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THE demonstration and descrip 
tion of effectiveness are principal concerns 
of every curriculum evaluation. The evalu 
ation designs constructed and used b> I'^e 
experimental curriculum developers to ac 
complish these purposes assume mony ^r,d 
varied modes. Examples of this variability 
are observable in the published literature 
describing experimental science curriculum 
projects such as the American Association 
for the Advancement of Science Commis 
sion on Science Education (1, 2), ESI (3), 
BSCS (4), PSSC (5, 6), and CBA (7, 8).

One approach is to allow the author of 
the instructional materials to view the units 
being taught and to evaluate their success 
or failure on the basis of his observations. 
This tactic is usually applied to small seg 
ments of a complete instructional program. 
The author must be able to make the per 
sonal contacts necessary. The procedure as 
sumes a level of objectivity on behalf of the 
author which may be difficult to maintain 
with respect to the materials he has written.

Some curriculum developers recognize 
the need for product evaluation, but do not 
choose to conduct the assessment. Two prac 
tices are commonly pursued by these groups. 
One procedure is to acknowledge the respon 
sibility to evaluate, but delegate it to another
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organization. For example, a professional 
testing organization may be employed to 
const: uct the assessment measures. When 
this strategy is adopted, the testing organiza 
tion has the responsibiliy of examining the 
prepared   urriculum materials and deter 
mining what learner outcomes are antici 
pated from the use of the materials. Once 
this task is accomplished the test makers 
complete their activity by devising what are 
thought to be appropriate test instruments. 
The testing program is administered. The 
results of the testing program are presumed 
to be an impartial evaluation of the effective 
ness of the curriculum. Obviously the amount 
of communication established between the 
project staff and the test makers is a variable 
that directly affects the appropriateness of 
the developed measures.

A second posture assumed by some cur 
riculum developers is to argue that a mean 
ingful evaluation cannot be done. Those who 
embrace this position often argue that the 
available measurement tools are too crude 
to obtain the desired information. The usual 
consequence of adopting this position is to 
call for no evaluation.

Still another strategy of evaluation is 
available. The assessment of the effectiveness 
of a curriculum can be based upon behav 
ioral objectives. This strategy calls for the 
curriculum developer to describe expected 
learner outcomes in terms of reliably observ 
able behavior and to construct measures that 
assess the attainment of the specified beha 
viors. The appeal of this evaluation strategy
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rests with the intimate involvement of the 
authors of the instructional material in the 
construction of both the instructional objec 
tives and their assessment.

Methodological Observations 
on Curriculum Research

There is no universal research design 
that can be applied uniformly to all curricu 
lum evaluations. In fact, much of the "text 
book" research methodology has only limited 
application to the design of an evaluation 
for an ongoing curriculum project. Many of 
the characteristics considered necessary in 
expositions of experimental design cannot be 
met in curriculum evaluations. For example, 
random selection of tryout centers from a 
national sample is impossible. Random as 
signment of subjects to classes is not pos 
sible, except for a few school systems. It is 
difficult, if not impossible, to maintain intact 
classes from year to year and yet many cur 
riculum projects develop material intended 
for several school years.

In general, the present school environ 
ment can be characterized as one in which 
the opportunities for manipulation of experi 
mental variables do not exist for all practical 
purposes. Needless to say, this places a 
major constraint on any curriculum evalua 
tion design which is expected to be opera 
tional. One might conjecture that this is 
the nature of the institution, that schools 
have always been this way. Cremin C9), 
however, suggests this was not always true 
of schools in the United States. Robert Davis 
(10), at a recent conference on mathematics 
education research, argued most persuasively 
that if we are to be able to study schools ex 
perimentally it is necessary to retrieve the 
ability to manipulate variables within the 
schools. But such conditions do not cur 
rently prevail and this must also be recog 
nized.

The cost is an important consideration 
in the design of an evaluation for a curricu 
lum project. As Scriven (11) has indicated, 
with the development of an extended evalu 
ation structure a curriculum project must 
commit the use of a considerable part of its

budget to this part of its activity. Currently, 
evaluation services may have available as 
much as ten percent of the project's direct 
cost budget; few have more funds for this 
purpose and most have less. From the 
standpoint of cost analysis with respect to 
actual funds expended, experimental curric 
ulum projects resemble development efforts 
much more than they do research efforts.

