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FOREWORD

This reporf?”%ubmitted in compliance with Article 3 of the contract,
reports on technical activities of Project ABLE during its seventh quarter
of operation, 1 October through 31 December 1966. A brief overview of the
project is presented first, followed by a report summary. The major portion
of the report addresses the probiem of selecting sequences for learning
units such that students acquire the desired performance capabilities

systematically and efficiently.




OVERVIEW: Project ABLE

A Joint Research Project of: Public Schools of Quincy, Massachusetts

and American Institutes for Research

Title:  DEVELOPMENT AND EVALUATION OF AN EXPERIMENTAL CURRICULUM FOR

THE NEW QUINCY (MASS.) VOCATIONAL~TECHNICAL SCHOOL

Objectives: The principal goal of the project is to demonstrate increased

effectiveness of instruction whose content is explicitly derived from
analysis of desired behavior after graduation, and which, in addition, -
attempts to apply newly developed educational technoiogy to the design,
conduct, and evaluation of vocational education. lIncluded in this new
technology are methods of defining educational objectives, deriving
topical content for courses, preparation of students in prerequisite
knowledges and attitudes, individualizing instruction, measuring student
achievement, and establishing a system for evaluating program results

in terms of outcomes following graduation.

Procedure: The procedure begins with the collection of vocational infor-

mation for representative jobs in eleven different vocational arcas.
Analysis will then be made of the performances required for job execution,
resulting in descriptions of essential classes of performance which need
to be learned. On the basis of this information, a panel of educational
and vocational scholars will develop recommended objectives for a vocational
curriculum which incorporates the goals of (a) vocational competence;

(b) responsible citizenship; and (c) individual self-fulfillment. A
curriculum then will be designed in topic form to provide for comprehen-
siveness, and also for flexibility of coverage, for each of the vocational
areas. Guidance programs and prerequisite instruction to prepare junior
high students also will be designed. Selection of instructional materials,
methods, and aids, and design of materials, when required, will also be
undertaken. An important step will be the development of performance
measures tied to the objectives of instruction. Methods of instruction
will be devised to make possible individualized student progression and
selection * alternative programs, and teacher~training materials will

be developed to accomplish inservice teacher education of Quincy School
Personnel. A plan will be developed for conducting program evaluation

not only in terms of end-of-year examinations, but also in terms of con-
tinuing follow-up of outcomes after graduation.

Time Schedule: Begin 1 April 1965

Complete 31 March 1970
Present Contract to 30 June 1967
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REPORT SUMMARY

During the present reporting period, technical activity cmphasized (1)
continued tryout of the junior high school guidance program and development
of procedures and devices for its evaluation, (2) development of measures for
assessing student achievement of instructional objectives, and (3) preparation
of learning units. This report on the problems of designing effective sequences
for learning provides a seque! to the preceding quarterly report on the design
of learning units. Major sections of the report consider: the gross sequence
established by general curriculum policies, the specific sequence requirements
due to the structure of objectives, major factors affecting thc efficiency of
learning sequences, and empirical test and revision of the initial sequence

design.

During the next quarter, the design and sequencing of learning units and
the development of the accompanying achievement measures will absorb a major
portion of project activity. In addition, the collection of data for evaluation
of the junior high guidance program now in tryout will continue, development of
senior high guidance program plans and materials will continue; and plans for

teacher training will be outlined.
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Rt i G SRy 4y

RV




THE SEQUENCING OF LEARNING UNITS

A curriculum may be defined as an organized sequence of instructional
situations by which students acquire selected capabilities. Previous reports
in this series have considered the selection and definition of student capa=-
bilities which are the objectives of the curriculum (Morrison, 1965b; Morrison,
& Gagné, 1965), the design of instructional situations or learning units for
acquisition of the capabilities (Morrison & Lecznar, 1966b), and the develop-
ment of measures whereby students demonstrate achievement of the objectives

(Morrison & Lecznar, 1966a). The present report is concerned with the problems

of organizing the learning activities into effective sequences.,

The first three sections of the report deal with the initial design of
the learning sequence. Section one outlines the gross sequence established
.early in development by general policy decisions. Section two discusses the

more specific sequencing requirements imposed by the structure of learning T

objectives. Section three reviews major factors affecting the efficiency of
a sequence. The final section of the report concerns empirical test and

revision of the initial sequence design.

General Policy and Administrative Requirements

In any curriculum development, there are questions of general policy, 7

strategy, and procedure which must be resolved in order to proceed with the
technical development. No curriculum could achieve every possible educational
goal, include every desirable learning, employ every available teaching method
or technique, solve every identifiable problem, or otherwise be totally com-
prehensive. A curriculum must have focus. That is, it must select some
things for inclusion and omit others. Priorities for accomplishment must be
set and the curriculum designed to enhance the probabilities of the higher
priority accomplishments under the real=-world conditions of its operation.

The choices and decisions made in response to these general questions
usually have pervasive effects on many aspects of the curriculum. For Project

ABLE, the major decisions and their effects are exhibited in some detail in




the project proposal (American Institutes for Research & Quincy Public Schools,
1964) and in the previously cited reports on the selection and definition of
objectives and on identification and design of learning units. The cumulative
effect of many such decisions on the content and sequence of the curriculum

is seen in the curriculum outline (Morrison & Gagné, 1965) reproduced in sum-
mary form in Appendix A. This outline allocated the time available to students
in each school year 9 through 14 to carefully defined subject-matter areas

and, thus, provided sequences for large blocks of learning activity. The
rationale for the selection and ordering of activities is discussed in the
report which presents the outline and need not be repeated here. The impor=-
tance of the outline in the present context is the gross initial framework it

provided for the development of more detailed learning sequences.

The curriculum outline as initially defined was modified and augmented
in order to deai with three kinds of problems. These problems and the cur=-

‘riculum remedies provided are discussed below.

