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PREFACE

This is one of four interrelated reports describing Rand work for the Air Force
to date on the development of methodologies for designing programs of instruction.
The reports in the series are:

R-1018-PR,. An Overview of MODIA: A Method-of Designing Instructional
Alternatives for Air Force Training, Polly Carpenter.

R-1019-PR, The MODIA Decision Process for-Developing Strategies of Air
Force Instruction, Polly Carpenter and Barbara Horner.

R-1020-PR, The MODIA Questionnaire for Curriculum Analysis, Rudy

" Bretz.

R-1021-PR, MODIA Applied in the Design and Cost Analysis of an Innova-

tive Air Force Course, Robert L. Petruschell and Polly Carpenter.

The first of thése provides an overview of the methodologies being developed; the
second and third describe some of the major analytical tools used to provide inputs
to the deslgn process; and the last sets forth the regults of a completed design cycle,
parts of which were,carried oiit manually, applied to a specific course in Air Force
technical training.

This work has been conducted unider a Rand project entitled Analysis of. Systems

for Air Force Education and ﬁammg Emphasis has been on the use of technology
in designing instruction for. formal technical training or for higher education, as at
the Air Foroe Academy The results-will support the activitiés of the Director of
" Personnel Plans, Headquarters USAF; DCS/Technical Trammg and the Training
Development Directorate, headguarters Air ’l‘rammg Command, and the Air Force
Human-Resources Laboratory, especlally the Technical Training and Professional
Education divisions. It will be of particular interest to those working on the Ad-
vancéd Instructlonal Sysfem

This ‘report is part of a contmumg Rand eﬁ‘ort to apply systematic methods of
analysis-and- synthesls to issues and problems in education and training. Related
studies have’ oonoerned Air Force pilot, trammg and management of the pilot force,

evaluatmn o ‘programs of oompensatory education, deslgn of mformatlon systems

for loc R | dlstnct:;, and ‘other diverse concerns. A speclal bxbhography of Rand
work in educatlon is aveilable on tequest
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SUMMARY

The Air Force expends several billion dollars annually on education and train-
ing; in technical training alone, it spends over half a billion dollars and graduates
more than 150,000 men a year from five technical schools and numerous courses of
on-the-job training. The high cost of traditional methods of technical training has
stimulated Air Forcé research on new educational methods. Since 1968, Rand has
been working on the design-of instructional programs to help the Air Force, sspe-
cially the Air Training Command, to determine systematically the mix of instruc-
tors, facilities, materials, and students that should go into its training and other
instructional programs.

RESULTS— -

As a result of this work, Rand has developed MODIA (A Method of Designing
Instructional Aiternatives), a comprehensive methodology for designing an instruc-
tional system. MODIA consists of a sequence of procedures and semiautomated

“tools,” that allow a planner to examine many alternative instructional approaches

before he puts an actual system into use. He can rapidly plah a program for a
particular approach and—still at the planning stage—assess its utility in terms of
production of graduateés or constiniption of human and material resources. If the
Program is unacceptable on one of these counts, the planner may quickly construct
and assess an alternative. approach.

This . report, one of a seriesof four, describes a unique and practical tool for
mstmctlonal detng'n—-a decision process. for developing teaching strategies. It in-
cludes two important elements a Questmn.mu‘e for Stating General Policy, and a
computer-directed:logic tree called DISTAF (Determining Instructional Strategies
for Training in the Air Force) that hélps the user plan in detail his teaching me-
thodology for a given clase.

These elements and other tools are used in the MODIA process, which consists
of eight steps:
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1. Analyze characteristics of the learner population that will affect the way
the course will be taught.

2. Use the Questionnaire for Stating General Policy to specify the broad
goals underlying the teachiny institution’s operation.

3a. Use the Curriculum Analysis Questionnaire to typify each lesson in sys-
tem-oriented terms and to characterize each lesson’s requirements for com-
munication media.

3b. Specify instructional strategies with the help of DISTAF. Each strategy
identifies the teaching agent and the way students will interact with this
teaching.

4. Specify design criteria input from the teaching institution, such as least
course cost, shortest course length, or maximum student graduation rate.

5. Descrive local resource: such as the number of students entering the
school and the school’s resources and constraints.

6. Design the instruction using as direct inputs information from the Cur-
riculum Analysis Questionnaire, DISTA'?, the design criteria, and the local
resource description.

7. Analyze the costs to determine the system’s time-depéndent dollar re-
quirements.

8. As necessary, depending on the acceptability of the outputs, repeat steps
1-7 (with different inputs) until the most desirable system emerges.

Some major tools must be developed before MODIA is complete, namely, a
generalized computer model of student flow; a computer model for estimating re-
source requirements; and a questionnaire for detailing local resources. Although
work remains, MODIA was tested manually on part of a basic still photography
course at Lowry Air Force Base (described in R-1021-PR, cited in the Preface),
allowing us to make three broad and important conclusions with confidence:

o  Systematic, genetalized methods can be developéd for designing programs

of instruction;
o These techniques encourage th» examination of alternative approaches to
instruction;

o A comprehensive, systematic approach stimulates the development of in-
sights into the design of instruction that would otherwise not occur.

The work has been directed toward very general applications so that it will be
useful not only to Air Force organizations such as the Air Training Command and
the Air Force Académy, but-also to training and educational institutions in the
public sector. , ‘ '

SPECIFICS OF THIS REPORT

The Questionnaire for Stating General Policy considers policies in /iree general
- areas: the broad characterization of the teaching institution’s ‘goals, the extent to
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which the schools will adjust to variations in the student popu! ition, and the way
in which the schools must accommodate their operations to orgamzatlons that
supply their students or accept their graduates.

Once the planner completes the Questionnaire, he is ready to specify his in-
structional strategies in detail using DISTAF. For its use, we constructed two aids:
one is a manual preseuting the strategy decisions the planner will have to make; the
other is a time-shared computer program written in JOSS (Rand’s on-line interac-
tive computer system).

The manual discusses the pros and cons applicable to each decision along with
some of the logical consequences that will result from various choices. in itself, the
manual gives the planner a comprehensive checklist. If he decides to use a very
simple instructional strategy, he can proceed through the decisionmaking procese
at his own direction. If he wishes to specify a highly varied strategy, he uges the
computer program.

The program computesnothing. Rather, it keeps track of the planner’s decisions
and performs all the logical bookkesping, which can be quite complex. Whereas most
instructors use only a few approaches to instruction, DISTAF permits specification
for a single course of up to 57 different teaching strategies. This provides the planner
with opportunities to take account of many different levels of subject matter diffi-
culty, different student-abilities, and requirernts for different types of student
performance. To use the program, the planner sits at the computer console and
answers questions of strategy as the computer directs him to do. At each point the
computer refers him to the appropriate question in the manual to remind him of the
arguments for and against each choice.

While working through the decision process, the designer makes the following
kinds of choices: whether and to what extent to adapt conrse content to the students
and on what basis to make the adaptation; whether and to what extent to adapt the
teaching method to student capabilities to learn the subject; if he uses either kind
of adaptivity, whether to categorize students into tracks or within-clase groups and,
if 80, how many. He also chooses how to schedule formal examinations, whether to
make them objective or essay, and how comprehensive (o make them; whether or

not to schedule formal reviews and:homework; what kind of learning experience’

categorics to use, such as claseroom drill, laboratory practice, or demonstration; who
controls the learning experience—students, instructors, or media; whether or not
students must respond overtly in some way—aziswering multiple-choice questions,
writing answers in essay form, or perhaps performing some skill; and whether or
not to give the students imruediate knowledge of the correct response.

The computer speed and program organization make it possible for the designer
to construct many strategies ir. a relatively s* «t period. Although he may take
several hours for his first run, z:; he becoraes m:cre familiar with the decision points
the time for a run will be reduced to :yom 10 to 30 minutes, depending on the

_complexity of the strategy chosen.

Although the decision process is intended to provida input for a semiautomated
methodology for designing instructional programs, it has several values in its own'

right:
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It assists the planner in making explicit his judgments about what consti-
tutes effective instruction. .

It assists the planner in stating nolicies that guide achool and classroom
operations. '

It provides a comprehensive, logically consistent set of decisions that
should be considered in planning instruction.

For the first time, it describes teaching methods in terms that will guide
the instructional program design.

.‘
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I. INTRODUCTION

Since 1968, Rand has been working on the design of instructional programs to
help the Air Force, especially the Air Training Command, to determine systemati-
cally the mix of instructors, facilities, materials, and students that should go into
its training and other instructional programs. As a result of that work, Rand has
developed MODIA, a comprehenswe methodology for demgmng an instructional
system. MODIA (A Method of Designing Instructlonal Alternatives) consists of a
sequence of procedures and semiautomated. “toola," some of which have already
been designed and are described in this series of reports. This report describes a
decision process for developing teachin,; strategies. It includes two elements: a Ques-
tionnaire for Stating General Policy and 2 computer-directed logic tree called DIS-
TAF (Determining Instructional Strategies for Training in the Air Force) that helps
the planner extract the detailed implementation of his teaching methodology for a
given class.

GENERAL APPROACH

To-provide a context for the Questionaire and DISTAF, we briefly discuss our
overall MODIA process step by. step, as shown in Fig. 1. “The process is intended to
provide such characteristics of-the- mstructlonal system as course length; student
flow; and what faclhtles, eqmpment, personnel, -and dollars are needed, and when.
By | means of MODIA;- .planners should-be able to design an_ mstructlonal program
eﬂiclently and with conﬁdenee both that the' outputs are. aeceptable to the teaching
institution- and that the methods of teachmg, the course are-appropriate to the
.learners The steps are descnbed below

. Step I—Analyze the learner population i m terms that will aﬂ'ect the way
the course is taught. . i
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Fig. 1—The design process

o Step 2—State general policy using the Questionnaire described in Sec. II

and Appendix A of this report.!

o Step 3a—Analyze the curriculum usmg a branching questionaire that
helps the user describe his course in detail:* The Curriculum Analysis
Questionnaire typifies each lesson (1) in eystem-onented terms and (2) its
requirements for communication media.®

o Step 3b—Specify. stmtegws of instruction-as described in this report by
means-of DISTAF, a'logic- tree, with. each decision point a logical conse-
quence of the preceding decisions: To éxercise it, the designer has two aids:
an interactive computer program written in JOSS,* and a: User’s Manual
that presents the pros and cons of decisions to be made at each pomt, along
w1th <some- of the. logwal consequences- of each choice. For each type of

Gy '

* Policy, as tised here, ‘concerns the nature of the school's: ‘objectives—whether it wants a standard
:auaidxvemoutput. andhowntrelaustomtutionsthatuuiugmduammdthoaethntmpply its
entl.

N yBretz, meHODIA QuatwmmforamuulumAnal_mc,m Rand Oorporatxon. mowm,
mmber
» Rudy Bmtz. The Selection of Appropriate Gommumcaaon lledaa for Instruction: A Guide for Design-
ers of Air Force Technical Training Programs, The Rand Corporation, R-601-PR; February 1971.
\d 'I‘heJOSSeomputerpmuammllbepublisheduaSupplementtothumport.andeventuallywﬂl
be translated into Interactive FORTRAN.,
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instruction identified in the Curriculum Analysis Questionnaire, an in-
structional strategy specifies the teaching agent and the way students will
interact with this teaching.

DISTAF encourages the planner to consider alternative methods of in-
struction (up to 57 different teaching strategies for a single course) and to
translate his decisions into guidelines for program design. This allows him
to take account of different levels of subject matter difficulty, different
student abilities, and requirements for different types of student perform-
ance.

* Step 4—Specify design criteriainput from the teaching institution, such as

~ least cost, shortest course length, graduation of the most students per unit
time, or maximum use of communication media.

o Step 5—Describe iocal resources, presents data describing the rate of stu-
dent entry and the school’s resources and constraints, which will be gath-
ered by means of a logically structured set of questions.

o Step 6—Design the instructional’program using as direct inputs informa-
tion from the Curriculum Analysis Questionnaire, DISTAF, the design
criteria, and the local resource description. Indirect inputs are characteris-
tics of the learner population, the stated general policy, and the general
course features.

At present, we see four main coinponents of this step. First, each lesson
is linked to the instructional strategy chosen for that particular category
of instruction. Second, a set of criteria is used to select specific media and
facilities. Third, a set of criteria is used to assign personnel. Fourth, student
flow through the course is simuiated by a flow and scheduling model to
generate graduation rates and resource requirements.

o Step 7—Analyze the coststo determine the system’s time-dependent dollar
requirements. This will eventually be acoomplmhed by a computer pro-
gram.

o Step 8— As necessary, depending on the acceptability of the outputs, re-
peat steps 1-7 (with different inputs) until the most desirable system
‘emerges.

Probably the most important single contribution of MODIA is that it encour-

ages the examination of alternative instructional approaches. It helps the designer . )

plan a program for & partlcular approach mpldly, and—still at the planning stage-
—aseess its utility in terms of production of graduates or consumption of human and
material resources. If the resulting instructional } program is unacceptable on one of
these counts, the designer may quickly. construct: and aseess an alternative ap-
proach Providing this kind of feedback will help assure that many promising ap-
proaches are explored befon one is. chosen for actual’ mplementatxon
. Some major tools must be- developed before MODIA i is complete, namely, a

generalized computer model of student flow; a computer: moélel for estimating re-

R 0 v Ay & TR
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source requirements; and a questionnaire for detailing local resources. Although
work remains, we manually tested MODIA to demonstrate the feasibility and utility
of the design process; our example for the test is based on an actual course in etill
photography taught to enlisted airmen in the Technical School at Lowry Air Force
Base.*

ORGANIZATION OF THE REPORT

Section II describes the Quectionnaire for Stating Gereral Policy, presented in
Appendix A. The remainder of the report deals with several aspects of specifying
instructional strategies in detail. First, Sec. I describes the strategies available to

- the planner. It also shows how theee are reldtad to the teaching methods of everyday

educational parlance. Next, the effects of-the various instructional strategies on
system design are discussed in Sec. IV. Section V then describes the logical structure
of DISTAF, the interactive logic tree, and will be of particular interest to anyone
concerned with the details of the DISTAF program. Concluding remarks are given
in Sec. VL. In addition to-Appendix A, mentioned above, Appendix B contains the
User’s Manual for Specifying Instructional Strategies, which is used in conjunction
with the DISTAF program. Appendix C displays and discusses the instructional
strategy as output by-the DISTAF program.for the basic photography course men-
tioned above. And Appendix D contains a list of variablcs.

* R. L. Petruschell and Polly Carpenter, MODIA Applied in the Design and Cost Analysis of an
Innovative Air Force Instructional Course, The Rand Corporation, R-1021-PR, November 1972,
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r II. STATING GENERAL POLICY

Ground rules for designing an instructional program fall into two general
categories—policy and strategy. Policies concern mainly the very broad goals under-
lying school operation, strategies.concern how to carry out these policies. As in-
dicated in Sec. I, the explicit statement of policies guides the specification of instruc-
tional strategies.

In the Rand work, we consider policies in three general areas: the broed charac-
terization of the teachirg irstitution’s goals, the extent to which the achools #ill
adjust to variations in the student population, and the way in which the schools must
accommodate their operations to the needs of organizations that supply their stu-
dents or accept their graduates (scheduling). To assist the planner in stating these -
policies, the Questionnaire for Stating Ganeral Policy (Appendix A) was constructed.
It is tied to the analysis of student population and provides input variables for
DISTAF. ‘

GOALS OF THE TRAINING INSTITUTION

We discuss the Questionnaire as it relates to the three areas mentioneﬂ above.
Answers to the first two questions provide a very general characterization of the
institution’s goals.

1. Will & standard number of instructional hours be required as input, re-
gardless of course content or. student capability?*
2. Are standardized graduates desired? \

First, the planner indicates whether the teachmg mshtuteon must provxde a“stand-
ard number of instructional hours” for. every student. This type of requirement is
legally mandated for public schools in ‘many states, is required in most institutions
of higher education,.and is also prescribed in' many training programs for labor

¢ Ttems defined in the Glossary appear in boldface type the first time they are méntioned in the text.




union membership. Because our concern has not been primarily with such institu-
tions, at this point a “yes” answer to question 1 would halt the design process
(although relatively few modifications will be needed for the process to reflect this
general policy). A “no” answer sends the designer to question 2.

Question 2 deals with whether the planner wants the graduates {o be as similar
as poesible (standardized) with respect to their mastery of the course. No one be-
lieves, of course, that it is possible or even desirable to produce graduates who all
have exactly the same level of mastery of the same set of skills. Air Training
Command policy at present, however, devotes no additional resources to helping
more capable students attain higher levels of mastery; rather all students are
expected to master a given minimum set of objectives. Such a policy certainly
alleviates problems of personnel assignment, but may stifle the curiosity, initiative,
and creativity of the better student. Professors in the Air Force Academy who would
with to develop the potential of each commwoned officer to the fullest would
probably reply positively to this question.

ADJUSTING TO DIFFERENCES IN STUDENTS

Content Variations

Question 2 also relates to variations in the student population. If students are
relatively homogeneous, it makes little difference whether a standardized graduate
is desired. If they vary widely in their capabilities to master the subject matter,
however, those with better capabilities may be expected to master a larger set of
objectives than the average s:udent in order to develop their potential more fully.
Therefore, the designer is asked:

3. Will better studenis be encouraged to go beyond average achievement?

Additional objectives can also help keep the bright student from becoming bored.
Similarly, students witl: iowsr capabilities may be expected to attain a smaller set
of objectives, a set from which work that is not essential or too chp.llengmg has been
deleted.

4. Will requirements be relaxed for: poorer students?

Students who have difficulty in learning the subject will work as hard to attain
alimited set of objectives as will the average students to master the standard course
materials. Similarly, bright students may quickly master and become bored with the
standard course and may need the challenge of additional objectives. Although this
tactic equalizes, to some extent, the demands placed on the students, it may result
in inequalities in student learnmg that compound over time.

Themphesmadetoquestxom3and4mllaﬂ'ectbothsmdentﬂowandthe
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Curriculum Analym, in which learning events required for enrichment or those
that can be deleted must be 1dentxﬁed and ‘described.

§. Will exposureto course content”be matched to prior student achievement?

6. Will additional instruction be given to students who are deficient in course
prerequisites?

7. Will students with superior preparation be allowed to skip topics they
already know? .

“Yes” answers to questions 5 and either 6 or 7 will have similar effects on student
flow and the Curriculum Analysis. If question 5 is answered “yes,” however, course
content is to Le adapted (ndaptivity) to the student’s prior preparation for the
course. Those who are deficient in .course prerequisties inay be given remedial
instruction (question 6) or those with superior preparation may be allowed to skip
topics they already know (question 7). DISTAF ):ter provides the designer with an
opportunity to specify at what point and how to identify such studentas.

Adapting course content to prior student learning primarily affects the effi-
ciency of instruction, as it is directed toward teaching students only what they need
to learn to master the course objectives. It may be adopted whether or not standard-
ized graduates are desired and will be most useful in situstions in which the student
population has highly diverse backgrounds.

Method Variations

8. Will different instructional strategies be designed to match different stu-
dent capabilities?
9. Will special strategies be used for better students?
10. Will special strategies be used for poorer students?

—«44

Questicns 8 to 10 determine whether the designir wants to take student capa-
bility into account in choosing instructional methods. (Student capabmty is a mix-
ture of motivation, innate ability, and prior achievement.) This is a crucial step,
particularly for a highly heterogeneous student population. “Yes” answers here
determine how much variety in method and materials will be supplied. In the usual
classroom, such -ecisions are left to the instructor who must assess the
heterogeneity of his students and, usually through trial and error, reach them as
best he can. Even the most competent instructors can be stymied by a highly hetero-
geneous class and a limited set of materials.

Variations in method may consist of breaking subject matter into small steps
for the slow learner, challenging fast learners to discover principles for themselves,
allowing slow learners more time on a particular topic, or lotting fast learners direct
their own study independent of an instructor. DISTAF permits a wide range of
variations by taking the planner through the process of setting strategy for each
ability grouping he wishes to consider for various levels of subject matter difficulty.

The plannier’s decisions about which levels of student capabilities he wishes to
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consider separately are clearly influenced by the distribution of capabilities he
expects in the student population. Policy considerations alsc influence his decisions,
for example, whether the community will be friendly or hostile to special treatment
for the fast learner.

Tracking and Grouping

To make it eesier to adapt either method or content to various characteristics
of the student population, fiequently students are put into groups that are rela-

tively homogeneous with regard to the characteristics of interest. Each group may

then be taught differently either by using different methods or by spending differing
amounts of time in teaching them, or by combinations of both techniques. Students
may be put into groups whose niembers may change from time to time, depending
on the instruction.

Alternatively, tracking (tracks) puts students into classes whose members re-
main essentially the same throughout the course; in effect, separate but perallel
courses are taught. Tracking may have undesirable psychological effects on both
instructors and students, but it permits a greater concentration of ~esources on the
learner and may result in a higher overall level of learning. Within-class grouping
makes greater demands on the instructor’s ingenuity.

11. Will studenta be put into tracks?

12. Will ztudents be put into tracks on the basis of their learning capability?

13. Will studenis be put into tracks on the basis of theu' preparation for the
course? .

Since tracking affects the entire course and may be a mattcr of policy, the
designer is asked in question 11 whether he will use it. If 50, he then establishes in
questions 12 or 13 the basis for track formation, depending on the types of adaptivity
he has previoully chosen. If he chooses only one basis, say student learning capebil-
ity, his prior-answers to questions 3 and 4; for example, will be sufficient to direct
the formation of tracks. If he chooses two bases, he will use his analysis of student
population and the types of adaptivity he has selected to guide him in forming the
tracks. The number and type of tracks formed will then be input to DISTAF so that
instructional strategy may be specified for each track.

SCHEDULING

When a.otandudnumberofmstmchonalhouumnotreqmmdmmput.ntn
possible to save time and other resources by encouraging average and fast learners
to graduate more quickly than slow learners. In addition to being more efficiert, this
tachcmyngethuh:dentagru&rnnnofcon&olmrhnownhammgand.
hopefully, encourage the development of responsible attitudes. These advantiges
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may outweigh the disedvantages of greater administrative burdens and greater
demands on teacher inventiveness.

Most instruction, however, is designed so that all students will learn certam
basic sections of course content on a fixed schedule. This simplifies such tasks as
scheduling tests, assigning teachers and classrooms, predicting the availability of
graduates, and ordering supplies. And, if wisely managed, there can be a fair amount
of adaptivity within what is sometimes called lock-step instruction. Moreover, the
user of the graduates may want them supplied in predictable numbers at regular
intervals, as is the case in the Air Force personnel system. Thus, it is important to
consider whether students must master course content on a fixed schedule so that
the user will be predictably supplied.

14. Will basic course content be presented on a fixed schedule?

15. Will addltlonal resources in the form of remedial instruction or washback
be used for slow stidents or students who have been absent? ’

16. Will. failing students be dropped from the coiirse; -before its ooncluslon"

17.  Will basic course content be presented on a fixed schedule within: tracks"

Question 14 applies ifno trackmg is being used, question’17 applies to tracking.

It maybe conslderably easier to meét the user’s requirements and still accommodate -

student differences if tracks are used with a fixed schedule for each track.

If fixed scheduling is used, exammatlons are given-on a fixed schedule, and
students who do poorly on the test must ¢ither take remedml mstructxon to make
it up, repeat the material covered, or be ehmmated from the course. .Additicnal
resources are also needed to catch up students who have had excessive absences.
Therefore, question 15 allows the planner. to specify whether he wishes to provide
additional resources for these purposes. Additionally, students whio are failing may
be dropped from the course before ‘its. conclusion (question 16). This saves both
instructional resources and student time.
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HII. INSTRUCTIONAL STRATEGIES

"This section provides the reader with a general understanding of the process for
specifying instructional strategiés. It begins by describing the-planner’s role. The
process:is structured around a framework of'categories of mstructlonal activities
classified according to-the teachmg resources inherent in the: subject matter The
categories are described and then compared with other, current systems for classify-
ing instruction. Within each category, questions are asked whose answers establish
the detailed featurés of the teaching strategy to be used. Some strategy questions
and answers-are then described. The section ends by showing how some sets of
answers to the strategy questions relate to current teaching methods.

HOW THE PLANNER SETS STRATEGY

Once the planner completes thé Questionnaire for Stating General Policy, he is
ready to specify his instructional strategies in-detail using DISTAF. For its use, we
constructed two aids: one is a manual presenting the strategy decisions the planner
will have to make; the other is an interactive computer program written in JOSS

_that guldes him through a log1c tree.

The manual discusses the pros and-cons applicable to each decision along with
some of the logical consequences that will result from various choices.'In itself, the
manual gives the planner a oomprehenslve checklist. If he decides to use a very
simple mstructlonal strategy, he can.proceed through the decmonmakmg process
by himself. If. he wishes to-specify.a ‘highly varied strategy, he uses the computer
program. The program computes nothmg Rather, it keeps track of the planner’s
decisions and- performs all'the logical bookkeepmg, which can be quite ‘complex. To

use the program, the planner. 81ts at the computer console and answers questions of
strategy as the computer du'ects him to.do. At-each. pomt the computer refers him
to numbered questions in:the manual to: remmd thim: of the. arguinents’ for and
against each choice. :

The loglc tree is baséd on three types of mstructlon that provxde a framework
for the DISTAF process. At branch points, each- category of instruction may be

10
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divided into several subcategories, some of which are shown in Fig. 2. For each
subcategory of instruction included in his course, the planner specifies a strategy by
answering a set of questicns. Thus, whereas most instructors use only a few appro-
aches to instruction, DISTAF permits specification for a single course of up to 57
different teaching strategies, one for each subcategory of instruction. This provides
the planner with opportunities to take account of many different levels of subject
matter difficulty, different student abilities, and reqmrements for different types of
student performance.

It will probably take a user several hours to make'his first run through the
DISTAF program. As he becomes familiat with the decision points, however, this
time will diminish to from 10 to 30 minutes, depending on the complexity of the
strategy chosen.

Major types Amount of
of Student-to-student  student
instruction interaction performance
R
w
R 4
RN
r 4
Start \\ t
Up to 57
subcategories

ir
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CATEGORIES OF INSTRUCTION

Let us now examine the three major categories of instruction.” Type I instruc-

tion does not require students to develop skills through drill or practice. Much
conventional classroom instruction is of Type I. Type II instruction requires
students to develop skills through drill or practice but does not require them to work
with special equipment or in special facilities. Thus, Type I is also classroom
instruction. Type III instruction requires the students to work with special equip-

ment or in a special facility, which means elsewhere than in a classroom or carrel.
As shown partially in Fig: 2, each type of instruction is divided into the sub-

categories shown fully in Table 1A. Each column (1 to 7) indicates a basis on which
subcategories are formed; each also may influence the way in which subcategories
to its right on the table are chosen. Shaded boxes indicate some subcategories whose
formation is not subject-matter dependent, such as unscheduled instruction
(homework). The shaded boxes are included because the available choices of answers
for.the strategy questions at the finest level of detail depend on these categorizations.

The number and type of categorizations that the user chooses to call out on the
basis of student: learmng capability (column 6) are related to the type of instruction
and its level of difficulty. Generally accepted learning-capability categorizations are
as follows:

lgroup....oouvvnnn.. no categorization

2 groups ............. slow and average-to-bright or
slow-to-average and bright
Sgroups ............. slow, average, bright

The user may choose different categorizations at different levels of difficulty, as
. suggested by the example in Table 1B,

The requitement of the subjéct matter for constructed response (a response
the student devises himself—column 7) would seem to have a small role or.no role

" to play in the judgment about the number of categories of student learning capabil-

ity chosen; hence, column 7 is to the right of column 6,

Type I Instruction

For convenience, each subcategory in Table 1A is assigned a line number (last
column), to which- the following discussion refers Type ] instruction (lines 1 to 3) is
not subcategonzed on the basis of requu'ements for student-to-student interaction
or student performanee because, by definition, Type I instruction is not intended
to teach skllls
. Unsuheduled 'l‘ype Iinstruction (answered “no,” line 1) is tradmonal homework
and has been treatéd very slmply ‘We have not asked the deslgner to assxgn a level
of dxﬂiculty to tallor tlns instruction to student learmng eapabllmes (to some extent,
'the student does th:s anyway), or. to conslder reqmrements for specml presentations
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Table 1A

DISTAF CATEGORIES OF INSTRUCTION

Column Number
1 2 3 4 s 3 7
Student- [/ A
to-Student ‘4 Constructed
Type of Interaction Student Performsnce d leval cf Response Line
Instructfon| Required?? Required?d 9 Difficulty Required? |Nusber
’ Yo N.C. n.c’ n.c. 1
Type 1 N.C.* n.C. Tasy Up to 3 n.c. 2
Yoo
Difficult Up to 3 N.C. 3
Simple N.C. n.C. 4
No
¥o Conplex N.C. N.C. S
(model of studeat .
psrformance) Simple N.C. N.C. [
Yoo
Complex N.C. N.C. )
Yoo 8
Simple n.C.
No 9
Ro
No 3 . Yoo 10
(dndsvidual .|¢ Complex n.C.
skills) Yes ¥o 11
(student performance) Yes 12
Type 11 Simple Up to 3 -
No 13
Yes
4 Yes 14
Complex Up to 3
7 ) i No 15
Mixed No NG, N.C. n.C. 16
(follow-me fnstruc- -
tfon) ~ Yes n.C. Uptol N.C. 12
Mo
(wodel of interactivs n.C. x.C. N.C. N.C, 18
Yes performance) .
(interactive
skills) Yes . . .
(4ateractive perfor- u.C. N.C. N.C, ®eC -1 1
sance) . -
Type lI@ See Typs II lgumctm and text description.of Type III instruction, 20-35

'Lt the subject mattsr requires etudents to interect with eech other because.they ere lezrning fnteractive
skills (es iv close-order drill or creving an sircreft), this coluan-1s snswered "yes," Otherwise, it fs

ansvared “no," even {f students interect with sech other during the instruction, es in small group discussions
or directed clessroom drill; ) ’

1£ the subject matter. igqq(gc'i;ctﬁdcnt.o-io perform in ordsr to leern ¢ skill, this column is ansvered "yes,"
unless:the instructfon comprises the Presentstion of e model of the skill to be leerped. In that csse, the ensver
is sfther "no" or "mixed," dspending.on whither the student-observas the ptesentetion without psrforming or follows
the demonstration step-by-step. -

“Colums heeded by éhiaded bixes fndfcate folicy-dependent sub
subject-mattsr dependent. =~ " ST

91¢.the method of tastruceion 16 £0°be sdapted to student lesrning capebility; DISTAF allove-the plamner to
specify different stretegles for up to thres categories of students, If, for example; thres cstegoriss are
used, < -subcitegory o the .right” 1s tripled, /An’exadple £s shown in Tebla-18; ’

*H.C.-means.that the:instriition- 1s mot subcaiegorized vh this beats. In‘gome’ inet
cu{p ¢ single value to this varisble; in others, the varisbla 1s essumed {rrelevant,

A_ rizations, ss opposed to those that ere

ances, the planner must
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Table 1B

EXAMPLE OF CATEGORIZATION BASED ON STUDENT LEARNING CAPABILITY?®

Column Number from Table 1A ‘

1 4 S 6
Categories Line
of Student Nuaber
Type of Scheduled Level of Learning from
Instruction] Insiruction | Difficulty Capability Table 1A
No N.C. N.C. 1
Slow 2
Easy
Average-~to-bright 2
Type 1

Yes Slow 3

Difficult Average 3

Bright 3

.Only Type I considered; columns N.C. for all Type I deleted.
Had the.user wished, he. could have chosen 3 categories of student
learning capability for line 2, .