The curriculum researcher who designs 
an evaluation that ignores these experimental 
constraints is naive. It is the responsibility 
of those charged with the design and exe 
cution of curriculum evaluation to deal 
openly and rationally with these limitations, 
and to effect the most meaningful data col 
lection possible.

There are certain general characteristics 
of curriculum assessment which should be 
satisfied by any evaluation design. First, the 
assessment should measure the aims of the 
curriculum as the curriculum developers en 
vision these aims. Second, each assessment 
task should be acceptable to the curriculum 
developer as an evaluation of a particular 
curriculum aim. Acceptance of the assess 
ment tasks is an endorsement of them as 
adequate measures of the aims. This accept 
ance also implies a willingness to employ the 
results obtained from these measures as ac 
curate reflections of success or failure at 
meeting the aims of the curriculum. Third, 
the data are gathered in a manner that fol 
lows the accepted practices associated with 
the collection of any experimental evidence, 
including a sufficient description of proce 
dures so that replication is possible.

Yet, what data are meaningful? As 
with the choice of experimental design, there 
are a number of answers to this question. 
The identification and description of the 
measurable unit to be used is an important 
consideration in any choice. Consider a cur 
riculum to be a set of instructional materials 
made up of separate designated units where 
each unit has one or more aims. Whenever 
the curriculum developer produces such an 
instructional package, the priority assign 
ment of evaluation is to supply data on the 
success or failure of the instructional units.

Observe the futility of comparison
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studies at this juncture of the evaluation. 
Until it is possible to decide whether the aims 
of each instructional unit are met by the set 
of experimental materials, there is little point 
to the study of other curricula. Because the 
immediate development problem concerns it 
self with meeting the aims specified for each 
particular instructional unit, the nature of 
the measurable unit is critical.

One Position on Evaluation
But how can the description of aims be 

made so as to assist in their evaluation? 
One answer is to construct all instructional 
aims as descriptions of observable behavior. 
That is, observe whether the subjects exposed 
to the instructional material are able to ex 
hibit the behaviors described as the instruc 
tional aims in the objectives and on the basis 
of these observations construct a success-or- 
failure decision.

The immediate evaluation concern is 
the assessment of acquired behavior. With 
involvement being a theme of most, if not 
all, current experimental curriculum efforts, 
it is unlikely that an evaluation of behavior 
could be restricted to paper-and-pencil meas 
ures of performance and still directly meas 
ure the total array of expected behavioral 
acquisitions. In fact, the expectation is that 
most of the measures of behavior will require 
performance tasks for which paper-and- 
pencil items are unacceptable as adequate 
measures.

Assessment measures of behavior also 
raise interesting psychometric questions. For 
example, the behavior described by an ob 
jective is to be acquired by what percentage 
of subjects exposed to the instructional ma 
terial? 50 percent? 75 percent? 100 per 
cent? or how many? If the curriculum is 
intended for general education, say as an 
elementary science curriculum for the ele 
mentary grades, then 100 percent acqui 
sition of the behaviors stated as objectives 
is desired. Suppose an assessment task is 
accepted by the curriculum developer as eval 
uating whether or not a subject has acquired 
the behavior described by an objective. The 
results of administering the task to a number

of subjects are certainly not to be judged by 
the usual item analysis procedures. Further 
more, a collection of such tasks are not con 
structed so as to contain a range of item 
difficulties. The result the curriculum devel 
oper is working toward is acquisition of each 
of the stated behaviors by all subjects.

A Practical Example
What occurs in practice when such an 

evaluation strategy is adopted? The evalua 
tion of Science—A Process Approach, an ex 
perimental elementary science curriculum 
developed by the Commission on Science 
Education of the American Association for 
the Advancement of Science, is one example. 
This project adopted the strategy of stating 
the instructional aims of the curriculum in 
terms of reliably observable behaviors.

The instructional material for each year 
of the seven years covered by the curriculum 
is called a part. The instructional units are 
called exercises. Each part consists of ap 
proximately 25 exercises. The exercises are 
written for the teacher. There are no text 
books written for the student. The objec 
tives stated at the beginning of each exercise 
are descriptions of reliably observable be 
havior. The behavior objectives are descrip 
tions of the performances all children should 
be able to exhibit after instruction. They are, 
in this sense, minimal objectives for each 
exercise. These behaviors are the ones being 
assessed in the immediate evaluation pro 
cedures.