Exploration, informed choice, and basic skills. There is appreciable

evidence that young people have difficulty in choosing and developing appro-
priate careers. Thus, Project TALENT (Flanagan & Cooley, 1966), in its com-
prehensive study of a national sample of high school students, found that
students' occupational and career choices were highly unstable over the period
from grade nine to one year after higﬁ school ‘graduation. Only 17 percent of
male graduates chose the same occupation a year out of school that they chose
as ninth graders. Only 31 percent of them chose the same career they elected
in twelfth grade. Similarly, Eninger (1965) found that less than half of the
graduates from vocational courses were employed in the occupations for which
they prepared., Possible explanations for this substantial instability in

career development are numerous. Probably, several factors are important,

Lack of knowledge is one possible contributor to the difficulty students
have in choosing and maintaining a stable career development pattern. Many
students must make educational and occupational c!ioices without substantial
knowledge about the nature and requirements of available opportunities or
about their own capabilities and interests. The sheer number and variety of
recognizably different occupations (U. S. Dept. of Labor, 1965) is sufficient
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to make ii.very unlikely that a student's casual contacts would provide him
wi th occupaf?onal information adequate for an informed career choice. If,
in addition, he and his parents have limited data about himself and little
xnowiedge of the implications of personal data and of occupational informa-

tion for appropriate choices, uncertainty or error must be a frequent result.

Another potentil “source of instability in career choice js the change
to be expected in the student and in his occupational opportunities during
the several years he spends in high school. Adolescence is a period of rapid
and sometimes confusing change and development (Stone & Church, 1957). Values,
interests, and goals undergo frequent revision during this period and may
differ substantially from those held la‘er in 1ife, In addition to changes
to be expected in students, the pattern of demand for skills and knowledge is
changing continuously in the marketplace (U, S. Dept. of Labor, 1964; Venn,
1964). The occupational goals which are available to the student therefore
change to some extent even while he is preparing for a career, Stability of

specific career choices during adolescence would be remarkable under such
condi tions,

In consideration of these difficulties, several decisions affecting the
sequence of learning were taken to assist students to cope with the problems
of career choice and preparation. First, a special kind of guidance program
(Morrison & Hudak, 1966) was prescribed for the three junior higﬁ years which
precede the first major career decision faced by each student: _tentative
selection of a high school course of study at the end of ninth grade. The
individualized guidance program attempts to provide each student and his
parents with useful information about the student, about occupational oppor-
tunities, and about educational routes to those opportunities., It also
provides instruction in systematic procedures for arriving at career decisions
and educational choices. Thus, the program is designed to reduce career=
choice instability, insofar as it is due to lack of knowledge, and to provide
career decision-making skills which will enable the Students to make rational

choices whenever his goals or opportunities change. ;

7

The second decision intended to assist students in &areer choice and

preparation was for a ninth grade course in 'basic technology'' (Morrison &
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Gagné, 1965). This course, originally planned for tenth grade, was moved to
ninth to follow the acquisition of basic intellectual tools, precede specific
occupational preparation, and parallel the last phase of the vocational guid-
ance program. The course attempts to provide the student with basic capabil-
ities found in a previous study (Altman, 1966) to be useful in a wide variety
of occupations. It is intended to be useful preparation even in a situation
marked by changes in the student's goals and in the opportunities available
to him. In addition, it is hoped that the course will contribute to an im=-
proved basis for informed career planning and for the choice of specific

vocational training.

A third decision was to provide each student with an opportunity to ex=

plore a variety of occupaticns before making a relatively firm career choice.
Thus, insofar as possible in tenth grade, each student will be ailowed to

take beginning learning units in several vocational areas. In this way, he
'will have an opportunity to encounter the different kinds of tasks and require-
ments available in the various areas and have some improved basis for his

choice of occupation.

These three decisions represent a concerted attempt to prepare students ,

during the period preceding specific vocational training to make better in=-

formed, systematic, and stable career choices and to tolerate subsequent

e

changes in their goals and opportunitKeS.

Career sequences and multiple exit points. A general goal for the cur=
riculum is that each student should have the opportunity to achieve marketable

vocational competence at whatever level his capabilities, efforts, and time
permit. It is intended that students with outstanding ability and students
with limited ability both will find their needs met by the curriculum and
that any student will be able to leave the curriculum at any time, within

broad limits, with some marketable skills.

To facilitate achievement of this general goal, it was decided to arrange
v specific vocational training in each area so that the learning sequence par-
allels the skill=career progression of jobs in that area insofar as possible.

Thus, in each vocational area, we tried to select a sequence of jobs such that

} b
|
|
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a large proportion of the skills and knowledges of any job also are required
for successful performance of jobs later in the sequence. In this arrangement,
a student may acquire capabilities in a sequence which qualifies him for suc=
cessively higher-level jobs and may emerge from training with capabilities
appropriate for a variety of jobs in his vocational area. This sequencing of
vocational training provides multiple exit points from the curriculum which
students may take depending upon their abilities and needs. Each exit point,
however low it may be on the career hierarchy, represents successful learning

and demonstrable achievement by the student.

The arrangement of learning activities to parallel the job sequence has

two main effects on the sequence of individual learning units. First, learn-

fng units are grouped according to the jobs to which they apply and then the
groups are arranged in correspondence with the sequence of jobs. Thus, the
job hierarchy prescribes a sequence for groups of learning units, not for the

“individual units within a group.

A second, more subtie effect of this arrangement may cause a learning

unit to appear which would not otherwise be included, or cause it to occupy

a place in the sequence which is different than it would be were training

designed for only one exit job. These results are due to the fact that the

job sequences do not constitute perfect hierarchies of skills and knowledge.

Most, but not all of the capabilities required for adequate performance of a

job (say, wireman) also are required for higher-level jobs (e.g., electrical

appliance repairman). Those learning units required only for the lower job

(wireman) are included under the present plan. They would not be incliuded

if training provided qualified exit only at the higher level (repairman).