. - ;
because all presentations must be recorded for student use. We do ask, however, that
he designate the type of response (if any) to be elicited for all instruction in this

. category.

Scheduled Type I instruction (linés 2 and 3) is traditional classroom instruc-
tion (although the planner’s choices may make it necessary for the students to work
in study carrels at a learning center). Ifthe planner wishes to ehcxt overt responses
from the students during this: ‘instruction, he chooses the type of response (column
7) for all instruction in each of up to the six categories that may be formed on the
basis of student learning capability.

Type I Instruction

Because unacheduled: ‘Type I instruction (also tradxtxonal homework) can apply
to such diverse activities as prahte.cmg addltlon or writing a term paper, it is  broken
into seven subcategones, as shown in hnes 4, 5 8to 11, and 16 It is not, however,
categonzed on the'basis of. student learmng capabmty or. epecml Ppresentation. re-
.quirements: Whntever preeentataons must be made would congist of stimuli for drill,
problems for solutton, or: dlrectxons, all ofwluch would dlrect student perf‘ormance

(linies 8 to 16); orofehomngamodeloftheehlltobeleamed(lmes4to7and 16
and 17). .




If students do not perform the ski!l during the showing of the model (lines < to
7), the instruction is not subcategorized on the basie of student learning capability
and no decision must be made concerning the type of response. If students do
perform the skill during the showing of the model (lines 16 and 17), constructed
response is assumed to be required. Follow-me instruction is assumed useful only
with complex skills, so it is not subcategorized by level of difficulty, but msy be
subcategorized by student learning capability.

Type Ii instruction may teach interactive skills such as dramatic production or
debating (lines 18 and 19). The Curriculum Analysis provides most of the data for
determining what configuration of facilities and personnel is needed for these
categories. No unscheduled instruction is included on the assumption that the re-
quirements for assembling a team or group will force the instruction to be scheduled.

Type HI Instruction

The subcategorizations of Type HI instruction (not shown explicity in the table)
follow_those of Type II very closely, although the reasoning behind them is some-
what different. Because. Type-III instruction-concerns the development.of student
skills in workmg with special equipment or in special facilities, a/l presentations
(except brief directions) require special. facilities or equipment. This breaks the
“mixed” category of Type I instruction (lines 16 and 17) into two subcategories
" depending on intent: (1) it is true follow-me performance with each student copying
a demonstration as it is presented, or (2) the students are only following step-by-step
directions. In the first case, a model of performance must be prepared and carried
out; in the second, such a model is not used. In either event, each student must have
access to the required facilities or equipment during the presentation.

Discussion, Review, Examination

DISTAF treats several categories of instructional activity that are not entered
on Table 1A: review sessions, formal examinations, scoring of student work, group
discussions, and studenb-mstructor discussions. The configurations required to
carry out these activities can be derived from decicions the planner makes in using
DISTAF in comunctlon with the Cumculum Analysis. These decisions are discussed
in Sec. V, which describes the logical structure:of DISTAF in detail.

The term learning évent, & key concept in system design, refers to any instruc-
tional activity that can be assigned to one of the subcategories in Table 1A. A single
class session will usually contain several learning events. For example, teaching a
typing shll niay involve an introductory talk or discussion (Type, scheduled, eusy),
the presentatxon ofa model of performance (Type III, model of student performance,
scheduled,. snnple) a f‘ollow-me demonstration (Type III,: mxxed, scheduled, simple),
and a practice:séssion: (’Pype I[I,‘— performance, scheduled, g'mple). If a _particular
instructional actlvxty seems to be a mixtire of more than one subcategory, it should
be subcategonwd, as'in’ the above example Ifthm would resiilt in many. learmng
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events, each of very short duration (say less than five minutes), the activity should
be assigned to the category that requires the most resource support. Generally, this
is the category with the higher line number on the table. (Unscheduled study, of
course, will be easily separable from scheduled instruction.)

RELATIONSHIP OF DISTAF CATEGORIES OF INSTRUCTION
TO OTHER SYSTEMS OF CLASSIFICATION .

At first, it would seem possible to use one of the existing taxinomies as a scheme

- for classifying instruction. Why was it necessary to devise a-new system.from

scratch? The answer is that none of the major classification systems relate what is

being taught to its inherent resource requirements. Hence, nohe‘¢an form a basis
to guide the functional design and resource analysis of instructional systems.

Let us look briefly at three existing structures to illustrate this point: Bloom’s
Taxonomy of Educational Objectives, ® Gagné’s eight types of learning,® and the Air
Force Proficiency Code for technical training.!S Bloom’s major categories of educa-
tional objectives ate based on educational and peychological considerations: cogni-
tive, affective, and psychoniotor. Cognitive and affective categories may or may
not require overt student performance and may or may not be classroom instruction.
For example, cognitive skills or knowledge are used-heavily in troubleshooting a jet
engine (Type III instruction); in solving arithmetic probiems (Type II instruction),
and in gaining an uniderstanding of the causes of the Civil War (Type I instruction).
Affective objectives may also be sought in any of the three types of instruction. Only
peychomotor objectives cannot'be taught in Type I instruction. Handwriiing, for
example, is a‘xryfﬁqniotorskill taught in Type II instruction.

_ Gagrié's eight types of learning are based on considerations of the psychology
of learning: sigrial learning, stimulus-response learriing, chaining, verbal-associate
learning, multiple discrimination, concept learning, principle learning, and problem
solving. Some of these, such as problem solving, require overt student performance
and hence cannot occur in Type I instruction. All of them may or may not require
special facilities or equipment. o

" The AirForce Proficiency Code, reproduced in Fig. 3, comes closest to the cate-
gorization we use but is intended to indicate the relation of the knowledge and skills
to the Air Force specialty. Therefore, it doés not go far enoiigh in subcategorization,
because, for examiple, it makes no distinictions on the basis of level of difficulty or
type or response required. Most importantly, task performanceis hot distinguished
by. whether or- notit-réquires special facilities or equipment.

We:grouped task knowledge and subject knowledge as Type I instruction (since
they.do not require student performance); although miich of task kndwledge canbe

* B. 8.:Bloom; et aL, Tuionomy.of Educational Objectives, Handbook I* Cognitive Domain, David
** Specialty Training Standard: Jet Engine Mochanic and Jet Bngine Technician, STS 43330/50/70,
Department of the'Air Force, Washington, D.C., 22 Auguit 1968, © ;
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PROFICIENCY CODE KEY

':ﬁ:_‘;'. DEFINITION: The Individual
| | CAn do simple parts of the tssk. Needs to be told or showa hew to do mest of the tosk.
" __| (EXTRENELY LINITED )
"!’ ol 2 Can do most pares of the tssk. . Needs help uly on hardest parts. May set meet locs! demands for
§ 2 d speed o¢ accuracy. (PARTIALLY PROFICIENT)
" g E 3 Can do all parts of the cask. Necds enly s spot check of completed work. Meets misium local
u demands for speed and accuracy. (COMPETENT)
4 Caa do the complete task quickly aad accurately. Caa tell or show etlsets how to de the task.
"(HIGHLY PROFICIENT)
a | Can same parts, toole, 25d simpie facts abowt the task. (NOMENCLATURE)
w . )
¥ 8 é b | Can name the ateps ia doing the task sad tell bow each is done. (PROCEDURES)
- g “l . Cue:'luinvhyud'kubunimbeducu‘vbyelchuepumdd.
x (OPERATING PRINCIPLES)
d | Cas peedici, idemify, sad reselve problems about the tssk. (COMPLETE THEORY)
A | Can identily basic facts and terms shout the subject. (FACTS)
w 3 =
§ g 3 B | Coa explain relncionship of bisic facts aad state generil principles about the subject. (PRINCIPLES)
? £ 2| C | Coaanaipii facts and principies éid deaw conclusions sbew the sabict._(ANALYSIS)
D | Cam cvdute cu‘iuou u‘ uke m dccuiou sbest the subject. (EVALUATION)

N

" & EXPLANATIONS =
Alﬁhﬂﬁcwﬂednmhuﬁd&cuv&tuu&mxdcvduudeﬁnalcn!ofho-ldge
for a cpocific task.- (Ezxamples: b and IV).

A ub,m keowledge scale valve is u«l.lcoeudelanalcnlo(l:ml«lgeknub;e«mdumly relsted to any

o'mrccui ot for a ub}oau.unnnnlu&

This aok is soed aloné initésd of 4 & scelc value 1o show that che individual aceds ao training in task performance,
tssk knowledge, or ubk« hnle‘ge ot this'skill level.

‘l'iis mork ia wied .lou 3 A‘l‘C cane columas to show that tmnu is met ;im det te. li-umou in ATC reseurces.

Fig. oA Farce pioficiéncy codefor technical training
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transmitted during the presentation of performance models in Types II and Il
instruction.

STRATEGY QUESTIONS

Strategy questions are asked for each instructional category included in a
course. In this section we discuss only questions that apply to basic scheduled
instruction'* because this is the category for which most planning traditionally is
carried out. Two criteria guided the choice of questions arid answers:

» It should be possible to describe any teaching tmethod of current interest
by giving appropriate answers to the questions; that is, the questions
should be comprehensive. :

o It should be possible methodically to derive an instructional pregram that
could implement the stratesv described by any set of answers.

We demonstrate subsequently that each criterion is satisfied, at least in part, by the
questions and answers chosen. '

Whenever the Cesigner makes a dacisi”  using DISTAF, he enters a number
corresponding to his decision (as indicated : .. the User’s Manual, Appendix B) into
the computer. The computer then assigns that value to the variable corresponding
to the given decision. We call this a strategy variable. After completing a run
through DISTAF the instructional strategy becomes, in essence, a set of specific
values (each value corresponding to an answer the user made to a question) that the
computer assigns to variables and compiles.as the user progresses through the
decision process, The set of answe+s describes a strategy of itistruction in terms that
will direct instructional program design. The product of DISTAF, ther, is a specified
instructional strategy, not a spacific instructional program. (The process for tran-
slating instructional strategies into the irstructional programs needed to carry
them oiit is still under development, as discussed earlier.) )

Before proceeding; it will be helpful o recall that a major premise or the Rand
work is that the content of instruction has already been determined; that is, the
design process does riot deal with matters of content 9z content emphasis. So there
is no explicit treatment of such questions as: How much time should be spent on
fundamentals as opposed to hands-on performance? How frequently should a skill
be practiced for long-term retention? Should explicit efforts be made in the class-
room-to motivate student involvement with the subject by including peép talks,
orientation sessions, and the like? Thiede uestions will be addressed in a systematic
fashion in the future; because of the Air.Force work on systemizatior: of instruction,
they are not treated here.

! Basic.instruction becawss it is interided as the core of the:learning process (assimilation of
information or dcvelopmen K h instruction
because it is carried out at -tm and &mm.ﬁm?du hours™).
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Adaptive Method

For convenience, we distinguish between adaptive method and adaptive con-
tent. In general, there is no clear dividing line between the two types, although
different approaches can certainly emphasize one or the other. At present, DISTAF
is primarily concerned with allowing the planrer to adjust the method of instruc-
tion to students’ learning capabilities. For scheduled basic instruction, DISTAF
allows the planner to specify strategy for both between-session and concurrent
adaptivity. In between-session adaptivity an instructor, a computer program, or a
tutor analyzes each learner’s performance during previous instruction and chooses
the particular technique to use for the next session of instruction. In concurrent
adaptivity, the method of instruction is adjusted to each student’s needs while the
instruction is in progress.

The planner first deexgnates how students are to be grouped on the basis of
learning capability. This decision is heavily influenced by the analysis of the learner
population that precedes the use of DISTAF. An instructional m‘ategy is then
specified for the students in each group. When making the grouping decision, the
planner may treat each student as an individual, that is, adapt the instructional
method to each student’s learning capebility. .

Next, the planner designates the adaptive agent (adapter) for each group or for
all individuals. The adapter may be an instructor, a student leader, the individual
student,'* or an adaptive program.

An adaptive program directs the student’s study as he progresses through the
material on the basis of his demonstrated mastery of the material. Such programs
are usually presented by a computer and always involve branching of some form;
that is, at certain points students are shunted. along different paths depending on
their reactions to the preceding material. Scrambled books or other media that
indicate branching are not adaptive programs in the full sense because the user

must perform the actual branching. A scrambled book, for example, will direct the

reader to different pages depending on his answers toa question. The adaptive agent,
in this case, is partly the book and partly the reader because he may choose not to
follow the directions exactly.

If students are grouped by learning capability, DISTAF gives the planner the
opportunity to specify a different adapter for each group, if desired. If students are
treated as individuals, however, the adaptxve agent is assumed to be the same for
all students.

The rest of the variables specified if the method is adaptive are described under
Presentation, which follows the description of variable pacing.

Variable Pacing

Even though the method of instruction may not be adapted to student learning
capabilities in general, the rate of instruction-may be matched to student learning

!* Students who are academically sophisticated (such as graduate students) are often their own
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rates. This is called variable pacing and is effected by determing whether the student
has mastered each learning objective before proceeding to the next. This adjustment
is always made concurrent with the instruction. (Note that variable pacing is im-
plicit if the method is adaptive.) If the planner decides to use variable pacing in an
instructional category, he chooses the controlling agent (pacer), which may be an
instructor, a student leader, an indi7idual student, or a response-paced program.
A response-paced program is similsr to an adaptive program except that it contains
no branches and varies only the rate of presentation. Most teaching machines
present response-paced programs.

The pacer may match the rate of instruction to the learning rate of a single
student or to the average-learning rate of a group of students. The planner may
choose the latter tactic to save money if he feels enough students will have similar
learning rates to group them without losing the benefits of variable pacing. If the
learner is his own pacer (self:pacing), this type of grouping is not possible, of course.

The rest of the variables specified if variable pacing is used are described below
under Presentation.

Presentation

There are six primary strategy variables: presenter, background materials, in-
tegrated stimuli, recording responses, type of response, and feedback to learner.
Each is discussed in turn.

Presenter. DISTAF emphasizes variables that direct the design of communi-

cation media systems for instruction. Therefore, a primary variable is the presenter
of information, of directions for student perforinance, of drill stimuli, or of a demon-*

stration of a skill that students must master.

For basic scheduled ins¢ruction the presenter may be an instructor, a student
leader, any appropriate communication medium, a fixed-duration program, an
adaptive. program, or a response-paced program. Some of these terms are now dis-

-cussed. An appropriate communication medium i is one that can convey the sub-

stance of the presentation: it is chosen for each topic from data supplied by the
Curriculum Analysis.

A fixed-duration program is one whose time fur presentation is not intended to
beaﬂ'ectadbythesmdenh.Anythmgthat “runs,” such as a film or audio tape, is
a fixed-duration program unless special equipment is added to control running time.
Fixed-duration Programs simplify scheduling and are useful when students must
attain some minimum speed of performance.

The adaptxveprogramandthereopome-paoedprogmmareusedtoadaptthe
method or pace of a presentation by any appropmte communication medium to the
students’ learning capabilities. The adaptlve prograi is an option if adaptive meth-
ods are uaed, the response-paced program is aveilable for vanable pacing. .

‘If-the learner is his own pacer, hemustbesupphedmththeappropmtecom-

munication' media and whatever mechanisms he may néed to control them. If the

medmmneededufhepnntedpage,noaddmonalcontroharemqumd,xfthe
mediurh needed is what would normallybapreaentedbyaﬁxed-duratmn program,
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5.0p and start controls must be provided to permit the student to pace the presenta-
tion as he desires.

Similarly, if the learner is his own adapter, he must be given internal random
access to the materials. In the case of normally fixed-duration programs, this meens
that the student must be able to stop, start, fast-forward, and fast-reverse the pro-
gram at will and that the program must be coded so that he will know where to
advance it to or back it up to.

Background Materials. Materials are provided to support (or carry the bur-
den of) instruction except when the presenter is an instructor and the planner
explicitly chonses to rely on him to gather and prepare his own materials and
instructional aids, such as charts 5r transparencies. The planner can choose special
kinds of materials to support instruction by an instructor, student leader, or learner
(selfinstruction). They are: a programmed guide and stratified materials, ie.,
modularized materials prepared at several levels of difficulty. '

Integrated Stimuii. If a student is paying attention to the instruction, he
reacts to it in some way, even if his reaction consists only of temporarily recognizing
a familiar phrase. To heighten the probability of intensive reaction, teachers often
pose questions to students to elicit an overt response (integrated stimuli) from the
student questioned directly. This usually elicits covert responses from most of the
other students. If the instructional method is to be adapted concurrently to student
capabilities, or if the pace is to be adapted to student learning rates, stimuli for overt
student response mustbe an integral part of the instruction in order to provide the
besis for branching or pacing. The choice of using integrated stimuli in other in-
stances is left to the planner.

Recording Responses. If stimuli for overt student response are integrated
with the presentation, student responses may be permanently recorded for later use.
Either the student or the instructor may analyze these records to evaluate mastery
of concepts or skills; recorded responses may also be used as a springboard for
classroom discussion. ]

In many instances, the responses called for are recorded by their very nature.
An obvious example is a concrete student product such as a weather map. Unless
tpecial provisions are made to record them, other responses may be ephemeral; e.g.,
a student’s ability to pronounce foreign words.

Whether or not student responses are permanently recorded is never an auto-
matic consequence of prior decisions; the planner must always make this choice.
Even with adaptive or responle-paced programs, which must temporarily: register
student responses in-order to “sense” whether to go forward and to what point,
permanent recording for latcr analysis (by machine or human) requires additional
equipment.

Type of Response. We ssparate responses into two major categories: con-
otrnctodandukmd.mmdeuthmlfdenmaconmuctedmpomby
speaking, writing, drawing; making a coiicrete object, checking, adjusting, repairing
aomethmg or performing some physical act such as swimming. A selected response
is one the student chooses from among two or more previously prepared possibilities.

To clarify the concept, connder test and measurement (although the student re-
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sponses being considered for basic scheduled instruction are those that would be
made to stimuli integral with the instruction, not to an ‘xamination). Examinations
calling for selected responses are generally known as objective tests because subjec-
tive judgments do not enter into scoring; the answer is either right or wrong. There
is no room for subjective judgment on the part of the instructor, except as it influ-
ences his choice of the response to be accepted as correct. Test items in these
examinations are typically multiplechoice, true-false, matching, or ordering.

In many instances it is impossible to assess student mastery of a particular
subject by eliciting a selected response. A performing skill such as playing the oboe
demands that the student be able to perform, not that he merely recognize accepta-
ble performsince or be able to list the aesthetic principles of good performance. But
it is also possible that selected responses can be used to assess student mastery of
other skills, such as computation or reading. Thus, although constructed responsss
may well be required to assess student mastery of some subjects, they may be
optional for others. DISTAF pm\ndes the planner with the flexibility he needs in
making this choice.

The distinction is significant for system design. Because aelected responses are
chosen from a restricted set, they can be coded for recognition by simple teaching
machines or by computers. However, only special computers now being developed
can “recognize” constructed respcnses, and these responses must usually fall within
a narrow range such as block letters, a small number of spoken words, or a specisl
computer language. Even in these instances, the computers are relatively expensive.
In the current version of DISTAF, we simply assume that only selected responses
can be used for machine recognitior. or scoring.

Stimuli calling for constructed response are easy to write, but scoring them
tukes time and skill. Scoring selected responses is simple and can even be done by
. machine. Once the material is written, many students may use it without adding
the heavy burdens of grading papers on the instructor. Item analyses and other
techniques can be applied to determine test reliability, and so on, but a considerable
amount of skill is required to Frepare good stimuli cailing.for selected response.
Almost everyone has had the experience of feeling that  particular statement was
neither true nor false and wondering how to outguees the test writer in choosing the
proper designation. In addition, some slulls, such as proving trig identities, may be
very difficult to evaluate by calling for selected response, and some may be impossi-
ble, such as disassembling and reassembling a pump.

Feedback to Learner. After the, learnerhashadhmetorespond. he may be
shown or told whether his anawer was acceptable. This information can be provided
in a variety of ways: ax: instructor or other judge cangive it on the spot, the student
can be shown a model of an acceptable response, or the action of a machine can
indicate whether or not the response was correct. Although many educators believe
thatsuch feedback enhances learning; expenmental results are inconclusive. In any
event, feedback to the leamer is mandatory in any self-directed study.




RELATIONSHIP OF ANSWERS TO STRATEGY QUFSTIONS
TO CURRENT TEACHING METHODS

A primary goal of the DISTAF process is to permit the planner to “capture” any
method of instruction of interest to him in terms that will direct system design. This
section demonstrates the extent to which this goal has been reached to date by
relating several instructional methods of current interest to sets of values of the
DISTAF strategy variables. It also shows that DISTAF permits the specification of
many instructional methods that are not part of most educators’ repertoire.

The Air Force has issued a number of useful publications describing various
aspects of instruction. Air Force Manual 50-9, Principles and Techniques of Instruc-
tion, for example, lists the following under teaching methods: demonstration-perfor-
mance, guided discussion, case-situation (sometimes called role playing), lecture,
team teaching, the field trip, the laboratory, socialized recitation, and programmed
instruction. To this list we might add: tutoring, peer tutoring, computer assisted
instruction (CAI), individualized instruction, and the Socratic method. In general,
we believe that the requirement for. some of these methods should be a consequence
of higher-order design decisions, rather than a.need stated at the outset.

To discuss how these methods are related to sets of values of strategy variables,
we must extract their essential characteristics as they relate to instructional system
design. First, we note that several of the methods are essentially different from the
others in that they specify use of some element of the instructional system (such as
materials, equipment, facilities, or personnel) rather than a procedurefor using such
elements. These are: team teaching, the assignment, the field trip, the laboratory,
and possibly CAI, although CAI also has special implications for procedure. Team
teaching is primarily a method of assigning teachers to classes and usually implies
modularized scheduling; that is, breaking class periods into small units of, say, 15
minutes each to permit flexibility of schedulirng. This. techmque has not explicitly
been included in DISTAF to date, s it levies special requirements on the school for
data processing, facilities, and’ staﬂing The assignment corresponds to the DISTAF
category of unscheduled study and can be fairly fully treated by the designer.
Similarly, the field trip and the laboratory refer to ins*ruction that takes place in
special facilities, that is, Type III instruction.

Next, the remaining methods are grouped accordiug to their requiréments for
overt learner activity and interaciions with other learners.

1. Minimal learner activity—Lecture and leciure-forum. Wé group these
together because we assume that alimost any lecture will be followed by or
interleaved with a “forum” (class dlscussloa) of some kind. .

2. Learner interaction with instructional agent but not other learners—Reci-
tation,; the Socratic method, tutoring or peer-tutoring, programmed in-
struction, and mdlwduallzed instruction. These methods all elicit overt
learner responses during the.irstruction-and can be used in a one-to-one
(teachiér-learner) situation. Recitation; the Socratlc method, and pro-
gramied instruction can-also bé used in a ‘group (one-to-many) mode. I
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3. Learner interaction with instructional agent and other learners under in-
structor direction—Guided discussion. This method elicits overt student
responses during instruction but requires a group situation.

4. Learner interaction with other learners, instructor direction not required—
Role playing, dialogue, panel, symposium, dramatization. These are all
Type I, interactive skills. In most cases, the activity would be preceded by
a description of what is expected or a model of performance, and prepara-
tory assignments for unscheduled study, followed by & discussion or sum-
mary by the instructor. Both the preceding and succeeding activities would
be classed as separate learning events.

5. Learner performance, minimal direct instruction—Lemonstration-perfor-
mance. In technical training this is probably the most common type of
instruction. As the term implies, it usually mvolves at least two learning
events: the presentation cf a model of performance, and actual student
performance. The latter may be for development of either individual or
interactive skills.

Table 2 traces the choices that-a designer would make in using’ DISTAF if he
wanted to specify one of the five methods listed above in a form in which its use is
generally understood. Note that the second column identifies the categories of in-
struction to which the method is usually applied. This designation is an integral part
of specifying the method. A brief discussion of the instructional methods listed in
Table 2 follows.

Lecture

The lecture method applies to scheduled Type 1 instruction or to scheduled
Presentation of models of performance in Types II or III instruction for either an
individual learner or a group of learners. To specify it, the designer first indicates
that no.adaptive method and no vanable pacing wouid be used. That is, appron-
mately the same content would be dehvered in the same way and in the same
amount of time, regardless of vanatlons in learner capablhtles He then would
choose the instructor as the presenter and mdlcate that stimuli for overt student
response would not be mtegrated with the presentatlon This declsmn automatically
implies that the instructor w111 niot i receive programmed materials and that the
learner will not receive immediate feedback regarding the correctness of his re-

sponse (because he has'made none). The deslgner can supply background materials

tothemstructorasheseesﬁt

Recitation

Recitation apphes to Type I. mstructlon and to some student. performance in
Type II instruction, such as practlcmg pronunclatlon, and can' be- used in either the
group or mdmdual mode To specifyit;. the deslgner chiooses to integrate stimuli
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with the instructor’s presentation. Again, the designer can provide the instructor
with background materials and expect (or direct) the instructor to provide immedi-
ate feedback to the learner(s) regarding the correctness of his (their) responses as
they are made. These background materials would not be “programmed” in the
usual sense that a student’s progress from item to item would depend on his demon-
strated mastery of the items, although most instructors would use crude approxima-
tions of programming during a recitation session, such as repeating items for which
responses were poor or skipping items that students obviously know.

Socratic

The Socratic method applies to Type I instruction. The instructor asks questions
of the learner or group and frames succeeding questions to the learner(s) on the basis
of his (their) replies in an effort to elicit from them what they have learned. The
designer would therefore choose an adaptive method (which implies variable pac-
ing), with the instructor as presenter and adapter. Stimuli mustbe integrated with
the presentation because the method-is adaptive, and- learnex(s) must receive im-
mediate feedback. The designer would not supply the instructor with programmed
materials because these would destroy the ad hoc nature of the method. The de-
signer may choose whether or not to supply the instructor with topic materials.

Tutor
Tutoring, used for all types of instruction, is considered as scheduled instruction

rather than unscheduled because of the difficulties associated with coordinating the

Joint participation of tutor and learner at odd hours. The tutor is an adapter of
instruction and, hence, paces the individual learner’s progress as the tutor presents
the items to be mastered. $imuli must be integrated, of course, and the learner
receives immediate feedback. The designer has choices about whether to supply the
instructor with topic materials. Like the Socratic method, tutoring implies a large
amount of ad hoc adaptivity, and supplymg programmed materials undoubtedly
would defeat its purpose.

As the table suggests, the Socratic method when applied in the individual mode
is similar to tutoring. The primary difference lies in the extenit to which the instruc-
tor presents what is to be learned. With the Socratic method, the learner is expected
to bring enough background to the session that the sub,)ect matter.can, in essence,
be drawn. out of him by astute. questioning. Wlth tutoring,. the tutor presents as
much or as httle of the subject as seems warrarited by the learner s responses. Thus,
the Socratic method might well ¢all for preparatory assignments; tutoring would
contain a larger fraction of presentation.

Peer-Tutor
The decisions for the peer-tutor are similar to those for the tutor except that a
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learner’s peer is the adapter of instruction; he must be provided with lesson materi-
als, it being unreasonable to expect a student to acquire these himself.