The characteristics of the behavioral 
descriptions as they appear for this curricu 
lum have been discussed by Gagne (12) and 
Walbesser (13). It may be helpful to de 
scribe the evaluation procedure which deals 
with the success or failure of individual 
exercises as a hypothesis. This hypothesis 
can be described in the following manner:

Research Hypothesis: An elementary sci 
ence curriculum for grades K-6 can be devel 
oped so that at least 90 percent of the children 
tested and who were taught from the instruc 
tional materials will acquire at least 90 percent 
of the behaviors described as objectives.

The portion of the evaluation intended
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to test this hypothesis must concern itself 
with the acquisition of the behaviors de 
scribed as objectives for each exercise. Cer 
tain other considerations may not be quite 
as clear and deserve some clarifying remarks. 
First, if it is the acquisition of the behavior 
which is to be assessed, then a direct recall 
task is not acceptable. Each assesment task 
requires a change of stimulus or change of 
context, if the subject's response is to be ac 
ceptable as evidence of the learner's acquisi 
tion of the behavior. Tasks which require 
only recall use of the same stimulus in the 
same context as the instructional activity  
are not acceptable as measures of behavioral 
acquisition.

A second consideration is the validity 
of the tasks. The authorship of assessment 
tasks best resides with the author of the 
instructional material. The author is in the 
best position to construct tasks which ac 
curately reflect the competency he wishes 
to be attained. A measure of the validity 
of the assessment tasks constructed by an 
exercise author is obtained by presenting 
other experts from the same discipline with 
the description of objectives, the instruc 
tional materials, and a collection of possible 
assessment tasks. Some of the tasks are 
the ones constructed by the author of the 
exercise for a particular set of objectives and 
some of the tasks are unrelated to the stated 
objectives. Each member of the reviewing 
panel is asked Con an individual basis) to 
match objectives, instructional activities, and 
assessment tasks. If the panel agrees with 
the exercise author, then the tasks are ac 
cepted; if not, the tasks are rejected; new 
tasks constructed by the exercise author; and 
the reviewing procedure is repeated. The 
reviewing committee can be a committee of 
the development project such as the one 
charged with evaluation or a separate group 
convened explicitly for this review purpose.

When to administer these assessment 
tasks is an important consideration. The 
decision to be made is whether the adminis 
tration should occur immediately after in 
struction has been completed for an exercise 
or to delay administration some pre-estab 
lished period of time. The question then

resolves itself into one of deciding whether 
or not these measures are to be concerned 
with the extinction of behavior as well as 
with its acquisition. In the test of the re 
search hypothesis it is conjectured that the 
instructional materials do bring the popula 
tion of learners to some stated level of attain 
ment, a 90/90 level in this case. The assess 
ment tasks represent the source of data used 
to test this hypothesis.

Some portion of the evaluation strategy 
must be designed to yield data concerning the 
acquisition of behaviors immediately after 
instruction for the objectives of each exer 
cise. The assessment tasks which serve 
this immediate evaluation purpose are best 
administered immediately following com 
pletion of the exercise. The longitudinal 
study of how these separate behavioral ac 
quisitions relate to one another is not a con 
cern of the immediate evaluation.

Observe that the research hypothesis 
calls for something less than 100 percent 
of the children acquiring less than 100 per 
cent of the described behaviors. Why? 
The answer is that 100 percent acquisition 
by all children was considered unrealistic 
for a curriculum which is to cover seven 
years of instructional materials. Individual 
differences in acquisition contributed to this 
decision. The mobility of subjects into 
classes without prior exposure to the curric 
ulum also contributed to making the deci 
sion. It was conjectured that under these 
constraints the 90/90 level of attainment 
would provide an acceptable indicator of 
success.

The preparation of the instructional 
materials for Science—A Process Approach 
has followed this pattern: (a) development 
and revision in summer writing conferences 
beginning in 1963; (b) a year of field tryout; 
and (c) revision based upon assessment 
data and teacher feedback reports. The 
cycle established by (b) and (c) is repeated 
at least twice for each exercise.