Similarly, it may be necessary to introduce a topic either earlier or later

in the total learning sequence than would be the case without multiple exit

provisions. Thus, some loss of efficiency in training for the higher=level

jobs inay be introduced by the provision for multiple exits. However, the

penalty for this strategy generally is quite low and is considered to be a

small price Tor the increase in vocational versatility accruing to students

who reach the higher levels, and for increased assurance that the less prom=

ising students will achieve some employable capabilities.




Administrative considerations. Whatever the desirable goals for the

curriculum, the program of learning activities must fit into the available
time and facilities, must satisfy various laws and regulations, and must be
compatible with a wide variety of operating conditions. To accomplish this,
many minor and some major adjustments in sequence and timing are required.
It would be neither practical nor useful to identify these here. However, a
few important kinds of administrative considerations can be discussed as

examples,

Several vocational areas are affected by legal and accreditation require-
ments. In most such instances, entry to accredited specific tralnlng for the
occupation requires either high school graduation or a minimum age or both.
Specific vocational preparation in these areas must be delayed, usually until

grades 13 and 14, even if students would be capable of learning the required
content earlier., Further, certain prerequisites to entry into training often
‘are stated in terms of course titles and credits. Such regulations establish
constraints on the learning sequences available for some vocational areas and
on the timing of career choices. A different educational program is to be
expected for grades 10-12 under these regulations than would obtain were the
program defined only by analysis of what the graduate must know and be able ,

to do in the vocation.

Various other requirements affect the curriculum pattern and learning

sequence by the control they impose on time. Thus, such factors as tradition,
teachers! contracts, and school system financing limit the schoo! day to a
given number of hours and the school year to a certain number of days. Regu-
lations governing such important programs as accreditation, reimbursement, and
apprenticeship credit specify some courses, some kinds of learning activity,
‘and the number of hours and proportion of school time to be devoted to some
parts of the curriculum. It is not contended that these influences are neces-
sarily to be decried or that they cannot be changed. It is a fact, however,
that collectively they currently limit the time avajlable for allocation to
learning activities considered important to the goals of a new curriculum,
restrict the freedom with which time can be distributed among learning activ-
ities, and insert learning activities which do not necessarily fit neatly in
the rest of the learning sequence. These constraints require adjustments in

the sequences which otherwise would be chosen.

6
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Finally, there are many practical operating givens which must be taken
into account when a learning sequence is being selected. These facts of life
vary from one school's situation to another and must be dealt with individ=
ually. One noteworthy example of this type is the problem of scheduling.

This is a particularly difficult problem when only part of a student bedy is
to adopt a new curriculum and when facilities, faculty, or portions of the
curriculum are to be shared by the different parts of the total enrollment.

It may not always be possible to offer courses or schedule learning activities
at the optimum point in each student's sequence of study and alternative

sequences must be found.

Summary. This section reviewed several general influences which together
prescribe the gross outline within which detailed sequences of learning activ=-
ities can be specified, In this outline, preparation for career decisions

and versatility is provided prior to vocational commitment through a special

'guidance program in grades 7-9, a course in grade nine directed to development

of basic and generalizable vocational capabilities, and opportunity for voca=
tional exploration during grade ten. Subsequently, the outline provides that
tn each course of specific vocational preparation, the learning sequence be
arranged in parallel with a skill-career progression in jobs. This plan
allows students to qualify for successively higher-level jobs and provides a

series of points at which students may exit from the curriculum in accordance

with their capabilities and needs.

The sequence of this outline is intended to meet the needs of students
for more stable and circumspect career choices, for more adequate responses
to changes in occupational opportunities and in their own goals, and for the
opportunity to achieve vocational competence at their own levels of ability
and aspiration. It should be noted, however, that the sequence outlined sc
far has not been determined in any important respect by consideration of the
nature of what is to be learned. Neither has the sequence of individual

learning units within major blocks of the curriculum been determined. These

two matters are the subject of the next secticn.




Learning Structures

Whatever other factors may influence the sequencing of learning activ-
ities, first priority must be given to the orderly acquisition of prerequi-
sites for each thing to be learned. If, for example, a student must learn A
before it will be possible for him to learn B, then A must occur sometime
before B in the learning sequence. A large number of such dependencies might
be expected in any curriculum, even for a limited subject-matter area. Fur=
thermore, individual dependency relationships may have connections with each
other (as when, say, C and D are prerequisites for A, and D also is prerequi«-
site for E). All of these relationships taken together would constitute a
hierarchical structure for the subject-matter area based on the order in which
things must be learned. Such learning structures must be represented fai th-
fully in the instructional sequence finally selected. Their derivation and
characteristics are the major concern of this section. First, however, we
will examine briefly the apparent role of learning structures in determining

current educational sequences and note the importance of stating instructional

objectives in terms of students' performances. g

Learning structures and current curricula. In its broad outlines, educa=

tion long has been organized as if at least some knowledge is structured
hierarchically. That is, it has been assumed that students must learn some
things before they will be able to learn others. ''Tool' skills and ideas
appear very early in the curriculum as preparation for later work which depends
on those basic competencies. Sequences of courses are arranged with the inten-
tion to build on past, prerequisite learning as, for example, in the familiar

sequence of arithmetic, algebra, geometry, trigonometry, and calculus.

When common educational Sequences are examined in more detail, however,
their hierarchical character seems much less distinct, Algebra 1 is estab-
lished as prerequisite to Algebra 2, for example; but the actual content 6f
Algebra 1 often varies from class to class and from school to schoel., At least
some things, and usually many things, learned in Algebra 1 are not used as a
basis for learning something else in Algebra 2, Students '‘pass'' from Algebra 1
to Algebra 2 with widely different amounts and kinds of competence in the

subject matter. Some students have mastered every topic, whereas others have
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mastered only some, possibly none. Within Algebra 1, topics often are studied
in different orders by different groups of students, and the sequence of learn-

ings whiie working on any one topic varies greatly.