Programmed Instruction

We touch on two types of programmed instruction: linear and branching. Both
may be used for all types of instruction. To select linear programmed instruction,
the designer would use variable pacing. To select branching prcgrammed instruc-
tion, the designer would use the adaptive method. Either choice automatically re-
quires that stimuli for overt student response be integrated with the instruction.

Linear Programmed Instruction

Teaching Machinés. The majority of teaching machines present response-
paced programs, and this is the application referred to here. Such teaching machines
can be used throughout Type I instruction and in Types II and III instruction
wherever student progress can be checked by eliciting selected responses. Instruc-
tion may be either scheduled or unscheduled, but if unscheduled, usually the learner
must work in a carrel or other special facility. Programmed materials must be
provided for the machine in a communication medium. Background materials are
needed only in the preliminary stages of the programming and are not supplied to
each machine. A limited form of immediate feedback to the learner regarding the
correctness of his responses is supplied automatically by the response of the ma-
chine, although the learner does not know why his answer was right or wrong.

Self-Pacing. This method puts the learner himself in the role of the pacer. He
must be supplied with programmed communication media (programmed text or a
teaching machine that is not response-paced) that provides immediate feedback on
the correctness or acceptability of his responses so that he knows how to pace
himself. As before, background materials are not needed for each learner. Responses
may be either selected or constructed.

Branching Programmed Instruction

CAL As with the term teaching machines, the term CAI has many interpreta-
tions and implies the use of various instructional methods. Computers can use
adaptive programs*® to branch students along dnﬂ'erent paths, contingent on their
responses to stimuli. As with linear prog'rammed instruction, only selected re-
sponses can be used in this way. Anadaptweprogramalsopacesthe ‘nstruction and
uses a communication redium to present the mstructxon Otther choices and conse-
querices &re the same as for the teechmg machiné using a response-paced program.

Individualized Instruction. ' This term can also refer to any of several combi-

13 Use of computers for linear programmed instruction is generally considered wasteful, as tho much
leuexpenmteechmgmachmesandotbermponmngdevmdouwell
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nations of values of DISTAF strategy variables. Many individualized systems are,
in fact, combinations of programmed: instruction (either linear or branching) and
various degrees of adaptivity of course content, the most common type being to adapt
content to student prior learning as determined by a diagnostic pretest. Some in-
dividualized instruction also includes' individually prescribed learning objectives
that are not part of the basic course; usually these represent only a small fraction
of the student’s totai course of study. DISTAF"s provisions for enrichment and
remedial topics could easily be used for this purpose. DISTAF also offers many
possibilities for taking account of s;udent learning capability or style in planning
and carrying out instructions.

The individualized instruction shown on the table puts the learner in the role

of adapter (and hence pacer) of instruction. Other choices and consequences are the
same as for self-pacing.

Guided Discussion

Guided discussion requires an instructor to direct a group of students; hence, it
is scheduled instruction. It can apply to subjects taught in all categories of instruc-
tion and can be designated by answering “yes” to questions on discussions scheduled
during class hours. Discussions intended ‘primarily to develop such social skills as
communication, leadership, and listening (rather than reviewing and exploring
previous work) are scheduled Type Tl instruction, interactive skills.

A guided discussion requires the instructor to adapt and pace the inatruction for
a group of students. Because the students themselves are expected to contribute to
the discussion, they are presenters, along with the instructor. Stimuli for student
response must be integrated with the instruction, of course, but programmed materi-
als would destroy the spontaneity of the discussion. Background materials might be
Provided, and learners might be given imniediate feedback, at the designer’s and
instructor’s discretion. .

Interactive Activities

Dramatization and similar interactive activities are scheduled Type II instruc-
tions involving student performance. (These activities have been grouped because
their requirements for- resources are about the same.) The students assume more
responsibility for adapting the direction and pace of.theé:activity than in guided
discussion, stimulate each:dther, and usually.tell each.other when responses are
particularly apt or-inept. At the designer’s option, materials such as rules of play,
directions, references for preparation for:panel discussions.or for writing backup
papers may or may not be supplied: Usually. activities such as role playing are

Preceded by a preparatory learning event p.n@lfdilpjved éby some kind of discussion .

or critique.
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Demonstration-Performance

Demonstration-performance, as described in Air Force Manual 50-9, is a strue-
tured activity used in Types II and III instruction under close supervision by an
instructor. The instructor demonstrates the performance the students will subsee-
quently practice. He then provides initial directions for their performance, super-
viges it closely, giving directions and commenting on the work as it proceeds, and
follows the session with a critique. At the other end of the spectrum, however, it
would be possible for an instructor simply to give initial instructions and leave.
Students could check their progress from models or by talking to each other. These
options are indicated in the table.




IV. EFFECTS OF INSTRUCTIONAL STRATEGIES ON
SYSTEM DESIGN

The final design process integrates the Curriculum Analysis and the DISTAF
output to describe an instructional system in terms of student flows und time-
dependent requirements for resources. This section shows how responses to the
DISTAF décision points, interacting with deta from the Curriculum Analysis, pro-
vide guidelines for this process. First, the determinants of studént flow are treated,
as many resource requirements depend direstly on the number of students to be
taught. Next, variable values that directly affect requirements for instructors and
other teaching staff are described. Then values that directly affect requirements for
teaching materials, instructional aids, and equipment are similarly discussed. The
section ends with a table summarizing the effects of the strategy variables on system
design.

STUDENT FLOW

The flow of students through a course generates requirements for resources of
all sorts—instructors, facilities, materials, equipment, and, if students are supported
by the teaching institution, student pay—as well as determining the rate at which
students graduate. Many DISTAF variables were chosen to permit precise descrip-
tion of the way student flow is related to resource requirements. Student flow is, in
essence, determined by three main items: the amount of material each student must
learn, the regular class time to set aside for basic scheduled instruction, and student
learning rate. '

Decisions Affecting the Amount of Material Each Student
Must Learn _ "

’N\\ The Curriculum Analysis “provides the basic description of the amount of
) material each student must learn. This information may be modified in light of
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decisions made in stating general policy so that course content can be adapted to
student background or learning capability or both. At this point, DISTAF asks the
planner to indicate what means he will use to place students in the proper catego-
ries, by typing 1, 2, or 3. If he types 1, in the model of student flow, students are
tagged as belonging to one or another category on the basis of general information
on their background available when they enter the course; if he types 2, assignments
are made after an initial tryout period in the course; if he types 3, assignments are
made on the basis of a diagnostic pretest. In effect, he assigns the value 1, 2, or 3
to the strategy variable A(76).** From this point on, students receive the modified
course appropriate to the category assigned them and are placed in the appropriate
track or group if these are formed.

Decisions Affecting the Regular Class Time Set Aside for Basic
Scheduled Instruction

Students may be expected to do a significant amount of learning outside of
regular class hours, that is, during unscheduled study. As more of the basic material
isdesignated for unscheduled study, student flow increases, presuming that students
can master the materials on their own. Learning events for unscheduled study are
so designated in the Curriculum Analysis.

Unscheduled study can generate instructional actwmes during regular class
hours, however, such as checking and discussing the assignment. If regular cless

time is devoted to such activities, __(73)'* indicates the number of minutes required, '

on the average. This time is then added to scheduled instruction following un-
scheduled study.

Basic scheduled instruction can generate similar requirements for additional
time during regular class hours. If an instructor or student leader does not present
the instruction, it is possible that the planner will want to set aside some class time
for students to discuss the instruction with each other or with the instructor [A(18)
=1} In that event, A(12) gives the percentage of time in basic instruction to set aside
for discussion sessions and A(77) determines the frequency with whxch these sessions
will occur.

If the students discuss material presented bya commumcatlon medium with a
monitor or instructor during the presentation [A(17)=2), it adds 5 to 10 minutes to
the presentation time, with a resultant effect on student flow.

Simularly, if the instruction requires students to make overt responses, the
planner may-decide to use-these responses as a springboard for class discussion by
setting aside class time for scoring the responses [A(58)=1].

Formal examinations regulate student flow and also take time during regular
class- hours. The specification of the frequency of examinations at all levels from

SmugyvambluundinthumportmdeﬂnedinAppende
i mwmon“_(oo)”mdmusthltdwmhmomthmmvmnblemththhmhmptbeuun
thevdueudetormnedformtbmomuhgoqofm&ucmmummduduhpelmm
and simple and complex Type II instruction.
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quizzes to finals is denoted by variables e(1,i) or e(2,i).* Variables e(19,i) or (20,
denote the average length of each type of examination.

If students are academically mature, reviews before examinations are fre-
quently assigned for unscheduled study [e(12,i)=0 or (14,i)=0}. Scheduling reviews
[e(12,))=1 or e(14,i)=1] decreases the rate of student flow, but may also decrease the
failure rate. The number of minutes devoted in class to each type of review is
designated by &(16,i) or e(18,i).

Finally, the method of presenting the instruction also affects the amount of time
spent during regular class hours. Instruction presented by a live instructor or tutor
[—©)=1o0r 3, _(19)=1or3, _(50)=1 or 3, _(61)=0, A(97)=1] may ramble or miss
important points, thereby requiring retracing of part of the material, or simply be
poorly organized and confusing to the student. It is generally conceded that using
communication media for instruction can decrease learning time by forcing the
attention and resources on planning and production that are needed for efficient
communication.

Decisions Affecting Student Learning Rate

The Curriculum Analysis provides the basis for deriving the student learning
rate. In it, the planner estimates the time required for each learning event in
conventional instruction. This time usually reflects the learning rate of students
with somewhat below average ability. In many schools, the subject matter is pre-
sented on a fixed schedule; i.e., every student is supposed to be studying approxi-
mately the same content at the same time [A(53)=1). Students may drop cut of a
course at specified points, however; the percentages of students leaving at each point
will vary. Or students may recycle through a part of the course if they fail the
examination covering that part or have had exceesive absences; again, the recycling
rate will vary for different parts of the course.

To accommodate to wide ranges in student learning capabilities, many schools
have introduced methods that permit students to proceed through course content
along different paths [A(1)=2 or A(1)=1 and ..(54)#0, (adaptive instruction) or at
different rates [A(2)=1or A(2)=2and __(14)£0] (variable pacmg) Adaptive instruc-
tion always implies some type of variable pacing, dependmg on the type of adaptivity
used. Generally, in such systems the average student finishes the course in less time
than would have been allotted for ﬁxed-schedule instruction, partly-bec:use fixed-
schedule instruction tends to adjust to the slower student’s learning rate and partly
because the opportunity to finish the work sooner motivates most students to leurn
facter. To add or ehheace motivation for rapld progrees through the course, a num-
ber of educators have advocated the use of incentives—material rewards for com-
pleting topics or units of subject matter [e(25,1)=1]). Rewirding, students by giving
them time during class hours when they are free to use recreational facilities and

"mmmwmmammmmfammmmmmmu
whether it is calendar time or course content.
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the like is also used as an incentive [A(28)=1]. To some extent, this may reduce the
rate of student progress through.the course.

Adaptive instruction or variable pacing may be used within a “fixed"” schedule
by requiring each student to be at the same point in the course at designated times,
such as just before major examinations or at the beginning of each day, but allowing
students to proceed at their own pace within these limits. Alternatively, the
schedule may be completely free, with only an upper limit set on the time an
individual student may spend in the course.

Student learning rates are also affected if students are put into tracks or groups
[—(64)#0] on the basis of their capability. This technique probably tends to lower
the average rate of progress to some extent, although students in above-average
groups or tracks will still progress faster than those in below-average groups or
tracks.

A similar tactic may be used when the only adaptivity is to adjust the rate of
instruction, if students are grouped by learning rate [(80)#0). This is a particu-
larly useful device if the Curriculum Analysis designates learning events that re-
quire students to interact wi*h one another, as in work teams, sports, or role playing.
Such requirements are e..ily met in a fixed-pace course; but if the course were
individually paced, a student might have to wait until enough other students have
caught up with him to form the group of the required size, designsited in the Cur-
riculum Analysis. Variable pacing of groups of students that have nearly the same
learning rates allows the planner to meet the need for interactive groupe and still
realize most of the benefits of variable pacing.

PERSONNEL

Because teacher salaries are a major (or he major) cost of instruction in most
schools, DISTAF emphasizes variables that affect personnel requirements. These
are directly affected by the number of tasks assigned, their frequency and length,
and the ratio of students to employed personnel for each task. In general, student/
personnel ratios depend upon specific requirements(as for safety monitoring)stated
in the Curriculum Analyris or upon the facilities available. Some of the DISTAF
variables affect student/personael ratios indirectly. These are mentioned during the
following discussion.

Table 8 displays tasks that may be assigned to instructors, student instructors,
or clerks. Generally the frequency and length.of these tasks may be determined
from Curriculum Analysis data; instances in which they are not are noted.

Ifanmstructorpresentsbancmstructmndunngclmhoum,asmtheﬁrst
threetaskshsted,theCumculumAnalymsgwestheﬁ'equencydnrecﬂy The time
required for. presentation (task 3) is also given dmectly' for tasks 1 and 2, student
learning rate affects time; which must be derived by simulating student flow. Stu-
dent/instructor ratlos are indirectly affected by any- -tracking or grouping used
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Table 3

VALUES OF VARIABLES RELATED TO PERSONNEL REQUIREMENTS

Determinants of
Tasks Frequency Length
1. Adapt basic instruction: c.A.2 C.A.
__(63)=1 and __(6)=1
2. Pace basic instruction: C.A. C.A.
_(14)=3 {__(63)=0]
3. Present basic instruction: C.A. C.A.
(6)=1 [___(14)=0 and __(63)=0)
4. Discuss media presentations during C.A. C.A.
presentation:
A(17)=2
5. Monitor media presentations: C.A. C.A.
__(718)=1 0or 2
6. Present Type I instruction requiring C.A. C.A.
special facilities or equipment:
__(61)=0
7. Present models of student performance: C.A. C.A.
__(50)=1
8. Present follow-me demonstrations: C.A. C.A.
__(19)=1 -
9a. Discuss media presentations after presentation C.A. & - A(19)
and during class hours: AQ77)
A(18)=1 -
9b. Discuss media presentations after presentation C.A. A(19)
and outside of class hours during work day:
A(18)=2
10. Check homework fn class: C.A. _(13)
__(13)¥0
11. Present reviews and examinations: e(1,i) or | e(19,1) or
__(55)=0 and __(6)=1 or 3 e(2,1)b e(20,1)b
e(12,1) or| e(16,1) or
e(14,1)% | e(18,1)
12. Proctor examinations: e(1,1) or | e(19,1) or
e(26,1)=1 or 2 or e(27,i)=1 or 2b e(2,1)b e(20,1)b
13. Present remedial instruction: C.A. A(96)
A(97)=1; or A(b4)=1, A(97)=0 and
__(6)=1
14. Score exams outside of class but e(l,1) or | scoring
during work day: e(2,1) formula
A(51)=1
15a. Score student work in class: C.A. AQ19)
A(58)=1
15b. Score student, work outside of class C.A. scoring
but during work day: formula
A(59)=1 or A(10)=2

®Determined directly from Curriciium Analysis.
Choice of variable depends on basis of examination schedule.
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[—(54)=0 or __(80)=0] and are also affected by requirements for interaction with
the students levied by adaptive instruction or variable pacing.

The frequency and time required for discussing media presentations during the
presentation (task 4) or, if this is not to be done, simply monitoring media presenta-
tions (task 5) can also be derived from the Curriculum Analysis.. Task 4 adds 5 to
10 minutes to the pregentation and requires a relatively low student/staff ratio (say
10/1) unless the instructor can handle several groups at once through a communica-
tion medium. This possibility is permitted if the instructor or monitor is not required
to be accessible continuously during the presentation [A(22)=0).

For tasks 6 to 8, the instructor demonstrates a concept in a special facility or
by using special equipment or demonstrates a skill that students will subsequently
master. Again, the Curriculum Analysis gives the frequency and time required for
these tasks and also indicates the maximum number of students who may view the
demonstration at one time.

Task 9 sets aside a special time for discussing media presentations after the
presentation, either during class hours [A(18)=1] or outside of class hours but
during the instructor’s working day [A(18)=2]. The frequency of these discussions
is determined by the frequency and length of media presentations; the length of
discussion sessions, indicated by A(12); and the guidelines for determining when
enough discussion time has accumulated, indicated by A(77).

If assignments for unscheduled study (homework, task 10) are checked in class
[(85)=1], the time required for this [_(73)] is added to the instructor’s duties
following each assignment listed in the Curriculum Analysia.

The instructor may present reviews and examinations ftask 11) if the printed
page is not the only medium used [—(56)=0] and an instructor or student leader
[—(6)=1 or 3] presented the basic instruction on which the students are to be
evaluated. There will be an exception to this rule for examinations (only), however,
if the final system design includes media systems that would be appropriate for the
instruction for which __(6)=1 or 8. In that event, the media system replaces the
instructor for presenting the examination. The frequency and length of task 11
depends on the examination requirements, the related review requirements, and the
values of __(6) for learning events on which students are evaluated.

The frequency and length of task 12 is derived directly from the examination
schedule.

An instructor presents remedial instruction (task 13) during his working day if
A(9N)=1orif A(64)=1, A(97)=0, and _(6)=1. The Curriculum Analysis designatec
learning events that are above average in difficulty, and remedial sessions of the
length indicated by A(96) will be scheduled into the instructor’s workload.

Tasks 14 and 15 allocate instructor timefor acoring” examinatior 3 (task 14)
and scoring class work (task-15). Research on test and measurement suggests that
formulas can be used as a rough guide to the time required to score essay or objec-
tive tests. These formulas are applied to tasks 14 and 15b. The frequency of task

7 E. F. Lindquist (ed.), mwm'mwmwormmmm
Publishing Company, Menasha, Wisconsin, 1951,
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14 depends on the examination schedule, of course. Task 15 is generated by student
work recorded during basic instruction for which answers are not supplied to the
students[__(8)=1 and _(29)=0}. If student work is scored in clasa, the time roquired
will be similar to that required for discussion [A(12)].

Two variables can apply either to an instructor or to someone of iower rank
such as a student instructor or a teacher’s aide. These are the monitor for media
presentaticas ({ask 5) and the proctor for examinations (task 12). Two other varia-
bles, excluded from the table because they are not task-related, have similar implica-
tions for personnel. They are the variables that allow the pianner to specify special
instructors for students in a slow track [e(21,1)=1] or a fast track [e(21,2)=1).

MEDIA MATERIALS AND PROGRAMS, AND IN STRUCTIONAL AIDS

Requirements for media materials and programs, and instructional aids depend
on factors similar to those that determine personnel requirements, viz., the tasks to
be done, their frequency and length, and the number of students who may view a
single display (this is always 1 if the medium is the printed page). Some additional
considerations relating to the cost of the initial production are also treated.

Table 4 parallels Table 3, showing the tasks, the determinants of frequency and
length, and factors bearing on the initial production cost. As before, the number of
students wlio may view a single display is suggested only roughly by DISTAF output.
Other factors must be considered before these numbers may be determined more
exactly.

Communication media play a direct role in adapting instruction to student
capability (task 1) if the adapter is either the learner himself or an adaptive pro-
granm. The Curriculum Analysis determines the frequency and length of learning
events that use adaptive méthods. Because the method is adaptive, branching ia
required, which means that the amount of material or program that must be pro-
duced will be at least doubled. The requirement for branching programming means
that stimuli for overt student reeponse must be integrated with the presentation;
this, in itself, lengthens the production:process and further increases production
costs. Finally, if correct answers must be supplied along with the presentation, as
they must if the learner is the adapter, additional presentation of answers or
remedial instruction is required. This can be considerable in Type H complex in-
struction or in Type IIl instruction, in which a model of an acceptable product may
have to be depicted. ( )

The number of students who can view and interact with a given media presenta-
tion depends in part on whether tracking or grouping is used, i.e., if (54)#0 or 4.
If _(54)=4, instruction is completely individualized, and only one student may use
any set of materisls o nrograms at ong time, although dial-accees systems may allow
timesharing of materials. The number of distinct séts of materials required will also
be determined in part by-(54). Media sistem design may be different for each track
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Table 4

VALUES OF VAliIABLES RELATED TO MEDIA MATERIALS REQUIREMENTS

Determinants of Varisbles Affecting Cost of Production
Task Frequency Length Variable Meaning
1. Adapt basic instruction: C.A.2 C.A. __{N=1 [Sranching required.
_(63)=2 or 3 . Stimull for overt student response
integrated with prog
(29)=1 A s provided with presentetion
i _(56)=x ber of distinct sets of programs
required determined by value of x.
2. Pace basic instruction: C.A. CA. § _(N=1 " lAs above.
_(18)=2 or 4, [__(63)=0) __(29)=1 [As above.
; 3. Present basic instructfon: C.A. C.A. See text.
! ) _(6)$2 or 3, [_ (14)=0 snd
' —_(63)~0)
' 4. Present Type I instruction requiring C.A. C.A. (63)$0 [Adaptive instruction: branching.
¢ special facilities or equipment: Q)90 Variable pacing: fntegrated stimull.
i _(61)=2 (29)m1 provided with presentetion.
g 5. Supply background materials for C.A. C.A. —(29)=1 “}A prov!déd with-presentation.
: student leader or fastructor:
_(63)=1 or 4, __(21)¥0 _(21)=2 |Stratified materials required.
“(a8)=1 or 3 —(21¥0 (16)»1 }Programmed guide required.
—(6)=1 or 3, _—(21)=2 -
T(50)e1 or 3, (52)=1
TA(97)=1 and _TZ1)$0) or _(21)=2  |As above.
[A(97)=0 and —(6)=(1 or 3) — (16)s1 [As above.
(21)¢0]
__(19)=1 or 3, H(62)=1
6. Present models of student performance: C.A. C.A.
, ) (S0)*2 or S )
7. Present follow-me demonstrations: C.A. C.A.
_(9=20r5
. 8. Present assignments” for unscheduled C.A. C.A. __(39)-1 Stimuli integrated with presentation.
study: 3 __(46)=1 Anmu provided with presentation.
__(45)40 - . .
9. Present reviews: e(12,1) or [e(16,1) or |e(15,1)e1 or Special-materials will be prepared
__(55)*1 or _ (55)=0 e(14,1) e(18,1) e(17,4)=1 for reviev sessions.
nd __(6)#1 or 3 I ; e(3,1) or |The lenmlng dvents to be. reviewed.
. . R(4,1)
10. Present exams: i (1,1} or “e(19,1) or} __ (33 ARoudt of "objective” test to be
(SS)-]. or __(55)=0 1 - le20,1) | prepared.
_(6)$or 3 N . ‘ i €(3,1Y or |The leaming events to be tested.
. . “je(b,10)
11. Give diagnostic pretest: leglmin; 1 hour
“A(76)=3. ; of course . . -t
12. Predent remedisl iastruction: i P, L. . See task 1.
mmxumw.g _(6)h1ot 3 | C.A. “ A(96) v
.. vor A(64)=2 . Che B CA. _ . L
L “Deternined directly from Curriculum Anslysts..
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or group, and differont amounts and types of materials may be required for each,
depending on the subsequent strategy and the Curriculum Analysis.

Similarly, communicatiori media play a direct role in matching the pace of
instruction to student learning rate (task 2) if the pacer is either the leainer himself
or a response-paced program, Productlon costs increase over those of conventional
production because of the additional {ime required to prepare linearly programmed
materials. As before, the requirement for providing correct answers can add consid-
erably to production requirements in Type 1I complex mstructlon Again, the num-
ber of students who can use a given program at one time depends in part on whether
students are grouped by learning rate [(80)0] or whether rates are determined
individually.

The least expensive production applies to task 3, which requires only presenta-
tion, with no integrated stimuli. or correct answers. The planner may, however,
include these 1tems -if; “he wmhes, even though he is not using branching or linear
programming. Also*the Curriculum Analysis. may indicate that the presentation
requires the use of special equxpment, or must take place in a special facility, or may
involve more than one person, as in demonstrating a team sport. Each of these adds
to the cost of initial production.-

A special instance of the above appears in task 4, which is assigned to a com-
munication medium if special facilities or equipment are needed to make a presenta-
tion that an instructor would otherwise make in Type I instruction. Since this case
can arise in either adaptive instruction, variable pacing, or fixed-pace instruction,
considerations of the production costs are the same as those appropriate to tasks 1,
2, or3.

Task 5 is a catchall for instances in which an instructor or student leader is the
adapter [(63)=1 or 4], pacer [(14)=1 or 3], presenter [—(6)=1 or 3}, demonstrator
[(50)=1 or 3], or presenter of remedial instruction [A(97)=1 and —(21)=0, etc JIn
each case, if the variable following the comma in the list déscribing task 5 has the
value shown, special background materials, including instructional aids, must be
supplied to the instructor or student leader. As before, the production costs are
affected by.a decision to supply the presenter with correct answers. With adaptive
instruction [(63)=1 or 4], the background materials may be modularized and
prepared on:three or four levels of difficulty [_(21):=2] (stratified materials), further
increasing the gkill and time required (and hence the cost) to produce them. Simi-
larly, with variable pacing [-(14)=1 or 3], a programmed guide may be required
[—(16)=1]. These choices are also applied to the background materials prepared for
remedial instruction, as appropriate.

Communication media present models of ‘student performance, follow-me
demonstrations, and assignments for unscheduled study-if _(50)=2 or 5, - (19)=
2 of 5, or _(45)#£0 (tasks 6, 7, and 8).,, The p¥inted. page presents reviews and
examinations if __(55)=1. If._.(55) -0, these leatnmg evsats dre presented by what-
ever means was used in the ongmal instruction. If th.ls was a communication
medium [_(6)#1 or 3], it presents the review and examinstion: The frequency and
length of these presentations is speclﬁed by the “e” vanables shown in Table 4 for
tasks 9 and 10.
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The Curriculum Analysis identifies learning events on which student mastery
will be evaluated in formal examinativns. By specifying whether an examination
wiil cover only the material presented since the last examination of the same type,
or whether it will be more comprehensive, (3,)) or e(4,i) identifies the learning
events to consider as candidates for evalaation and specifies the requirements for
media to assure that each candidate event can be evaluated, if so desired.

Communication media are used to present remedial instruction in scheduled
sessions if A(64)=1, A(87)=0, and __(6)+1 or 3 (task 12). Of course, media are
required if remedial assignments are made for unscheduled study [A(64)=2]. The
Curriculum Analysis determines the frequency of remedial sessions in which par-
ticularly difficult learning events are noted. A(96) estimates the length of scheduled
remedial sessions; the length of unscheduled remedial assignments is determined
from the Curriculum.Analysis in which such assignments must be described.

EQUIPMENT

The eqmpment discussed below is- largely that required for the appropriate
communication medium needed for the instruction. Wherever a variable value di-
rectly affects requirements fpr media materials and programs, it usually affects
equipment requirements. If the materials are explicitly designated “background
materials and instructional aids” [(21), _(52), and A(99)], the instructor or student
leader uses communication media for only preparing and supportmg 'his,presenta-
tion, and little equipment is required.

A few other types of equipment designed spemﬁcally for instructional use are
also treated. Training devices or actual hardware that students would operate or
work with are excluded, since they cannot trade off with instructors.

There is a special implication for equipment if the learner adapts instruction
for himseif [(63)=3]. He must have complete freedom in using the media; that is,
he must be able to skip forward or backward, go fast or slow, stop or. start as he
wishes. We term this capability internal random access. It must be provided when-
ever the learner wiil be using communication media adaptwely scheduled instruc-
tion [(6)=2 or 5], follow-me demonstration [(19)=2 or 5], presentation of models
of performance [__(50)=2 or 5}, presentations in Type I instruction requiring special
facilities or equipment [ (61)=1], unscheduled study [(45)=2 or 5}, or remedial
instruction [A(97)=0]. The program has to be coded so that the learner knows to
what point he-wishes to skip or return. The printed page automatlcally provides
internal random access. Since many subjécts cannot be effectively transmitted via
the printed page, however (such as the sound of a mlssmg éngine), the requirement
for internal random access of otherwise ﬁxed-duratmn media may be slgmﬁcant in
many courses. If internal- random access'is’ prov1ded _..(48) I

A similar requirement- apphes if the learnér. is. his own. jpacer:[..(14)=2], al-
though the only addmonal eqmpment needed for this is a stop-and-start control for

the program.
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Three kinds of programs with equipment that. exercise various degrees of con-
trol may be specified: adaptive, response-paced, and fixed-duration. Each has special
equipment requirements. Equipment for the first two must be able to stop the
Program to wait for student response, sense the response, and react to the response
in a precoded way. Usually a computer is required to present an adaptive program,
: , but many'simple teaching machines may be response-paced. The fixed-duration

Program simply requires something on which it can be run—a movie projector, tape
' player, or television set, for example.
A special difficulty arises if any of these programs is used for unscheduled study.
Most teaching machines and all computers are too bulky or too expensive for stu-
dents to carry them to the dormitcry or the library for unscheduled study. This
: means that a learning center or other facility for the students must be equipped with
. carrels and the needed hardware, or remote access must be provided via some
electronic distribution system. Portable cassette players for audiotape are becoming
less expensive and more durable. In the future they may be checked out for un-
scheduled study or required of each student as textbooks are.