The exercises were arranged in a se 
quence based upon learning hierarchies. 
One hierarchy was constructed for each proc 
ess. Each learning hierarchy is named by a 
process label. These process labels include:
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Classifying, Communicating, Inferring, 
Measuring, Using Numbers, Predicting and 
Using Space/Time Relationships. Each of 
the eight learning hierarchies is a develop 
mental sequence of behavioral acquisitions. 
More complete discussions of learning hier 
archies, their construction, validation, and 
interpretation have been written by Gagne 
(14, 15, 16). Specific references to the 
process learning hierarchies of Science—A 
Process Approach h ave been prepared by 
Walbesser (17), the Commission on Science 
Education Newsletter (18), and the Xerox 
Corporation (19).

The instructional procedures described 
in the exercises are written in a form which 
outlines the organizational and instructional 
strategies to be used by the classroom 
teacher. Fourteen tryout centers were in 
volved in the third year of use in schools 
(20). The distribution of tryout classes at 
each grade level for the third tryout year was 
kindergarten, 16 classes: grade one, 22 
classes; grade two. 22 classes; and grade 
three, 39 classes.

The data collected to test the first re 
search hypothesis were obtained from the 
assessment measures administered to indi 
vidual children by the teacher or by some 
other member of the professional staff in the 
tryout school. A minimum of three children 
were tested at the end of each exercise com 
pleted by a tryout teacher. No pressure was 
exerted on the tryout teachers to complete 
exercises on any sort of time schedule. The 
teachers paced their own instruction. The 
three children tested were randomly selected 
at the beginning of each month and no chil 
dren were repeated until all children had 
been in a test group at least once. The as 
sessment measures were the same for all 
tryout teachers. The assessment tasks were 
prepared by the project staff and the evalua 
tion committee working in the writing ses 
sion during the summer.

The assessment tasks (the instructions, 
description, and acceptable responses) for an 
exercise are called the competency measure 
for the exercise. Both the words and the 
materials to be used are specified. The col 
lection of acceptable responses for each of

the assessment tasks is also described for the 
teacher to help in making a judgment as to 
whether the performance of the child was 
acceptable. Other individuals besides the 
classroom teacher were asked to administer 
one or more of the exercise assessments as a 
check on the teacher's interpretation of his 
own children's performance.

In this examination of the stated re 
search hypothesis, the intention is to con 
sider only the data for the experimental exer 
cises which have undergone an original draft 
and two revisions. This included only the 
first four parts of the experimental materials 
which are intended for the kindergarten and 
grades one, two, and three.

As a convenience in categorizing the 
competency measure data, four classifica 
tions of exercises were created. Group one 
is defined to be those exercises in which at 
least 90 percent of the children acquire at 
least 90 percent of the specified behaviors. 
Group two is defined to be those exercises in 
which at least 80 percent, but less than 90 
percent, of the children acquire at least 90 
percent of the specified behaviors. Group 
three are those exercises in which at least 
70 percent, but less than 80 percent, of the 
children acquire at least 90 percent of the 
specified behaviors. Group four are those 
performance results in which less than 70 
percent of the children acquire at least 90 
percent of the specified behaviors.

Graphs One through Four summarize 
the results of the competency measure test 
ing. Each of the four groups are shown.

Part One Findings
Graph One describes the observed suc 

cess of the children, who were using the Part 
One instructional materials and who were 
sampled for testing, in acquiring the be 
haviors specified by the exercise objectives 
and measured by the individual competency 
measure tasks. Of the 24 exercises in the 
part, 16 or 66-2/3 percent are group one. 
Hence, two-thirds of the exercises in Part One 
support the research hypothesis. Of the re 
maining eight exercises, all refute the hy 
pothesis, six report results at the group two
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level of performance and two report results 
at the group three level of performance.

While the group two exercises do not 
support the hypothesis, there is a temptation 
to make the assertion that exercises at this 
level of performance could be changed from 
refutation to support by another careful re 
vision. Consider that each of these parts 
has undergone two revisions already. The 
data collected on the competency measure 
tasks represent the assessment of behaviors 
acquired from instruction with the third edi 
tion exercises. To suppose that another re 
vision will substantially affect the observed 
performance results, so that all or most of 
the non-group one exercises will become 
group one, is to go considerably beyond the 
data. However, it does seem reasonable to 
conjecture that revisions in the instructional 
activities of certain group two exercises 
might possibly affect performance changes 
from group two to group one. Considering 
the revisions as approximation procedures, 
such a conjecture for certain group two 
exercises is defensible.