It would seem that the learning sequences of public school curricula
often are arranged in accordance with the general assumption that some knowl -
edge is hierarchical, but the specifics of the learning structures seem not to
be well defined. Yet, if knowledge in an area is structured naturally in such
a way that learning one thing depends upon previous learning of some other
things lower in the structure, then explication of the structure is of the
utmost importance to education. Specification of any relevant learning struc-
tures which exist is a necessary precondition for prescription of successful
learning sequences. Violation of a sequence, by omiss. n or rearrangement of
the elements, or by advancing students who have not mastered the elements must
result in failure of the instructional regimen and dependence upon extempor-

aneous ''filling in'' by students.

So far as the writers know, there has been no formal attempt to define
the entire learning structure of any major body of knowledge such as mathe=~
matics, English, physics, or social studies, nor should there have been. Such
an undertaking would be prohibitively costly and imprudent, at this time at

least. No practical curriculum could include all of any such structure.

‘Further, only a small part of a large structure would be related to the in-

structional goals of any particular school or curriculum. What is needed in
educational practice is a statement of the particular goals held for a curric-
ulum and a means for defining the learning structures supporting those goals.

Some substantial progress has been made in meeting these needs.

The importance of performance objectives. It is apparent that one must

select what is to be taught before he attempts to define the supporting learn-
ing structure or to devise an instructional sequence. What seems not to be
apparent in all cases is how to define 'what is to be taught.' In a more
detailed review of this problem (Morrison, 1965b), it was concluded that
neither a logical outline of subject matter nor broadly-stated long=-range
educational goals could serve effectively as the objectives of instruction

and the basis for curriculum development. 1t was considered necessary that
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instructional objectives be defined which are unambiguous statements of stu-
dent performance and which include the criteria for success and the important
conditions under which the performance is to ta:e place. In Glaser's (1966)
terminology, the component repertoire, rather than the content repertoire,
must be specified. This conclusion requires instructional objectives stated
in terms of observable things the individual student is able to do as a result
of his learning. It does not allow for objectives stated only in terms of

the teacher's actions, of the textbooks or other materials used, of the topics

ad¢ressed, or even of unobservable changes in students.

Statements of instructional objectives in performance terms seecm to be
relatively uncommor in public education (Lindvall, 1964) even though their
importance was recognized years ago by some (e.g., Tyler, 1934), now is recog-
nized by many (c.f., Gagné, 1965a) and has been demonstrated in a variety of

subject-matter arecas (Glaser, 1965). The lag in widespread development and

use of performance objectives seems in our experience due to at least three
major obstacles. First, there is the notion that ""understanding,'' ''valuing,"
"réasoning,“ l'comprehending,’' and other obviously desirable inferred charac~
teristics of the student are ignored, or at least depreciated, by such behav=-
joristic objectives. Secondly, some doubt that performance objectives can be

stated for their subject matter. Thirdly, the preparation of a comprehensive

‘set of objectives meeting the stated requirements is an exacting, time=consuming

job for which not everyone has the necessary skills.

The first two of these sources of difficulty seem to be due to a misin=
terpretation. That is, the requirement for performance objectives does not
Ignore or depreciate the inferred characteristics considered by many to be
important educational goals. The argument simply is that they have educational
importance only in terms of their relations with the students' capabilities.
If "understanding'' something is important, then it is important because stu=
dents who 'understand" are able to do something, perhaps many things, other
students cannot do. The concept "understanding'’ is a label applied to indi-
viduals who demonstrate a particular set of capabilities. Performance objec=-
tives simply require that we specify the capabilities, however complex or
simple, an individual must acquire in order to qualify as "understanding'' what
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is taught. Those who believe their subject-matter area is not susceptible

to performance analysis run the risk, as Mager (1962) points out, of being
unable to show that anything at all has been learned.

The difficulty and cost of preparing performance objectives is a real
and persistent obstacle, When the subject matter is not well delineated
and when even general goals are uncertain, the problems can be severe and
require application of the greatest talent. Markle's (1965) cogent summary
of the problems faced in attempting to define and analyze objectives in
English illustrates this kind of situation, Yet it is essential, even in
difficult subject-matter areas, to persist until performance objectives are
obtained. Among the many reasons for seeking them, two are of major impor=-
tance in the present context: performance objectives are the necessary
basis for (1) an assessment of the learning accomplished by individuals and
of the effectiveness of learning sequences, and (2) the derivation of
‘learning structures in which necessary learning sequences are aefined and
in which effective conditions of learning can be identified for the ele=-
ments of the sequences. It is to the process by which learning structures

are defined in support of performance objectives that we turn now.

The derivation of learning structures. Usually, before the terminal

objectives can be written for a curriculum (of whatever length), it is
necessary first to define the domain of potential objectives and to select

from this domain a Timited number of objectives for which the curriculum
will provide preparation. A general procedure for this analysis and its
application in Project ABLE have been described in previous reports
(Morrison, 1965b; Morrison & Gagné, 1965; Morrison & Lecznar, 1966b), The
principal concern in defining the domain of objectives is to be comprehen=

sive so that no important potential objective or class of objectives is i
overiooked in the selection process. The form of description used in de-

fining the domain can vary to accommodate the idiosyncracies of the domain,

so long as it provides a comprehensive inventory of the kinds of perfor-

mances which could be objectives of the curriculum.

The terminal objectives selected from the inventory for a curriculum

ncrmally are complex performances in the sense that they require the inte-
gration of several other performances. Thus, for example, when properly
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Spgcified conditions and criteria are added, an objective for a course in ' ?
eléetronics repair might be, '"Restores malfunctioning television sets to
proper operation.' Simiiarly, an objective for a French course might be,

~ '"Translates into English any passage from a contemporary French-language
newspaper.' In order to accomplish any such objective, one first must be
able to do several things which are components of the terminal achievement.
In the television example, the student would have to be able to identify
the symptons of malfunction, to enumerate possible causes, to perform a
sequence of diagnostic tests, etc.