If student responses are recorded [(8)=1or —(47)=1}, special equipment may
be needed where recording is not inherent in the kind of response being made.
Student performance of skills requiring body movements, such as loading an air-
craft, or interacting with-others, such as following commands, can be recorded on
vidcotape for later analysis and critique. Audiotape recording ‘of the student’s

Nk wmq e o
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spoken language has been found widely useful in studying foreign languages. :

Scoring student work by machine [A(10)=1 or A(E7)=1] can-save instructor 5
time, perform item analysis and ‘other checks on the reliability of printed tests,
supply statistical information on individual students and groups of students, and
assist the instructor in diagnosing student progress. Small computers are sufficient }

for these. purposes. There are also relatively inexpensive mark-sénse systems that
can at least add up riglit and wrong answers.

. If A(22)=0o0r A(56)==0, an instructor can discuss the subject with several groups
of students via a communication medium from a remote point. Students can discuss
their problems among themselves and, upon coming to a difficult item, can query
the instructor at a predesignated time. Closed-circuit TV or two-way radio have been

. used in this application.

.

LY

SUMMARY

The-foregoing discussion- is summarized. in Table 5, which ‘notes. the system
elements that each strategy variable affects ditéctly: Whatever affocts student fiow,
of course, affects all other resources; thiese derived effects are not shown, Similarly,

R it P S S A 1 TN M0 2

‘using a student léader-as‘a preéénter (- (6)=3] may. releasé ah instructor ‘from
classroom duties: Sirice this doés not generate a'positive requirement for an instruc- ..
tor, there'is‘no:check in'the'Personmel ‘column: . . v O

* Variables- aré listed in alphabetical and numerical order: - E ~—rt

*
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Table 5

EFFECTS OF STRATEGY VARIABLES ON SYSTEM DESIGN

Cenerates Positive Requirements
hffects for Resources
" beudent Materials,
Varisble and Velue Meaning Flow [Personnel| Programs | rquipment
A(l)=2 or Adspt teaching method to student lestning x
A(l)el and __(54)$0 | capadbilicy.
A(2)e1 or | Use variable pacing. x
A(2)=2 end __(13)=1
—(6)=1 Presenter is: Instructor. x
=2 Any sppropriste cosmunication sedium. x x x
3 Student leader. x
-4 Adsptive program. x x x
=5 Fixed-durstion program. x x x
-7 Responsu-paced program. x x x
(=1 Stimuli for overt response integrated with x
scheduled basic instruction.
—(8)e1 Reep s p 1y ded x
A(10)e1 Classroom work with selected response x
machine scored.
-2 The instructor will score classroom work x
with selacted response during his work day,
(16)m1 Pacer 1st Student leadsr x
-2 Lestnar, x x
a3 Instructor. x
1A Responsa-paced program x x
(16)=1 Programmed guide supplied. x
A(17)=2 The student cen discuss materisl prasentad x x
by 8 communicetion medium with s monitor or
instructor during the presentation.
A(18)e1 The atudent cen discuss matarisl prasentad x x
by & communicetion medium in & latar sesasion =
during regular class hours. ~ '
2 .+soutside of class hours. q x \}
(19)=1 An instructor will present follow-me x
- demonstrations. ,ﬁ'
2 Ay approprists cossunicetion medium.., x ] x x
-3 A student leader... x
5 A fixed-durstion program... x x x
—(@ngo Background matarisls end instructional sids x x
will be supplied.
A(22)=0 During instruction by & communication medium, x
. sn fnatructor or monitor will be {ntermit-
tently asccessible to atudenta vis’'a communi-
cation medium.
~(23) Denotes the smount of formal examinstion x
that will be by objactive tests.
A(28)e1 Students will receive free time os on x
incentive to reach course objectives.
e (29)m1 The student will be provided with a model x
rasponse after he has had time tc reapond.
—(39)=1 Stimuli for overt response integratad with v x
assignments for unschaduled study, .
—(45)=2 1 Asaignmenta for unscheduled study will be pred x x
sented by any approprists communicetion med.
wl «ssan adeptive program. x x
-5 eee8 fixad-duration program. x x
-7 +es8 response-paced program. . x x
w(46)ml Model responses will be provided in ! x
unscheduled study.
_n=1 Lesrner responses in unscheduled study.will . ) x
be recorded.
—(48)=1 Lesrners will be ‘able to go back over the x
nterhl for unnchgduled nudy.
e (50) 1 . x
2 *+ooany appropriste-communicaricn udlu-. x - x x
«3 . .antudent leader. x
a5 chd-duutlon pronu. x x x
A(51) w1 The instzuctor will hnve part of his work x
X ‘dey for scoring, omi.untloul. .l - '
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~ - Table 5--continued

»

Generstes Positive Requirements
Affects for Resources .
Student Mat. s
Varisble and Value Meaning Flow ‘] Personnel| Progrs s | Equipment
—(52)m A guide and instructional aids for demon- x
strating models of performance will be
provided,
—(54)=1,2,3 Students will be divided into groups on x x x x
the basis of their lestning capability.
L Students will be trested on an individusl x x x x
basis.
—(55)=1 Reviews and examinations will be presented x
by printed msterials,
=0 eoeby the same mesns as the original x x
instruction,
A(56)=0 The instructor does not have to be physi- x
cally present for discussion sessions.
A(57)=1 Objective tests will be machine scored. x
A(58)=1 Students will score daily work in class. x x
A(59)=1 The instructor will have part of his work x
day for scoring classroom work with cone
structed ‘response.
—(61)=1 A communication medfum will be used in x x
Type 1 fnstruction to make presentations
requiring special facilities or equipment.
=0 A cosaunication medium will not be used... x
—(63)m An instructor will adapt teaching sethod x
to student learning capsbility,
-2 An adaptive program... x ‘x
3 The lasrner,.. a x x
4 A student :leader,,.
— (7340 The sverage number of minutes spent in x x
class checking or discussing an assign-
nent for unscheduled study,
A(76)=1 Students will be designated to take modi-~ x
fied course content by prior inforsation
on their background.
-2 «eey avaluation of their work efter en x
inftial pariod,
3 eooby & diagnostic pretest, x-.
AT Provides rules for scheduling discuss’on
sessions.
—(78)e=1 or 2 A instructor or clerk must monitor in=- x
struction presented by & communication
nedium. i
—(80)¢40 Students in a varfably paced course will x x x x
be grouped by learning rate: .
A(97)e1 Scheduled remedial sesions uill be con- | x
ducted by an fnstructor,
=0 eeoin the same manner as basic instruc- x - x x x
tion.
e(l, 1)-lbor Denotes schedule of ‘formel examinations. x
e(2,1)e] . 2
e(12,i)=1 or Denotes schedule of reviews in regulsr x
e(14,1)=] class hours,
e(15,8)w1 or Denotes revievs (scheduled or.unscheduled) x x
e(17,1)=1 for which special materfals will be pre-
pared,
e(21,)=1 , Special.instructors will be provided for x
. the slow track,
e(21,2)=1 oo foOr the: fast track, - x
€(25,1)=1 Students will be rewarded for achisvement |  x N
in & variably paced Cdl;!let~ -
#(26,1)%1 or 2 or Dcnoteu exaninations which. vill require - X
e(27,1)e1-0F 2 #n' ifstructor or clatk as.proctor. - : .,
LS *8o dlrect ef!ccu. .. ‘ C
L@ x"chai.cn of vnrhbln dependl upon the*buh of emimtlon lchedule. . )
"\ 2, S ) - - o ‘
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V. LOGICAL STRUCTURE OF DISTAF

This section describes parts of the DISTAF program whose logical structures
are not immediately obvious. Strategy decisions fall into four major sections:"

1. General strategy. Decisions that affect the course as a whole. They can-be
made without referring to details of instructional method or course con-

tent, and are a continuation of the policy decisions made in answering the )

Questionnaire for Stating General Policy described in Sec. II. -

2. Establishment of strategies for Type I instruction. This section establishes
values for each subcategory of Type I instruction for the six primary
strategy variables discussed in Sec. III: presenter, background- materials,
integrated stlmuh, recording responses, type of response, and feedback to

Jlearner. Values are also established for adapter or pacer, as applicable.
Other decisions relevant to-Type I instruction are made. .

3. Establishment of strategies for Type II instruction. A similar, but more
complex, process is followed for Type II instruction.

4. Establishment of strategies for Type IIl instruction. The program has not
been completed for Type HI instruction. Its general features are sketched
here.

After the planner makes all decisions called for, the computer types out a text
summarizing the strategies he’ selected. An example is shown in Appendix C.

The order used-in this section in descnbmg program flow generally goes from )

the most spec1ﬁc (least enoompassmg) to the most general (most éncompassing), 80

that the program 8 more oomplex features can ‘be built up: We first describe the
decision loglc for. determmmg t.he values of the six primary strategy vanables for
scheduled Type I mstructlon These vanables form the oore around whrch DISTAF

more general decisions are dlrected toward prov1dmg a framework w1thm which
these values are get.

Aﬂer dlscussmg how" values ‘of other varmbles relatmg to scheduled Type 1
instriction are’ determmed, we. dlscuss the declslon logic for all Type 1 instruction.
The discussion of Type I mstructlon pa.rallels that of Type I, but largely concerns
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those points wherein the two decision flows differ; similarly, for Type III instruction.
Finally, the general strategy of the first section is treuted.

STRATEGIES FOR SCHEDULED TYPE I INSTRUCTION

Presentation

For Type Iinstruction, the computer directs the planner to choose the presenter
which can be an instructor, student leader, any appropriate communication
i medium, fixed-duration program, response-paced program, or adaptive program. If

: the planner chooees an instructor for this role, he is next asked to decide whether
he wants to supply the instructor with background materials, i.e., references, lesson

\ guides, and instructional aids from which the instructor may draw his presentation.
P f If the planner chooses not to supply such materials he next is asked to determine
whether to use the appropriate communication medium to make presentations
requiring special equipment or a special facility. Then this phase of the decision
process is over. -

If the planner chooses to supply background materials, however, the decision
process continues, as illustrated on the flow chart of Fig. 4a at (6),*® (9), and (12)14).
The planner is next asked to decide whether to integrate stimuli for overt student
response with the presentation (integrated stimuli) (6). If not, the decision on presen-
tations with special requirements (18) is made next, as before. If stimuli are inte-
grated,-however, the planner is directed to designate what type of response should
be elicited (selected or constructed) (9), to determine whether to give examples of
acceptable answers to the learner after he has had a ¢chance to respond (feedback
to the learner) (9), and to determine whether to record the learner’s responses
(recording responses) (12). Again, presentations with special requirements must be
considered [(13) and (14)] before this pbase of the decision process is complete.

If the planner chooses a student leader as thie presenter (4), the decision process
is essentially the same except that the computer automatically decides that back-
ground materials will be supplied, as mdwated by the upper rectangle surrounded
by the double line in the center. (5).of Flg 4a.

If the planner chooses any appropnate commumeatxon medium or a fixed-dura-
tion program as the. presenter (7) a commumcatlon medmm carries the burden of
mstructlon, makmg the decxslon on backg'round matenals 1rrelevant and therefore
the computer skxps 1t. Addltlonally, presentatxons thh specral requu'ements are

ever m chosen for presentatron (8) 'l‘he remamder of the declslon process is tue same
as before

If the planner chooses either a regponse-paced program or an adaptlve program
asthe presenter, the eomputer gets four vanables automatlcally, as indicated by (11):

¥
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DESCRIPTION OF SYMBOLS USED

Rectangle—a process that the planner carries :
out while seated at the console and interacting
with the computer, e.g., choose presenter, (1) on
Fig. 4a. The process is described briefly within
the rectangle.

Rectangle with double line—the computer pro-
gram automatically establishes strategy on the
basis of the designer's decisions, e.g., student
leader willbe supplied with background mate-
rials, (5) on Fig. 4a.

L~ o L

Nusmm s s v

Diamond—a decision that the planner makes
that causes the program -to take alternative
routes, e.g., (3) on Fig. 4a.

AP e g o 2 S

the computer program chooses alternate routes 5
according to prior decisions, e.g., (2) on Fig. 4a. ; ;

0 Diamond with double line—a point at which 3

e

//"\\ Dashed symbol—a repeat of a symbol on a
< Pre preceding figure as an aid to orienting the
N7 reader.

Arrow——progmm flow, which in general is
—_—
, downward and to the right.

[ e

Variables within rectangles or diamonds—
— . their values are set at that point.

" —

Numbers adjacent to. symbolo-refer to state-

) 162 ments in the manual that accompanies the pro-
: gram: These statements present considerations

‘ thatwﬂla.emstthe designer in making the deci-

. sion# called for.
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stimuli for overt response must be integrated with the presentation; selected re-
sponses must be called for; the learner must receive acceptable responses; a re-
sponse-paced program or an adaptive program must make presentations with spe-
cial requirements. After the planner determines whether to record responses, this
phase of the decision process is over.

For readers who wish to follow the program in gr:ater detail, Fig. 4a is repro-
duzed in Fig. 4b, in which the nan:es of the strategy variables replace the statements
in the rectangles and diamonds, and the related statements in the User’s Manual
(Appendix B) are shown alongside the rectangles and diamonds.

Variable Pacing

If the planner chooses variable pacing to adapt scheduled instruction to student
learning rate, he first is asked to choose the pacer: instructor, response-paced pro-
gram, student leader, or learner. Each choice automatically determines a presentén
as shown in (4), (7), (10), and (13) in Fig. 5a.

If the pacer is an instructor (3), the planner is asked to decide whether to group
students by learning rate (2) and, if §6, to choose the number of levels of learning
rate that lié wishes to accommodate (5). Next, he determines whether the instructor
will be provided with background materials that are programmed (11) and thus have
integrated stimuli (14). Whatever his choices here, the computer next directs him
to the decision process for setting values of presentation variables (symbolized by the
dashed rectangle) just below the upper left rectangle of Fig. 4a; that is, just after the
choice of presenter. The computer leads him through this process, skipping all

decisions that have already been made. For example, the planner chooses to provide -

the instructor with programmed background materials, stimuli are integrated, and
the computer skips that decision. It also skips the decision on background materials,
since programmed background materials are, ipso facto, background materials.

If the pacer is a response-paced program (6), the presenter is a response-paced
program, and the flow through the grouping decisions is the same as above. There-
after, the process goes directly to Fig. 4a; the-only decision not skipped on Fig. 4a
is whether to record student responses.

If the pacer is a student leader (9), he must be supplied with programmed
backgrourid materials (10). These include stimuli for overt student response so that
the student will know how to pace the learner(s). Again, the grouping decisions are
made and presentation variables are get; all variables whose values have been
determined are skipped, as before.

If the pacer is the learner (12), whatever communication medis are appropriate
are programmed (13) with integrated stimuli, and must provide the learner with
models of acceptable responses so that he knows how to pace himself. There can be
no grouping by learning rate; of course.

- Figure 5b relates the decision sequence for vanable pacing to the program and
manual :
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Adaptive Method, Step I

If the planner chooses to adapt the method of instruction to student capabilities
in a more general way than by variable pacing alone, he must choose the adapter,
whose role can be similar to that of the pacer. Choices for adapter are instructor,
student leader, learner, and adaptive program, as shown in Fig. 6a. Unless the
adapter is the instructor, the computer automatically determines the presenter, and
sets some other values (6), (9), and (13). If the adapter is an instructor, a student
leader, or the learner, the planner next is asked to decide whether any stratified
materials (materials prepared on several levels of difficulty (2)) will be used. If the
adapter is an instructor (4), the presenter is chosen next (7), as the instructor may
perform between-session adaptivity, and concurrent adaptivity may be performed
by some other means. The choices for presenter in this cas2 are the same as those
in Fig. 4a. If the presenter chosen is either an instructor or student leader (10), the
planner decides whethér to provide programmed (branching) background materials
(11) before entering the decision sequence in Fig. 4a. As before, the computer au-
tomatically .skips decisions relatmg to variables whose values hiave already been
determined.

Figure 6b relates the decision sequence for adaptive method to the program and
the manual, as shown.

Adaptive Method, Step I

_Actually, the decision sequence for the adaptive method is somewhat more
general than that for variable pacing because decisions on grouping must precede
the choice of adapter. This set of decisions is shown in Fig. 7a, which is largely
self-explanatory Step (7), however, introduces a concept of program flow not Cis-
cussed previously—the return or loop, in which the computer has ihe pleaner repeat
the same process for each track or group until he has determined strategy for each
one.

It is implicit that if students are put into tracks, instructional roethod must be
adapted to student learning capabilities for" the entire course because each traci: is
in essence a separate course. Alternatively, ability groups may be formed within
classes or other aggregatlons of students. One choice i8 to treat each learner as an
individual, ‘that is, to form no ablhty groups. Whichever strategy is chosen, the
adapter niust be designated-for each track or group for-all individuals.

As Fig. 7bshows,thedecmonsequence for Fig: 7a is relatéd t6 both the DISTAF
program:and-to the Questlonnalre for Statmg General Policy because the decision
on tracking is made at the hxghest level.of generahty

The vanable A(GO), shown in the lower left diamond, is a flag whose value is
automatwally astngned by the computer. It keeps account of the group or track for
which strategy i is being des:gned. When its value reaches 3, strategy has been set
for all groups or tracks :
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Fixed Schedule

If students must master course content on a fixed schedule, the planner is not
allowed to choose either a student leader or the learner himself as either an adapter
or pacer of scheduled instruction. This is so that the schedule may be maintained.
Because this limitation must be imposed at so many points in the program it is not
shown explicitly on any of the flow charts.

Decisifm Sequence for Scheduled Type I Instruction

The decisions on adaptivity, variable pacing, and presentation just discussed
follo>v each other as shown in Fig. 8a. This flow is a loop through which the planner
passes twice, if necessary. First he decides whether he wants to consider two levels
of subject matter difficulty (1). This gives him the chance to establish two separate
strategies for Type I instruction, if he so desires. The program- then has him enter
a loop for establishing strategy for each level, begmmng with the simplest. The
program flow is identical for each level;-but the manual provxdes the planner with
different pros and cons to- conmder for each level. After strategy is determined for
thé lowest level of difficulty, thep program switches the planner back to the beginning
of the loop if there is a higher level of difficulty to be considered (3). If not, this phase
of the decision process is complete. .

Note that decisions on variable pacing (2) are made only if more generally
adaptive methods are not used, although variable pacing is a consequence of most
of the decisions possible under adaptive method. The computer goes directly to
'decisions concerning presentation if neither adaptive method nor variable pacing is
used.

As in Fig. b, Fig. 8b contairis a flag-variable [A(5)] whose value is automatically
set by the computer. When decisions are being made concerning mstmctlon on
simple topics, A(5)=0; if they are difficult, A(5)=1.

° - N\
STRATEGIES FOR ALL TYPE I INSTRUCTION
Figures-a and 9b show the overa]l flow for settmgstrateglw for Type I instruc-

tion. We have discussed all parts of this flow exoept its beginning-and ending, ie.,
the establishment of examination and review strategy (1) ‘and the- ‘Wrap-up ).

Wrap-Up of Type I Instriction

Because the ﬂow through the wrap-up depends on decisions concerning sche-
duled instruction, wlnch we have Jjust dlscussed we treat: the wrap-up ﬁrst. This is
shown in Fig. 10a. It mcludes two strategles (1) 8coring. classwork and schedulmg
discussion sesslons, wlnch depend on:the pteoedmg strategy' and (2) sélecting the
type of tests for formial’ exammatlons diid establmhmg a-stratéegy. for unscheduled
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study, which may be mﬂuenced by what the planner considered while settmg the
preceding strategy..

At a given level of difficulty student responses may be recorded and models of
acceptable responses may not be immediately provided to the student. If this occurs
for either level of difficulty (1), the planner may want to use the scoring of student
classroom vvork (classwork) as an opportunity for additional instruction in class or
as information on student progress. If student classroom work is not scored in class
(2), the type of response elicited.will determine the next dacision to be made (3). If
the responses are constructed, the instructor may score them during his work day,
after school, or not at all. If the responses are selected, they may be machine scored
or the instructor may score them, the latter task occupying only a brief time.

If at both levels of difficulty answers are provided to stimuli for overt student
response, there is no need for special sessions to scorestudent work because students
can compare their answers with those providéd as they go along. Therefore the
computer will have the planner, bypass this section.

Students ‘may.still need to discuss their work. if they have been working in-
dependently of the instructor.or the student leader. Thereiore, if at either level of
dxfﬁculty instruction is not presented live, the planner may want to schedule discus-
sion sessions following the présentation to clarify points and to answer questions as
necessary (5). (We assume that if an instructor or student leader makes the presenta-
tion, students will have an opportumty to discuss the muterial with him.) In addi-
tion, it may be desirable to review the presentation by dlscussmg itin a class group,
a standard procedure in many classrooms. If the planner decides to schedule sepa-
rate discussion sessions, he is asked to estimate the time they will take as a percent-
age of basic presentation time and specify the ground rules for scheduling-the
sessions (6).

The planner next decldes how much objective testing. he wants to do. If he
decides to use selected student responses in any portions of iype mstructlon, he
may quite naturally decide that formal examinations will be objective tests, i.e., call
for selected responses (7). If some or ail of Type I mstructlon calls for constructed
responses, however (or for no overt response), he may be reluctant to use objective
tests as formal examinations. Similarly, the means he chooses for presenting formal
examinations (7) will bé influericed by his choices of the means for ba.sic instruction,
In this program the means for presenting review matenals is assumied to be the
same as that for presentmg formal evaluations of the students’ inastery of these
materials.

The declslons on unscheduled study (8H(13) permit the design of instruction to
be almost as vaned in this mode as do those for scheduled study The limitations are
t a hve mstructor or.class monitor cannot present assxgnments .and that the
8. .ntis assumed to be studymg as aii mdmdual Declslons on unscheduled study
may dépend on strategy for scheduled study For example, if the planner has opted
for mdmdually response-paced programs for scheduled mstructlon, hé may want to
use, the same equipment. for unscheduled study Because some chowes for the pre-
senter of unscheduled study,asmgnments can lead to a ﬁxed-ourataon program, the
planner is speclﬁcally asked if he wants to be sure that t.he learner has internal
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random access to the materials (11). Decisions on whether and how assignments for
unscheduled study are checked and discussed (13) complete this phase of the decision
process.

Figure 10b, which shows the program flow for Fig. 10a, requires some explana-
tion. The set-direction for statement 38 (upper right rectangle) applies to variable
A(10)if _(9)=0or to A(59) if —(9)=1. For simplicity, this additional branch was not
shown on Fig. 10a. Similarly, if A(17)=1, variables A(12), A(18), A(56), and A(77) are
set (next line down), but if A(17)=2, variables A(20) and A(22) are set.

Examinations and Review

Returning to Fig. 9a, we see that the first decisions concerning Type I strategy ;
involve examinations and review. The decision flow isshown on Fig. 11a. Since Types I
I and II are classroom instruction, student mastery of course content can be tested ;
without the use of special. faclhtxes or equipment. Therefore, a single strategy for
exaiinations and reviews'can be applied reasonably to both types of instruction at
once. Examination and review st‘ﬁtegxes for Type III instruction, however, must be
established separately. Thus, the decision sequence on Fig. 11a establishes strategy
for both Type I and Type II mstmctlon

If the planner wants course content mastered on a fixed schedule (1), the-ccm- {
puter direéts him-“to, éstablish the basis for the ezamination schedule; that is,
whether examination frequencies should be geared to course content or to the
calendar (2). If the schedule is not fixed, the only reasonable basis is course content,
as it may not be possible to predict where students will be in the ‘course at a
particular time.

Next, the planner designates the frequencies of exammatxons (3), establishing
their average length in minutes, the extest of eourse content they will cover, and
thelevel of proctor the examination requires (4). He then determines when examina-
tions will be scored (during the working day or after it) and how (by instructor or
machine, if selected responses are called for) (5).

'The next set of strategiés concerns review (6). Usually a course designer does
not explicitly consider the way reviews are going to be conducted, but relies on the
instructor to provide- reviéws'as they are needed. For system design, the time and
means for review must be explicitly- consitered. The planner first determines
whether or not to schedule reviews before all examinations (7). If not, he designates
what type of examinations (dally quiz, final exammatxon, etc.) to precede by reviews
(8) and the review strategy for each type—that is, whether the review is conducted
during scheduled mstructzonal hours (9) of unschéduled study, whether materials
are provided especlally for’ the réview (11), and an estimate of the average tnne o
required; if the review is carried out during seheduled study (10).

The program flow on Fig. 11bis hlghly eondf':lsed. A(4) established the basis for

.the exammatlon schedule If A(4) 1, the set of double-subscnpted e-variablés for
which i=1 to3is mvolved in'the decision process (upper or left sides of dashed lines).
If A@)=0, the other set of e-vanables is’ used The statemeiit “For each i=1t0 3,
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if (1,i)=1" means that the subsequent decisions are made for each set of examina-
tions administered at a given frequency [e(1,i)=1]. If examinations are notadminis-
tered [say e(1,1)=1] at a given frequency, the computer goes to the next value of i.

Setting the review strategy involves a similar process. IfA(11)=1, the computer ~
sets e(11,1) [or e(13,)]=1 for each i for which e(L,i) [or e2,i)]=1. If A(11)=2, the
planner is asked to set these values himself. Then the subsequent decisions are made
for each set of reviews planned at'a given frequency [e(11,i)=1].

STRATEGIES FOR TYPE II INSTRUCTION

As before, we first discuss how strategies are establishad for scheduled instruc-
tion, working from the more specific-to the more general. Then we trace the flows

for establishing strategies for unscheduled study, discussions of scheduled instrucs
tion, formal examinations, and review.

Scheduled Type I Instruction

‘Because in Type Il instruction students are learning skills, their overt responses
are actually the subject matter of what is being taught. Hence, the computer desig-
nates that Type I instruction integrate stimuli with the presentation, as shown in
(1) on Fig. 12a. To provide the necessary reuting for later decisions, the planner first
decides whether to use follow-me demonstrations in' teaching the skills (2).

Since student respons: is the key to Type Il instruction, the £ype of résponsethat
isbeing sought is of primary importance. Almost without exception, the skills taught
require constructed student. responses. Even so, there may be instances when stu-
dent mastery can'be checked and diagnosed by sélected responses. Arithmetic is an
obvious example. Since the planner may want to set strategy for both contingencies
(3), he passes through the same basic sequence for botk: [(4)7) and (8){11)].

If constructed responses are needed (4), the planner -designates values .for
strategy variables having to do with presenting directions and stimuli for student
performanice (5). The decision sequence encapsulated in (5) is similar to that shown
on Figs. 4a, 5, or 64; as appropriate. The major difference is that since stimuli are
‘integrated (1) 2nd constructed responses are needed (4), the computer has the plan-
ner skip these decisions: [(5).and part of (7) on Flg 4a). In addition, since students -
are learning skills that do not require apecial facllmes or equipment, presentations <
of those skills do not have special requirements. Hence, the computer alsoskips (11) - -
on-Fig. 4a. The planner is-therefore left with choosing the preserter (or pacer of
adapter, as applicable), making decisions on. the types of background materials to
be used if the_ presenter is an instructor 6r student; :leader, and deciding whether or
not to give feedback to the learner and? whether or not his responsés will be recorded.

Returning to Flg 12a, the computer checks whether the [ lanner wants to use

follow-me demonstrations (6); if s 8o, the planner ~‘n‘éx(: chooses thi leader for these (7).
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He then goes through the same sequence if selected responses are used (8)11).

Although the flow is the same for both constructed and selected responses, the

choices for presenter (or pacer or adapter) are different. This is because response-

paced or adaptive programs can be used only if selected responses are called. for.
Figure 12b is self-explanatory.

Type H Instruction, Individual Skills

The decision flow of Fig. 12a is embedded in Fig. 13a, which shows the decision
flow for all of Type II instruction that teaches individual skills. Although most
classroom teaching is aimed at developing individual skills, some classroom skills
require teamwork or other group interaction.” Participating in group discussion,
reading a part in a play, or playing a game that does not require special facilities
or equipment are all interactive skills in Type II instruction. It is important to
separate them from individual skills because communication media are much less
useful for interactive performance. Hence, Fig. 13a begins by asking the planner
whether any individual skills will be taught (1). If so, the computer checks to see
whether examination and review strategies.are already established (2). As men-
tioned, this will be-the case if Type I instriiction is included in the course. If not,
examination and review strategies are established (3) using the decision sequince
of Fig. 11a.

Next, the planner identifies the levels of skill complerity to be taught (3). He
may choose either or both of two levels: relatively simple and relatively complex.
A relatively complex skill requires student mastery of a set of interrelated skills
(such as a checkout procedure). Students may master a relatively simple skill on the
first trial or may drill by repeatedly responding to stimuli that an instructor or a
Presentation device provides.

The decision flows for simple and for complex skills are the  siinie, except at one
point (4). If the the skills are relatively simple, we assume that they cannot be
demonstrated or directed in any practical way step by step. Therefore, the decision
about whether to include follow-me demonstrations (5) is made only for relatively
complex skills.

Next, the planner designates the types.of responses he wants elicited (6). If
students perform any skills of the given level of complexity during scheduled study
(7), the computer directs the planner through the decision flow of Fig. 12a, beginning
with (4). If not, the computer. directs him to establish strategies for demonstration
and unscheduled study (8). This flow is discussed shortly, - ’

If strategy has not been set for each level of complexity (9), the computer directs -

the planner back through the decisions beginning with (4). If strategy has becn set
for each level, he proceeds to the wrap-up of Type IT instruction, indiv'dual skills
(10), and thence to the next phase of the decision process. The flow for (10) is also
discussed shortly.