Of course, to be acceptable these 
changes would need to occur without altering 
the statement of the exercise objectives. The 
most likely candidates for such changes are 
the group two exercises, especially those 
within two or three percent of being at the 
group one level. There is reason to be cau 
tious about the potential of additional revi 
sions, but also hopeful about their possible 
effect on this special subset of group two

exercises. For those exercises reporting 
performance acquistions further away from 
the group one level, there is no reason to 
suspect that additional revision will suffi 
ciently alter the performance outcomes of 
these exercises after they have already under 
gone two careful revisions.

The two exercises with the lowest level 
of performance acquisition in Part One are 
both from the same process, Observing. The 
two group three exercises are Observing 2  
Observing Temperature and Observing 6  
Perception of Odor. The competency measure 
for Observing 2 was administered to 48 sub 
jects. The lack of acquisition of two be 
haviors proves to be the principal contributor 
to the group three level of performance for 
this exercise: (a) distinguishing between 
the temperature in two different locations, 
and (b) distinguishing between the tempera 
ture at two different times. What can be 
done to alter this situation?

Additional revision is not an attractive 
alternative, since this exercise is now a prod 
uct of two revisions which have not resulted 
in a 90/90 performance level product. One 
course of action is to postpone the instruc 
tional activities developed to aid in the ac 
quisition of these behaviors. The postpone 
ment could be to a later time in the part or 
to a later part. An alternative is to eliminate 
these behaviors as components of the Ob 
serving process learning hierarchy. If the 
elimination strategy is adopted, then some 
consideration must first be given to assure 
that these behaviors are not needed as pre 
requisite to the acquisition of some subse 
quent behaviors in the Observing process or 
some other process.

One behavior appears to be the principal 
cause of the poor performance level obtained 
for Observing 6. The competency measure 
for this exercise was administered to 40 sub 
jects. The one behavior most often not ex 
hibited by these subjects was that of being 
able to construct an arrangement of objects 
by their odor. Some of the poor performance 
for this behavior may be explained by hy 
pothesizing that some individuals are not 
able to distinguish between odors in a way 
similar to individuals who are considered
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non-tasters. A rival explanation is that there 
are certain subordinate behaviors which need 
to be acquired first, and these have not been 
acquired by the subjects tested. If the phys 
iological explanation is accepted, little could 
be accomplished by revision. If the rival ex 
planation is accepted, then the revision would 
focus on the identification and description of 
these subordinate behaviors.

Part Two Findings
Graph Two describes the observed suc 

cess of the children in acquiring the be 
haviors specified by the exercise objectives 
and measured by the individual competency 
measure tasks. The data are the test results 
of children who did use the Part Two instruc 
tional materials and who were sampled for 
testing. Of the 26 exercises in this part, 20 
or 7 7 percent are group one and the remain 
ing six or 23 percent are group two. Six 
group two exercises do refute the hypothesis. 
One of the six exercises is an alternate exer 
cise at the end of the part. Classifying B, 
which does not contain objectives necessary 
to the Classifying learning hierarchy. The 
performance results of this exercise are im 
portant as evidence that this exercise does 
not achieve the acceptable level of success. 
Of the remaining five exercises, one is close 
enough to group one to suggest the possi 
bility of a successful revision. The other four 
are not likely to be affected by additional 
revision, but are needed as subordinate be 

haviors in their respective learning hier 
archies.

To retain the group one and group two 
exercises in their present form and at the 
same time attempt to design more effective 
exercises to substitute for the group two ex 
ercises, would seem to be the sensible strat 
egy in light of the data and these conditions.

Part Three Findings
The competency measure results for 

Part Three exercise objectives are summa 
rized in Graph Three. Of the 26 exercises in 
this part, four exercises report levels of ac 
quisition which support the research hypothe 
sis. A majority of the exercises, 16, report 
acquisition results at the group two level. 
There are three exercises at each of the group 
three and group four levels. That is, 22 exer 
cises or 85 percent refute the research hy 
pothesis. Again it might be argued that some 
of the group two exercises could be improved 
by a revision.