Gagné (1962; 1965a; 1966) has suggested that subordinate performance
capabilities be identified by asking the question of each objective, 'What
would the learner have to know how to do in order .to perform this task,
given only instructions?' A more complete statement of the question, and
one which takes into account both the components of the objective and the
unity of the capabilities to be learned is, 'What previously learned capa~
bilities must be assumed if the student is to learn this (terminal) capa=-
bility under a single set of learning conditions?' The answer to this
question is a set of capabilities prerequisite to achievement of the termi-
nal objective. Students must iearn these things before they can ifearn the
terminal performance. The terminal objective and its prerequisites provide
the beginning of the hierarchical learning structure we seek. The same
analytic procedure applied to the newly defined objectives will yield
another set of prerequisite capabilities and another level in the structure.
The procedure can be repeated as each new set of prerequisites is identi-
fied until a lfevel is reached at which all of the capabilities are within
the repertoires of beginning students. At this point, a structure has been
defined in which the sequential relations necessary for learning have been
identified, | |

This procedure has been applied to a variety of subject-matter areas
and many examples are cited or presented by Gagné (1965b; 1966). One of

these is displayed in Appendix B. An interesting example is described by
Kersh (1965) who illustrates a method for including in the structure spe-
cific provisions for motivation, discovery processes, and transfer. The

application of the procedure in Project ABLE was described in an earlier




report (Morrison, 1965b). In all of these applications, the resultant
structures have certain characteristics which are reviewed briefly below.

Characteristics of the learning structures. It should be noted first
that application of the procedure has consistently produced hierarchical

structures defining essential sequential relations. Although it is con-
ceivable that analysis of some subject matter might not produce the multi~
tiered hierarchy described by Gagné, none has been reported. It is clear
that the procedure can be expected to identify structures of knowledge in
many areas. The essential requirement is that objectives be stated in

behavioral terms.

A second characteristic of the learning structures, first noted by
Gagné (1962), is that the capabilities to be learned are increasingly
simple and more general as one proceeds from top to bottom in the hierarchy.
At each level, capabilities also are different from those for which they
are prerequisite. Each capability in the structure is an entity in which
component capabilities are organized and applied in concert to accomplish

a new kind of performance.

A third characteristic of the learning structures derived by this pro-
cedure is that they often differ considerabhly from those implied by text-
books. This is because the elements of the structure and their locations
are determined primarily by the nature of the performance capabilities to
be learned and by the instructional procedures and conditions appropriate
for learning those capabilities. They are not determined primarily by con=
sideration of subject-matter logic or the relations among common subject-
matter topics. The subject-matter content is not ignored in developing the
learning structure, but the analysis assumes that different learning condi-
tions are required for various kinds of capabilities and that the kinds of
capabilities themselves form a hierarchy (Gagné, 1965b). Consequently,
emphasis in the analysis is on identification of the kinds of performance
desired of the student and on sequencing the kinds of performance so as to

assure efficient learning.

A fourth characteristic, then, is that the structure provides for the
acquisition of capabilities, with respect to a given content, in a sequence
consistent with a hierarchy of types or kinds of capabilities. Gagné
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(1965b, p. 247) argues that, " . . . to achieve the objective that is a

1. higher-order principle requires learning conditions for a

principlie plus prereqdisite (subordinate) objectives of

principles or concepts;

2, principle requires learning conditions for a principle
plus prerequisite (subordinate) objectives of concepts;

3. concept requires learning conditions for a principle
plus prerequisite (subordinate) objectives of multiple

discriminations;

L. multiple discrimination requires learning conditions for

multiple discrimination plus prerequisite (subordinate)

objectives of verbal or motor chains; and

5. chain requires learning conditions for a chain plus pre-
requisite (subordinate) objectives of $s—»R connections.'

Learning structures based on this hierarchical conception would introduce
the learning of higher-order principles only after the acquisition of all
related, subordinate principies or concepts. The learning of principles

would be introduced only when prerequisite concepts had been learned, and
SO on.

Altman (1966) has proposed a more extensive behavior classification

which preserves Gagné's hierarchical formulation and includes categories

proposed by others (Melton, 1964). Appendix C presents a table from
Altman's report illustrating each kind of behavior for several content .
areas.

At this point, it is important to note that not all sequencing prob-
lems are resolved by the learning structures derived in the manner described
so far. The learning structures do define the essential sequences for a
variety of objectives and subject-matter areas and they do exhibit many
desirable characteristics. At the same time, they leave other problems
.unresolved. Thus, a fifth characteristic is that the prerequisites derived
for any objective are determined by the analyst's cheice of a method for

performing the kind of task defined by the objective. For example, the
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objective "adds signed numbers' could be accomplished in any of several
ways. Two common methods are: (1) to use the number line, or (2) to use
rules about the manipulation of signs. The prerequisites for these two
methods are not identical and the learning structure supporting the addi-
tion of signed numbers by one method would differ from the structure de-
rived for the other method. In the electronic repair example cited earlier,
TV sets may be restored to proper operation by any of a variety of system=
atic methods. The method{s) chosen by the analyst will determine the pre-
requisite learning structure to some extent. The analyst makes his choice
from the known methods by using information about such matters as the gen-
eralization and retention characteristics of the various methods, the kinds
of performances most probably to be required of the student later, the time
required to become proficient in the methods, and the difficulty or cost of
supporting the learning activity. All of these considerations are apart
from the basic question defining the procedure by which prerequisites are
identified. The important observation to be made now is that the procedure
accomplishes its objective which is to define an effective learning struc-
ture and prescribe for that structure the essential sequences of learning
achievements. It does not necessarily define the only learning structure
which could support the terminal objective and it may not define a learning

structure which is best for all curriculum purposes.