Figure 13b contains another flag-variable, A(41), that the computer automati-
cally sets. IfA(41)=1, the planner is making decisions concerning relatively complex
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skills. If A(41)=0, relatively simple skills are being considered. If A(41)=0, &(9,1) and

&(9,2) are set and tested in the lower part of the chart, If A(41)=1, (10,1) and &(10,2)

are involved.

Demonstrations of Models of Pérformance and Unscheduled Study,
Individual Skills.

Decisions concerning demonstration and unscheduled study are made for each
level of skills taught (Fig. 14a). If decisions concern relatively complex skills or if
the planner indicates that any student performance will be carried oui during
scheduled study (1), the.computer automatically determines that all presentations
of models of performance are made during schediiled study (9). This is because of the
importance of initiating students to the skills they are to master. Otherwise, the
planter may decide whether such presentations are presented during unscheduled
study (3). In any case, the presenter. of models of performance is chosen next (4).

If any performance is assigned for unscheduled study (5), the planner is routed
through two separate sequences, one for skills that permit selected response (6) and
(7, and one for those that do not (8) and (9). Then the same sequence of decisions
on random access, :scheduling discussions of asmgnments, and so on, that were
required for Type T'ifstruction is fczlowed, beginning with (11) of Fig. 10a.

The planner is then routed to (%)) of Fig. 13a to repeat the sequence if strategy
is not set for each level of complexity, or if it has, to wrap-up Type II instruction.

The text discussing Fig. 13b also applies to Fig. 14b.

Wrap-Up of Type II Instruction, Individual Skills

The flow for the wrap-up of Type II instruction for individual skills is similar
to that shown on Fig. 10a for Type I instruction. Changes are as follows: If strategy
is established for scoring deskwork [(1)43) on Fig. 10a] or for discussing 1.'edia
Presentations [(46) on Fig. 10a] in the course of setting Type I strategy, the same
strategy is applied to Type I instruction where appropriate. Therefore, thes deci-
sions would not have to be made again: Also, because the.decisions conceraing
unscheduled st'tdy will already have been made, the declslon sequence [(8)13) on
Fig. 10a] is-deleted.

Type I Instruction, Interactive Skills

The decision sequence ir: Fig. 15 concsrns teaching interactive skills in Type IT
instruction. Since the essential part of this instruction involves groups of students
working together, the only requirements for comminication media are to provide
models of the skills to be mastered [(1) and (2)] and to record student performance
[(3).and (4)]. We assume that il instruction in interactive skills takes place during
scheduled study becausé of the difficitlties of coordinating student performance for
unschedulec study. No strategy for formal evaluation of interactive skills is pro-
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vided, because we assume that whatever evaluation is done would be provided on
the spot by the instructor or upon review of recorded student performance.
The program for this decision sequence has not yet been written.

STRATEGIES FOR TYPE III INSTRUCTION

Although the program for Type III instruction is not worked out, the general
structure is fairly clear and similarities and differences among the three types of
instruction can be noted. First, because Type I instruction is directed toward
developing skills, it will be similar to Type II instruction as far as the logical
structure of the decision process is concerned. Therefore, decisions will be needed
concerning the complexity of skills, the type of response for checking and diagnosing
student mastery, the need for demonstrations, and the possible requirement for
follow-me demonstrations for complex skills. The flow of these decisions will be
essentially the same as that for Type I instruction.

There will be some differences, though: First, a skill demonstration for Type II
instruction will never require the use of special facilities or equipment; however,
initial skill demonstrations taught by Type III instruction wiil always require the
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use of special facilities or equipment. If these demonstrations-are presented by a
communication medium (rather than live), they may be shown in the classroom and
will be similar in their requirements for system support to Type I presentations that
require special facilities or equipment. But unlike Type I presentations, the facilities
and equipment required fur the demonstration will always be available at the school.
Therefo: ., uollar savings will be of less concern than considerations ¢f effectiveness
in deciding whether the demonstration should be given live. The average instructor
may be relatively inept at structuring and explaining a demonstration; in that case,
other means for accomplishing this crucial step may be praferable.

In follow-me demonstrations of complex skills, each student requires access to
the special facilities or equipment needed to execute the skill. Therefore, these
communications must be given in the appropriate environmant. If that environment
demands th. presence of an instructor cr monitor to assure the safety of students,
the equipment, or the surrounding area, the most reasonable choice for the pre-
senter may weil be the instructor or monitor. Whether or not his presentation is
prepared for him in advance then becomes the important issue as far as communica-

- tion media systems are concerned. If an instructor is not required and individual

skills are taught, commumcatlon media systems can be highly effective when used
for follow-me demonstrations.

The considerations for teaching interactive skills in Type III instruction are
similar to those for Type II. The major difference will be determining whether
demonstrations should be executed in the Type IIf environment or whether they
would be more effective via a communicatiori medium.

Not all student responses in Type III instriction sre necessarily constructed.
For example, selected responses can often be used to trace the student’s progress
through a checkout procedure or to determine whether he can identify the location
of particular equipment on an aircraft. (The latter activity could be considered Type
I instruction if the designer does.not feel that experience with an actual aircraft is
essential to learning.) By and large, however, student responses in Type Il instruc-
tirn are constructed and require the judgment of an instructor, monitor, student

‘eader, or the student himself to assess their rightness. Determining how to provide
this feedback to the student is thusan essential part of the system design. Communi-
cation media can often bé used to provide models of accepted practice; they cannot
be used to assess the acceptability of the students’ responses.

The strategy for "nscheduled study will depend heavily on the school’s policy
with'regard to unscheduled student access to special facilities or equipment needed.
Where safety is a conslderatlon, probably-no unscheduled study will be planned. If
safety is not an issue, the expense of keeping facilities open or of making equipment
available may be a deterrent. Students who are turned on by the Type HI instruction
(and many students find this type of training highly stimulating) may well want to
work extra hours with the equipment. The same arguments apply to the decision
about whether review should be scheduled or unscheduled.

An important issue in technical training concerns the formal examiriation for
Type III instruction. In many instances no-time is set aside specifically for such
examination; rather, the instructor is expected to-judge the students’ competence

76

BN

L rms s e e kR i e




.
»

g B ot o ¥ e K A

during the course. Although tliis may be an effective solution if the instructor is
trained to observe completely and objectively, most instructors are probably not as
competent in this respect as would be desirable. Job perform~nce tests, however, are
notoriously expensive to administer and difficult to score reliably. Reliable scoring
muy require a team of observers, adding more expense. Lacking the analysis that
would - show whether such elaborate tests are worth their cost in the long run, we
must rely on the informed judgment of the planner at this point.

GENERAL STRATEGIES

Figure 16ashows the decision flow for setting general strategies. As mentioned
earlier, DISTAF treats adaptivity of two different kinds—adapting course content
and adapting instructional method. The planner may choose to adapt course content
to student background in answering the Questionraire for. Stating General Policy
(1); if so, the computer directs him to choose the basis for selecting students for the
modified courses (2). If not, the computer checks whether the planner wants to adapt
teaching method to student capabilities (3), a decision he will also have made in
answering the GQuestionnaire.

If the planner chooses to adapt the instructional method, the computer next
checks to see whether he also chooses to use tracking (4). Without tracks, the planner
may decide to adapt teaching method for only parts of the course (6) becaus2 he
wants all students to share certain learning experiences. For example he may feel
that a particularly skillful instructor in his school should teach a part of the course
to every student who takes it because this instructor is adept at motivating students.

If students are put into tracks, the planner may wish to use an instructor with
a special background for a slow track or for a fast track (5). If a special instructor
is selected for the slow track, it is essumed thav he will be responsible for des.gming
the instruction appropriate for his class. For the bright group, the student himself
or perhaps a student leader can be responsible for adapting the way he learns to
what he learns. If tracking is not chosen (presumably because the designer wants
to preserve an option to adjust groupings to the type and difficulty of the instruction),
it is probable that scheduling difficulties will make it too inconvenient to hire special
instructors for brighter or slower gréupe as the instruction requires.

In Stating General Policy, the plar 1er may decide to allow slower students to .

repeat portions of the conrse or to receive remedial instruction as needed. If so (7),
the computer directs the planner to provide either remedial instruction or to allow
repeats or both. If he provides remedial instruction (8), he next decides whether to
give it in scheduled sessions or to assign it for unscheduled study (9). For scheduled
remedijal sessions he chooses the presenter and estimates the time the session will
require (11). For unscheduled rémedial sessions, no decisions are necessary; these
sessions will be conducted in the same way as other unscheduled study (10).
Again, the computer checks to see whether teaching method will be adapted to
student capabilities (12). If not, the planner may-choose at least the limited adap-
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tivity offered by variable pacing (13). If he does, the planner must establish a
strategy for rewarding students who complete their studies (14). Rewards may be
needed to provide continuous, high motivation in many school situations. Finally,
the planner identifies the types of instruction (Types I, I, and III) for his course (15).
This completes this phase of the decision process.

Figure 16b is self-explanatory.

Shortcuis in the Decision Process

Throughout the program are points at which the planner may apply a strategy
he has set previously to the instruction under consideration or he may devise a new
strategy for it. If the applicable strategy was just set, the computer asks if the
planner wants to change it. If the applicable strategy was set several steps before;
the computer types out a few phrases to remind -the planner of the applicable
strategy.

This device was introduced so that a planner does not have to work through all
decisions if he does not wish to do so. To make it a reasonable tactic, we identified
the types of instruction that are sufficiently.similar that a planner might want to
use the same strategy for both. Table 6 shows the matchings currently built into the
program. The column headed key variable(s) lists the main variable(s) the planner
should consider in deciding whether or not to apply the same strategy to similar
instruction. If the key variables are all the program sets all decision variables in
the similar instruction equal to those in the instruction with established strategy.
If the key variables are not all, only certain sets of variables are changed. These are
discussed shortly. The column headed program reminder?notes whether or not the
computer recalls the previous decisions on the key variables for the planner.

Similarity is determined primarily on the basis of type of instruction (lines 1;
2, 12, 18) and level of difficulty (tines 8 to 11). Currently, simple Type II is treated
as though it were relatively easy; complex Type 11, as difficult. Presentation of
models of performance in Type Il instruction (lines 14 to 17) are an exception. Here,
the presentation is assumed-to be similar to the instruction requiring constructed
response (if the planrier has described any) because that instruction usually requires
more latitude in presentation and because demonstration dces not call for response.
Ifthere is no Type I instruction (gimple or complex) requiring constructed response,
the demonstration is assumed similar to the Type I instruction of a similar level of
difficulty.

If the applicable strategy has not been established, as would be the case, for
example, if no difficult Type I instruction was in the course but complex Type II was
(lines 4, 5,7, 9, 11, 17), then the program skips the question and begins determining

strategy for the instruction at hand. Other reasons for slnppmg the “similar-

strategy” questions are the following:

e A decision nottoa‘dgpt teaching method in Type I iristruction but to do so
in Type I, or vice versa (lines 3 and 4).
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Table 6

1YPES OF INSTRUCTION MATCHED FOR DECIDING STRATEGY CHANGES

Similar Instruction;

Instruction with Strategy to be Program
Established Strategy Established Key Variable(s)- Reminder?
1. Easy Type 1 Difficult Type I All No
2. Simple Type II Complex Type II All No
3. Easy Tvpe I Simple Type II Grouping Yes
4, Difficult Type I Complex Type II Grouping Yes
5. Difficult Tvpe I Complex Type II Variable pacing Yes
6. Easy Type I Simple Type II with Adaptor and Yes
constructed response; presenter for
Simple Type II with each group
selected response
7. Difficult Type I Complex Type II with Adaptor and P Yes
constructed- response; presentey for
_Complex Type II with each group
selected response
8. Easy fxpe 1 Simple Type II with Pacer and presenter Yes
constructed response;
Simple Type II with
sclected response
9. Difficult Type I Complex Type II with Pacer and presenter Yes
constructed response;
Complex Type II with
selected response
10. Easy Type I Simple Type II with Presenter Yes
constructed response;
Simple Type II with
selected response.
11. Difficult Type I Complex Type II with Presenter Yes
constructed response; ’
Complex Type II with
selected response .
12. Simple Type II with Simple Type II with All No
constructed resbonsg selected response
13, Complex Type II with Complex Type II with All No
constructed response selected response
14. Simple Type II with Presentation of models, | Presentation * Yes
constructed response - simple Type II
15. Easy Type 1 - . | Presentation of models, | Presentation Yes
simple Type I
16. Complex Type II with Presentation of models, | Presentation Yes
constructed .response complex Type II
17. Difficult Type I Presentation of ‘models, Presentation Yes
complex Type II
. 81
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o Establishment of one set of groups to facilitate adapting teaching method
for Type I instruction and a different set for Type H (lines 6 and 7).

e A decision not to use variable pacing in Type I instruction but to do so in
Type I, or vice versa (lines 8 and 9).

o Use of a presentation method that requires selected response (such as a
teaching machine) in Type I instruction (lines 6 through 11).

The parallel question to line 5 that would match average-to-easy Type I instruc-
tion with simple Type II in inquiring whether variable-pacing is to be used does not
appear because simple Type II instruction can include drills in which variable
pacing is used initially until the student learns the correct responses. Then a fixed
pace is used to bring the student up to some desired rate of response (speed drills).
This introduces a variation that reduces the similarity of average-to-easy Type I
instruction to simple Type'II instruction.

If afollow-me demonstration is used in complex Type II instruction, its particu-
lar requirenients should be consulered separately, not as part of the.complex Type
I package. Thereﬁ)re, lme 18 is skipped if follow-me demonstratlons are used.

‘We have not fully determmed which strategies in Types Y'and II instruction are
similar to those i in Type’ ol instruction: At this point, the decision concerning presen-
tations of Type I instruétion that require special facilities or equipment seems to be
the only one applwable to Type Il instruction. It would of course, be similar to the
decision concerning pure demonstration, but sinée the facilities or equipment re-
quired for the demonst: ation would be available, the considerations would be differ-
ent. .

Several other assumptions were used to keep the number of “similar strategy”
questions to a reasonable level. For example, if the desigher establishes groups to
facilitate adapting instructional method, it is assumed that he will want to consider
eack group separately in establishing strategy. He may establish the same strategy
for each group if he wishes, but this decision is not facilitated by “similar strategy”
questions.
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VI. CONCLUDING REMARKS

PRESENT STATUS OF THE DECISION PROCESS'

The work described i in this report has reached a point where it can help people
involved in planning and designing programs of instruction. Theére are at least three
areas in which further development would be profitable, however:

o Extracting the details of the decision process for Type III instruction, i.e.,
studerit performance in special facilities or with special equipment.

. Reprogrammmg DISTAF in a more generally accessible language.

o Subjecting the decision process to field evaluation by potential users to
assure its utility.

As noted earlier, setting strategy for Type II instruction will probably follow
much the same logic as that for Type II There is-a point of significant difference, j
however, in that it is difficult to evaluate student mastery of Type III instruction f- s
reliably and inexpensively. Consequently, evaluation is often slighted in planning
this type of instruction; frequently, such evaluation is left to the discretion of the
individual instructor, which is hardly an assurance against biased results. There-
fore, for Type Il instruction a set of alternatives to this approach needs to be devised
and included as part of the design methodology. Wherever possible, the use of
technological aids to evaluation will be among the alternatives available.

At present, DISTAF is programined in JOSS, a language that is not widely
accessible. To improve accessibility, the Rand team is reprogramming DISTAF into
Interactive FORTRAN, a language that will be usable on many time-shared systems
and that is more versatile than BASIC the other widely used language of time-

fshared systems.
&,,' Fmally, potential users should test the decision process to determine whether:
o Strateégy questions are stated i in terms the user comprehends.
. Strategy questions are stated in ways that elicit posltlve and imaginative
responses.
o All strategy anproaches of interest to users are included.
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¢ The program contains enough reminders so that the user knows what he
ie working on at each decision point.
¢ The time required to learn the process is short.

PRESENT USES OF THE DECISION PROCESS

In 1ts present state the decision process can be used in several ways. First,
anyone can use it who has access to JOSS to specify strategies of instruction that
deal largely with subject matter suitable for the classroom. Strategy specifications
of these types.can be useful in providing the ground rules for designing instruction
using some of the newer téchnologies such as computer-assisted or computer-based
instruction or cable television.

Even: without the assistance.of JOSS, the User’s Manual provides a checklist of
points to consider in planmng and deslgmng programs of i instruction. By assembling,
in one consistent hst, most of’ the consxderatlons surroundmg altematxve approaches
to demgmng programs of instriction, the manual should help assure the. planner
that he has dealt -with all. significant pomts in terms of resource use.

Fipally, the manual can be used in reverse; that i is;asa checkhst for describing
actual instruction. In this role the manual can help.to deﬁne obsérved- teaching
strategies that link school resources to student leammg Such definitions may assist
in determining whether and how schdol resources affect student learning, an issue
that has been a matter of serious debate for some years.!®

1 J S. Cuieman, et al., Equality of Educational Opportunity, U.S. Department of Health, Education,
and Welfare, U.S. Office of Educat.on, OE-38001, Washington, D.C, 1
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Appendix A
QUESTIONNAIRE FOR STATING GENERAL POLICY

As described in Sec. II, this Questionnaire. enables the. planner to consider poli-
cies in three general areas: the broad charactérization of the teachmg institution’s
goals, the éxtent to which the schools will adjust to variations in the student popula-
tion, and the way in which the schools must- -accommodate their operations-to the
needs of organizations that supply their students or accept their graduates. Each of
the 17 questions have “yes” or “no” answers, with directions to follow according to
the answer given.

As you go through the Questionnaire, you may be asked at-certain points to
check numbered boxes on the chart below. If you answer question 13 yes,” you will
be given further instructions about how t> complete this chart, which is a guide in
preparing the course for the type of student population désired. If you do not answer
question 13 “yes,” you will not need this chart further.

LEARNING  METHOD . CONTENT
CAPABILITY:  CHANGES: PREPARATION: FOR COURSE CHANGES:
Superior - Average Inferior
Special for T " .- ,Add
Botter Better | A 8 o C . 2 1.Enfichment
Average :1D EE P ‘
Poorer Special for [3 TG T T 4 - Relax
Poorer . . o Requirements
| 5] Te
Content Skip Known )Agid
Changes | Portions Prerequisites
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. Will a standard number of

instructional bours be

required as input, regardless
of course content or student
capability?

. Are standardized graduates

desired? .

. Will better students be

enccuraged to go beyond
average achievement?

. Will requirements be relaxed

for poorer students?

. Will exposure to course

content be matched to prior
student achievement?

. Will additional instruction

be given to students who
are deficient in course
prerequigites?

. Will students with superior

preparation be allowed to
skip topics they already
know?

. Will different instructional

strategies be designed to _
match different student
capabilities?

Go to b

Check box 2

NO

Proceed

0O

Check box 4
Gotob

0
Proceed

Go to 8

Check box &
Goto8 &

(]

If 5 = YESand 2 = YES,
go to 13-

If 5 = YES and 2 = NO,
gotoll

If 5 = NOand 2 = YES,
goto 14

.If 5 =NOand 2 = NO, —
go to 12
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9. Will special strategies be
used for better students?

10. Will special strategies be
used for poorer students?

11. Will students be put into
tracks?

12. Will students be put into
tracks on the basie of
their learning capability?

13. Will students be put into
tracks on the basis of -
their preparation for
the course?

Unless you answered “yes” to question 13, skip this information. Refer to the
first page of this Questionnaire and lightly shade all lettered boxes within the chart
for which you have not entered a check in.neither the corresponding numbered
boxes at the sides of the rectangle norin the corresponding numbered box at the
bottom. For example, ifyou entered a check in boxes 2 and 5, you would shade boxes
as shown below (i.e,, F, F, H, and I).

‘-\1-1
0 0 -
Check box 1 Check box 8
Proceed If 5 = YES, go to 11 .

Otherwise, go tc 12

b b
Check box 8 If 5 = YES, proceed
If 5 = YES, proceed Otherwise, go to 12

Otherwise, go to 12

] ] _ _ 1
] )
Procead Go to 14 |
: .
(W] o %
If yoﬁ'answered 11, If you did not answer 11, i
proceed go to 14 i
If you did not answer 11, If you answered 11,
go to 17 go to 17
(] . g
Follow directions on next Go to 17 3

iwo pages to determine
how you want to put
stadents into tracks
Go to 17

=~ 87




LEARNING  METHOD CONTENT

PREPARATION FOR COURSE

CAPABILITY: CHANGES: CHANGES:
Superior  Average  Inferior
Special for [7™ A ) . Add
Batter Better (c Earichment
Average D LE
Special for [3~ |G 4 Relex
Poorer Poorer Requirements
5
Content Skip Known _ Add
Changes Portions Prerequisites

The boxes you shade represent students who will be taught all of the basic
course conten!.by a method designed for the student of average learning capability.
These students are logical candidstes for a  single track (there may be several class-
room groups within a track).

Students i 8 in the unshaded boxes are candidates for other tracks. In forming
these tracks,-you will want to remembeér two principles. First, the objective of
tracking is to facilitate instruction by forming relatively homogeneous groups of
studenta. Therefore, you might hesitate to put students in box G in the same track
with those in box A. Second, planning will be siniplified and resource use more
efficient if the number in £ach track is greater than some minimum. What this
minimum should be depexds on the average classroom size in the school. For exam-
ple, if classroom sizes sre around 10, a minimum of § might be reasonable, but if
classroom sizes are around 30, perhaps a minimum of 15 might be reasonable.

Finally, if you caanot reconcile the requirements of homogeneity and track size,
you may want to group students within tracks or completely individualize instruc-
tion to take account of student differences. .-

After the tracking configuration is determined, designate what the configura-
tion will be by listing the letters of the boxes that will form each track on the form
below. After each set of letters, check whether or not within-track grouping will be
used for that track. (Complete individualization will be eonudered to be a variant
of within- track groupmg) .

da,

A
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Within-Track Grouping?

Letters of Boxas in Tywck Yes No
1 ] 0
2 - ] 0
3 (] 0
4 ] g
5 (] 0
6 ] ] |
: 7 0 0
L
' 8 ] ]
. 9 0 0 ;
H
§ ; l
X YES NO i
¢ %
{ { 14. Will besic course content O O !
‘ : be presented on & fixed ¢
; ; schedule? Proceed Stop ;
H ‘ H
! . !
! ; 15. Will additional resources . 0 a %
! in the form of remedial !
; instru:tion or washback be Proceed Proceed
! used for alow students or »
i students who have been absent?
|
: 16. Will failing students be ] D
' . dropped from the course
} before its conclusion? Stop Stop
} 17. Will besic course content be 0 a
} presented on a fixed schedule
i ‘ within tracks? Go to 15 Stop
i
w -




Appendix B

USER'S MANUAL FOR SPECIFYING INSTRUCTIONAL
STRATEGIES

INTRODUCTION.

Paragraphs throughout this manual are numbered to correspond with numbers
the computer will give you to direct you to a particular topic at a particular point
as you progress through the program. A few numbers have been skipped to allow
for possible expansion of the program. .

1. In conjunction with the timeshared computer program,.this manual will
help you specify the strategies you wish to use to teach the course described in your
general Curricelum Analysis. The decisions you have alresdy made in filling out the
Questionnaire for Stating General Policy and the characteristics of the expected

student population will first be fed into the computer to guide ths tinic-shared:

program. Therefore, yoit will probably not be asked to make every decision that
appears in this manua! hecause many will be irrelevant to your particular situation.
Even 80, it would be wise for you t» read the manual carefully before you sit down
at the JOSS console 80 t:¢ you will be sufficiently femiliar with the manual’s
contents to have a general idea of what to expect.

For ease of reading without zomputer assistance, the manual treats decisions
affecting the entire course first, aad then progresses through the various types of

instruction at increasingly fin~ levels of detail. The computer program does not -

follow this order strictly, as it s'ems more natural to mzke some decisions befeve
making others, even though the latter may be more general than the forraer.

If you use this manual without direction from the. computer, you will often
encounter statements (such as 2, deacnbmg adaptivity) that seem puzzling because
they refer to prior Cecisions you might have entered into the computer ix: an on-line
run. For example, statement 2 refers to a decmon entered- from the Staten.ent of
General Policy.

Each statement in the manual is intended to perform two fiinctions: to preoent
the pros and cons of each choice that you may make at that point, and to indicate
some consequiences of each choice when the consequences are not immediately
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obvious. Hopefully, this will help you to make your choices; for this reason, it is
advisable to read the statements carefully as you progress through the program. |
Because this is a time-shared computer program, you may take as long as you wish |
to make selections without incurring additional costs at the central processing unit. ‘ !
The program helps keep track of the category of instruction to which your ' l
current decisions pertain by typing out headings as you progress through the logic |
tree. It also types out phrases that remind you of the specific item you are consider- 1
ing at the time. For example, if you are determining who or what will control pacing !
in a variably paced course, the computer will type pacer. These points are illustrated : |
in Appendix C, which gives a typical “run” through the program along with an
example of program ‘output.
Except in cases with more than two choices for a particular decision (as, for
instance, with the pacer), typing 1 means “yes” and typing Omeans “no.” If you type
an illegal value (i.e., one that is not'included in the statement you are reading), in
most cases you will be in trouble because limitations on computer storage space do
not allow the programmer to build in automatic checks on each statement. There-
fore, it is advisable to check each value you.type with the list of legal values given
-in the statement.
P : In the finished version of the program, if an error occurs, you will be able to -
! return to the point where thie nearest heading (or subheading) appears and repea
the decisions in that section to remedy your érrot. (This capability has not yet been
built into the program.) The alternative, to insert the correct value where the error
occurs, could be chosen if you know the name of the variable associated with the
phrase just typed out. For example, if the value entered for pacer is illegal and
decisions are being made for average students and Type Linstruction, you could hit j
the carriage return and type “Set ((14)=1,” or whatever your choice might be. This 3
tactic is not advisable for the general user, however, because it requires detailed '
knowledge of the program to be doné successfully.

The capability for building in automatic checks for illegal values depends on the
language used and the storage capacity of the computer’s compiler. With Interactive ,
FORTRAN and a large énough compiler, this capability may eventually be provided.
At certain points in the progran, the computer will type 6ut a phrase or set of
phrases to remind you of a particular set of strategy decisions that you made previ-
ously and that you may wish to apply to thé next set of decisions. The program then i
asks whether or not you.want to make such an application by typing policy change. i
If 0 is then typed, the set of decisions will automatically be applied to the next set,
which you then skip. If 1 is typed, you will be asked to make the next set of decisions.
You are now ready to sperify-your instructional strategy.

~e

Adaptivity
2. .Inthe Questionnaire 'for Stating General Policy you decided to adapt course

content to the students’ prior learning that applies to: your specific course. You
planned either to allow better prepared students to skip material they already know
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or to provide more poorly prepared students with some remedial work on course
prerequisities or both.

Now you will decide how to determine which students should receive specialized
treatment. Several approaches may be used.

o Method 1. Assume that students heve certain streagths and weaknesses
based on what is known about their background; for example, their scores
on relevant séctions of the Airman’s Qualifying Examination (AQE), their
prior Air Force experience, or their similarity to prior student populations
in similar courses. This tactic has.the advantages of low cost and little
eftort, but may lead to gross errors in assignment.

o Method 2. Gather information on the basis of student performance as the
cours: progresses. This would provide more information than method 1,
but it may waste resources in teaching some students what they already
know and in identifying students whoee preparation is deficient after they
have gotten well into the course.- Ifthls tactic is selected, you will need to
1dent1fy the. point at which- thls declslon will be. made.

o Method 3.Give each student a dmgnostxc pretest to pmpomt his specific
strengths and weaknesses and to allow him, his counselor, or hit instructor
to judge how much effort will be required to attain various objectives and
to == ject and sequence the materials needed. For accuracy, this is probably
the best tactic, but reliable and valid diagnostic pretests may not be availa-
ble. .

If you select method 1, type 1; 1fmethod2 type2,1fmethod3 type3

3. In filling out the Questionnaire for Stating General Pohcy, you decided to
specify different teaclnng strategies for students of différent leammg capabilities
but not to form special tracks. For some teschmg situations, however, you might
wish to apply the same strategy to all students, regardless of eapablhty, to foster an
esprit de gorps even whén students are workmg on individual’ slnhs For example,
having all students work together ina shop or 1ab colild simulate the actual working
conditions they aré being trained- for more accurately i .

If strategies are tailored to students’ learning eapalnhtles for only parts of the
course, type 1; if for alloftheeourse, type 2.

4a. In the Questlonmure for Statmg General. Policy you decided to specify
different teachmg strategies for students of dlﬂ'erent learning capabilities by putting
poorer studéntsin a separate track. To asslst slower learners, sometimes a gpécially
trained mstructonsused,suchasaremedmlreadmgspecwhst.Aspecmlmstmctor
will be responsible for designing the- appropriate- ‘instriction for his class.
Ifspec\almstructorsmllbeasslgnedtotheslowgroup,typel if regular staff,

4b. In the Questionnaire for Statmg General Pnhcy, you decided to specify
different teachmg strategles forstudents ofd:ﬂ'erent lesmmgeaoabllmes by putting
better studentsina separate t track. Spec:al mstructors, such as those with a stronger

intellectual orientation,: mightbe. used.to stlmulate bnght students. Such'instruc- -+

tors may even' guide their students in deslgmng thelr own courses of study.
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If special instructors will be assigned for the bright group, type 1; if regular
staff, type 0.

