computer magazines and newspaper ads. Computer
companies will continue to increase notebook capabilities so that the price will not have to drop too low.
For educational applications, modest processing capability and modest resolution monochrome displays can
be produced relatively inexpensively.
This will make it possible to provide students in the classroom with response devices that can be used in
a variety of ways:

1) To answer questions (Le., Keyway system) on a printed worksheet, at the student's own pace.
The notebook can then be taken to a file server at the front of the room for immediate scoring.

72Doug Engelbart, BYTE, Sept., 1990.
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2) Utilizing telecommtmications technoloa or a computer network, group assessment questions can
be prreected onto a large screen at the front of the room by the teacher, who can access an archive
of interesting display and assessment tasks. As students enter in short answers or selections to
limited choke items, limited choice or figural response items, the statistical results can be displayed
to the whole class. When the items are a constructed response, the teacher can highlight and project
particular answers that are worthy of group discussion.

9) As in Scenario 2, these group response devices can be used to collect pretest data, cahlration
data, and formative evaluation data from a sample of classrooms around the country.
4) More speculatively, with two-way response and a microphone, students could receive copies of
visual materials, stored in a notebook computer along with a digitized version of the teacher's
presentation. Each student could then go back and review the group activity using the hypertext
graphical user interface, insert additional notes, edit existing notes, and erase what is not interesting.
5) Also more speculatively, at the end of the day, the teacher could tranamit individual homework
assignments from a teacher's workstation to individual notebook computers. These tasks could be
customized to the needs of each student, through individualized learning progress calculations made
by the computer.
The evolution of notebook computers for the four teaks listed I. considered an important, but distant
reality in the evolution of CEA systems. Groupware for education will continue to evolve, and will also
include some of the features of special lab work stations, interactive video simulators, and even special
simulators that could generate rich and highly effective instructional displays.
Special Simulatme

As discussed in Section IE, simulators are currently in heavy use in both military and industrial
settings. They are highly cost-effective when a hierarchy of simulators is used to replace instructional time
spent in actual equipment or in more expensive simulators. Thus atypical hierarchy of cost and complexity
in pilot training fce advanced aircraft it
o att the top. it costs 15.000 Per hour for flying the aircraft.
o Igen& it costs $700 Per hour for time in the four-dimensional movement simulator that moves
about, tilts, seeekrates, and simultaneously presents a visual display of the ground and sky while
a trainee operates actual controls in the realistic cockpit.
o Third level Position trainer costs $200 per hour. Here the pilot sits in a nonmoving mockup of
the cockpit and learns the position and fiinction of dials and controls.
o $20 per hot is the cost for time spent in the two-dimensional videodisc simulator. This is a
personal computer controlling a color display and videodisc plower. Many tasks at the scaffolding
level and some integration tasks can be practiced in the environment of the two-dimensional
simulator.
The cost benefit calculations with hierarchies of simulators is easy to compute. The more training
objectives that can be accomplished in the lower cost simulators without loss of effectiveness, the better.
It is now the case in the training of commercial airline pilots that their first flight in a large aircraft is with
passengers. Their experience in the hierarchy of simulators has been shown through the experience of
many trainees to prepare them adequately for their first flight as a copilot.
Note that validation of the objectives at each level is accomplished through performance tasks at the
integration level in the next higher simulator. That is, one simulator is validated by time reduction in the
next most complex simulator. The final step ie the actual work itself.
It is interesting to speculate about what the future may bring for educational assessment. It is
frequently the case that uaed hardware can be donated to schools by industry (only that which is not too
costly to maintain). Vocational schools can be re-tooled to include and maintain cost4f manufacturing
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equipment, robotics equipment, etc donated by industry. In a majority of classrooms, however, we will
be fortunate to move up to the computer-controlled videodisc player to be used by the teacher in a group
mode, and by a few students at appropriately scheduled times during the day and evening. Excellent
simulations of complex integrative tasks can be administered on diem devices. There night be a hierarchy
of less expensive electronic devices below the simulator whir h prepare students for integration tasks
presented on videodisc-based simulators.
Standsrdized perfoemsnce taaka

In the discussion of trends in multimedia display and response capabilities descrthed above, the
opportunity for developing many mcee standardized performance tasks was discussed. It should be
mentioned in this respect that advances in software methods will make this more and more plausible. Not
only will "multi-media desktop publishing systeme become available to produce more standardized
performance tasks, but advances in software development like object-oriented programming will help. Full

performance tasks, or parts of them, could be programmed as reusable objects that could be used in
different ways in the production of modified or improved performance tasks.

Unfortunately, as educational games and simulations are developed by those without adequate
background in instructional design and measurement science, there will be a plethora of interactive
performance tasks that do not fit well into any curriculum and that violate important principles of
instruction and motivation, without clear instructionst links. As Lepper and his colleagues" halm pointed
out:
'Their designs have often violated sound principles of learning and motivation theoiy. Without
dear instructional links, they become discovery learning problems. Many students are unable to benefit
from the implicit instruction.'

Expert systems techniques offer considerable promise, for future scoring of computer-based
performsnce tasks, and for computer-generated diagnostic feedback during the process. A collaboration
between measurement scientists at Educational Testing Service and Artificial Intelligence experts at Yale
and Michigan has led to promising demonstrations in the field of computer programming. High school
students learning the Pascal Programming language were assigned standardized hulks calling on them to
write a program. An expert system program called hula scored a set &such programs previously scored
by hymens in the Advanced Placement Test for Computer Science. The expert systems were able to
produce scores for between 82% and 95% of the solutions, with high agreement with a him= reader on
the correctness of the solutices74. This team of researchers is seeking ways to integrate this powerful
computerized assessment model with iustruction". Artificial intelligence methods are used to provide
partial-credit scores and diagnostic analyses on each item the students work. Cognitively-based
measurement models are used to generate diagnoetic statements based on conunonalities in performance

"M. R. Lepper, and T.W. Malone, "Intrinsic Motivation and Inetructional Effectiveness in Computer-

Based Education", in R.E. Snow and M.C. Farr, (Eds.) Aptitude Learning Naillatiagigi,Mjsm 3.
Sailfitimanstiffectfflimessuinghek, (Hillsdale, NJ: 1987). pp. 255-288.
See also E. B. Mandhiach, The Role of Strategic Planning and Self-Regulation in Learning and
kagilgitalgampigsaidn, Published doctoral dissertation, (Stanford, L Stanford University, 1984).