Characteristic six, related to number five, is that these learning
structures, being products of a fallible, rational process, require empir-
ical evaluation. Of course, tryout is needed simply to demonstrate that
students accomplish the desired learning. In addition, however, experience
with these structures and with those developed by other procedures (Glaser,
1965) has shown that data from empirical test can be used to identify effec-
tive and ineffective units, errors in sequencing, the need for new or addi-
tional objectives and units, the need to eliminate material, etc. In his
later writing, Gagné (1966) describes such diagnostic evaluation as an
integral part of the process.of curriculum development. More will be said

in @ later section about empirical test of the structures.

15
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Finally, the seventh characteristic to be noted is that the structures
may be described in general as partially-ordered sets and, consequently,
prescribe only some of the sequence decisions required of the director of
a student's learning. Consider, for example, the limited structure shown
in Appendix B. In general, sequences are prescribed in the vertical, but
not the horizontal dimension. Thus, for example, Vb must be learned before
IVd and IVb, and IVd must be learned before 1l1b and 1lb., But there is no
indication as to whether Va comes before Vb or vice versa. Presumably, it
is a matter of indifference, so far as the structure is concerned, which of
these is learned first so long as both are in the student's repertoire,
along with the other prerequisites, when he attempts to learn IIb. This is
the most commonly reported kind of structure. Other forms, which are spe=
cial cases of the general form, are conceivable. Thus, a completely ordered
structure might occur in which each objective has a single prerequisite or
in which a single best sequence is otherwise identified. Conversely, there
might be a completely unordered structure in which everything to be learned
is independent of everything else so that the sequence in which things are
learned is of no consequence. No example of either of these has come to
the attention of the writers, though small areas within a curriculum may

illustrate both of these forms.

it should be remembered that we have been talking here about learning
structures and the necessary sequential relations they specify among objec-
tives. When such a structure has been defined, the teaching sequence nor-
mally is only partially determined. If it is comprehensive, the learning
structure will specify all of the capabilities which must be acquired and
all of the sequential relations which must be observed if the terminal ob=-
jective is to be achieved. So long as the teaching sequence includes these
prescriptions, the learning structure is satisfied. But the partially=-
ordered characteristic of the structures requires that numerous additional
decisions about sequence be made when students are given learning assign=
ments. Sometimes, these decisions are made once and the result is a single
teaching sequence for all students. In other cases, each available decision
is taken for each student separately and the result is many teaching se-
quences. Either way, the learning structure is satisfied if all essential
objectives are included and if all of the essential sequences are preserved,
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Summarx. In order to achieve a learning objective, the student usually
must approach the learning task with a certain repertoire of previously ac-
quired capabilities. Each of these prerequisites to achievement of the v
final objective is jtself ailearning objective which can be achieved only
if still other capabilities have been acquired. The tota] pattern of such
dependency relations among all of the capabilities to be learned en route
to the final objective constitutes a hierarchical learning structure. The
basic requirement for an effective instructional sequence is that it pre-

serve the order of learning tasks implied by the structure,

Although many current Public school curricula seem not te be based on

jectives for a curriculum are stated as performance capabilities desired
/

of students. An analytic procedure for deriving learning Structures, first
described by Gagné, has been adapted for use in Project ABLE. The procedure
provides an analysis of the kinds of performance capabilities which must be
acquired, rather than an analysis of subject-matter logic, so the resul ting
Structures and sequences often are different from those implied by text-
books, Characteristically, their sequences begin with relatively simpie

and general capabilities and proceed to the more complex and specific kinds

which commonly serve as course and curriculum objectives. The structures

resulting from this procedure provide for the orderly acquisition of pre=
requisites for each thing to be learned and, thereby, specify the minimum g
set of sequential relations necessary for an effective instructional se- |
quence. They do not normally specify all Sequence decisions, however, and

the director of a student's learning must make some of them. So long as

the instructional Sequence presents all elements of the structure in their
prescribed order, the learning structure is satisfied. The structures and
sequences derived by this procedure are the products of a purely rational

pProcess and subject to a variety of judgmental errors. They must, there-
fore, be subjected to empirical verification.

Instructional Efficiency

So far, this report has considered two kinds of requirements which in-
fluence decisions about the sequence of learning activities. The first
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section examined the influence of philosophical and general operational
considerations as imposed through policy and administrative decisions. In-
fluences of this kind affect the sequence of large bilocks of the curriculum,
such as whole courses, primarily. The second section dealt with constraints
imposed by the nature of what is to be learned as reflected in the learning
structures which must be preserved by instructional sequences to support

the achievement of particular learning objectives. Influences of this kind
determine necessary sequence conditions within large blocks of the curric-
ulum among specific topics and objectives. Together, these two kinds of
requirements define sequences of learning achievements which are necessary
to accomplishment of curriculum objectives. Within these essential re=
straints on sequence, however, some additional decisions are required and

some aneuvering is possible to enhance the efficiency of the instructional
regimen. After noting the ways in which sequences can be manipulated within
established constraints, this third section identifies some major kinds of
decisions which affect the efficiency and sequence of learning activities.

Permissable types of sequence manipulation. There are three principal

ways in which instructional sequences may be manipulated without violating

the requirements of the learning structures from which they derive.

1. Exercise of options

As noted in the discussion of learning structures, the
instructional sequence is only partly determined by the
structure. The sequence in which some things are learned
is not important to the orderly development of prerequi-

sites. The arrangement of these learning units can be

adjusted freely. Similarly, two or more whole structures
may have no necessary sequential connections and, there-
fore, can be sequenced as desired to satisfy other concerns.

2, Additions and repetitions
The learning structures provide sequences in which critical
learning achievements must occur. Perhaps it is more pre=-
cise to say that the structures identify for each thing
to be learned those capabilities which the student must

possess at the time he undertakes that learning task.

18
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Provided the instructional sequence assures this con-
dition, learning units may be added to the set re=-
quired by the learning structure. As a corollary to
this manipulation, units may be repeated in the in-
structional sequence without violating the requirements

of the structure.