5. In the Questionnaire for Stating General Policy, you decided to provide
additional instructional resources for. slower students either by giving them
remedial work or by allowing them to repeat sections of the course that they failed.
Remedial work can complicate scheduling by putting varying burdens on instruc-
tional resources. If students are sufficiently mature, however, remedial work can be
carried out in unscheduled study without involving instructors. Allowing students
to repeat failed sections is a less efficient tactic but may be simpler to implement.

If remedial work will be provided, type 1; if students will be allowed to repeat
sections of the course, type 2; if both tactics will be used, type 3.

6.* If remedial work will be carried out in scheduled sessions outside of regular
class hours, type 1; if remedial assignments will be made for unscheduled study, type
2.

7a.t This preliminary program will provide only two choices for the scheduled
Presentation of remedial exercises and- materials—either the strategy will be the
same as that you select.for .schéduiled - basic instruction or an instructor will be
responslble for remedial sessions. If you:decide (later) to schedule no basi¢ instruc-
tion, the design program will: automatically -assign an insiructor for conducting
remedial sessions,.whichever. choice is made here.

If an instructor will conduct remedial sessions, type 1; if the same strategy will
be applied as that*ﬁr-b}gslc instruction, type 0.

Type the t1me that‘the average student will require for scheduled remedial
sessions as a percentage of the time required for the basic instruction for which
students will need remedmtmn ‘For example, if the topic treated in a 6-hour session
is particularly dlﬂicult,poorer students may need a 1% hour remedial session, which
would add-25 percent to the time required:for the basic instruction.

7.t This prehmmary program will provide the same strategy for remedial
exercises and materials for unscheduled- study as that you select for other assign-
ments for unscheduled study. If you Iater decide to exclude unscheduled study in a
major part of the course, you will return to 7a.

Variable Pacing : . ,_r

8. Although you do not want to adapt teaching methods to the needs of in-
dividual students, as decided i in-the Questionnaire for Statmg Géneral Policy, you
can still _pace the. presentation of course eontent to match students’ learnmg rates.
Variable pacing allows oonsxderable ad)ustment to’ student needs because, in effect,
it allows the fast student to skimn matenals he is already famllar with and gives the

< —mslow student tnne to mull over what he needs to.

Q?:fanable pacmg .can. be acoommodated even. w1tlun & ﬁxed schedule by using

obeansweredonlyxftheanswertostutement5mlor3
obeanswmdmlylftheanswertostatuneutsml
Tobeanmredonlylftheansmtostatemenwmz.
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remedial sessions for slow students and giving free time to bright students. Since the
intent of using variable pacing as an instructional strategy is to match the rate of
the instruction to the student’s learning rate, some means is required for checking
student mastery of the material as he goes along. Therefore, an automatic conse-
quence of choosing variable pacing is that stimuli for overt student response must
be integrated into the presentation of material; that is, the materiale must be
“programmed” so that the “pacer” (instructor, adaptive program, or the student
himself) will have a basis for pacing. Writing materials for variable pacing is much
more demanding and costly than writing materials for straight presentation.

Indicate at this point whether you want the entire course variably paced by
typing 1, whether you want some parts variably paccd by typmg 2, or whether you
want nothing variably paced by typing 0.

9a. In some situations, students are so highly motivated to complete their
studies that they do not need additional incentives to keep up iheir learning rate
in a variably paced course. Since you chose in the Questionnaire for Stating General
Policy to have the overall course schedule be fixed, however, students may not care
whether they finish a lésson or seriés of lessons quickly. If this is true, students may
need-additional incentives to put their best efforts intotheir work.

If additional rewards will be needed for motivation, type 1; if not, type 0.
A 9b. Because you chose in the Questionnaire for Stating General Policy to have

the overall course schedule be variable, students may be highly motivated to com-

plete their studies quickly so that they may go on to more challenging work or to
other pursuits. If the school environment is relatively pleasant, however, they may
even have reason to dally. In this case, stiidents may need additional incentives to
put their best efforts into their work, or a monitor may be used to oversee student
work during study periods.

If additional incentives will be provided for motivation, type 1, if not, type 0.

10. Rewards may consist of material objects, bestowal. of status (symbolic or
real), or additional free time. If free time is given as a reward, there may be little
saving in the amount of time a student requires to completé the work, although the
time devotéed-to scheduled instruction may decrease, with a resultant saving in the
time put in by instructors, monitors, and so on.

If rewards will include additional free time, type 1; if not, type O.

Types of Instruction

11. Now-you will be asked to identify the major types of instruction that you
will need. (Refer to the definitions below )

Type I Instruction. Instructron that requires no student use of special equip-
ment and no student performance ih special facilities: In addrtlon, students are not
acquiring | skllls (cog'mtlve, psychomotor, motor; or. soclal) through drill or practice.
Type I activities typroally occur:in"the classroom and concern the presentation of
facts or ¢oncepts for the student to° master or. the presentatlon of goals or objectives
to:motivate him Wwith a-sense of: d1rectlon for his learmng Frequently includes
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affective objectives (such as changes in attitude toward the subject) and demonstra-
tions. Most Type I instruction involves presentations, and may or may not contain
integrated stimuli that require overt student responses.

Type Il Instruction. Like Type I instruction requiring no special facilities or
equipment for student performance; however, students master skills that require
drill, practice, or performance. The student learns to make particular responses
when provided with directions and stimuli. Activities are those in which the student
must do something besides answer questions. Also includes the presentation of
models of skills to be mastered (even though no student performance may be Te-
quired during the demonstration) because demonstrations are frequently givén un-
mediately preceding student performance. Therefore, it may often be convement tgi
use the same means to present the models as those used to present dn'ectmns for
performance or actual drill stimuli. If a performance model is to be given But-iot
immediately preceding or concurrent with the drill, practice, or performance ses-
sion, it may be categorized as a segment of Type I instruction. -

Type II instruction can include pure skill demonstrations (with¢no,student re-
sponse); follow-me demonstrations (or step-by-stép d1rectlons) in which the students
perform each step as they are directed or as each step is presented; presentation of
directions and stimuli for performance; and pure performance (with no presentation
to the student). The distinction between the latter two categories is implicit in the
Curriculum Analysis which estimates the time required for presentation.

Type Il Instruction. Any instrictional activity that requires the students tc
work with special equipment (such as a simulator, a piece of machinery, or a musical
instrument) or in"a spécial facility (such as a shop, a laboratory, a parade ground,
or other special area) or both. The instructor is not using Type III instruction when
he uses special equipment (such as a projector or mockup) to demonstrate a proced-
ure or to clarify a concept (such as operating aircraft flight controls) unless the
students are also required to use the same equipment at the same time (or immedi-
ately afterward). The rules for classifying performance models and presentations for
Type. Il instruction are the same as these for Type II instruction, namely, if the
model immediately precedes or is concurrent with the student performance, it is
ruost conveniently treated as Type III instruction; if the model will be separated in
time from the student performance, it may be treated as Type I instruction.

If Type I instruction will be used, type 1; otherwise, type 0. Use the same code
for Type II and Type III instruction.

Instructional policy is now set for each type of instruction that appears in the
course. This policy will cover all aspects of the-course, including assignments for

* independent study that will be preplanned and prepared ahead of time.
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ALL TYPES I AND II INSTRUCTION

Formal Examinations

15. Now you will set a general policy for the frequency and content of formal
examinations. (The program excludes any examination activity that does not re-
quire time during the teaching day, such as grading papers at home. The instruc-
tional time required for checking a homework assignment is treated as part of the
policy for unscheduled study or homework.)

If students are not reqiired to master course content on a fixed schedule, it is
impossible to schedule examinations covering a given set of topics for fixed time
intervals. Therefore, statement 15a will be read if a fixed schedule will notbe used;
otherwise, statement 15b will be read. These set the stage for statements 16 through
20. e

15a. The best basis for establishing an examination schedule to check student
Progress is the course content itself. .As used-here, topic-means a unit of content.
Several related topics may be grouped-together into a major section' (block) of the
course.

15b. Either of two bases can be-used to set the.examination schedule. If you
want the exam schedules to be based on the natural groupings of the course content
itself, type 1; if they areé to be based on fixed time intervals, type 0.

16a. Next, decide on the frequency of examinations. You may choose as many
as you wish of the examination frequencies listed by the computer (including all of
them). If you want formal examinations to beé given daily, type 1; otherwise, type 0.
Use the same code for examinations given weekly, aftér each major course section
(such as at midterm), and at. the end 'of the course. )

16b. Next, decide on the fréquency of examinations. You may choose as many
as you wish of the examination frequencies listed by the oomputer (mcludmg all of
type 0 Use the same code for examination after each major course sectlon and at
the end of the course.

17. Type the approximate number of minutes to.be set aside-for-each kind of
examination as it i8 dxsplayed

18. Exammatlons can test student mastery of only-the material covered since
the last examination or can test matenal covered 1in previous examinations. Al-
though retention js encouraged by mcludmg materials from previous exammatlons,
dgng sgrcan: ‘make the test too long of.can force the examiner to slight the obJectwes
that students should have-attaified since: the previous examination.

i\ 19a, jlf the exammatlon after each topic: wdl test only. that topic, type 1; if it
willtést that topic and some preoedmg topics in the sanie- maJor section, tyve 2; if
it will test that toplc afid.some preceding: topics-in: the course; type 3.

19b If. the examination after.each major: sectlon will: test only that section,
type~1 if it w111 test that section’ and 8ome- precedmg sectlons, type 2.

19¢. Ifthe end-of-eourse examination will test student mastery of only the last
major sectlon, type 1;if 1t w1ll ‘test student mastery of the entire course, type 2.

96

-
o
N




20a. If the examination after each day will test only that day’s work, type 1;
if it will test that day’s work and some preceding work during the week, type 2; if
it will test that day’s work and some preceding work in the same major section, type
3; if it will test that day’s work and some preceding course work, type 4.

20b. If the examination after each week will test only that week’s work, type
1;if it will test that week’s work and some preceding work in the same major section,
type 2; if it will test that week’s work and some preceding course work, type 3.

20c. Ifthe examination at the end of a major section will test only that section,
type 1; if it will test that section and previous sections, type 2.

20d. If the end-of-course examination will test student mastery of materials
only in the last section, type 1; if it will test student mastery of the entire course,
type 2.

21. Usually a proctor is provided during quizzes and exams to assure against
obvious cheating. Designate the level of the proctor for each type of examination
displayed by the computer by typmg 1 for instructor; 2 for instructor’s aide, student
instructor, or clerk; 3 for student leader; or 0-for no proctor.

22. If many students will take the course, tinie and money can be saved by
machine scoring of objective tests. Machine scoring also abets statistical analysis of
test resuits, item analysis, and so forth. If only a few students will take the course,
however, machine scoring can be overly expensive, even though it is assumed to take
essentisily no. tl‘me Consider pnmanly whether you need the addltlonal data-proc-
essing capability when you make this decision.

If objective tests will be machine scored, type 1; otherwise, type 0.

23.* Perhaps you will want to allot schediiled time to the instructor (part of his
work day) for scoring examinations. If so, the désign program will allot 30 seconds
per student for. scoring per 60 minutes of objective examination (if not scored by
machine) and 10 minutes per student per 60 minutes or examination calling for
essay-type answers. For example, if an objective test for a class of 20 students takes
50 minutes, the instructor will be allowed 20 x % x 50/€0 = 8% minutes for scoring
it. If an essay test for the saime students' takes 50 ‘minutes, the instructor will be
allowed 20 x 10 x 50/60 = 167 minutes (~ 2% "hours) for scoring it.

Alternatively, the instructor may do this chore after school. If you plan to allot
part of the work day for scoring examinations, type 1; if not, type 0.

Planned Review

The computer directs you to these statements on the basis of your formal exami-
nation decisions. For example; if. 'you. decide to have an examination at the end of
each topic and havé answered questlons 2 to 30, then you will be asked to read
statement- 3la. :

30 Now review policy for Types I and II instruction must be established.
Reviews. may: be camed out in: scheduled lessois or unscheduled study and may

. Evemfstatement%umweredl,mtementzsmustbeanmemdbeuueewmeofthemmma-
hommaynotbeobjectlvetesu.

»
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consist of simply going over basic instruction or of using material especially pre-
pared for review. If it will be sufficient simply to suggest that students review the
materials that will be subject to test, type 0, and the program will require no further
decisions about review. If scheduled or unscheduled time will be allotted for review
before each formal examination, type 1, and the program will skip statement 31. If
time is to be allotted for reviews before only some of the examinations, type 2.

3la. If you want to allot time for review before the examination at the end of
each topic, type 1; if not, type 0.

31b. - If you want to allot time for review before the examination at the end of
each day, type 1; if not, type 0.

3lc. If you want to allot time for review before the examination at the end of
each week, type 1; if not, type 0.

31d. If you want to allot time for review before the examination at the end of
each major section, type 1: if not, type O. .

3le. If you want'to_allot time for review before the final examination, type 1;
ifnot, type 0. . .

32. Ifthe review will be conducted at a scheduled time and under the supervi-
sion of an-instructor or monitor, type 1; if the student will do reviewing during
unscheduled study, type 0.

33. If special materials will be prepared for this review, type 1; if not, type 0.

34. Type the number of minutes the average student will require to complete
this review.

Scoring Deskwork

37. You decided that some basic instruction will require students to work with
materials that record overt student responses but do not provide the answers.*
Students can learn by scoring their own classroom work after completing it; how-
ever, this denies the instructor the opportunity of using the work to diagnose the
daily progress of each student in detail. If you decide to use class time for students

to score and discuss their work, scoring sessions will be included in any discussion

sessions you schedule. This decision will apply to all cases of this kind in either Type
I or Type II (classroom) instruction.
If students will score their ¢lassroom work in.class, type 1; if not, type 0.
38a.7 1If many students will take the course.and:the instructor will receive
information on each student’s daily. progress, a machirie can be used to score class-

~ room work calling for selected response. Machine scoring also abets statistical analy-

sis of the reliability of individual items in programmed materials. As mentioned

* The computer. will have directed-you to this decision (statement 83) before it directs you here.
Answers must be given to the student in"an instructional strategy of self-pacing (the stident must know
whether he was right or wrong in order to pace himself); self-directed adaptivity orinstructional method,
response-pacing (the reaction of the machine gives feedback), or fully automated programis (CAI).

T- Statement 33a will be read if the classroom instriaction calls for selécted responses snd the answer
to statement 22 was 0..(Seé statement 81-or the Glossary for a discussion of selected response.) If the
answer.to statement 22 was 1, the'answer to statement 38a will be assumed to be-1.

Statement 38b will be read if the classroom instruction calls for constructed response.

98 -

;
)
|
{
B
|




earlier, however, if only a few students will take the course, machine scoring can
be overly expensive. Finally, the choice of scoring classroom work can be left up to
the instructor.

If a machine will be used to score classroom work, type 1; if part of the work
day will be allotted to the instructor to hand-score classroom work, type 2; if scoring
will be left to the instructor’s discretion, type 0. If 2 is typed, the design program
will allot 30 seconds per student for scoring per 60 minutes of basic instruction.

38b. The instructor may be allotted scheduled time (part of his work day) for
scoring student classroom work. Alternatively, he may be expected to do this chore
after school, at his discretion. If part of the work day will be allotted. for scoring
student work, type 1; if not, type 0. If you type 1, the design program will allot 10
minutes per student for scoring 60 minutes of basic instruction.

Question and Discussion Sessions

40. The choices you made to this point concerning presentation of material

may result in relatively long sessions during which the student is learning essen-
tially on his own. If the material is relatively simple, the most efficient tactic may
be to let the student save whatever questions occur to him during the session for
later discussion with his instructor (during a special discussion session) or his fellow
students. This procedure is commonly used to review and discuss film presentations.
and the like. Alternatively, a monitor or full-fledged instructor may be on call during
the initial presentation to answer questions as they arise. If the material is rela-
tively complex, this may be the best choice.

If you want to allow time for a special discussion session with the instructor,
type 1; if a monitor or an instructor will answer questions during the presentation,
type 2; if the student can solve his problems by talking with fellow students on his
own time, type 8.

41. Ifyou expect to set formal instructional time aside for these special discus-
sion sessions, type 1; if the sessions will be conducted outside of regular mftructxonal
hours, type 2.

42. Type the percentage ofthe time the student spends working on his own that .

should subsequently be devoted to discussion sessions.

43. Discussion sessions may be scheduled in several ways: they may be con-
ducted at the same time every week, biweekly, or.as often as necessary to take care
of student needs. If discussion sessions are to be scheduled, the design program will
schedule sessions at the same time each week or.more often'if necessary, based on
a minimum length of 15 minutes per session. ‘

Discussions -may be conducted whenever 15-minutes worth of discussion time
has accumulated, or they may. be-conducted immediately following dlﬂicult topics,
if at least 15 minutes worth has accumulated.

If sessions will be scheduled at regular intervals, type 1; if they w1ll be scheduled
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whenever 15 minutes worth of discussion has accumulated,* type 2; if they will be
given following difficult} topics, type 3.

44. If you want the instructor to be present for these discussions, type 1; if he
may be at a distant location but accessible via a communication medium (such as
in a studio for closed-circuit TV—students would have talk-back capability), type 0.

45. Several procedures may be used to enable an instructor or monitor to
answer questions during a presentation. He may physically be present where the
students are receiying the presentation or he may be at a distant location but
accessible via a communication medium. In the latter case, accessibility ma be
continuous or it may be provided at preplanned poinis during the presentat. 1.

If you want the instructor or monitor {0 be physically present for ans -ring
student questions during the presentation, type 1; if he may be at a distant location
but accessible via a communication medium, type 0.

46. _ If accessibility should be continuous, type 1; if not, type 0.

TYPE I INSTRUCTION

Test Responses

47a. Objective tests, which call for selected respenses, are generally difficult to
write well, especially for diagnosing complex behavior. For example, it may require
45 minutes to write a good multiple-choice itom. But objective tests are easy to
administer and score, whereas tests calling for constructed responses take longer to
administer, are often difficult to score objectively, and can require the grader to
invest large amounts of time in reading and judging the students’ work. Therefore,
if the test will eventually be administered to many students, the time required to
write an objective test may be well worth the investment. If only a few students will

. “take the test before the course content is changed significantly, and if objectivity of

scoring is not a serious problem, tests calling for constructed responses may be the
better choice because they are easier.to write.

47b. Because Type I instruction -requires littlé drill or practice, it is almost
always possible to examine student mastery using objective tests. Three options are
open. If student mastery of all materials (éasy or cifficult) will be examined by tests
calting for selected responses, type.1; if selected responses will be used only for
relatively easy materials, type 2; if there are to be-no questions calling for selected
responses for formal éxamination, type 0. o : ‘

48. Usually formal examinations are presented on printed pages, which may
contain diagrams or pictures..In some. cases, however, as in recognizing sounds or
moverient, it may not be.possible to examine’ student mastery by means of the
printed page. Such a case may require the same. means of presentation as used in

T As identified in the Curriculum Analysis.
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the original basic instruction. If you want to use printed pages for review and
examination of all of Type I instruction (substituting verbal descriptions or pictures
where needed), type 1; if you want to use the same means you used in t.~ original
instruction for presenting examinations and reviews, type 0. If you type 0, and the
instructor presented the learning event t¢ be examined, the logical result would be
for hin to give the examination in person. (The Curriculum Analysis will have
identified a media class appropriate for that learning event.) if a media systera that
could have been used for the learning event is obtained for other parts of the course,
that media system will also be used for the examination.

If the presenter was an adaptive program or a response-paced program, 8.
branching or response-paced test will be used.

Unscheduled Study (Homework)

50. Unscheduled study is defined as study by individual students or groups of
students outside of normal class or lab periods and at times of their own choosing.
This implies that no instructor or monitor is present, although special facilities may
be needed such as libraries, learning centers, or study carrels. Students working
individually with self-paced materials in a normal class period and under the s:he-
duled supe; vision of a monitor are not engaged in unscheduled study. Unscheduled
study levies nc requirements on the instructional system for the scheduled presence
of & trained or semitrained instructor nor for the scheduled use of facilities such as
clazarooms, workshops, or laboratories for the study of a specific body of mate:ial.
These facilitiec may have to be made available, however, to meet student nveds
when they are not receiving regularly scheduled instruction.

If you will include unacheduled-study in your course, type 1; if not, type 0.

51. Several means may be used to present information for unscheduled study.
Students can work with books or workbooks or can view presentations by film, video
tape, and the like. All media that can carry the full burden of information to be
piesented are termed communication media. Most such media normally present a
given body of information within a fixed (invariant) period. We term anything; that
runs essentially without interruption and without changing pace or content a fixsd-
duration program. Presentation may also -be accomplished by a response-paced
program, a device that calls for overt student response, senses the response, and
waits for the correct responses before proceeding with the presentation. An adsiptive
program not only accepts and acts on student responses but'provides problems of
varying levels of difficulty based-on student responses.

If you want presentations of Type I instruction for unschieduled study to be by
a communication medium, type 2; if by an adaptive program; type 4; if by a fixod-
duration program, type 6; if by a response-paced program, type 7.

52. Ifyou want stimuli for overt student response integrated into the presenta-
tion, type 1; if not, type 0. ‘

53. Ifcorrect resnonses will be provided along with the presentation of stimuli,
type 1; if not, type 0.




’

54. When a student is studying independently and without any particular time
constraint, he can often make most efficient use of his time if he can spend more of
it on sections that give him trouble, skip sections that are easy, or return to sections
that he is not quite sure of. Without the addition of special devices, only the printed
page provides this kind of freedom for self-direction, which we term intarnal random
access. Controls such as fast forward can be added to fixed-duration programs, and
other devices are being developed to make response-paced and adaptive programs
flexible in this way. If you want the student to have internal random access for
unscheduled study, type 1; if not, type 0.

55. You may want to use some means of checking whether the students have
actually carried out their assigninents for unscheduled study. Work may be collected
and graded outside of class, which takes negligible time from scheduled instruction,
some instructional time may be devoted to checking the work or giving a quiz, or
the work may be discuseed in class or with the individual student to clear up points
of confusion. Probably the most effective tactic is to check the work or give a quiz,
dnd then to discuss it with the students, but this is also the most time-consuming
choice. Simply going over the wcrk in class or with individual students without
grading or otherwise checking it may encourage the lazy student to slight assign-
ments because he believes he can rely on the discussion to learn the material. The
most efficient strategy is to collect the work, grade it outside of scheduled instruc-
tional time, and discuss it in clase or with individual students during the following
scheduled session, but this puts the heaviest demands on the instructor.

If there will be checks, grades, discussions or quizzes on assignments for un-
scheduled study, type 1; if not, type 0.

56. If scheduled instructional time will be devoted to discussing or checking
assignments for unscheduled study, type 1; if not, type 0.

57. How many scheculed minutes per session will be devoted to discussing of
checking homework assigaments, on the average?

Difficulty

59. In Type I irist:iction some topics are more difficult than others, depending
on the students’ familiarity with the material and their general ability to learn the
given subject. At this point, if you designate two levels of difficulty for topics in Tyg 2
I instruction, then two strategies can be set for Type I instruction—one for each
level, In the Curriculum Analysis, topics are identified as easy or difficult. If a
strategy will be set for only one difficulty level, type 1 for only one of the dificulty
levels. If relatively easy topics will be taught, type 1; otherwise, type 0. Use the same
code for relatively difficult topics.

]
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TYPE 1 INSTRUCTION FOR RELATIVELY EASY AND RELATIVELY
DIFFICULT TOPICS

This section contains two sets of decision points, each of whick pertains to
reiatively easy or relatively difficult Type I instruction. For conciseness, the steps
are presented in parallel. For example, statement 60a pertains to relatively easy
material, and statement 60b pertains to relatively difficult material. While making
decisions on relatively easy Type I instruction, the computer will direct you to
statements pertaining to that category; similarly, for relatively difficult Type I
instruction.

Specifying Strategies for Different Student Capabilities

You will be directed to this section only if yo: chose in the Statement of General
Policy to specify different :nstructional strategies for different student learning
capabilities for all or parts of the course. If not, you will proceed to statement 7¢
(variable pacing) or statement 77 (presentation). ’

60a. Specifying instructional strategies on relatively easy or simple topics for
different student learning capabilities may involve little beyond deciding whether
the brighter students can pick the information up from media and whether the
slower ones may need help from the instructor.

If you want to adapt instruction of relatively easy topics to student learning
capabilities, type 1; if not, type 0.

60b. In adapting instruction oa relatively difficult topics to student learaing
capabilities, it may be necessary ts establish sequences of related objectives ¢~
hierarchies of objeciives. Each student’s initial knowiedge of points or steps in the
sequence will probably be somewhst different from another’s. Moreover, the se-
quence appropriate for one siudent may be different from that appropriate for
another. It is likely that good decisivas about such matters require a high degree of
skill.

If instruction on relatively difficult topics will be adapted to student learnirg
capabilities, type 1; if not, type 0.

61a.° Now the adepter of the instructional method must be chosen. Such adap-
tation may be made during instruction (concurrent) or between sessions of instruc-
tion (between-session) or both.

Instructor. .

Considerations: For immatuce students; it is probably wisest to rely on the
instructor to prepare in advance a daily or weekly set of study activities for each
student. In some cases, however, curricula or adaptive programs have been designed
that can assume this chore with minimal guidance from the instructor. If students
are sufficiently mature, they may be able to design their own courses of study. T2
instructor may be the only agent competent enough to perform this task well,

* To be anawered after ptatements 65 and 66.
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however; this puts a heavy burden on him and may increase the system cost, and
- he may be impatient or unreliabie (that is, he may react to student characteristics
that are irrelevant to learning).

Logical Consequences: Choosing the instructor as the adapter does not limit
your further decisions. That is, you may still choose the presenter of instruction and
the way in which students will interact with the instruction. In effect, you may, by
choosing the instructor as the adapter, design a system with both between-session
and concurrc:t adaptivity. X

Adaptive Program.

Considerations: Adaptive programs are expensive to prepare, although if
many students will eventually use them, their cost may be spread thinly enough that
they cost about the same as instructors. If appropriate adaptive programs are al-
ready available, the preparation cost may not be a stumbling block. Adaptive pro-
grams are usually presented by a computer, which further increases cost; however,
sdaptive programs may be prepared by highly qualified teachers within the subject
area and can be more diverse in their adaptivity and more reliable than an average
instructor. Furthermore, they never lose patience with the slow st::dent nor are they
threatened by the bright one.

Logical Consequences: An wdaptive program manages the presentation of
materis\. It will precent stimuli for overt student response along with the presenta-
tion of information, “sense” stusi.iits’ responses for pacing and branching, and select
the next set of objectives to L. :nastered. By the action of the machine, the student
will automatically be given information about whether his responses are correct or
incorrect. Because a machine manages the instruction, student responses must be
selected.

61b.° Student Leeder. .
—-. Considerations: Even though a high degree of competence is required to adapt
[ teaching method to the needs of individual students, mature and responsible student
\, leaders may be able to perform this task because t%ey, in effect, spesak the language
“-of*their peers. In addition, they are less expensive than instructors or adaptive
programs, There may be peripheral beneéfits, as well, to using student leaders in this
wey. By teaching the subject matter, they may understand it better and retain it
longer. They msy also devalop communication and other social skills and encourage
the development, of such skills by their peers. Finally, their own sense of responsibil-

ity toward and interest in learning may be improved. ]
Student leaders may, however, exhibit some of the same defects as an instruc-
tor, viz, unreliability (véaction to irrelevant student characteristics), impatience,
fear of being shown up, or lack of imagination in accommodating to student differ-

ences.

Logical Corsequences: 1t is unreasonable to expect a student lesder to prepare
the materials and aids he would need to adapt teaching method to student capabil-

¢ To be read only if course content mii < bé presented on a fized schedule.

" 104

!

o e e v e e

DA e e oo e S At ¢

. .
L B ———




ity. Therefore, he must be provided with such materials. In addition, these materials
should be programmed; that is, stimuli for overt student response must be inte-
grated with the presentation so that the student leader can determine whether his
efforts are successful. This also means that he will require models of correct re-
sponses in order to check student progress. (The students themselves may or may
not be given these models during the instruction.) The student leader will be a
concurrent adapter. Whether he is also a between-session adapter will depend on
your answer to statement 62.

Individual Student.

Considerations: Assigning the role of adapter to each individual student pre-
supposes that each has a relatively high degree of academic maturity. Although
some students may have this maturity, it is unlikely that all of them do. In addition,
making each student his own master does not encourage the development of social
skills to the extent that use of student leaders does, although it may foster stronger
attitudes of responsibility.

Logical- Consequences:: These are the same as for the choice of a student leader
with-one exception, viz., the students themselves must receive models of correct
responses in order to direct their own. progress.

6lc. Adapting Type I instruction on relatively easy topics to student leermng
capabilities may simply require a decision about how much reliance to place on the
instructor for presentation and explanation.

61d. Before Type I instruction on relatively difficult topics can be adapted to
student learning capablhtles, a careful analysis of the concepts or-principles being
taught may be required. Dlsoovenng how to perform this analysis and to tailor it
to the needs of different learners may be very demanding. If instructors are skillful,
you may expect them to perform theaetaska If not, well-made teaching materials
may be needed. In more stralghtforward areassuch as mathematics or reading, some
adaptive programs ‘have been worked out-to acco-nmodate differences in student
learning abilities. :

6le.* Ifyouwant the mstructor to choose the materials and methods appropri-
ate for each student or group of students; type 1; if an adaptive program, type 2; if
each student; type'3; if a student leader, type 4.