"Henry L Bratm, Randy Elliot Bennett, Douglas Frye, and Elliot Soloriiay, againfragnaingazi
reamegunin expert systems. Journal of Educational Measurement, Summer, 1990, VoL 27, No. 2, pp
98-108.

"Randy Elliot Bennett., Imittinkraggnimemsustandidatirsolugaidatillgi
gansinljntellisrence. and jEz 1.1.11.1imuntmal Research Report RR-90-5, Educational Testing
Service, May, 1990.
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across tasks. Models for diagnostic feedback back come out of work with expert systems". Scoring of
complex constructed responses to standerdized tasks in mathematics is another area showing promise"
Tools for Student Products

In the OTA technology diffusion paradigm, the third stage is to go beyond substitution and
incremental improvement to the introduction of whole new concept& Process measures during tool use
as part of a help syxtem are perhaps the premiere example presented in this paper of such an evolution.
Students increasingly use outline processing software, word processing software, and desk-top
publishing to produce their own creative product& The clessroom environment I. suitable far continuous
measurement and feedback. Thus, virtually all of the students' responses and response limes while using

software tools can be monitored for the purpose of providing learning progress help. In this case,
measurement can be used to monitor the use of different tactics and to suggest sequences of commands
or activities that the students have ovwlooked, forgotten or not learned. Before on-line measurement is

in place, the students can print out intermediate and final products and submit them to teachers and other
graders, including fellow students, for constructive feedback. This peer review models the process tlx
professionals often use in developing their own products in the workplace. Ratings and feedback can be
abstracted by the students and summarized in their own portfolio&
In the emerging portfolio culture now being developed in leading schools, portfolios include not only
favored completed products, but also personal journal information where the students learn to audit their
own learning processes during production of exhilaits. These reflections alsobecome part of their pawing
portfolios.
Two examples of promising systems developed for high stakes testing, that nevertheless demonstrate
the potentisl for integrating assesetnent with 'tool use are under development at Educational Testing
Service. The first of these deals with the simulation teat being developed with the National Council of
Architects Review Board (NCARB), the second is a word processing test being developed by ET8 in
cooperation with the KEE corporation.
In the NCARB simulation, a comiuter-aided design-llite system is provided to the candidate for an
certificate in architecture. The systen t I. very user-friendly and resembles the office of a practicing
architect. A reference book can be sele ted from a shelf on the desktop to review statistics, construction
standards, etc. On a separate screen, the architect can use some design tools to begin laying out a house
design according to a standardised specificatka given in the test instructkins. 'Mere is a lot of flexilility
in the way any design can be approached, as long as it meets the overall specidcations. This falls under
the categorg of a standardized performance task, but it is implemented in context with the use of a
computerised tool for developing the dehign.
Having developed the software for computer-aided design, ET8 measurement scientists have begun,
with some success, the ?roma of determining what to measure during the process of using these tools.
NCARB wishes to use this design ki a cigh stakes certification examination but student architects and
working architects could benefit from such a design tool in their own office merely as a tool, as the ET8
measurement scientists determine ways for scoring excellent, acceptable and mediocre responses to a
design specification, this information could be used to provide instructional feedback. The scoring system
for excellence in design is referenced to process, not to norms that rank people. Therefore, the processes
that receive higher value couN be suggested for architects still in training and the system could preovide
practice and feedback in real-world tasks, including ?Asks like those to be given later on the certification

"Mark M. Sebrechts, L. LeClaire, LAT. Schooler, and Elliot Soloway,
TraiNdisamiluslinteatiM
lasejslimoeirainga In R. C. Ryan (Ed.), Proceedings of the 7th National
Educational Computing
Conference, Eugene, Oregon, International Council on Computers in Education, 1986, pp. 287-244.

"Marc M. Sebrechta, Randy Elliot Bennett, and Donald A. Rock,
Report Rlir -90, Oct. 1, 1990.
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examination.
ETS is following the diffusion research model by first substituting a computer for the paper and
pencil design tasks now used in a high-stakes exam, aud graded holistically by humans. This pioneering
work nevertheless paves the way for a new approach to interactive help system that uses unobtrusive
process measures during tool use.
The second example involves a simple word processing test with the ability to identify different
operations and tactics used by the skilled word processing professional. The test can give feedback that
is diagnostic by identitying specific processes that are and are not masteed. Since word processing

manuals and tutorials are quite complete for today's prodixis, the test can be used for screening, but
beyond high stakes uses it will certainly be used in the field as a learning progress help system. The test
consista of standardized reference tasks (assigned papers) to type. Students can take the test as often
as they like. Feedback and instruction can be added to the interaction that occurs while students are
working on the standardized teaks. The sequence of such standardized typing assignments could take
students through all of the features of the word processor, providing an integration test with built-in
diagnostic feedback during thet process.

These two examples of =obtrusive measures taken during tool use are illustrative of a new form
of measurement wholly different from previous measurement approaches. Process measurement can be
totally integrated with instruction, as well as with production and performance in both standardized and
creative task&
Representation Processing Software.
There is a growing family of computer tools that can be used for developing student exhibits. These
tools offer significant opportunities for integrating assessment with instruction. It I. useful to cail these

tools representation processing software, because each of them takes some form of information
representation (i.e., text, graphics, or numerical representations) and provides processing algorithms and
tools to prepare, shape snd present representations using each of these forms of communication.

legksaildjggsdpkaussam Tools are now available and will be improved in the future. These
include outline processors for creating and thinking about what is to be written, word processors and
linguistic processors. Linguistics processors are the least familiar, but a few are available in the form of
grammar checkers. It is possible to process information at a much deeper level than spell checking or
grammar checking, by looking at sentence structure and style.
In a project sponsored by ETS, a computational linguist, Eldon Lytle" applied some of his linguistic
processing software, WordMap," to essays that had been graded holistically by teachers. The WordMap
scores were as good as a second reader in general, and could therefore be used as one "reading° of an
essay. In low-stakes assessment this would save teacher and student time. Fellow students and teachers
could perform the definitive readings. In other unpublished research, Lytle has pioneered the development
of wales of linguistic maturity. By processing selections of standard writing, a score can be generated that
compares the student's style on a continuous scale referenced to products typical of each grade. Selections
from great authors are placed on the scale, as well as selected writing examples of individuals known
within local schools or communities. The resulting scale hab potential as a learning progress growth scale.