3. Deletions
Although the student must approach each learning task

with the prerequisite capsbilities, there is no require-

ment that he obtain those prerequisites from the curric=-
ulum. Any capability in the sequence which the student

already has acquired and has available when needed may

be deleted from his instructional sequence. Of course,
if terminal objectives are changed so that objectives
lower in the learning structure become the new end
points of a curriculum, then all units after the new

end points in the sequence are deleted.

Several important kinds of provisions concerning the efficiency of a

learning regimen make use of these allowable manipulations of the sequence.

Individual learning prescriptions. A major advantage of curricula

based on such learning structures as are described in this report is that
they facilitate the diagnosis of the learning needs of individual students

and the prescription of learning activities. Since the structure specifies

the performance capabilities which must be learned, it is possible at the
outset to test each student for those capabilities and to enter him into
the instructional sequence wherever his entering state of learning requires.
Thus, each student might start at a different point in the sequence and,
because of the particular pattern of capabilities with which he began,
follow a sequence which differs in several ways from that of every other
students. In this kind of instructional arrangement, students would not
all be working on the same learning activity at the same time. Different
students would spend different amounts of time on any particular unit
before demonstrating mastery of the unit and readiness for the next element
e of the sequence. Some units might be deleted from a student's schedule
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upon demonstration that he had acquired those capabilities already. Con=-
versely, remedial units could be added to provide any necessary capabil-
ities which were absent from the repertoire of a student. For particularly
rapid students, units could be added to enrich their education in accordance
with their individual interests and needs. Optional sequences could be em=-
ployed to give each student choices among the things yet to be learned at
particular points in his progress.

It should be emphasized that these advantages of individually pre-
scribed instruction depend upon (1) knowing with precision what the student
must learn and (2) knowing at any time what the student has learned. The
learning structures provide the former, but the demonstration of mastery
for each element in the learning structure is of equal importance and re-
quires the development of an adequate performance test for each thing to
be learned (Morrison & Lecznar, 1966a). Great instructional efficiencies
are available, however, when the sequence of learning activities is tailored
to the needs of individual students.

Practice. Many things which must be learned in school curricula re=-
quire practice for their acquisition. Frequently, additional practice,
repetition, or review also is required periodically to maintain a capability
in the student's repertoire. Efficient practice and review schedules are
important to the success of many learning programs and decisions about

~ these schedules have effects on instructional sequences. Whether instruc-
tion is individually prescribed or not, options available in the structure

may be exercised so as to introduce early in the sequence the learning of
skills requiring the most practice. The portion of the structure in which
such skills occur may be selected as a starting point. Subsequently, prac-
tice or review units may be added as necessary to maintain proficiency and
ensure that the capability is available when it is needed in a new learning
task. The conditions and schedules for effective practice and review differ
from one kind of capability to another. However, since additional units
may be added to the sequence of a learning structure wherever needed, suf-
ficient latitude is available within the requirements of any learning
Structure to accommodate the necessary variety of systematic plans for

practice, repetition, and review.
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Generalization and transfer. Virtuaily all learning in schooi is in-
tended Tor use in situations different from those in which the original
learning took place. The most obvious instance is the intention that capa-
bilities (e.g., arithmetic) learned in school be used in every day life
(e.g., making change). Many capabilities acquired in one learning sequence
are intended to be used in others also. Thus, the concept. of gravity
learned in a physics sequence is useful in biology, the operations of cal-
culus learned in a mathematics sequence are useful in physics, and the com=
munications skills learned in an English sequence are useful in a vocational
course. Finally, as evidenced by the learning structures, a capability ac-
quired at one point in a learning sequence is intended to be used later in

the same sequence to acquire a new capability.

If generalization and transfer are so important as outcomes of learn-
ing, then specific provisions need to be made to facilitate their occur-
rence. The kinds of transfer desired can be stated as performance objectives
and included in the development of learning structures (Kersh, 1965). When
this is done, one result to be expected is that the relations among other=-
wise separate structures will .need to be specified and learning sequences
will have to be coordinated. Thus, the prerequisites for a2 unit in a
machine operation sequence might include units in the physics and mathe-
matics sequences. Explicit recognition of these relations would result in
a “master" structure in which the learning sequence might proceed {rom
mathematics to physics to machine operation. Practical scheduling consid=-

erations might prohibit the free movement of students from one facility to {
another just at the optimum time in such a sequence, but the essential order .
could be maintained by ensuring in the example cited that the mathematics
and physics prerequisites were éccomplished at some time prior to the unit
in machine operation. Provisions like those illustrated are necessary to
make transfer possible by ensuring that capabilities acquired in one se- |
quence are available when needed in another sequence. Whether effective
transfer occurs or not depends, however, on the learning conditions estab-
lished fer the new learning task and on the conditions under which the
capability was acquired originally.

Another probable result from stating performance objectives for gener-
alization of particular capabilities is that sets of units will be required
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in which the student applies a capability to a variety of situations. Thus,

a troubleshooting procedure might be applied to a variety of malfunctions

or equipment, a concept might be extended to a more diverse set of objects
or ideas, or a physical principle might be used in problems from several
different content areas. Some units of this type would appear in every
student's learning sequence. Others could be made available to students as
time and interest permitted the enrichment of their education. Such optional
units could be added at the end of a general sequence or, if more desirable
administratively, at any point in the sequence at which the prerequisites
had been acquired. A similar provisior, which probably is more difficult to
arrange, would accomplish generalization objectives for capabilities in one
sequence by the way in which learning units are constructed or added in

other sequences. For example, generalization of a capability in the mathe-

matics sequence might be facilitated by providing learning units requiring
application of the capability to problems in physics, social studies, and

business sequences.

