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Objectives and Evaluation
During the past decade of major effort devoted to the
improvement of education, and science education in
particular, there has been an increasing interest in
and concern about evaluation of the effectiveness of
new courses, new curricular sequences, and modified
teaching procedures. School people ask for compari-
sons of the "new" with the "more traditional," but
there has been little to give them. Comparisons are
exceedingly difficult to come by unless they can be
made in terms of measures of achievement of common
and specified objectives of the programs subject to
comparison.

There have been differences of opinion among
scientists about the usefulness of statements of objec-
tives and the evaluation of their achievement, and
certainly about the nature of the statements and the
wethods of evaluation. Some apparently fear that at-
tention to statements of objectives and construction

An Individualized System
Over the past decade, work on curriculum design, with
respect to both the content and the teaching of content,
has been a major response to the growing requirements
and demands for modernization in education.' The joint
activity of subject matter scholare and behavioral
scientists is particularly evident. Instructional design
has become a joint endeavor of thesis two groups because
either alone is inadequate for the task, and the teacher

The research reported herein was performed pursuant to
contract 0E-3-16-043 with the Office of Education, U. S.
Department of Health, Education, and Welfare. Contractors
undertaking such government sponsorship are encouraged
to express freely their professional judgment in the conduct
of the research. Points of view or opinions stated do not
necessarily represent official Office of Education policy or
position.

of evaluation strategies in early stages of course de-
velopment may actually hamper innovation. Others
have stated objectives and prepared evaluation in-
struments as first steps in course development. Still
others take positions at numerous points between
these extremes.

Two psychologists, an education professor, a state
education. department staff member, and a course con-
tent project staff member have been invited to present
in this issue a statement on behavioral objectives and
evaluation, with freedom to develop their statements in
a manner chosen by them. We believe that these state-
ments make a significant contribution to the current
evaluation debate and to a resolution of some of the
related critical issues.

JOHN R. MAYOR
Director of Education
AAAS

requires this joint input so that effective tools will be

available.
Coinciding with this effort has been the educator's

concern with adapting instruction to the needs of the
individual student. This is a familiar theme which has
been repeated many times and which provides the. justi-
fication and basic premise for many current innovations
and experiments. However, both operating and research
experience indicate that certain fundamental changes in
school operation will have to take place if progress is to
occur. In adapting an educational plan to the indi-
vidual, conventional boundaries in terms of grade levels
and semester units must be replaced by individual
progress along a continuum of increasing subject-
matter competence. Implicit in and fundamental to an



individualized system bre two key operations: (1) the
analysis and definition of educational objectives which
are used as guidelines for setting up each student's
program of study; and (2) the evaluation and diagnosis
of student performance so that amount and kind of in-
struction can be adapted to his particular requirements.
Implementing these operations in the instructional en-
terprise requires discipline by educators, as well as in-
telligent and imaginative use for effective application
and continuous improvement.'
Educational Objectives

Though the objectives of one curriculum designer or
one teacher (including values) may not be the same, the
single most important factor that can contribute most
immediately to improvement in educational attainment
is the analysis and specification of educational objectives-
and learning outcomes. The following points elaborate
on this statement and indicate the impact of the specifi-
cation of objectives upon the educational process:

(1) The definition of instructional objectives in-
structs the curriculum designer and the teacher how to
proceed. Vague specification of the desired competence
level leaves the teacher with little concrete information
about what to look for in student performance and about
what to provide the student to attain this performance.
Recognition of the details of the competence to be ac-
quired permits the teacher to guide some students to
reach this level and to quickly react to the students who
surpass it.

The interaction between the specification of objectives
and experience in teaching frequently provides a basis
for a redefinition of objectives. As the curriculum de-
signer and teacher see what really is possible, they may
see more clearly the kinds of instruction and perform-
ance capabilities that students need in addition to those
initially considered in lesson planning. The process of
clarifying goals, working toward them, appraising prog-
ress, reexamining the objectives, modifying the instruc-
tional procedures to achieve goals, and clarifying the
objectives themselves in the light of experience and data
should be a continuous process. This process, however,
has little :lcus in the absence of initially specified
objectives.

A related point is that regardless of the way a subject
matter is structuzed there is usually present some
hierarchy of subobjectives, which indicates that certain
performances must be present as a basis for learning
subsequent performances. This hierarchy may be in-
fluenced by the properties of different tasks and by indi-
vidual differences; nevertheless, the absence of pre-
requisite competence in a sequence of instruction
dooms many students to failure. Specification of ob-
jectives permits identification and diagnosis of enter-

1 For more detail on one such system of individualized
instruction, see C. M. Lindvall and J. 0. Bolvin, "Programed
Instruction in the Schools: An Application of Programing
Principles in Individually Prescribed Instruction," in P.
Lange, Programed Instruction, Sixty-sixth Yearbook of the
National Society for the Study of Education, Part II,
Chicago, Illinois, University of Chicago Press, 1967, pp.
217-254.
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ing competence as well as terminal performance in a
course of study.

(2) Knowledge of objectives by the student gives him
a goal to attain ; such knowledge is instructive and moti-
vating. It permits the student to monitor his partial
successes and failures and to adjust and organize learn-
ing resources for himself. It is difficult for him to do
this without prior identification of what is meant by
competence. This competence can be learning to add, or
the more complex behavior of recognizing that tl' solu-
tion to a problem may involve many steps and that the
solution itself has many answers.