7,21015Williadi1ail22Miniataem Large textual databases now available en magnetic sr
optical memories allow students to formulate queries that direct the computer to search through texts and
retrieve interesting passages from several books about a topic of interest. They learn to assemble key
words, perform searches, and to extract and think across many documenth. They may use "view
processing0 software to assemble search material into an organized framework It may be an outline

framework, a hypertext framework, or the process material may be clipped and pt/ ato a word processor

"Lytle and Breeland, 19 :! AERA paper.
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for document integration."
Graphics. Programs like Mac Paint, Mac Draw, PC Paint, Super Paint, and others are now widely
available. These programs give computer users the ability to develop graphic productions of great
sophistication. Libraries of "ClipArt" are available and can be used quickly by experienced users to
assemble quality presentations. Presentation software packages aru available that combine both text and

graphics in View Graph formats. These displays can be presented directly from the computer screen or
printed out aud turned into handouts and transparencies. These programs allow icons and line drawings
to be assembled, and going beyond, they allow photographic images to be scanned in with grey scale and
even color. More sophisticated tools allow video processing. These production tools bring with them good
inherent motivation. Students are able to produce exhibits that incorporate excitement, interest, humor
and self-expression. Moreover, students are challenged by the highly professional media they see around
them. Graphical information processing systems may be instrumented with unobtrusive measures and with
learning progress feedback

Embers and Foriugla Schools now use data bases and data sets for experiments in a variety of
fields. Tools include spreadsheets for numerical calculations, and software tools that allow mathematical
tranaformations, prooth of systems of equations, eto. For developing mathematical models, special
software tools like Stella" are used to develop general systems models with underlying mathematical
modeling components.

Propositional Knowledire, Systems that allow verbal and logical statements to be processed using
theorem checkers and theorem provers are not widely available in schools, but will be in the future. These
systems will be the descendants of current expert system shells. Some college classes use these tools
currently.
Process measures during tool use offer the best CEA alternative for assessing strategies. Strategies
are defined within the context of optional ways to use these tools, and also within sets of tasks having a
common goal structure. The use of the tools explicate the strategy and tactics in a way that is accessible
to measurement and feedback Needless to sey, a great amount of research and development is needed
before promising new kinds of process measures during tool use will enjoy widespread use in s&aols.
CEA systems utilize computers in the processes of development, distribution and analysis, as well as
administration. Technology trends in these areas will be disbussed in the following section.
MENDS IN DEVELOPMENT, DISTRIBUTION, AND ANALYSIS PROCESSES FOR FUTURE CEA'

Using Computers in the Development of Measurement Instruments

Current mark sense testing has a very well elaborated development process with supporting
technologies. Future CEA systems will require an infrastructure with new roles and skills for personnel,
as well as new technological tools. A selected few are described below:

o ItkAnginig, New methods ofjob and task analysis will emerge. Many new jobs of the future will
involve technological tools in some way. . Any of these technological tools can be augmented to collect

process data from both expert and developing job incumbents. Our prediction is that computerized
methods of collecting data from technology-using job incumbents will make it easier to determine the

types of tasks engaged in by them, and the different standards for performing these tasks. In

"Jostens Learning Corp. now offers Compton's Encyclopedia on-line for students to use in this

manner.

"Stella user's manual.
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addition to online data collection, Job anolysts/observers will be able to capture iitormation about
technical and non-technical tasks in video, audio and symbolic forms via notebook computers in real
time, at the location where work is performed.

o Ihrignmaginumsliktim Item banks are now use, but these are relatively primitive.
Although some use databaae technology, they have generally not integrated items fully with
multi-media editing capabilities. They have made the text easy to edit, but not the graphics. Item
bank development systems are currently designed to produce printed testa, not multimedia
interactive tests. M this writing, no test development group ban integrated graphics, animations,
audio, and video into their production systems. The trend toward multimedia will change the nature
of item banks, along with the associated item editors, and types of tasks selected from these banks
will improve and become fully integrated across media.

The trend toward performanft tasks and exhibits willi mlutionize the meaning of the term "item

bank".

Many of the tasks stored in these banks will not be items at all, but standardized

performance situations. Some of these will consist of rather complex simulations with associated
scoring protocols and keys. Thus, the at ir item banks will became sophisticated computer programs
with associated multi-media files simulation tasks written as objects, or composed of objects using
object-oriented programming techniques. There is potential for using these banks in multiple
situations so long as the new use can be accompanied by the development of a new scoring and
feedback protocol.

One of the most

st breakthroughs in CEA could come through the development of a distauted network of
temporary data collection sites where response data, (including pre-reeponse data) could be collected
rapidly and transmitted electem,ically overnight to permanent data centers. This concept is depicted
in Scenario 2, and its signifiance for educational assessment cannot be overstated. Achievement test
norms now used in schools are rarely updated more often than once every seven years. As the
population changea, these norms become less and less appropriate as interpretive frameworks for
assessment. With on-line sampling for norm data, it could be done anntudly.
It is a very costly process to prepare pretest materials for schools willing to function as data collection

sites, and to administer these instruments with the necessary quality control.

Other costa are

traasmitting the data back, scoring, and processing. The idea expressed in Scenario 2 enebles a sample
of achools to provide responses to new sets of items and tasks, providing an exciting opportunity to
participate in an important national project, yet also get feedback useful to their own local programs.
National amessments Ma the NAEP survey could take place much more quickly once the infrastructure
of test schools (and the means for shifting and &busting the sample on an a regular basis) is developed.
In addition, state and local norms could be developed that more accurately reflect the dynamic and
changing demographics of communities.
Decentralized Development.

One of the most remarkable prospects for materials development will be the prospects for

decentralizing these complex and difficult development processes. We have already witnessed this rapid
decentralization in the evolution a' microcomputer-based desktop publishing systems. Aa "desktop
multi-media production systems" become less expensive and more widely available, this phenomenon will

further extend these capabilities. The net effect is that schools, aavlemic research facilities, and
commercial development and consumer groups can create the interdisciplinary teams necessary for
innovative and high quality materials development. Editable curriculum and assessment materiala will be
developed and adapted to the unique needs of communities.
A vital link in making these local adaptations progressive and evolutionary in their quality will
be
the widespread implementation of formative evaluation software in schools where computer-aided,
interactive teaching and assessment materials are used.
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New Poirlielities fbr Formative Evaluation and Improvemes.... With local file servers and networking
to all of the int. 'active learning/testing stations within a school, response records on all students can be
kept for assessment mrposes. Some process measures include response times for items and completion
times for lessons and modules. Software can summarize this data dynamically so that it is available quickly
to help determine what is or ia not working.
Ideally, there will also be incentives to encourage schools and districts to send their data back to the

developers of the systems so that those developers will be able to obtain sufficient response data to
effectively revise the expensive and complex systems for really improved figure editions. The data which
is actually used should come from carefully sampled and representative locations. Since there will be an
increasing demand for localization of at least some of the modules in a system, it will be important for local
users to have access to formative evaluation data. Richard Snow and Ellen Mandinach81 have made this
point well in their important document on integrating assemment and instruction.