Further analysis reveals interesting posi 
tion patterns in the part for the group three 
exercises. Two of the group three exercises 
were positioned at the end of the part and 
consequently were taught near the end of the 
academic year. Not all of the tryout classes 
reached that portion of the instructional se 
quence. Therefore, the sample of compe 
tency measure results is quite small in com 
parison to the earlier exercises of the part. 
The poor performance results may be an
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outcome of this limited sample. The one 
exercise classified as group three which was 
not at the end of Part Three was Observing 
17 Bacteria. The performance data ob 
tained from the competency measure testing 
identify two behaviors as the principal con 
tributors to this low performance. One, the 
children tested were unable, for the most 
part, to describe methods for showing that 
bacteria could be found almost any place. 
Two, the children were unable to demonstrate 
that it is possible to identify and describe 
small things by observing the organisms in 
clusters.

Using Number Relationships 7 Multi 
plication, Measuring 8 Are Pictures Always 
Life Size, and Observing 18 Five Plants 
were the three exercises at the group four 
level. In the Using Numbers exercise, the 
children tested who contributed low scores 
were unable to construct the product of num 
ber pairs using a repeated addition al 
gorithm or using a number line. Two be 
haviors were not acquired by those subjects 
who contributed low scores to the Measuring 
8 results: one, the children were unable to 
identify and name the linear scale on a m ap; 
and two, they were unable to state the actual 
size of an animal given an illustration of it 
and the scale used. The results of the com 
petency measure assessment for "Five Plants" 
identify the competencies of being able to 
construct an experiment to test a hypothesis 
and being able to identify the variable to be 
controlled in an experiment as the two be 
haviors not acquired by the subjects tested.

Part Four Findings
Graph Four displays the results of test 

ing for acquired behaviors stated as objec 
tives in the twenty-six exercises of Part Four. 
Fifty percent or 13 exercises report group one 
results, twenty-seven percent or seven exer 
cises, report as group two, four exercises are 
group three and two exercises are group four. 
The two group four exercises are Classifying 
7 Classification Techniques Coding Sys 
tems and Using Number Relationships 11   
Metersticks, Money, and Decimals. The con 
struction of a code that could be used as a

multilevel classification scheme and the iden 
tification of the basis on which a classifica 
tion code could be constructed are the two 
behaviors not acquired by the subjects tested. 
The Using Numbers process exercise at 
tempts to help the learner acquire the com 
petency of being able to describe metric 
measurement and U. S. Currency in terms of 
decimal numerals. The data suggest this 
exercise does not succeed in accomplishing 
this objective.

Dan for Plrt Pour

The data for Inferring 5 Tracks and 
Traces, a group three exercise, indicate that 
the children tested were unable to distinguish 
between an inference and an observation. 
This same population of subjects was also 
found to be unable to identify fractions from 
the largest to the smallest. These data came 
from the assessment measure results of Using 
Numbers 10 Fractions, also a group three 
exercise. The third group three exercise in 
this part was Using Space/Time Relation 
ships 17 Revolutions and Angular Velocity. 
The low performance results for this exercise 
were obtained for subjects who were unable 
to identify and name the circumference of a 
circle or use the circumference to calculate 
the linear speed of a wheel.

Observations on the Findings

The findings indicate that the level of 
acquisition stated in the research hypothesis 
was not attained for all exercises in Parts One
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through Four. That is, ninety percent of the 
subjects tested had not acquired ninety per 
cent of the behaviors specified as objectives 
for all exercises in Parts One through Four. 
Certain parts fared better than the others. 
The research hypothesis was supported for 
53 exercises from a total of 102 exercises, 
or the research hypothesis was supported 
slightly better than 50 percent of the time. 
Recall too that these data were obtained on 
behavioral acquisitions for exercises which 
had undergone two years of field testing and 
two revisions.

Why is it that the objectives are not met 
(behaviors not acquired at the desired level) 
with the 90/90 success level? What possible 
explanations are there for such results? An 
explanation is that the instructional activities 
failed. Perhaps the scientists and teachers 
who authored or revised the exercises were 
wed to a single position and did not alter the 
exercises. Examination of the various edi 
tions does not seem to support this explana 
tion, beyond accounting for a few of the find 
ings. The competency measures may not 
assess the behaviors described as exercise ob 
jectives. In a certain few instances this may 
be true, but it does not generally hold. In 
fact, the editorial step of matching tasks to 
the objectives reduces the likelihood of such 
a circumstance to near zero.