61f.* Ifyou want the instructor to choose the materials and methods appropri-_

ate for each student or group of students,-type 1; if an-adaptive program, type 2.

62. The: instructor; the md.wdual student, or the student leader may chioose
from among materials (media- programs, reference books, lesson guides, etc.) pre-
pared in-units adapted to guccesaive levels of dxf!iculty to present the subject matter
and to provide knowledge of student progress: Such stratified niaterials may be more
carefully tailored to antlclpated student needs, but ‘*they.are more expensive than
a general [presentation. Students who are relatlvely more adept at independent
study can make better use ofa general presentation than less mdependent students.

If you:want-to. prov1de stratlﬁed materials for source miaterials, type2; if a -

general presentatlon will suﬂice, type 1.-

* Will be read if a fixed chédiile has not béen chosen.
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'Grouping

This section is entered only if within-class grouping is used for the pertinent
category of instruction such as relatively easy Type I instruction. Statement 65 must
be answered if tracking is notused (tracking puts students into invariant groups for
all types of instruction). Statement 66 then reminds the user of the ability level of
the students that his immediate decisions pertain to. The user then returns to
statement 61.

65a. 'For instruction on relatively easy or simple topics, how would you like
your students grouped? (Refer to your analysis of student population to be performed
in step 1 of MODIA.) If into two-categories (slow and average-to-bright), type 1; if
into three categories (slow, average, and bright), type 2; if into two categories (bright
and slow-to-average), type 3; if each student is treated on an individual basis, type
4,

65b. For instruction in relatively difficult or complex topics, how would you
like to group students? (Refer to your analysis of student population.) If into two
categories (slow and average-to-bright), type 1; if into three categories (slow, average,
and bright), type 2; if into two categories (bright and slow-to-average), type 3; if each
student will be treated on an individual basis, type 4.

66a. Now determine instructional strategy for the slow group. Next you will
determine it for the average-to-bright group before proceeding to the next type of
instruction.

66b. Now determine instructional strategy for the slow group. Next you will
determine it for the bright group, and finally for the average group, before proceed-
ing to the next type of instruction.

66c. Now determine instructional strategy for the bright group Next you will
determine it for the slow-to-average group before proceeding to the next type of
instruction.

66d. Now determine strategy that allows the instruction to be tailored to in-
dividual needs. Inmature students may require considerable help from the instruc-
tor; more mature students may work quite independently.

66e. Now determine instructional strategy for the bright group. Next you will
determine it for the average group before proceeding to the next type of instruction.

66f. Now determine instructional strategy for the average group before pro-
ceeding to the next type ofmstructlon.

66g. Now determine instructional - -gtrategy for the slow-to-average group
before proceeding to the next type of instruction.

66h. Now determine mstructlonal strategy for. the average-to-bnght group
before prooeedmg to the next type of mstructlon.

Variable Pacing

The computer will direct you to this section if you chose variable pacing for all
or parts of the course. If you did not choosé it for all of the course, you first decide
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whether it will be used in the part of the course to which your current decisions
pertain (statement 70).

70a. Some educators believe that there is a greater spread in student ability
to learn difficult subjects than in their ability to master easy or simple subjects. If
you hold this view, you might find variable pacing more useful for relatively difficult
Type I instruction. Variable pacing typically requires more time in preparing
materials (such as programmed texts), but if many students will use the materials,
this investment may readily be repaid. Variable pacing may also be accomplished
by tutoring individual students or by constructing different activities for small
groups of students. This may be justified when highly personalized instruction is
needed, such as teaching a performing artist or dealing with a student who has
severe educational or emotional handicaps.

70b. If you want to use variable pacing for relatively easy Type I mstructxon,
type 1; if not, type 0.

T0c. If you want to use variable pacing for relatively difficult Type 1 instruc-
tion, type 1; if not, type 0.

7la. Next, you must choose the controller to pace the instruction. Some of the
considerations surrounding and logical consequences of the various choices are
discussed below.

Individual Student.

Considerations: Assigning the mdnndual student as pacer builds study skills,
frees the fast learner to direct his attention to particularly difficult or interesting
topics, and allows the slow learner to take his time without fear of embarrassment.
If students are immature or insufficiently motivated, however, they may take advan-
tage of the situation to dally.

Logical Consequences:. If the individual student controls pacing, he must be
supplied with programmed matérials, and these must provide him with the correct
responses to enable him to pace himself. He will, of course, progress at his own rate,
not at the average rate of a group.

Instructor.

Considerations: An instructor can speed up the learning of students whose
motivations are deficient and can immediately spot points at wh1ch students are
havmg difficulty. Instructors are expensive, however, especially when used as tutors
or leaders of very small groups.of students, and some. instructors may become
impatient with slow leamers

Logical Consequenm If the instructor controls pacing, he must also present
the basic instruction.

Student Leader of a Small Group

Conszderatwns. Ass:gmng a student leader as pacer builds study skills, com-
munication skills, and other social skllls It may also promote longer retention of the
material learned; at least by the student leader, and overcome the effects of poor
motivation among the other students. Student leaders are less expensive pacers
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than instructors and have some of the same desirable attributes. They may also be
more patient with and understandmg of their peers. Mature students who are
interested in the instruction should be chosen as student leaders.

Logical Conseguences: A student leader must be supplied with programmed
matevials to work from, and these materials must provide him with the correct
responses so that he will know how to pace the group. (He does not have to transmit
the correct responses to the group, however.)

Response-Paced Program. .

Considerations: Response-paced programs (usually presented by teaching ma-
chines) are the most objective and reliable of all pacers. They cannot become impa-
tient, and will not proceed until the student has made the-correct response. The
student cannot skip idly through the program but must interact with it frame by
frame. A response-paced program cannot entirely overcome the effects of poor moti-
vation, however, because the student can still dally in answering or can answer at
random until he hits the nght response. The hardware cost for presenting response-
paced programs is usually not a' dominant conslderatlon

A linear programmed text is not a response-paoed program because the student
controls his own pace when workmg with a programmed text. Programmed texts
can call for either selected* or constructed responses.

Logical Consequences: Ifa response-paced program is the pacer, the instruc-
tion must be presented by whatever commumoatlon medium is appropriate. Student

" responses must be selécted i in nature because practical machines have not yet been

built that can recognize and determme the correctness of natural language or other
types of constructed responses. It is assumed that the machine’s ‘reaction to the
student’s response provides him with sufficient feedback about the correctness or
incorrectness of his response.

71b. Ifthe leader of a small group will pace the presentation of information for
relatively easy Type I instruction, type 1; if the individual student, type 2; if the
instructor, type 3; if a response-paced program,-type 4.

7lc. Iftheleaderofa small group will pace the preséntation of information for
relatively difficult Type I mstructlon, ‘type 1; if the individual student, type 2; if the
instructor, type 3;ifa résponse:-paced prograim, type 4, '

72. Psdcing may be regulated on the basls of some average rate of ‘response. TIf
students can-be grouped relatively homogeneously, suchan approach can approxi-
mate the benefits of mdmdual pacing and decrease expense by requiring less prepa-
ration or fewer mstructors Ifsuch groups wﬂl be. formed type 1; if not, type 0.

73. Select the number of’ levels of student learmng rate to be accommodated
by homogeneous grouping.by typmg 2,3, or 4.

74 It is oﬁen helpful to grve an mstructor who 1s controang the pace of

,,,,,,

* Seethedmcumonofaelectedmponsemstatementm.
1 Rééponse rate is correlated with learmng oapablhty
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sponse. If you would like the instructor to have a programmed guide, type 1; if not,
type 0.

Presentation

The following set of statements is read for a particular category of instruction
only if instructional strategy will not be tailored to student learning capabilities and
there is no variable pacing, or if an instructor will tailor instructional strategy to
student learning capabilities. In all other instances, the presentational means and

other matters will have already been determined.

77a. Several means may be used to present information. An instructor or a
student leader, supplied with needed réference materials, texts, and instructional
aids, can address one or more students, answering questions as they arise or when
the presentation ends. Alternatively, students can work individually with books or
workbooks, or can view presentations by film, television, and the like. We term all
media that can carry the full burden of the iriforination to be presented communica-
tlon media. That is,a commumeatlon medium makes it posslble to present a message
point of receptlon by the learner.

Most communication media normally present a given ‘body of information
within a fixed (invariant) period. Films, television programs, and audio tapes are
examples Anything that runs essentially without interruption.and without chang-
ing pace or content in response to oitside influénces is termed a fixed-duration
program. Telemedia programs are usually.of fixed duration.

Fixed-duration programs simplify scheduling. They do not, however,-allow an
individual student to go back over material or to select material at random (as he
cai with books, workbooks, and the liké) unless they are recorded media such as film
or tape, and are being used i in‘the mdmdual mode, with thie necessary equipmeént
80 he can control the presentation &8 hie wishes.

For relatively easy Type I mstructlon, a student leader could present informa-
tion as could any appropriate commuhication medium. Usually when a student acts
as an instructor, he will leairn more than he would otherw:se You might prefer to
save the best instructors for presentmg mformatlon for relatlvely difficult Type I
instruction. If you choose any appropnate communication:mediu, the finial choice
of medm system will be madeé on-the’basis. of your deslgn criteria.

7. If you want the mstructor to present mformatlon for relatxvely easy Type
Linstruction, type 1; 1fany appropnate communication médium; type 2; 1f a student
leader, type 3 if a ﬁxed-duratlon ‘program,. type 5.

e If you want the mstructor to present mfonnatmn for relatively dxﬂicult
Type I’ mstructlon, type 1 1f any appropnate eommumcatlon médium, type 2; 1f a

) student leader; type 3:if a: ﬁxed-duratlon program, type 5:

i R Beeause a fixed: schedule st be mamtamed, it'is probably unwise to
allow.a student leader to present mformatlon although -individiial students can

. ‘~Wﬂlberead1fa,ﬁxedschedulehgsbeen4chosen.
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work with communication media under the instructor’s supervision. Therefore,
presentations should be made by an instructor, by fixed-duration programs, or by
any appropriate communication media.

77e. If you want an instructor to present information in person for relatively
easy Type I instruction, type 1; if students will work with appropriate communica-
tion media, type 2; if fixed-duration programs will be used, type 5.

77f. If you want an instructor to present information in person for relatively
difficult Type I instruction, type 1; if students will work with appropriate communi-
cation media, type 2; if fixed-duration programs will be used, type 5.

78a. You chose an instructor to present information. If the instructor is highly
skilled and has extensive teaching experience, it may be wisest to allow him consid-
erable latitude in choosing materials and instructional aids for his presentation.
Alternatively, trained curriculum designers, producers of educatjonal materials,
designers of training aids, and so on, may be available to prepare the materials and
aids that the instructor may draw from. If you want to supply the instructor with
prepared materials and-aids, type 1; if the mstructor must gather or generate his
own materials and aids, type 0.

78b. Even though you may want the instructor to gather or generate his own
materials, in some situations it may be relatively expensive or even overly danger-
ous for him to do so. This may be especially true if special equipment or facilities
are needed to present the instruction—for example, if the effects of nuclear weapons
are to be demonstrated. In such cases, it may be necessary or more practical to use
an appropriate communication medium to present the message.

If you want to use a communication medium for presentations requiring special
- facilities or equipment, type 1; if not, type 0.

79a. Frequently, several relatively simple tasks are taught at once, such as the
names of parts of a piece of equipment. In that case, stimuli for overt student
response may profitably, be integrated into the presentation of information to en-
hance student learning. If you want such stimuli integrated into the presentation
for relatively easy Type I instruction, type 1; if not, type 0.

79b. Relatively dxﬂicult instruction often requires the student to spend some
time absorbing many different interrelated items of information. An example is the
development of.an- understandmg of how a partncular combat strategy is related to
the tactics required to carry it out.

Whether or not the use of integrated stimuli for overt student response during
the presentation will enhance or hinder learmng will depend largely on the skill of
the writer, producer, or presenter of ‘self-contained. programs: If you want such
stimuli integrated into the, presentation for relatively difficult Type I instruction,
type 1; if not, type 0.

80. There are several arguments in favor of recording student responses even
when the responses are not to be used for formal exarination of student progress.
The student can.use reoorded responses for self-evaluatlon or- the responses can be
used in class to provide a springboard for. classroom dlscusslon The instructor can
use the responses to dxagnose student strengths and weaknesses 80 that subsequent
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instruction (or even the course materials) can be tailored more precisely to student
needs.

In many instances, student responses are inevitably recorded when they are
made. Some examples are handwritten or typed responses or studentcreated pro-
ducts. In other instances, responses may be ephemeral. For example, response-paced
Programs often register a response only long enough for the machine to react (or fail
to react) to it. Spoken responses are the most common in classroom work and are
rarely recorded. .

The decision at this point concerns only those responses that would not au-
tomatically be recorded anyway. If such responses will be permanently recorded for
later study by students or instructors, type 1; if not, type 0.

8la. Many instructional system designers prefer that student responses be
selected (that is, of the multiple-choice, true-false, or matching variety) rather than
constructed, because such respoases are more easily checked and checking can be
more objective; however, it is very time-consuming to write good questions that
require selected response. For complex materials, such as those in which students
must combine several interrelated skills to solve a problem, comprehensive diagno-
sis of student-learning by items calling for selected response will make major de-
mands on the skills of the item writers.

This time may be well spent if many students are involved, however, because
the checking of constructed responses can be time-consuming.

81b. Student progress in.relatively easy Type I instruction can often be
checked quite satisfactorily by eliciting selected responses. Constructed responses
requiring the student to speak, write, draw, or otherwise produce something, can
provide richer information concerning the studént’s level of understanding or mas-
tery. Sometimes, as in the teaching of spoken language, they are required. If you
would prefer to elicit selected responses during relatively easy Type I mstructlon,
type 0; if constructed responses, type 1.

8lc. You may be less willing to use selected responses to check on student
mastery of relatively difficult tasks because most selected responses do not reveal
how a student arrived at-his selection. Clever writers, however, can reduce-the
possibility of a student choosing the right selection via the wrong route and can
provide diagnostic information also. If you would prefer to elicit selected: -responses
during relatively difficult Type I instruction, type 0O; if constructed responses, type
1

83. Thestudent can receive the correct response or an example ofan adequate
response to each stimulis as part of. the presentatlon after he has had time to
respond. In this way, he receives immediate- knowledge of his p  progress. Integ'ratmg
answers or models with the DPresentation of stimuli incurs' little addltlonal cost in
terms of wntmg or presenting the matenal However, waxtmg until all the students
are finishéd and then giving the answiers and SCOFing, the work together can provide
a valuable spnngboard for class dlscussmn Students who finish early can go on to
other work while they walt for the others

If correct TeSpOnses or, models ; are to be.prowded along with the presentation of
stimuli, type 1; if not, type 0.
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84.* Since you di not chocse an instructor to present the instruction, it is
possible to give sorueon~ responsibility for monitoring the class. A significant saving
can result if the monitor is not an instructor.

If ysu want an instructor as a monitor, type 1; if an instructor’s aide, a clerk,
or s student instructor will be sufficient, type 2; if a student leader, type 3; if no
monitor, type 0.

Polic); ,(.Jhange

86. You will now be asked to set instructional policy for relatively difficult Type
I instruction, such as the teaching of concepts and principles. Depending on your
philosophy of instruction, you may be more or less willing for the materials to be
presented by a communication meaium than you were for the relatively simple
instruction. Also, you may be less willing to use selected response as a means for
testing student mastery of the materials. If you want to alter the instructional policy
you set for relatively easy Type I instruction with regard to relatively difficult Type
I instruction, type 1; if not, type 0.

TYPE II INSTRUCTION

Individusl or Interactive Skills

90. You are now ready to set policy for Type II instruction, which requires
appreciable drill or practice but does not require that students work with special
equipment or ir a special location. Much. Tyze II instruction deals with cognitive
skills such as arithmetic, written composiiion, spelling, and problem solving. Type
II instruction also deals with psychicmotor skills such as pronunciation of foreign
words or penmanship, or socia! skills such-as public speaking or the ability to
contribute in smiall group Ziscussions.

We first classify Type II instriiction on the basis of the way a class or group of
students will be organized when the drill or practice is under way. Generally, the
students will work individually; for example by practicing addition, writing senten-
ces, drawing graphs, or responding to questions.? Often, however, group participa-
tion will be-required, such as in. panél discussions, committee work, or dramatic
presentations. A recent technique is to teach of réinforcé skills by means of game
playing. (Games requiririg oaly minimal equipment such as paper and pencil, dice,
or counters are included in Type I instruction.) Included in the category of interac.
tive skills are those requiring the individual to address a group; public speaking or

formal debateé would also come under. this category.

* Will be read if an jastructor was not chosen as presenter.

T Even when grotips of students aré responding orally in unisda, they.are not e.:gaged in developing
interactive skills.-Rather, each student is developing a skill he will practice as an individual.
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Considering the course you are designing, what kinds of Type I instructional
activities will be included? If individual performance will be used, type 1; if not, type
0. Use the same code if game playing or other activities requirirg groups of students

- to work together will be used or if an individual will have to address a group.

TYPE I INSTRUCTION—INDIVIDUAL DRILL OR PRACTICE

Complexity

100. We classify Type II instruction by means of individual performance as
relatively simple and relatively complex, depending on whether sessions of fairly
routine, repetmous, or automatic drill are needed, or whether several interreleted
skills need to be developed. Simple Type II instruction can include memorizing
foreign words, learning multiplication tables, reading numerical tables, plotting
points on a graph, or practicing the formation of letters. Note, however, that these
may not be simple skills for sore students,-who may have to learn several skills at
once in order to master them. In addition, a skill such as learning to multiply
numbers of several digits together may initially be relatively complex but may
become relatively simple as students develop proficiency. Therefore, dztermining
whether a skill is simple or complex depends on the level of prior student achieve-
ment as much as it does on the skill itself. Your choices for simple Type 11 instruc-
tional strategy may be similar to those you made for simple Type I instruction
because they will be based on your assessment of student ability and achievement

as well as on instructor proficiency.

Complex skills include such activities as solving word problems in anthmetlc,
writing a paragraph, showing relstionshipe by means of a rough sketch, or compos-
ing a speech. The development of complex skills may require close supervision
during the initial phases of practice, because the student cannot know whether he
is proceeding in the right direction until he completes the work.

If the course you are designing -will include relatively simple Type II instruc-
tion, type 1; otherwise, type 0. Use the same code for relatively complex instruction.

;
TYPE I INSTRUCTION—-INDIVIDUAL PERFORMANCE

This section contains two sets of decision points for individual performance—
relatively sxmple or relatxvely complex. Foir conclseness, the sets are presented-in
parallel as in statement 110.
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Scheduling of Performance Sessions

110a. First you must determine a strategy for relatively simple individual
performance. Often, exercises are assigned for unscheduled study rather than being
scheduled for a preassigned time for classroom work or supervised work at a com-
puter terminal or audiovisual device. If all simple exercises are to be performed in
unscheduled study, type 0; if some or all simple exercises will be performed in
regularly scheduled sessions, type 1.

110b. Now you must determine a strategy for relatively complex mdmdual
performance. Work on solving complicated probiems, writing essays, and so on, is
often assigned as homework or for special projects, rather than being scheduled for
classroom work or supervised work at a computer terminal or TV display. If all
complex exercises are to be performed in unscheduled study, type 0; if some or all
complex exercises will be performed in regularly scheduled sessions, type 1.

111a.* Since you chose to conduct some or all simple exercises at regularly
scheduled times and under supervision, you will be asked to set instructional policy
first for the supervised sessions. Then-you will decide how skills should be-demen-
strated to the students. Finally, you will set policy for assignment of simple exercises
for unscheduled study.

111b. Since all simple exercises v.ill be carried out in unscheduled study, you
will first be asked to set policy fo. *.~..c mtrating the skills to the students. Then you
will decide how to assign simple exercises.

112a.7 Since you chose to have students practice some complex skills ir: regu-
larly scheduled sessions and under supervision, you will be asked to set instructional
policy first for the supervised sessions. Then you will decide how the skills should
be demonstrated to the students. Finally, you will set policy for assigning complex
problems for unscheduled study.

112b. Since all compiex. performance will be carried out without supervision,
you will first be asked to set policy for demonstrating skills to the students. Then
you will decide how to make the assignments of problems for unscheduled study.

Performance Mode!

113. An initial learmng event that demonstrates a skill each student should
master can motivate and direct the students by providing them with a model and
goals for performance.} Carefully developed, step-by-step discussion can be very
effective in this regard. The selection of means for demonstrating skills to students-
will hinge on questions of bothi practicality and effectiveness. If many students will

* The computer will direct you to statement llhorlllbdependmgon whxchchoweyoumadem
statéement 110a.

T%mmhr&mcktbewh&bmhll&wlﬂbdemdmgmthcbmmﬁemm
ment

b 5 Notethataperformnneemodoluuaedherend:ﬂ'emntfromﬂndemom&ahon(pmonhhon)of
nﬁumwnuptmlypelmmuehm.mmuntuwdumgmhmmuﬁomthatmmu
will eventually copy and those that they will not.
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eventually observe the demonstrations, it may be well to make widely available the
work of an instructor who is highly competent not only in the skills to be mastered
but also in explaining the steps required for mastery. In addition, if small or par-
tially hidden movements are invoived, such as those required for pronunciation, a
communication siedium can make these more visible to more students than can an
instructor in person. A well-written text can be used as well as film or other recorded
media. If the material will need frequent revision, video tape of modularized text
could be most practical. Recorded demonstrations can also be studied independently
or at a time of the student’s own choosing.

If cnly a few students will observe the demonstrations and if the average in-
structor is sufficiently competent in explaining what is to be learned, it may be best
to rely on instructors to present whatever models are needed. In addition, during

ademonstration in person by an instructor, the students can ask for clarification of —-

points they do not understand.

Finally, a good student can often demonstrate the skill to his classmates ‘with
minimal prior preparation (such as step-by-step directions). Use of students to teach
other students reinforcez learning and can encourage a spirit of cooperation and
interest.

In this section we assume that a ‘model of performance mvolves no learner(s)
performance of the skill. A follow-me demonstration, in which students copy ste}>-by-
step procedures, can be used to introduce students to techniques for solving complex
problems. We put follow-me demonstrations in a separate category of instruction.
Thus, they will be treated as introductory practice sessions in teaching complex
skills, not as pure models of performance.

113a. Ifthere will be an initial demonstration of a skill, it may be more practi-
cal to use the same means of presentation as that used for the performance session
8o that the transition will be least disruptive.

113b. In setting policy for simple individual performance with constructed
response, you chose to present stimuli by the means the computer has just tiyped
out.® If you would like to change your policy for demonstrating this performance,
type 1; if not, type 0.

133c. In setting your policy for complex individual performance with con-
structed response, you chose to present problems by the means the computer has just
typed out.* If you would like to change your pohcy for demonstrating the perform-
ance, type 1; if not type 0.

113d. In setting policy for relatively easy Type I instruction, you choee to
Present information by the means the computer just typed out. If you would lile to
change this policy for presentirg models of relatively simple performance, type 1;
if not, type 0.

113e. In setting policy for relatively difficult Type I mstructlon, you chove to
present information by the means the computer just typed vut. If you would lilze to
change this policy for presenting models of relatively complex performance, type 1;
if not type 0.

* You will have been directed to make these choices (statements 161 or 191) by the computer tefore
you reach this point.

115




TR STPTLLY N

114. Even though scheduled sessions are not planned for simple performance,*
you may want to schedule presentations of models of the skills to be mastered. This
would be particularly true if an instructor will make the demonstrations.If demon-
strations of simple performance are to be scheduled, type 1; if not, type 0.

115a. If an instructor will demonstrate a simple performance in person;‘type
1; ifa communication medium, type 2; if a scudent leader, type 3; if a fixed-duration
program, type 5. If you did not type 1, any policy established for discussion sessions
for basic instruction will be applied to discussion sessions for demonstratiors. If you
type 1, you will need to indicate the maximum size of the viewing group in the
Curriculum Analysis.

115b. If an instructor wil! demonstrate a complex performance in person, type
1; if a communication medium, type 2; if a student leader, type 3; if a fixed-duration
program, type 5. If you did not type 1, any policy established for discussion sessions
for basic instruction will be applied ic discussion sessions for demonstrations. Ifyou
type 1, you will need to indicate the maximum size of the viewing group in the

115c.T If you want any appropriate communication medium to present un-
scheduled demonstrations of simple performance, type 2; if a fixed-duration pro-
gram, type 5.

116. If'you will provide the instructor with a guide for making his demonstra-
tion, type 1; if not, type 0.

Follow-Me Demonstrations or Step-by-Step Directions for
Complex Performance

120. Follow-me demonstrations or step-by-siep directions can be used to in-
troduce studerts to techniques for solving complex problems and are treated as
introductory practice sessions in teaching complex performance. Because follow-me
demonstrations conibine presentation and student performance, they will require a
separate set of decisions. Therefore, if these are included, the strategies you estab-
lished for simple performance will not apply because they do not require follow-me
demonstrations or step-by-step directions.

If follow-me demonstrations or step-by-step directions are included in your
course, type 1; if not, type 0. )

121. Even though sessions for complex performance are not acheduled during
regular class hours,} you may wish to give follow-me demonstrations or step-by-step
directions during scheduled instruction so that all students will receive essentially
the same initial directions and guidance. If follow-me demonstrations or step-by-step
directions during scheduled instruction are planned, type 1; if they will be given for
bomework, type 0.

* Decided in statement 110a.
1 Will be read if answer to statement 114 is 0.
$ Decided in statement 110b.
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122a. You should now choose the presenter for any follow-me demonstrations
or step-by-step directions you may schedule. In general, logistic considerations may
dictate that follow-me demonstrations and initial directions for the performance
that succeeds them should be presented by the same means. There may be situa-
tions, however, in which the means should be different—for example, when the

follow-me demonstrations should be presented by a knowledgeable person but a
student leader may present initial practice directions, or when the students perform

in unscheduled study but receive scheduled follow-me demonstrations or step-by-
step directions. An advantage to a fixed-duration program is that it can be used to
assure that all students take the same amount of time in obeerving the demonstra-
tions and will thus all begin the perf ..nance portion simultaneously.

After you choose the presenter for follow-me demonstrations, specify strategy
for presenting initial directions for complex performance.

If you want an instructor to present follow-me demonstrations, type 1; if any
appropriate communication medium, type 2; if a student leader, type 3; if a fixed-

duration program, type 5.
122b. Now choose the presenter for any follow-me demonstrations or step-by-

step directions you wish to provide for unscheduled study. Again, logistic considera-

tions may dictate that follow-me demonstrations and initial directions for the per-
formance that succeeds them directly should be presented by the same meens.

After the presenter for follow-me demonstrations is chosen, return to decisions
about presentation of directions and stimuli for complex performance.

If you want an appropriate communication medium to present follow-me
demonstrations, type 2; if a fixed-duration program, type 5.

123.* If you will provide the instructor with a lesson guide for making his
follow-me demonstration or for giviag step-by-step directions, type 1; if not, type 0.

Unscheduled' Study

124a. Earlier you indicated that some simple stident performance would be
scheduled. If you also wish to assign simple performance for unscheduled study, type
1; if not, type 0.
124b. Earlier you indicated that some complex student performance would be
scheduled. If you also wish to assign complex performance for unscheduled study,
type 1; if not, type 0.
125a.t For unsacheduled simple performance, the presentation of stimuli that
call for selected responses may be made by any appropriate communication mediui,
or it may be made by a special type of preaentatlon/response gystem, specifically:
a fixed-duration program, a response-paced prograin, or an adaptxve program. Each
has its advantages and disadvantages. B
* To be read only if anawer to statement 122 i instructor.  * - °
fmmdwmmmundwmmmmmmmmwm
instruction is being considered, but aleo on whether this performance:niay be checked by selected
response or by constructed response.
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If you select any appropriate communication medium, the tinal choice of a
specific medium will be based on considerstions of appropriateness and your design
criteria.

A fixed-duration program has the advantage of forcing the student to respond
at a preset rate. This may be desirable for developing speed of response.

The adaptive program not only accepts and acts on student responses, but also
provides problems of varying levels of difficulty based on student responses. Because
the adaptive program includes branching of various types, it is the most expensive
to prepare and administer; it can take several ¢imes as long to write as a nonadaptive
program. -

If you wan'. an adaptive program to present stimuli for simple performance,
type 4; if a fixed-duration program, type 5; if a response-paced program, type 7; if
any appropriate communication medium, type 2.

125b. For unscheduled simple performancs, the presentation of stimuli that
may notbe answered by selected responses may be made by any appropriate com-
munication medium or may require a fixed-duration program. If you select any
appropriate communication medium, the final choice of a specific medium will be
based primarily on considerations of appropriateness and your design criteria. A
fixed-duration program has the advantage of forcing the student to respond at a
preset ra‘e. This niay be desirable for developing speed of response.

If you want a fixed-duration program to present stimuli for gimple performance,
type 5; if any appropriate communication medium, tyve 2.