'Formative evaluation, and adaptation to local circumstances, is the lion qKnon of research and
development on systems that integrate instruction and assessment (SIIA). We do not imagine MA as
being 'designed' and then Impkmented,' as those terms are
-.-dly used. Rather, we =pea that each
such system will evolve in its time, place and domain as a function of continuous monitoring and
tinkering, eves though each may start from the rough common scheme described in this report...
It follows that SIIA design should contain provisions for continuous monitoring and evaluation of
its own functioning in each usage. #112
Trends in Dielzbution for CEAs.
Distance learning, facilitated by telecommunications technology, represents a promising trend that
can influence the distrfteution of CEAs. As mentioned in Section 2, it has already been used for dist-ore
registration and for testing at permanent testing centers. Moving beyond the distribution of assessments
to fixed as well as temporary locations, telecommunications will be used to make interactive help systems
available for many subject areas to people in schools and in nontraditional learning environments. Help
systems do not require data security considerations inherent in WO Stakes assessment, thus providing
rich opportunities for innovative, interactive multi-media applications.

CEA and help systems ca.: -leo be integrated into retraining programs for teachers, district

administrators, etc. CEA, and help systems applications can benefit from distance learning as a means of
in-service training. Broadcasts featuring outstanding teachers could be followed up locally with practice
using built-in professional development materials in the help systems.
A combination of magnetic or portable digital media - lilre magnetic disks, optical disks or tape, offer
additional delivery alternatives to mailing printed tests or to using telecommunications as a means of
distributing tests to remote sites. Portable media is also an alternate means of sending response datE back
to central sites. Portable media in combination with express mail and overnight delivery options may
sometimes offer a more cost effective assessment distribution alternative.
Trends In Analysis and Record-keeping.
Among the problems encountered in implementing computerized instruction and assessment systems
is the overwhelming amount of data that can be recorded about each student response. Coherent models
for recording, prioritizing, orpnizing, retrieving and analyzing all the new kinds of time and response data

have not yet been developed. Advances in measurement science are closely tied to advances in the
technologies and analysis methods associated with record-keeping.

81Snow, R. E., and Manama, E. ft, hakgrethIgAsseggment a_...iruction: A Research and

Development Atenda, 1989, Pre-Publication Draft.

82Richard E. Snow and Ellen B. Mandinach, Integrating Assessment and Instruction, a Research and
Development Agenda. Research report, Educational Testing Service (and press).
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As measurement science begins to develop models utilizing time as a key variable, analysis and
record-keeping system will be revised to deal with time data. The time variable has the prospect of
becoming one of the most important tools for researchers and evaluators interested
in improving CEA
systems and associated instruction. The time and the utilisation of lessons and smaller modules within
them can be obtained from on-line systems. The interpretation of time statistics
becomes very import ant.
Some modules will stand out as being extremely time-consuming and hence, probably
more difficult than
is desirable, and potentially confining. Tho combination of time, errors, use, and avoidance of certain
features become data for formative evaluators of the future who are researching
effective methods and
how to improve them. When learner choice is involved, avoidance becomes a potentially mail variable
for the assessment of conative objectives. Why were certain carefully crafted and
important modules
attended to briefly then later avoided?
The trend toward portability can affect analyela end record- keeping as well. In the early 19130s, two
of the co-authors proposed the use of a credit-card sized data storage card for all
military personnel.
Imprinted with reestration information, the card would be aipable of contaioing
il information gathered
about training experiences, assigninents, and achievements gained throughout each recruit's
career.
Several tec '. mologies are now available for such data cards. One technology
places
a
microchip
into
the
card which contains memory that can be written, but not erased. The
familiar magnetic strip credit card
or teller machine card does not store enough information to make this application a reality, but the optical
card which woes a photographic emulsion that can be written on with a laser (but not erased, an important
part of this application) is now a reality and is entering into a variety of
commercial applications. For
example, Rlue Croes/ Blue Chield uses such cards for the storage of personal medical
information among
its clients.

CEA SYSTEMS WILL wzr A TRANSFORMATIONAL INFLUMICE ON ALL PERSONNEL

IN THE

EDUCATIONAL ENTERPRISE

The widespread introduction of CEA systems will mean that the work roles of the materials
developers, the administrators, the teachers, and the students will be changed.
CEA systems, especially
when integrated intimately with instruction, are transformational in nature. They can become
an
important tool for the current quest for restructuring indeed, improved
outcome
assessment
is
essential
to many calls for substantial educational restructuring."
Much has been said about how students will play a more dynamic and active role as performers
in
complex tasks, as producers of their own products, as monitors of their own growth using
assessment
information that shows where they are and how they are progressing. Teachers
fulfill a more challenging
and responsible role as assessors, managers with more degrees of freedom, and professionals equipped
with
powerful instrumentation, much as other professionals who have previously passed out of a prominently
labor-bitensive model.
Among these many role changes, the role of the teacher is the
most central and the most significant.
How CEA Systans Will Impact the Rola of Teacher

Previous substantial technology interventions into the classroom
have fallen short nr promised
benefits until teachers could accept, then adopt, new roles. Managing a conventional
classroom group leads
teachers to a set of mental models about what is lizedant and
what
is
mak
Group
discipline and
group progress through the topics in a district's curriculum guide
are all-important. Dispensing information
is the way to cover this curriculum. Attention to each
individual to assess their progress and make sure
they are ready to move on is not possible. It has been
unthinkable, so has not been thought about. With
CMI systems and their successors, Integrated Learning Systems,
to accomplish things not in the teacher's previous repertoire. these priorities change. It is now possible
These novelties require role changes. It is
also necesoary to learn new technical skills.

"Kerns, Thomas, and Bowser, John books.
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Both the shift in role perovtion and the need to develop new technical skills takes time. The former
seema to take from 8 to 5 years with an Integrated Learning System, in the authors' combined experience.
CEA, especially help systems that integrate assessment and instruction using computer technology,
provides even greater demand for both role shifts and new technology skills. In this pressure to learn new
ways, teachers and other educators will be experiencing the very driving force of technobgy transforming
jobs that denim& that they prepare their students for such changes. But many teachers L%emselves are
recent produrts of a snippet curriculum. Not all have the thhiking skills society wants them to inculcate

in the young. Not all of them have the confidence or willingness to learn new computer skills,
measurement know-how and assessment sophistication, ability to use representation-processing eoftware

tools, or bar-code readers, or portable computer scoring systems for holistic coring. These fitture
technologies move into the inner sanctum of the classroom. At least ILS systems remain in a room down

the hall, and have a trained systems administrator on duty to take care of the hardware and software
complexities.
So if role changes for ILS systems take 8-5 years, how long will it take for CEA help systems, a more
sophisticated member of the ILS family?