Another possible explanation is that the 
instructional activities do not correspond to 
the objectives or the assessment tasks. In de 
signing and revising the competency meas 
ure tasks, the context or the stimulus was 
changed from that used in the instructional 
activities, but the objectives of the tasks and 
the exercise activities were checked to see 
that they were the same. Test anxiety might 
be proposed as an explanation for some of the 
lack of expected attainment, but this effect 
should have been encountered for most exer 
cises and a differential effect on half of the 
exercises is not to be expected.

Another rival explanation for these re 
sults appeals to the assumption guiding the 
construction of the sequence of exercises. 
The instructional program (exercises, equip 
ment, and competency measures) was devel 
oped to be in consonance with an assumption

Table One: Patterns of Exposure to the Parts

Categories of Subjects Within Part Two:
1. Exposed to Part One
2. Not Exposed to Part One

Categories of Subjects Within Part Three:
3. Exposed to Parts One and Two
4. Exposed to Part One, but not Part Two
4'. Exposed to Part Two, but not Part One
5. Not Exposed to Parts One or Two

Categories of Subjects Within Part Four:
6. Exposed to Parts Two and Three
7. Exposed to Part Two, but not Three
7'. Exposed to Part Three, but not Two
8. Not Exposed to Parts Two or Three

about learning. The assumption or hypothe 
sis is this given a terminal behavior to be 
acquired, there exists a set of prerequisite 
behaviors which must first be acquired by 
the learner. Because of this assumption, an 
argument might be made that for exercises 
whose test data lead to rejection of the re 
search hypothesis the data were contributed 
by subjects who had not first acquired the 
necessary prerequisite behaviors behaviors 
acquired from previous exercises in the 
learning hierarchy. Furthermore, the phe 
nomenon can occur because of mixing the 
data derived from assessing subjects who 
have had one or two previous years' exposure 
to the curriculum with data derived from 
subjects who have had no previous exposure. 
Such an explanation obviously does not ac 
count for the eight exercises in Part One 
which do not support the research hypothesis, 
but it may explain the results observed for 
Parts Two, Three, and Four.

Findings in
Special Student Categories

For the subjects exposed to Parts Two, 
Three, and Four of the curriculum, there did 
exist a mixing of subjects by previous ex 
posure. For example, the subjects exposed 
to Part Two are in two categories, those who 
have been exposed to Part One the previous 
year and those who have not been exposed to 
Part One. For the population of subjects 
exposed to Parts Three or Four, there are
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three categories, those who have had ex 
posure to the curriculum in two previous 
years, those who have been exposed to the 
curriculum in one previous year, and those 
who have had no previous exposure. The 
learning assumption relating terminal be 
haviors to subordinate behaviors suggests 
several related research hypotheses.

Before stating these hypotheses, it is 
helpful to describe certain conditions of sub 
ject exposure tct the Science—A Process Ap 
proach curriculum. Table One (see page 61) 
displays the various conditions of exposure 
for each part.

Research hypotheses are constructed 
from the categories shown in Table One. The 
Part Two research hypothesis is:

Research Hypothesis: The behavioral ac 
quisition of Part Two subjects Category 1 is 
greater than the behavioral acquisition of Part 
Two subjects Category 2.

If this hypothesis is supported, there 
should be an observable difference in the 
level of behavioral acquisition for the two 
learner classifications.

Graph Five displays the data for the two 
student categories within Part Two. The 
horizontal axis names each of the four be 
havioral acquisition groups and the two stu 
dent categories within each group. The verti 
cal axis names the percentage of exercises 
within each group for the subjects tested. 
Eighty-eight percent of the exercises are

group one for the second year students tested, 
while 50 percent of the exercises are group 
one for the first year students tested. These 
data offer support for the second research 
hypothesis for Part Two.

Recall that the second year students rep 
resent the desired length of prior exposure 
to the curriculum, before instruction with 
Part Two. These observations coupled with 
these second year student data suggest that 
Part Two does approximate the desired 90/90 
level specified in the research hypothesis foi 
that part.

Graph Six shows the data collected for 
the three student categories within Part 
Three. The horizontal and vertical axes are 
the same as those used for Graph Five with 
one exception. Three student categories, 
first, second, and third year, are named on 
the horizontal axis within each group. The 
research hypothesis for Part Three is:

Research Hypothesis: The behavioral ac 
quisition of Part Three subjects 3 is greater 
than the behavioral acquisition of Part Three 
subjects 4 or 4' which is greater than the be 
havioral acquisition of Part Three subjects 5.