(3) As in other lines of endeavor, teachers require
frequent information about the results of their work so
that they can adjust their practices accordingly. Teach-
ers need standards by which to judge themselves ard by
which society can judge their effectiveness. Thi-, work,
and the task of assessment and measurement, is facili-
tated by the specification of student behavior which can
be observed and generally agreed upon. For the most
part, what can be measured in education are the short
term goals which are attained in school, most f:eque-tly
in terms of a year's work in a class. It is only hypoth-
esized that the performance at the end of a school
year or at the end of so many years of schooling is
related to long-term goals about the effectiveness of the
student in society and his profession. Detailed in-
vestigation of the relationship between performance
during and at the end of schooling and performance in
later life needs to take place. This kind of investigation
requires specification of performance at both points.

(4) The exercise of specifying objectives points up
the inadequacies of present knowledge of the education
al process. it might be said of a particular objective
that, "This involves only rote learning; I really mean
something else." The burden is then to say what else
is meant and how to recognize its presence in our stu-
dents. In the absence of such an exercise, lesson design-
ers and teachers find themselves settling for the rote
objective because there has been little attempt to
analyze the behavioral components of what they have
in mind. If, indeed, complex reasoning and openended-
ness are desirable aspects of human behavior, then this
needs to be a recognized and measurable goal. Overly
general, non-performance-based objectives may force us
to settle for what can be easily expressed and measured.

The fear of many educators that the detailed specifi-
cation of objectives forces us to work with only simple
behaviors which can be forced into measurable and ob-
servable terms is, indeed, an incorrect notion. The situa-
tion rather is, that if we do not attempt to specify the
complex processes we want to see in the student, then we
are in danger of omitting them and following the path
of least effort toward teaching more easily observable
and trivial behavior. We should specify, as best we can
in science education, that we are interested in such be-
haviors as reasoning skills, skill in selecting fruitful
hypotheses, skill in formulating problems to be solved
by scientific experiment, scientific patience and perse-
verance, tolerance for ambiguity and scientific curiosity.
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The challenge, then, is to find ways to recognize this
kind of behavior in a student (arid the recognition of
its presence or absence is a kind of measurement), and
to devise instructional situations which allow these ob-
jectives to be attained. The combination of the instruc-
tional background we provide in school plus the back-
ground that the student brings to school will determine
whether these objectives are attained in minimal ways
or ways that surprise us. At the very least, in the time
we have available as teachers, objectives provide stand-
ards of competence which most student,: can reach and
which many will surpass.
Diagnosis of Student Performance

Implicit in all that has been said so far is the necessity
for information about student performance. In the
absence of feedback, it seems impossible for the teacher
to guide the student and for the student to guide him-
self about how well a desired performance is being
approximated. Such information is the basis on which
the teacher decides on the next instructional step; in
addition, this information serves as reinforcing feed-
back for the student. It is also invaluable information
for the design and redesign of teaching materials.

Evaluation for the purposes of curriculum design is
becoming an increasingly important matter. Modern
curricula will no longer be built solely on the basis of an
author's judgment of the effective design of curriculum
materials based on his general experience. Rather, cur-
riculum development is guided by detailed empirical try-
out and redesign on the basis of data obtained from
student and teacher use. The performance of the student
is observed and tested in order to analyze the strong
points and shortcomings of an instructional sequence;
the evidence obtained is used to improve it. The
currently obtained effectiveness is then open for teachers
to inspect. This process of. evaluation for formative or
design purposes will increase irx the near future as edu-
cators demand such information.

Evaluation of the student's educational achievement
requires an analysis of the nature of measures of student
performance and the assessment of subject matter com-
petence. An important distinction to make is that
achievement measurement is distinguished from apti-
tude measurement in that the instruments used to assess
achievement are specifically 42L,ncerned with the proper-
ties of present performance, with emphasis on the mean-
ingfulness of their content in relation to educational ob-
jectives. In contrast, aptitude measures derive their
meaning from a demonstrated relationship between
present performance and the future attainment of
specified knowledge and skill.

The scores obtained from an achievement test can
provide primarily two kinds of information : (1) the
degree to which the student has attained a certain level
of competence, for example, whether he can satisfac-
torily prepare an experimental report or solve certain
kinds of problems in scientific reasoning; and (2) the
relative standing of the student in a group, for example,
whether Student A can solve his problems more quickly
than Student B. The principal difference between these
two kinds of information lies in the standard used as a

reference. The standard against which a student's
performance is compared in order to obtain the first kind
of information is the criterion behavior which defines a
specified educational objective. Criterion levels of com-
petence can be established at any point in instruction
where it is necessary to obtain information as to the
adequacy of a student's performance. The student's
score, with respect to these stated objectives, provides
explicit information as to what he can or cannot do
independent of reference to the performance of others.

On the other hand, when achievement measures are not
referenced to objectives and convey only information
about the capability of a student compared w!th the
capability of other students, little information may be
provided-about the degree of proficiency exhibited by the
tested behaviors in terms of what the individual can do.
They fell that one student is more or less proficient than
another, but do not tell how proficient either of them is
with respect to the subject matter tasks involved. In
large part, achievement measures currently employed in
education are norm-referenced, and work needs to be
done which will contribute to the development of cri-
terion-referenced tests in order to assess the outcomes of
learning. Criterion-referenced measures can provide
information about both degree of competence and rela-
tive standing. This obviously requires both the specifi-
cation of objectives and ways of evaluating their attain-
ment.

ROBERT GLASER
Director
Learning Research and

Development Center
University of Pittsburgh
Pittsburgh, Pa. 15213
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