No one knows yet, but the prospect is not as bleak as it appears to be. Not all teachers have to
adopt systems hips those described in this section at once. The early-adoptor teachers are already eager
and willing to try it. They have already thought of their own solution, to many of the cognitive, conative,
measurement, and management problems CEA systems are designed to solve. America will learn from
these early adopters, especially if we back them up with formative evaluation and look for slow, progressive
evolutionary improvement, not revoltmln.
Policy issues are found on both the educational side and the technology side. Educational policies

have been dimmed. Technology policies and standards in telecommunications, computer use, and
software can affect the ability of researchers, developers, and practitioners to use these technologies in the
maimer proposed.

Barriers to Widespread Implementation et CEA Systems

The largest barrier to the introduction of CEA systems using interactive computers is the
implementation of the infrastructure. The hardware must be installed i thools, and the professionals
must be trained to adapt to new technological aspects of their jobs. They must be helped to expand and
define their own roles in a progression that will take several years, and will find them performing different

activities and different roles than at present. Besides the infrastructure barrier, several other barriers
currently exist.
Haidware Oimpatilillity Barriers.
There are two major computer hardware standards which exist in schools. These are represented
by Apple and IBM microcomputers and their compatibles. Only recently have hardware and software
solutions been provided which allowed Apple programs to run on IBM hardware and vice versa for IBM
programs to run on Apple hardware. An additional barrier is the limited processing speed, text, and
graphics capabilities of many of the current microcomputers implemented in schools. Many of the school
computers have eight bit computers, while the state-of-the-art is 10 bit and 82 bit microcomputers. Text
resolution on many of the computers in schools is limited to 40 characters per line and 24 lines per page.
This limitation is very reetrictive for reading comprehension items tudng exianded text passages or for
problem solving items. The graphics resolution of many of the microcomputers is limited to 820 x 240
pixels per screen. This psphics limitation is very restrictive for presenting realistic line and shaded
graphics. ht further barrier is the incompatibility between monochrome and color displays. Most significant
for CEA, record keeping requires networked PC's. Stand-alones will have limited use in CEA.
Hardware Averilability Barriers.
Although many states and districts are implementing computer technology as rapidly as is financially
feasilde, there are still a large number of Estates, ti-Aricts, and schools which have limited or no availability
of computers for use in computerized testing. Industry standards typically recommend that schools have
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a minimum of thirty-two computer workstations for a school of 500 students and sixty-four computer
workstations for a school of 1,000 students. This standard may be too low. The hardware availability
barriers are ftwther compounded for disadvantaged schools and districts unless they use the Federal
Chapter 1 and Chapter 2 monies to purchase computer hardware for curriculum and computerized testing
need&

Software Availability Barriers.
There are only a small number of companies that currently provide professional computerized testing
software and computerized tests for schools. Thus, even if schools have tluN hardware available, it is
unlikely that they will have computerized testing software or computerized testa which they can administer
on their hardware. There is a need for the development of professional standards for import and export
of computerized testing software, item banks, and computerized tests.
As discussed above, the integrated learning system market is approaching one billion dollars, and has

provided a foimdation for the evolution to integrated learning ing_ Ageggint systems. In this
environment, it is probeble that computerized testing will make significant inroeda by offering
computerized performance simulations for higher order thinking skills, tool software that assists in the
developmr..4 and evaluation of student products, and helps for teachers and students to integrate
instruction and assessment.

Esperience and Comnamication Barriers.
Many of the nation's teachers and students have never taken a computer-administered measurement
instrument or used a computerized test development and administration system. Teachers and older
students are reluctant to embrace new educational technologies antil they have had sufficient persoaal
experience with the technology. In general, the younger the student, the less the fear of trying it.
There is a very small group of educational measurement professionals who are conducting research,

developing computerized testing products, and preparing research and dissemination papers on

computerized testing. The ERIC Clearinghouse on Tests, Measurement, and Evaluation at the American
Institutes for Research collects bibliography references and abstracts ofresearch on computerized testing
and computerized adaptive testing. The Buros Institute of Mental Measurements, at the University of
Nebraska, has also a computerized testing review and information exchange system. Still, there are very
few educational measurement professionals, and even fewer educational professionals (superintendents,
principals, curriculum personnel, and teachers) who are acquainted with the research base, computerized
testing demonstration system, and sources for seeking further information.
SUMMARY

In section HE, more evidence has been presented to support the policy recommendations made in the
last section. In particular, new technologies are milking possible much more variety and potential costeffectiveness in the administration of performance tasks and student exhibits. Group technologies and
portable systems will offer evenmore options. Holistic process measures, judged by teachers and students,
are now possible using the intermediate products from representation processing software tools. In the
future, direct process measures will be poesible during student engagement with computerized performance
tasks and during tool use.
Such process measures can be used to integrate assessment with instruction in the unobtrusive and
continuous finthion recommended in this paper. These developments in technology present an opportunity
to move in the directions of new assessment practices capable of assessing higher level educational
objectives. Conputer technolog provides the new variable in the decision logic of how to achieve the
educational goals our country needs.
It is true that extensive R&D, and expensive and long-term professional development of educators
is needed, but the current scene already includes both performance tasks and tool use for student projects.
The recommendation is not to wait years for the R&D to be completed, but to encourage many prqjects
and put each of them into a Formative Evaluation improvement loop. Progressive and evolutionary
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transformation of America's educational systems can only come about through slow processes that build
from where we are now. Progressive transformation can only be accomplished by the professionals who
will use the new formative evaluation and individual assessment tools.
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LIECLION IV: FINDINGS AND RECOMBEENDATIONS

The findinp are summarized in the Executive Stnnmary, where they are organized around the stages
et technology diffusion: substitutive, incremental, and transformationaL Another perspective on current
uses and trends in CEA is given by the following key findinp:

1) Purposes of Assessment;
High-stakes assessmont dominates in both individual assessment and program evaluation. Today's
testing industry exists prhaily to justify high-stakes decisions. Decision-makers want to assure their
clientele that their decisions are valid and fair, and are based on a dependable scientific standard. Thus
they are willing to pay for testing of individuals (or require individuals to pay for it themselves). They will
sometimes pay for summative evaluations, even though program evaluation takes a secondary poeition to
individual assessment.
2) Objectives of Aseessteest:
Despite the fact that educators universally desire the equivalent of integration, transfer, and creative
production objectives, scaffolding objectives dominate assessment practice. Essays and Other student
projects are emphasized where more than lip service is paid to this desire. Another positive trend is to

use more extended problems in math and science, much longer and more challenging than the short
standardized items, but class schedules interfere if problem engagement takes more than forty minutes.
The introduction of computerized educational assessment was found to offer fundamental hope for
(hanging these finding. In Section III, it was shown how curriculum developers lack a coherent set of
achievement constructs and ways of measuring them. In writing their objectives for a curriculum,
developers have depended on verbal objectives that lead to conventional test items. These donot take long
to administer, do not require expensive and time-consuming holistic assessment, and are familiar and
accepted. The print delivery system does not offer powerful and feasible ways to achieve objectives more
complez than scaffolding objectives. Networked computer workstation, however, can implement and
disseminate standardized performance tasks, opportunities for student exhibits andportfolio management.

They can enhance the practice of discussing and even measuring process during tool use. These
measurement methods offer the poesthility of getting at the higher objectives of integrated performance,
creative production, and dram, improvement. In so doing, they also offer the possibility of achieving the
conative objectives of interest, motivation, and persistent effort.
3) liessusement Practices for IncYtyidusbn

o Standardized tests based on short items dominate. However, holistic scoring of student producta
is gaining momentum, despite high costs. Raters must be trained, and common standards must
be set for multiple raters.

o Integrative performance tasks have taken a strong hold in Military and Industrial training and
assessment. CM systems offer an attractive way to extend these benefits to schools.
o Tools to aid in producing student products offer new opportunities both to increase this form of
learning activity and to assess process through =obtrusive measures taken during tool use.
Assessment of strategies is postale with this new measurement practice.

4) Program Eyeball=
Summative evaluation predominates over formative, but it is recommended that this balance shift
the other way. Formative Evaluation is typically less favored, perhaps because it is expensive and labor
intensive if done as a separate activity, and requires a continuing expenditure of development funds to act
on the resulta and make the improvements indicated. Learning progress assessment is used in some

74

Conclusions & Reconmendations..........page 63

classrooms, but is neither formalized as a process nor computerized to any extent. Most evaluations use
individual measures of achievement, summarizing and aggregating them at schocl, districts, state, and
national levels. It is recommended that direct measures of system performance be utilized more fully.
This is possible with integrated learning/assessment Itystems and with group-baaed assessment systems.
In addition, long-term measures beyond immediate poet-tests should be investigated; the results are often
surprising.
5) CEA Administration Alternatives

o Scannable answer sheets dominate, with all the back-up technologies these imply. Because of
the inherent strengths and probable continuing viability of answer sheet testing, it is vital to
extend assessinent options by using a wider variety of item types, now postale using bubble
answer sheets, but underutilized. Many more item types are possible using higher resolution
scanners.

o Student exhilits are receiving increased emphasis, both as standardized and unstandardized
asks. The expertise of students in assesament of their own products and those of others
increases when portfolio methods are used.
o Educational workstations and special workstations in labs are becoming more widely available.
When connected to networks, these open up new possibilities for powerful forms of CEA all four .
of the measurement methods.

o Portable response units and notebook computers offer the opportunity to put the advantages
of educational workstations into the classroom.
o Computer graphics integrated with video and with active response offers new possilalities for
visualizing difficult concepts. Computer graphics based on scientific models has made it postale
to visualize for scientists, and in the future for student; phenomena from the very small to the
very large.
6) Ilme Role &the Testing Industry in Introducing Computerized Educational Assessment

It was found that, for a number of reasons, testing companies are not lately to be the leaders in
introducing computerized amassment or instruction integrated with assessment. Quite aside fkom the
constrainta operating on the testing companies, the installation of hardware hi schools I. beingjustified for

instruction, with assessment as an afterthouglit. Thus it is more likely that companies and state

organizations concerned with instruction and with strong savvy in the key technologies will provide the
leadership. These companies have people who have learned the lessons from Computer-managed and
Computer-Assisted Instruction. They have instructional developers on their staffs who know how to
develop excellent interactive instruction.
Organizations strong in instructional technology using interactive, networked computers presently
are deficient in measurement expertise; however, it is becoming a competitive advantage to have strong
measurement and assessment components and to integrate these well with instruction. Therefore, these
organizations will find ways around the lack of memurement expertise. People can be hired, but few have
the combination of measurement, instructional, and interactive computer know-how. Good people can be
developed over time. Testing companies may help provide the measurement expertise if they are willing
W work with the instructional technology companies as a new kind of client.
It I. the clients of the testing companies who must provide the leadership in Computerized
Educational Assessment if it is to come from the testing infrastructure at till. Some of the old clients, in
particular state education agencies, membership organizations made up of schools and colleges, and
professional societies are well positioned to be leaders in computerized assessment, and even assessment
integrated with learning and instruction. Whether or not these existing users of the services of testing
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companies step forward as leaders or not, a variety of new clienta are emerging.
Testing companies and the measurement profession that stands behind them have been leaders in
devekping and promoting professional standards for test use. The new technology companies, including
as companies, software companies, and hardware companies are generally not familiar with these
standards, and ma not be sympathetic with them. It will be a challenge for policy to see that high

standards are maintained and that the profit motive will not overwhelm attention to standards.
Maintaining high standards is not without its costs.