The third year students tested do show 
that 58 percent of the Part Three exercises 
are at the group one level. However, the 
predicted ordering of second year student 
results being greater than first year student 
results is not supported by the data. The
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third year students, it should be remembered, 
represent the desired length of prior exposure 
to the curriculum, before instruction with 
Part Three. The acquisition data synthesized 
in this form do not support the Part Three 
research hypothesis, although there is evi 
dence of a cumulative effect for third year 
students.

The Part Four research hypothesis is:

Research Hypothesis: The behavioral ac 
quisition of Part Four subjects   6 is greater 
than the behavioral acquisition of Part Four 
subjects 7 or 7' which is greater than the be 
havioral acquisition of Part Four subjects 8.

The data collected for the three student 
categories within Part Four are shown on 
Graph Seven.

The third year students tested do display 
the greatest percentage, 64 percent of the 
Part Four exercises at the group one level. 
The research hypothesis related to order is 
supported by the Part Four data.

In summary, the first research hypothe 
sis raised the question of whether it is pos 
sible to produce a set of instructional mate 
rials for which 90 percent of the students 
acquire 90 percent of the behaviors stated as 
objectives. The data based upon the com 
bination of all student categories of exposure 
to the Science—A Process Approach curricu 
lum do not support the research hypothesis 
for any of the four parts. The Part Two

results come closest to offering support for 
the hypothesis.

Three explanations of these results seem 
most plausible. One explanation is that the 
instructional materials have not been revised 
sufficiently. However, if this reason is enter 
tained, it should also be recalled that these 
instructional materials have gone through an 
original draft and two revisions. Under the 
circumstances, the possibility of additional 
revisions achieving the desired results is ques 
tionable. A second explanation is that the 
90/90 criterion is too high an expectation. 
However, if a curriculum is to be designed 
for a general education audience, then the 
90/90 expectation for a successful program 
seems to be a reasonable one. Such a level of 
expectation admits that 10 percent of the 
student population would not be expected to 
meet the minimal acquisition level. The re 
ported data suggest that the 10 percent figure 
is not large enough.

A third plausible explanation for the 
observed level of performance in Parts Two, 
Three, and Four is based upon the observa 
tion that the behaviors for all exercises have 
been sequenced into eight learning hier 
archies, one for each science process that has 
been identified. Since these are validated 
learning hierarchies, there should be an ob 
servable learning advantage for those stu 
dents who have been exposed to the previous 
parts. Three research hypotheses were exam 
ined in relation to the predicted ordering  
one for each of the Parts Two, Three, and 
Four.

Support was found for the hypotheses 
associated with Parts Two and Four. A cumu 
lative learning effect was observed in Parts 
Two, Three, and Four. The first research 
hypothesis (that related to reaching the 
90/90 level), however, was not supported by 
the data organized in terms of student ex 
posure. The percentage acquisition increased 
for the students with the appropriate amount 
of exposure to the curriculum, but still did 
not reach the desired 90/90 level for all exer 
cises. If the desire is to construct a set of 
instructional materials appropriate for a gen 
eral education audience, then the data or 
ganized by student exposure suggest that the
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minimal, acceptable level of success may 
need to be lowered from the 90/90 criterion.

The reported data also raise interesting 
questions about the behaviors that can be 
expected to meet the 90/90 criterion. For 
example, what particular identifying, nam 
ing, demonstrating, constructing, and de 
scribing behaviors are acquired by at least 
90 percent of the learner population? Are 
there any generalizations which can be con 
structed from these data about acquisition? 
Does the context of the assessment task af 
fect the indicated measure of acquisition? 
What instructional conditions affect the ac 
quisition of these various classes of per 
formance?

The methodological questions raiseff by 
the current curriculum development activi 
ties of ongoing projects are not resolved by 
this discussion. However, some aspects of 
the problem as it relates to research have 
been raised and one set of assumptions de 
scribed. The behavioral objectives and learn 
ing hierarchies strategy for curriculum re 
search merits some consideration. Alterna 
tive strategies must also be heard and con 
sidered. The hope of this presentation is that 
other curriculum research tactics will be de 
scribed and their application illustrated.
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