- Summary. The efficiency of a curriculum may be enhanced by provisions

for individual learning prescriptions, effective practice and review sched-

ules, and generalization and transfer of learned capabilities. Such pro-
visions are possible within the essential requirements established by policy
decisions and by learning structures. This section briefly reviewed ways in
which these provisions could be implemented through the exercise of avail-
able sequence options and, under certain conditions, by the addition, repe-

tition, and deletion of units from the learning sequence.

Testing the Sequence

In all that has gone before, we have been concerned with rational pro-
cedures by which sequences of learning activities can be defined. These
procedures are designed to include all considerations known to be important
for sequencing learning activities. But it is easy to err and to arrange
activities in Tess than optimum order when using rational analysis alone.
Consequently, the sequences derived by rational analysis are viewed most

accurately as trial sequences which must be evaluated empirically.
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The two basic questions to be answered empirically about a sequence .
are: (1) do students acquire the intended capabilities, and (2) are the
learning activities sequenced so as to facilitate learning of these capa-
bilities. The data required to answer both questions are the results from
tests (Morrison & Lecznar, 1966a) which report for each learning unit in the
sequence whether or not the student has acquired that capability. Each test
would be a pass-fail assessment of performance rather than an evaluation of

the student by comparison with the performances of others. Question (1)
would be answered directly by the results of these tests administered to
students before and after instruction.

The assessment of sequence requires analysis of dependency relations
among results from tests on individual learning units administered to stu-
dents of the curriculum. The basic result expected from a proper sequence
is that all, or nearly all, of the students passing a unit also would pass
units presumed to be its prerequisites. Pass-fail data from the tests,
arranged in a student-by~learning=-unit matrix, and data on proportions of
students passing each unit provide evidence on “he validity of the initial
sequence assumptions, possible rearrangements, and the need for additional
units. These data show whether all or most students who passed the items
relating to a higher unit also passed the items representing a lower unit.

Whether two units have a coordinate or sequential relationship can be as
assessed through examination of their dependency on a third or next=lower
unit in the series. The need for an additional unit to fill a gap between
two units may be determined by noting if the number of students who per-
formed successfully on a higher unit is considerably fewer than those who
passed the immediately preceding units. That is, were the students able to

progress to the higher unit from the capabilities acquired from lower units?
Finally, the test data can give a clear indication of ''out-of-sequence!
units when many students pass the higher unit, but relatively few pass the
lower unit.
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PLANS FOR NEXT QUARTER

The following activities are planned for the quarter ending 31 March

1967:

1. Development of learning units and accompanying proficiency
measures will continue as the major technical activities

for tiie project.

2. Data collection for evaluation of the junior high'guidance
program will continue. |
3. Development of senior high guidance program objectives will

be completad and specification of student activities re-

quired to meet those objectives will be initiated.

L. Details of a plan for preparation of teachers to implement

a curriculum that has individualized learning as a major

feature will be outlined.
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APPENDIX A

Proposed Curriculum

Grade 9
Social Studies (Industries and occupations)
Vocational Guidance
Other Subjects
Physical Fitness

Grade 10
specific Vocational (shop or laboratory)
Fundamentals of Technology (individualized, shop

related)
Mathematics (numerical communication)
English (communication; literature)
Social Studies (economics and sociology of
g - industry, occupations)
- Physical Fitness
Elective
Vocational Guidance

Grade 11

Specific Vocational (shop or laboratory)

related)
Mathematics (numerical communication, including

trigonometry)
| science (applied human physiology)
: English (communication, 1iterature)

Physical Fitness

%

|

i Elective

% Vocational Guidance

Periods

Fundamentals of technology (individualized, shop

5

Various
35

)
Lo

15

5
()
5

Various
Lo

15

5
5
5
()
5
various

4O




ade 12

Specific Vocational (shop or laboratory)

Fundamentals of Technology (individualized, shop
related)

Social Studies (American history, citizen in
modern society)

Science (physics, chemistry)

English (communication, 1iterature)

Physical fitness

Elective

Vocational Guidance

Grade 13

Specific Vocational
Electives (adapted to specific programs)
Social Studies--American Institutions
Mechanical Drafting
Technological Processes in Industry
Engineering Mathematics
Technical Report Writing
Science
Physical Fitness
Others
To Make

Grade 14

Specific Vocational
Electives (adapted to specific programs)
Social Studies - Organizations, Supervision
Machine Design
Mathematics, advanced
Science
Public Speaking
Physical Fitness
Others
To Make

Various

Periods

S ——

15

5
5
5
()
5

Lo

15

Vi i vn v v

()

Lo

15

Vi Uy o o\

()

Lo




TASK 1

APPENDIX B

TASK 2

Stating, using specific numbers, the series of |
steps necessary to formiulate a definition of
addition of integers, using whatever proper-
ties are needed, assuming those not previously

established

Adding integers

A

Supplying the steps and
identifying the properties
assumed in asserting the
truth of statements involv-
ing the addition of integers

[

A

Stating and using the defi-
nition of the sum of two
integers, if at least one
addend is a negative Integer

Supplying other names for
positive integers in
statements of equality

Identifying and using the
properties that must be as-
sumed in asserting the truth
of statements of equality in

— ™1 addition of integers
/N
l_lll iib
Stating and using the
definition of addition stating and using the
f an Integer and its efinition ot addition
:ddltlve Inverse of two positive integers
A
iVa T Vb We T ivd

Supplying other
numerals for whole

Supplying other
numerals for whole
numbers, using the numbers, using the numbers, employing
assocfative prop- commutative prop- the closure prop=
erty erty erty

A A
Va Vb ;

Identifying num=-
Using the whole erals for whole
number 0 as the

additive identity

Performing addition
and subtraction of
whole numbers

Using parentheses to
group names for the
same whole number

A curriculum hierarchy on the addition of integers.
(From Gagné, R. M., Mayor, J. R., Garstens, H. L.,
& Paradise, N. E. Factors in acquiring knowledge

_ of a mathematical task. Psychological Monographs,
. 1962, 76, Whole No. 526)
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