7) The evolution of the new Inftaslructure.
At the end of section II considerable attention was even to the current testing infrastructure and
the needed new one. This new infrastructure is distributed to schools and colleges as hardware installed
in classrooms and labs. This equipment will be useless miless the human capabilities are developed to use
it. It behooves the developers of new educational technologies to attend to the traditions, patterns, and
habits of operation of schools and teachers if they want to develop a market that more easily appreciates
and understands their producta.
The ES companies have developed their products around the concept of individualized instruction - learning labs where the students work independently. Individualized instruction is alien in the main to
schools as they now operate. Extending ILAS concepts into classrooms through group-paced, presentercontrolled activities offers great promise for the future. The technologies of interactive computers for
display on projectors or large monitors, and the technologies of portable individual response units seem
naturally suited for the introduction of ILAS concepts into classrooms. The goal of better learning and
instruction through integrated, unobtrusive, and helpibl assessment into classrooms is worth the effort it
will take.
MB ARGUMENT OF THIS PAPER IN A NUTSHELL
A shift has occurred in the purposes of testing. Selection and judging are not the central problems
for educational measurement any more. Improving achievement and progress for a demographically
diverse student population, to standards achieved by only a few now, has become the central problem.
Measurement relates to this need to enhance learning progress in a fundamental way. Achievement
constructs are needed, and associated standards of excellence that go beyond the simplistic minimum
competencies that are current in so-celled reform efforts.
Measurement and assessment are fundamental to all occupations and professions because decision
making is fundamental to all, and decision-making depends on sensitive judgments based on appropriate
and accurate information.
Improvements in educational measurement practice continue to be vital because it is essential to
know what to measure and how to measure each important construct. A generally acceptable set of
achievement constructs with associated measurement methods effective for each type of achievement needs
to be developed. Table 8 is a simple model for this concept. Good measurement practice also requires a
way to manage the measurements and other data. Mainframe Computers have been used in this task in
the past. Decentralized computers in classrooms and labs will be used in the future. Good measurenent
practice requires in addition a way to keep the measures up to date. Systems that perform all of these
functions are presently called Integrated Learning Systems (ILS), but they are weak on measurement, soso on management, and getting stronger on instruction. They provide the framework for introducing
and
using good meaeures, and when they do, they could more appropriately be called Integrated Learning and
Assessment Systems (ILAS).
Good assessment relates to the nation's need to enhance learning progress in a fundamental way.
The high-level objectives that go beyond scaffolding knowledge currently require sensitive interpretation
of student performances and products, and of the processes involved in each. Those who perform the
assessments are the teachers and the more advanced students. No outside agency, human or machine,
can do it. These people require a clear conception of the standards of excellence. Teachers need to keep
improving their ability to relate student performances and products to these standards. They alao need
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to keep improving their ability to provide instruction, hints, and helps that will enable all students with
the desire to learn to achieve. Assessment also involves wise derjsion-making, including decisions about
how to guide students into paths that will promote learning progress. In short, good aseesament practice
involves both knowing how to interpret data in context with other information and knowing how to use
the interpretations in day-to-day educational decision making.
In contrast W measurement as practiced in some other occupations, educational measurement plays
a peculiar and skewed role. There is a lack of consensus on what should be measured, a lack of
measurement instrumentation (except not fully appropriate printed instruments), and a lack of an
inbastrunture for obtaining the appropriate measures and keeping them up-to-date. Educational
ineasurvinsents are skewed toward measurement for High-Stakes decisions imposed on the teachers and/or
the karners from outside.

Computer systems can integrate administration of measurement instruments, presentation of
inetructional materials, record-keeping, and management of records and of instructional activities.
Computers interact, so they can provide optional advice and help from moment to moment, not just at
formal workshop inservice sessions. This can provide a new kind of growth zvironment for classrooms
and learning labs. The growth environment is important for teachers as professional instructors and

assessors, and for students as figure contributors and assessors. The introduction of appropriately
configured computer sptems is the most promising way now visible for providing this new environment
for productive learning, teething and growth for all ptople in the system.
Top-down hnplementation models that do not involve the teachers, other educators, and students in
a process of slow growth will probably not work. Even if the perfect Integrated Leerning and Assessment
System were fully developed today, it would be rejected by users unless they were able to develop their
own roles. Therefore, it is better to start where the users are now, and introduce formative evaluation
methode, enlisting the aid of the users to improve the systems over subsequent generations based on
formative evaluation data. Formative evaluation then, is more than a better method of program
evaluation; it is a fundamental aspect of implementation strategy.
RECOMMENDATIONS

Recommendations Deafing With the Purposes and Methods for Testing in the Schools
Recommended= One: Greatly increase the frequency and variety of help services compared to high-

stakes assessments, but Wince the two.
1.1 Through research and development funding and policy support, encourage the development of
high-stakes measures that can be integrated and correlated intimately with the curricula at a
few key milestones and that measure more integrated and comprehensive achievement objectives
than the scaffolding objectives now common.
1.2 Reduce the use of item tests and other scaffolding level tests for incremental grading practices
and shift the burden, both of grading students and hok ing teachers accountable to these more
carefully developed, more integrated, and less narrowly construed high-stakes measures.
1.3 Support research, development, and implementation of help systems that integrate measurement
with instruction.

1.4 Provide training for both teachers and students in holistic assessment of standardized
perftemance tasks and student exhibits and of the intermediate products and processes leading
up to thtse final products.

Recommendation Two: Increme the frequency of formsthe evahntion, and provide fissuring and
incentives to use the evaluation data for on-going improvement of educationsl programs.
2.1 Encourage research and development on direct measures of system utilization and performance,
as well as measures of student achievement, also on methods for summarizing these measures,
with attention to student privacy issues, for the use of developers in revising and improving
curricula and assessment materials.
2.2 Make summative and formative evaluation continuing processes rather thim special projects,
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while utilizing the carefury developed high-stakes measures proposed in Recommendation 1.1
for continuing summative decision-making.
2.3 Since summative &widow are of the go/no-go variety, and do not contribute to improvement,

administrators should be encouraged to provide resources to improve based on formative
evahmtion.
With the shrinking teacher force projected over the next decade, increased use of technology
may be the only cost-effective way to impleiaent new learning-oriented approaches to education.

But new systems must be installed and immwed over time as the teething force learns new
roles and new technical skills.
Recommendation Three: Increase the Use ofAlternate Methods of Amassment That Require Human

Judgment

3,1 Support research, development, and implementation which places more emphasis on
measurement methods of performance tasks, exhibits, and process measures during tool use, and

thus Inore teaching and learning of the higher-order constructs of integration, creative
production and strategies.

11.2 1nerearm the variety of item types for the item testa that measure scaffolding knowledge. This
kind of knowledge can conveniently be meaeured by verbal multiple choice or short-answer
items, but there are many new item types that can be delivered on both paper and pencil and
computer that should be further developed and used.

3.8 Encouiage the development and use of standardized performance Make, such as simulations of
complex and realistic situations, games, and tool-like laboratory environments that allow students
to make choices and decisions and observe the realistic consequences. Utilize these
computerized performance taska to assess integrated performance objectives.

3.4 Support research and development leading to automated scoring schemes tor computerized
performance tasks, but in the meantime encourage the use of holistic scoring techniques on the
part of both students and teachers.
8.5 Support and encourage the development of methods for using student exhibita as a part of
assessment integrated with instruction. These methods include portfolio management
procedures and require that students and teachers be taught holistic scoring methods for essays,
performances, student-generated experiments, etc. Use these measurement methoda as part
of assessment of creative production objectives.

8.6 Encourage the development of measurement methods that assess ilikradiakanghick

students develop by holistic methods. This recommendation applies both to performance tasks
and exhibits, and emphasizes process measures. Use these methods to assess strategy

improvement objeeives.

3.7 Support the development of automated computer scoring of process measures during student
use of computer tools like word processors, spreadsheets, or presentation packages. Investigate
recording student responses while they are using computer tools, and develop softwaro to
provide hints and helps on strategy at the moment of need.
Recommendation Pour: Foster new item types and uses of portable answer meat in order to utilize
the current testing infrastructure more creatively.

4.1 Pr fide and encourage R&D ft 4ing and seek to install policy-based incentives for organizations
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that perform testing to encourage them to introduce new item types beyond multiple choice.
New item types should offer new methods for obtaining student responses on answer sheets,
using high resolution scanners and other technologies.

4.2 Encourage the development of assessments integrated with instruction that utilize the new
answer sheet item types and use them far practice and feedback in connection both with group
presentations and with individual seatwork.

Recommendation Five Encourage the devekyment of the new, locsked infrastructure of Integrated
Learning and Aseesenent Systeme, and the coordinated evolution of central Bites for development
and far R&D.

5.1 Encourage the fiirther development and implementation of computer-based approaches to
integrating learning and assessment. Encourage many approaches rather than one kind of
concept and product.

5.2 Encourage the evolution of what might be called an ILAS industry through funding R&D
centers, regional labs, non-profit organisations, state agencies, and other organirations to develop
integrated instructional and assessment materials, and to conduct research and development.

5.3 Support research, development, and implementation for group-oriented systems that integrate
instruction and assessment. Needed technology includes projectors and software for teachers
to present excellent instructional materials with integrated group-paced assessments. The
display capabilities should include color, graphics, video, and audio. The student response entry
technology that needs to be developed includes response pads, infra-red linkages, and studentoriented portable computers.

Recommendation Sic Encourage the parmigiana developmmt of teachers and other professionals
who are knowledgeable and skilled about both the him= judgment and the eclmical aspects of CEA,
and are skilled at integrating assessment with instruction.

6.1 State agencies, school districts, and professional associations should encourage conferences,
publications, and program development activity to effect this recommendation.
6.2 Provide incentives for colleges of education to introduce new programs for the development of
profesaionals who can provide skilled holistic assessment and who can integrate assessment with
instruction.

6.3 Support renearch end development which will lead to built-in" computerized consultants and
advisors into integrated learning and assessment systems to provide a coutinuous professional
growth program for teachems who are users of the systems. The consultation and advice will
occur at the moment of need during the school day, not limited to summers, released time or
weekend workshops

Poky Recommendations
Recommendation Strom Federal and state policy should both provide R&D funds and stimulate
private sector investment in *roving technology-bssed assessment practices.
Effective policy that focuses on stimulating R&D and innovative product development is
recommended to update enhanced high stakes assessment options, also to stimulate the creation of
the high quality help systems proposed in this paper. These types of measurement systems can no

longer be left up to the teachers to develop in their spare time. The types of research and
development are detailed in Recommendations One through Six.
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Recommendation Bight: Encourage the maintenance and improvement of high iguiessionsl testing
standee& far CEA systems.
Computerized testing requires faithful adherence to the established professional standards for
test construction and evaluation, standards for test use, and standards for administrative procedure.

These standards have been codified in the following professional references: Standards for
Educational and Psychological Testing, Guidelines Pr Computer-Based Tests and Interpretations,
Code of Fair Testing Practices in Education, and Technical Guidelines for Assessing Computerized
Adaptive Tests.
Professional assessment etandards require carefid focus on technical issues of test validity, test
mliability and errors of measurement, scaling, norming and equating of computerized tests as well
as iseues related to computerized test administration, scoring and reporting, and protecting the rights
of test takers. The purpose of the standards is to provide detailed criteria for the evaluation of tests,

testing practices and effects of test usa. Standards help to ensure tkt test developers and

administrators focus on iesues of validity, comparability, equity, ethical issues, bias, andconfidentiality
of scores.
The advent of Learning Progress help systems may require modification of these standards. For
example, reliability is vital in a high-stakes admissions test, and must be bought at a rice - more

items and more testing time. Admissions is a high-stakes decision, but whether to take a learning
module or not is a low-stakes decision that can easily be corrected if a decision didn't work. It is not
worth the time and cost of the high-stakes standard for reliability. By contrast, construct validity what is really being measured and karned - is of utmost importance in both kinds of systems.
8.1 Policy should maintain a continuing emphasis on Equity in evaluating CEA systems. The intent
is to provide equality of educational opportunity for disadvantaged groups as well as advantaged
groups. If the more advantaged.districts and schools purchase and implement computerized
testing technology, while the disadvantaged districts and schools do not, then there will be an
inherent inequality of educational opportunity. When economically advantaged students have
greater access to computerized technolov in their homes than economically disadvantaged
children, then there will be some level of inequality of educational opportunity.
8.2 Policy should emphasize fairness issues in the development and implementation of CEA systems.
The code of fair testing practices in education was developed to safeguard the rights of test
takers. With computerized testa, the intent of the fair testing practices is to provide a fair and
appropriate test for each examinee whether the test is administered by computer or by paper
and pencil This translates into support for studies of item or test performance differences for
a particular kind of test for members of age, ethnic, cultural or gender groups in the population
of test takers. Such research should be designed to detect and eliminate aspects of test design,
content, or format that might bias test scores for particular groups.

8.3 Support studies that assure statistically that two score scales are equivalent (equating studies)
in order to establish the degree of comparability of scores from computerized tests and paperadministered testa when both forms are administered to the same population.
IN CONCLUSION

America's needs are great, but American ingenuity has been at work over-time to come up with
technological tools and ideas for using them in education. The tools and ideas cut acmes many diaciplines,
but there are other ideas, embodied in systems that integrate management, instruction, and assessment
into coherent and umble systems. Systems exist now for equipping learning and testing rooms as
permanent centers. Systems also exist and new ones are predicted, that reach out into the classrooms and
provide support for presentation, assessment, records management, and practice.
There is much work to be done in the areas of science, technology, infrastructure building, and
support as educators' roles evolve. America has met challenges before, and can and will meet this one.
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