125¢c. For unscheduled complex performance that may be checked by selected
response, the presentation of directions and stimuli may be made by any appropriate
coumunication medium, a response-paced program, or an adaptive program. (Be-
cause the development of speéd of response is probably not an objective in this type
of instruction, the fixed-duration program is excluded from these choices.) Again,
each of these has its advantages and disadvantages.

If you select any appropriate communication medium, the final design choice of
a specific medium will be based primarily on considerations of appropriateness and
your design criteria.

A response-paced program accommodates the rate of presentation to student
vesponse and provides automatic knowledge to the student about whether his re-
sponse was correct or incorrect.

An adaptive program not only accepts and acts on student responses but also
branches to problems of varying levels of difficulty based on student responses. Such
a program, however, is the most expensive to prepave and administer.

If you want an adaptive program to present directions and problems for com-
Plex performance, type 4; if a reeponse-paced program, type 7; if any appropriate
communication medium, type 2. _

125d. For unscheduled complex performance that may not be checked by se-
lected response, ths presentation of directions and problems cannot be made by
automated progcams. Hence,.only an appropriate communication medium can be
used,-and you have no decision to make.
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126a. It is a relatively simple matter to supply the student with the correct
answers to his exercises, especially when they call for selected responses. Answers
allow the student to check his own progress in unscheduled study and may help him
redirect his efforts until he discovers how to find the right solution. Providing
answers, however, may make it harder to find out whether the student has actually
done the work. Quizzes, classroom questions, and the like may then be needed.

If you want to supply the answers along with the problems assigned for un-
scheduled study, type 1; if not, type 0.

126b. When exercises call for constructed student responses, it may be difficult
to integrate the presentation of any correct answer\mth the presentation of the
problems themselves. This is especially true for comf;lex problem-solving requiring
creation of new materials, such as in essay writing.

If you want to supply models of acceptable answers along with the problems
assigned for unscheduled study, type 1; if no*, type 0.

127a. Unscheduled perforinance sessions can be made much more effective as
teaching techniques if the student can record his responses and have his perform-
ance evaluated either by himself; the instructor, or his peers. Some Type II instruc-
tion may call for special equipment beyond the traditional paper and pencil for
recording student responses. For example, practicing pronunciation can be more
effective if a record is made on audio tape; practicing a speech may be recorded on
video tape.

127b. If you would like to provide whatever equipment is needed to record a
student’s response in unscheduled simple performance, type 1; if not, type 0. )
* 127c. I¥ you would like to provide whatever equipment is needed to record a

‘student’s urscheduled complex performance, type 1; if not, type 0.

Test Responses

In the Curriculum Analysis you designated which skills require constructed
student responses aiid which may make use of selected student responses for infor-
mal diagnosis of studet progress during ongoing instruction. You will now decide
to what extent these designations should apply in formal examinations.

130a. It may or may notbe possible to examine student mastery of simple skills
by means of objective tests: Skills that require psychomotor responses, such as
pronouncing words or formmg letters, cannot be examined in this way.

If it will be possible to examire student mastery of all simple skills taught in
your course by objective tests and if’ you would like to do so, type 1. If student
mastery of simple skills that you demgnated for constructed responses during in-
struction should also be examined by.tests calling | for constructed responsés, type 2.

130b. 1t may. not be posalbleto examine student mastery of complex skills by
objective tests. Skills that require psychomotor responses,-such as public . peakmg
for examole, cannot be exammed in this way:

If it will be possible to examine student mastery of all complex skills taught in
your cou:se by objective tests and if you would like to do so, type 1. If student
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mastery of those complex skills designated for constructed responses during instruc:=-
tion should be examined by tests calling for constructed responses, type 2.

131a. *You may have decided against selected responses to check student pro-
gress in mastering simple skills because such responsés do not permit full diagno-
sis.* It is still possible that examinatione could be objective, if they will not be used
as diagnostic instruments.

If objective tests would be useful to examine student mastery of simple skills in
your course, type 1; if not, type 0. :

131b. You may have decided against selected responses to check student pro-
gress in mastering complex skills because such responses do not permit full diagno-
sis.* It is still possilbe that examinations could be objective, if they will not be used
as diagnostic instruments.

If objective tests would be useful to examine student mastery of complex skills,
type 1; if not, type 0.

Grouping

You will be directed to this section only if in the Statement of General Policy
you chose to specify different strategies of instruction for different student learning
capabilities.

135. To adapt instruction to student capabilities, you may place students in the
following groups: slow and average-to-bright; slow, average, and bright; slow-to-
average and bright. Alternatively, you may tailor instruction to each individual
student. '

135a. In setting strategy for relatively easy Type I instruction, you chose to
group your students into the types the computer just printed out. If you want to
change this strategy for relatively simple Type II instruction, type 1; if not, type 0.

135b. In setting strategy for relatively difficult Type I instruction, you chose
to group your students into the types the computer just printed out. If you want to
change this strategy for relatively complex Type II instruction, type 1; if not, type
0.

1350¢. Toadapt relatively simple Type I instruction to student capabilities, you
may place your students into several types of groups or treat them individually. If
two capability levels will be used, slow and average-to-bright, type 1; if three, slow,
average, and bright; type 2; if two, slow-to-average and bright, type 3; if students will
be treated mdlwdually, type 4.

135d. To adapt relatively complex Type I instruction to student capabilitics,
you may place your students into several types of groups or treat them individually.
Iftwo capablhty leévels will be used, slow and average-to-bnght, type 1; if three, slow;
average, and bright, type 2; if two, slow-to-average and bright, type 3; i students will
be treated individually; type 4. -

* The compater will have directed you to statement 140, where this decision is madé; before you read
statement 131,
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Variable Pacing - . '

The computer will direct you to this section if you chose variable pacing for all
or parts of the course. If you did not choose it for allof the course, you must decide
whether to use it in the part of the course to which your current decisions pertain
(statement 137).

137a. During the initial phases of a simple exercise, it may be well to adjust
the presentation of stimuli to the student’s individual learning rate, unless the skills
to be learned are very simple. As the student’s response becomes more automatic
with repeated drill, however, and if speed of respcnse is to be developed, you may
wish to shift to fixed pacing later in the session. If speed of response is not an
objective, however, or if the students are highly motivated to master the materials
as quickly as possible, it ray be most efficient to use variable pacing throughout all
simple exercisés. '

If variable pacing is desired throughout simple performance sessions, type 1; if
only during the initial phases of the sessions, type 2; if not at all, type 0.

137b. For relatively difficult Type I instruction, you chose the policy the com-
puter just typed out with regard to variable pacing. If you want to change this policy
for relatively complex performance, type 1; if not, type 0.

137c. If you want to use variable pacing for relatively complex performance,
type 1; if not, type 0.

Type of Response

140a. Although student progress in Type I instruction can almost always be
checked by having the student respond selectively to questions, student progress in
Type Il instruction frequently cannot be checked in this way. Any instruction involv-
ing psychomotor skills such as speaking, writing, or drawing requires constructed
responses. There is a tradeoff between the number of students who will work with
the material <7 he time required to write the questions requiring selected re-
sponse.

140b. If constructed responses will be used for diagnosing student progress in
mastering simple skills, type 1; if not, type 0. Use the same coding for selected
responses. if you are unsure, type 1 for both.* i

140c. It is very difficult to diagnose a student’s progress comprehensively in
mastering complex skills by means of' ‘selected response. If the student fails to choose
the right final answer, there-is no-way of determining at what point in the process
his work was faulty.In some cases, such as essay-writing, no right answers exist.
Thus, selected responses may not be useful for assisting the instructor or the stu-
dent, particularly during-early:learning phases. ﬁ

If you will want to.use conistructed responses for diagnosing student progress in
mastering complex skills, type 1; if not, type 0. Use the same coding for selected
responses. If unsure, type 1- for both.* ' -

° At this point the computer gives you the opportunity to choose either selected or constructed
responses or both. ,

-
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TYPE II INSTRUCTION—SIMPLE INDIVIDUAL PERFORMANCE

This section contains two sets of decision points pertaining to simple Type II
instruction for individual performance—a category requiring constructed vesponses
and a category requiring selected responses. For conciseness, the sets are presented
in parallel as in statement 145.

145a. Now you will decide how to conduct supervised sessions of simple per-
formance involving constructed student responses.

145b. Now you will decide how to conduct supervised sessions of simple per-
formance.involving selected student responses.

146.* You are now going to determine strategy for relatively simple Type II
instruction that will permit selected student responses. The use of selected responses
adds the possibility that they may be scored objectively, quickly, and even automati-
cally, and that automated programs may be used. If you want to change the policy
you just set in order to add automated scoring or for any other reason, type 1; if not,
type 0.

Adapting Instruction to Student Capabilities

You will be directed to this section only if you chose in the Statement of General
Policy to sperify different instructional strategies for different student learning
capabilities for all or parts of the course. If not, you will be directed to statement
155 (controller of pacing) or statement 160 (presentation).

150. Adapting instruction in simple skills to student capabilities may involve
little beyond deciding whether or not sets of exercises at several levels of difficulty
will be needed. Then the instructor, a student leader, or even an individual student
may choose the appropriate materials. Read the considerations about the logical
consequences of choosing an instruc.r, student leader, or individual student for this
role, discussed in statements 61a and 61b.

150a. Much recent work with computer-assisted instruction has centered on
developing programs that will adapt the instruction to the student’s prior knowledge
and learning style. Read the considerations about the logical consequences of choos-
ing an adaptive program for this role, discussed in statement 61a.

151a. For relatively easy Type I instruction, you selected the means the com-
puter just designated: to adapt instruction to meet- student needs in the groupe
chosen and to present information to-them: If you want. drill sessions with con-
structed responses to be handled by a different means, type 1; if not, type O.

151b. - For relatively easy Type I instruction, you-selécted. the mear:s the com-
puter just designated to adapt instruction-to meet student needs in the .groupe
chosen and to present information to them. If you want drill sessions with selected
response to be handled by a different meéans, type 1; 1fnot,type0

* This statement is read instead of statement 145b if strategy is alrewy determined for simple
instruction with constructed response.
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152a.* If you want the instructor to adapt the instruction for relatively simple
performance, type 1; if each student, type 3; if a student leader, type 4.

152b.f If you want the instructor to adapt the instruction for relatively simple
performance, type 1; if an adaptive program, type 2; if each student, type 3; if a
student leader, type 4.

152c.t Because you chose to have all students master the course objectives on
a fixed schedule, it would be unwise to allow a student leader or an individual
student to choose instructional method. He might not be able to budget his time well
enough to keep up with the rest of the class. Read the considerations about the
logical consequences of choosing an instructor or an adaptive program for this role,
discussed in statement 61a.

If you want the instructor to adapt the instruction, type 1; if an adaptive pro-
gram, type 2.

152d.* Because you chose to have all students master the course objectives on
a fixed schedule, it would be unwise to allow a student leader or an individual
student to choose instructional method. He might not be able to budget his time well
enough to keep up with the rest of the class. Hence, an instructor must adapt the
instruction.

Controller of Pacing

The computer will direct the user to this section if he chose to use variable
pacing for simple Type II instruction in individual skills.

155a. Now you must choose who will control the pacing of the pressntation of
stimuli. Since the pacer may also be the presenter, and presenting stimuli for
relatively simple performance may be boring to the instructor, students could act
as drill masters. Read the considerations surrounding and logical consequences of
choosing the instructor, the student leader, or the individual student as pacer,
discussed in statement 71a. . .

155b.  For relatively easy Type I instruction, you chose to have the information
paced to fit student learning rates by the means designated by the computer. If you
wish to pace the presentation of stimuli for simple performance with constructed
response in the same way, type 0; if not, type 1. -

155c. For relatively easy Type I instruction, you chose to have the information
Paced to fit student learning rates by the means designated by the computer. If you
wish to pace the presentation of stimuli for simple performance with selected re-
sponse in the same way, type 0; if not, type 1.

155d. When selected responses are used, it is also possible to choose a response-
baced program to control pacing. Stimuli are presented via a communication
medium and the program senses.student responses. Read the-considerations sur-
rounding and logical consequences of choosing a response-paced program as pacer,
discussed in statement 71a. :

* Read for constructed response.
T Read for selected response.
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1552.* If the leader of a small group should regulate pacing, type 1; if the
individual student, type 2; if the instructor, type 3.

155€1 If the leader of a small group should regulate pacing, type 1; if the

dividual student, type 2; if the instructor, type 3;if a response-paced program, type

4

Presentation

The following set of statements will be read for presentation of instruction in
two cases: (1) if instructional strategy will not be tailored to student learning
capabilities and there is no variable pacing; or (2) if an instructor is to tailor instruc-
tional strategy to student learning capabilities. In all other instances, the presenta-
tional means and other matters will have already been determined.

160a. Presenting stimuli for simple skills can become boring for an instructor.
A student leader can provide this function, or the individual student can work from
a communication medium. A special case is a fixed-duration program; these can be
useful if a minimum rate of student re3ponse-to stirauli is to be developed.

160b. The compuiter has typed out the means you: chose for presenting informa-
tion in relatively easy Type I instruction. If you wish to use the same means for
presenting stimuli for simple performance with constructed response, type 0; if not,
type 1. -

160c. The computer has typed out th.2 means you chose for presenting informa-
tion in relatively easy Type I instruction. If you wish to use the same means for
presenting stimuli for simple performance with selected response, type 0; if not, type
1.

160d. If you will use an instructor to present directions and stimuli, type 1; if

any appropriate communication medium, type 2; if a student leader, type 3; if a

fixed-duration program, type 5.

160e. With selected responses usable, you may also choose a response-paced
program to present stimuli. Such a program adjusts the presentation rate by stop-
ping after each question and waiting for correct student response before proceeding,
which may be desirable in drill exercises.

If you will use an instructor to present directions and stimuli, type 1; if any
appropriate communication medium will suffice, type 2; if a student leader, type 3;
if a fixed-duration program, type 5; if a response-paced program, type 7.

161a.. Because students must mastér the basic course materia’s on a fixed
schedule, it is probably best for the instructor to- oversee student performance.
Because presenting stimuli for simple performance can become boring for an in-
structor, you may prefer that he supervise student work with communication media.
A special case is a fixed-duration program; these can be useful if a minimum rate
of student response to drill stimuli is to be developed.

* Read for constructed response.
T Read for selected response.
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161b. Ifyou want the instructor to present directions and stimuli, type 1; if any
appropriate communication medium, type 2; if a fixed-duration program, type 5.

161c. Because student mastery of simple skills may be diagnosed by selected
responses, it is also possible to use a response-paced program to present stimuli. Such
a program may be particularly useful for slow students because it automatically
provides them with knowledge of their progress and can be more effective in retain-
ing their attention.

If you want the instructor to present directions and stimuli, type 1; if any
appropriate communication medium, type 2; if a fixed-duration program, type 5; if
a response-paced program, type 7.

162. Unlessstudent responses are being used to evaluate the student’s mastery
of a skill or to diagnose his strengths and weaknesses, the student may receive the
correct response to each stimulus as part of the presentation after he has had time
to respond. In this way, he learns immediately of his progress. Integrating the
responses with the presentation of stimuli incurs little additional cost in terms of
writing or presenting the material. Although it can encourage the student to have
a greater sense of responsibility for his own learning, waiting to score responses
until all the students are finished can provide a valuable springboard for class
discussion.

If the correct responses will be provided along with the presentation of stimuli,
type 1; if not, type 0.

TYPE II INSTRUCTION—COMPLEX INDIVIDUAL PERFORMANCE

Policy Change

170. You will now set instructional policy for relatively complex Type II in-
struction, such as teaching problem solving. Depending on your instructional
philosophy, you may be less willing for a communication medium to present the
stimuli than you were for relatively simple performance. Your choices for adap-
tivity, variable pacing, and the like may also be different if you anticipate a wider
range in student abilities at higher levels of learning. In addition, complex Type II
instruction may not lend itself as readily as simple Type II instruction to evaluation
by means of selected student responses.

. Keeping these points in mird, review the learning events in the Curriculum
Analysis that were singled out-for Type II instruction. Then, if the instructional
strategy set for relatively simple Type II instruction will be altered with regard to
relatively complex Type II instruction, type 1; if not, type 0.

Setting Strategy

This gection contains two sets of decision points pertaining to complex Type II
instruction for individual performance—a category requiring constructed responses
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and a category requiring selected responses. For conciseness, the sets are presented
in parallel as in statement 175.

175a. Now determine an instructional policy concerning how to conduct sche-
duled sessions of complex performance involving constructed student responses.

175b. Now determine an instructional policy concerning how to conduct sche-
duled sessions of complex performance involving selected student responses.

176.* Now set policy for relatively complex Type Il instruction that will permit
selected student responses. The use of selected responses adds the possibility that
they may be scored objectively, quickly, and even automatically, and that automated
programs may be used. If'you want to change the policy you just set in order to add
automated scoring or for any other reason, type 1; if not, type 0.

Adapting Instruction to Student Capabilities

. You will be directed to this section only if you chose to specify different instruc-
tional strategies for different student learning capabilities for all or parts of the
course in your Statement of General Policy. If not, you will proceed to statement 185
(controller of pacing) or statement 190 (presentation).

180. Adapting instruction in complex skills to student capabilities may involve
establishing a sequence of related objectives or a hierarchy of objectives. Each
student’s initial skills required for steps in the sequence will probably be somewhat
different. Moreover, the sequence appropriate for one student may be different from
that appropriate for another. It is likely that good decisions about such matters will
require a high degree of instructional skill. Read the considerations surrounding
and logical consequences of choosing an instructor, student leader, or individual
student for this role as discussed in statements 61a and 61b.

180a. Insome highly structured subject areas, such as mathematics or physics,
some adaptive programs have been worked out to accommodate differences in stu-
dent learning abilities and are-generally available. Read the considerations sur-
rounding and logical consequences of choosing an adaptive program for this role as
discussed in statement 61a.

18le. For relatively difficult Type I instruction, you selected the means the
~omputer just designated tr edapt instruction to meet needs of individual students
in the groups shown and to present information to them. If you want performance
of complex skills with constructed response to be handled by a different means, type
1; if not, type 0.

181b. For relatively difficult Type I instruction, you selected the means the
computer just designated to adapt instruction to meet needs of individual students
in the groups shown and to.present information to them. If you want performance
of complex skills with selected response to be handled by a different means, type 1;
if not, type 0.

* This statement is read instead of statement 175b if otrategy is already determined for complex
instruction with constructed response.
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182a.* Ifthe instructor will adapt the instruction for performance of relatively
complex skills, type 1; if the student, type 3; if a student leader, type 4.

182b.t ifthe instructor will adapt the instruction for performance of relatively
complex skills, type 1; if an adaptive program, type 2; if the student, type 3; if a
student leader, type 4.

182c.t Because you chose to have all students master the course objectives on
a fixed schedule in the Statement of General Policy, it would be unwise to allow a
student to choose instructional method. He might not be able to budget his time well
enough to keep up with the rest of the class.

If the instructor will adapt the instruction, type 1; if an adaptive program, type
2.

182d.* Because you chose to have all students master the course objectives on
a fixed schedule in the Statement.of General Policy, it would be unwise to allow a
student to choose instructional method. He might not be able to budget his time well
enough to keep up with the rest of the class. Hence, an instructor must adapt the
instruction, '

Controller of Pacing

The computer will direct you to this section if you choee variable pacing for
complex Type II instruction in individual skills.

185a. Now choose the controller of pacing stimuli for performing complex
ekills. Read the considerations surrounding and logical consequences of choosing the
instructor, the student leader, or the individual student as discussed in statement
71a.

185b.  For relatively difficult Type I instruction, you chose to have the presenta-
tion of information paced to fit student learning rates by the means just designated
by the computer. If you wish to use the same means for presenting directions and
suggestions for the performance of complex skills with constructed response in the
same way, type 0; if not, type 1.

185¢. For relatively difficult Type I instruction, you chose to have the presenta-
tion of information paced to fit student learning rates by the means just designated
by the computer. If you wish to use the same means for presenting stimuli and
directions for performance of complex skills with selected response, type 0; if not,
type 1.

185d. When selected responses are used, it is also possible to choose a response-
paced program to control pacing. A communication medium presents stimuli, and
student responses are entered into and evaluated by the program. Read the consider-
ations surrounding and logical consequences of cheosing a response-paced program
as pacer as discussed in statement 71a. '

* Prad for construéted feapoise
1 Read for selected response’
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Presentation

190a. The presentation of directions and stimuli for performing complex skills
is probably the least demanding part of this kind of instruction. Performance models
and follow-me demonstrations of such skills require the most knowledge on the part
of the presenter.

190b. The computer has typed out the means you chose for presenting informa-
tion in relatively difficult Type I instruction. If you wish to use the same means for
presenting stimuli and directions for performing complex skills with constructed
response, type 0; if not, type 1.

190c. The computer has typed out the means you chose for presenting informa-
tion in relatively difficult Type I instruction. If you wish to use the same means for
presenting directions and stimuli for performing complex skills with selected re-
sponse, type ¢; if not, type 1.

191. Sinzestudents must master the basic course materials on a fixed schedule,
it is probably best for the instructor to oversee student performance of complex
skills. However, presentation of stimuli and directions does not necessarily require
the instructor’s attention, and you may prefer that he supervise the students while
they work with communication media. If the instructor will present directions and
stimuli, type 1; if any appropriate communication medium, type 2.

192. Urlessstudent responses are being used to evaluate the student’s mastery
of a skill or £o diagnose his strengths and weaknesses in highly structured subjects
such as arithmatic orengineering, the student can receive the correct answer toeach
problem after he has had time to work it himself. In this way, he learns something
about his progress; and even though the answer does not provide diagnostic informa-
tion, he may b able to find his errors by working backwards.

In other areas, however, such as written composition, creative photography,
and the like, there is no right answer for a particular assignment. But the student
can be suppliec: with models of accepted practice to compare with his own work.

Integrating the responses in highly structured subjects by presenting stimuli
incurs little additional cost in terms of writing v presenting the material. In un-
structured areas, however, it may require praduction or reproduction of complex
products such as diagrems and the like. In either case, encouraging the student to
jucze his own work can heighten his perceptions, increase his sense of responsibility
for his own progress, and develop self-instructional skills.

In highly structurad areas, delays may be introduced by waiting to score re-
sponses until all the students are finished in order to provide a springboard for class
discussion. In addition, teaching students to work backwards from answers may be
a-poor tactic if skills of synthesis, rather than analys's, are being taught.

If responses or models are provided along with the presentation of stimuli, type
1; if not, type 0.

193. There are several arguments in favor of recording student responses even

when the responses will ‘not be used for formal examination of student progrees.
Recorded responses can be used by the student for self-evaluation or they can be used
in clase to provide a springboard for class discussion. The instructor can use them
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to diagnose student strengths and weaknesses 8o that subsequent instruction (or
even the course materials) can be more precisely tailored to student needs.
Recording of constructed responses can be time consuming and expensive, how-
eve:,i:;;rticularly if special recording equipment such as video-tape machines is
req X
If student responses will be permanently recorded for possible later evaluation
by students or instructors, type 1; if not, tygs 0.
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Appendix C

PROGRAM OUTPUT FOR BASIC STILL. PHOTOGRAPHY
COURSE

This appendix contains an example of the DISTAF program output, a specific
strategy of instruction. It also presents the rgcord of the interaction between the
user and the computer as the user established the strategy.

The DISTAF output, A Stmtegy for Teaching a Course in Basic Still Photogra-
phyis a shortened and revised version of an actual course given to airmen in the
Technical School at Lowry Air Force Base. It was chosen because the Air Force Plan
of Instruction provided a detailed statement of the curriculum for the course and
because the course contained a fairly wide range of different kinds of teaching
situations from classroom presentation and discussion to exercise of students’ photo-
graphic skills in the darkroom and out of doors. Each type of instruction offered a
wealth of material for the application of novel teaching techniques.

The strategy was devised with the idea that the course would be presented at
an Air Force Technical School and would produce about 2500 graduates annually.
The nominal course length is two weeks, and the average student load is 100. An
instructional system that could be used to teach the course using the stated strategy
has been designed and costed. This system is described in detail in R-1021-PR.*

The DISTAF output that follows is largely self-explanatory. Note that, in gen-
eral, strategy decisions are grouped by category of instruction. The exception is that
the leader for follow-me demonstrations is displayed along with decisions for student
performance because of the similarity of these two categones Sometimes student
performancs can be checked by calling for selected responses even though the stu-
dent is actually making constructed responges as he performs. The choice of the
leader for follow-me demonstrations of such skills appears along with the choice of
whoever gives directions or problems for solution because quite logically they may
be the same agency.

Note also that there is no output for the strategy for Type III instruction, since
that part of the program has not been completed.

* Petruschell and Carpenter, op. cit.
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In the Record of Computer-User Interaction, all of the phrases and directions
shown have been typed out by the computer except for the numbers following equal
signs (=), which the user types in. The reader may find it useful to follow this
interaction with the help of the User’s Manual, Appendix B.

A STRATEGY FOR TEACHING A COURSE IN BASIC STILL PHOTCGRAPHY

ENTIRE COURSE

Students wili not take co. se work other than basic work.
Instructional strategies won't.be tailored to the students' capabilities.
There will be no rewmedial sessions.

Students will master the course on a variable schedule,
Varisble pacing will he used throughout the course.

Added revards will not be used to provide motivation.

The following types of instruction will be used:

Type 1 fnstruction

Type 2 instruction

Type 3 instruction

ALL OF TYPES 1 AND 2 INSTRUCTION
Tests will be conducted on the following schedule

After each topic

At the end of the course
Test information:

For each topic quiz

The test length is 15 minutes.

No proctor will be needed.

The content covared will be

only the topic just completed.

No time will be allocated for review.

Test information:
For the £inal examination

The test length is 360 minutes.

No proctor will be needed.

The content covered will bde

the entire course. ,

The student will review at a scheduled time under supervision.

Special materials will be prepared for this review.

This reviev will take the average student 120 minutes tc complets.
Part of the working daj will be used to grade formal examinations.
formal examinations by means of objective tests

will be machine scored.

The studewt can discuss materfal presented by comsunicatinn media
in a special session with the instructor, .
Discussions will be scheduled during regular class hcuvs;
10 percent of the presentation time will be used for' dis:cussion sessions.

Discussior sessions will occur when 15 lln.r of discussion have accumulated.
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FOR ALL TYPE 1 INSTRUCTION

All formal examinations vill be objective tests.
Reviews and formal exsminations will be preserted by
the sams means as the original instruction,

Students will not have homework,

TOR RELATIVELY EASY TYPE 1 INSTRUCTION
Pacing will be controlled by

4 response-paced program.

Each student will proceed at his own rate.
Presentation is by

4 response-paced program,.
No monitor will be necessary,
Stimuli for avert student response

are integrated into the presentation,
Student resporises are permanently recorded.
Selected responses are required.
The student will be given the correct response.

FOR RELATIVELY DIFFICLLT TYPE 1 INSTRUCTION
Pacing will be controlled by

the individual student.
Each student will proceed at his own rate,
Presentation is by

any appropriste communication medium,

No monitor will be necessary,

Stimuli for overt student response

are integrated into the presentation.
Student responses are permanently recordsd.
Selected responses are required.
The student will be yiven the correct response.

ALL OF TYPE 2 INSTRUCTION

Individual practice or drill will be used.
Rilatively complex instruction will be used.

TIPE 2 COMPLEX INSTRUCTION

Examination of student mastery of skills designated for constructed
response will call for constructed responses,
Reviews and formal examinations will be presented by
the same means as the original instruction,
Students will not have homework.
Models of student performance will be presented ™y
a live instructor.
The instructor will be provided a guide for demonstrating performance.
Tollow-me demonstrations will be used in the course,
Follow-me demonstrations will be scheduled during rsgular class hours.

TIPE 2 COMPLEY INSTRUCTION:
WITH CONSTRUCTES RESPONSE
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Follow-me demonstrations will be presented by
a live instructor.

The instructor will be provided a guide for follow-me demonstrations.
Pacing will be controlled by

an instructor.

Each student will proceed at his own rate.

A programmed guide will not be supplied.
Presentation is by

a live instructor.

Materials will be supplied for the instructor.
Stimuli for overt student response

are integrated into the presentation.

Student responses are permanently recorded.
Constructed responses are required.

The student will be given the correct response.

TYPE 2 COMPLEX INSTRUCTION
WITH SELECTED RESPONSE

Follow-me demonstrations will be presented by

a live instructor.
The instructor will be provided a guide for follow-me demonstrations.
Pacing will be controlled by

the individual student.

Each student will prcceed at his own rate.

Presentation is by

any communication medium,

No monitor will be necessary. - -
Stimuli for overt student response

are integrated into the presentation.

Student responses are pex'nmtly recorded.

Selected responses are

The student will be given the correct response,

RECORD OF COMPUTER-USER INTBRACTION

This section of the questionmg pertains to the questionnaire
which you filled out prior to beginning this session.

Please type '1' for yes answers and '0' for no answers.
Question 2 = 1

Question § = !

Question 8 =

Question 14 =

The headings will remind you of the category of instruction
to which the current decisions _pertain,

ENTIRE COURSE

Pleasés read statement 8.
Variable pacing = 1

Plcm read statement 9.b.
Added mards =0 -
Plsase read statement 11i.
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Type 1
Type 2

1
1
Type 3 = 1

ALL OF TYPES 1 AND 2 INSTRUCTION

Please read statement
Please read statement
Please read statement
Test after

Topic = 1

Major section = 0
Course = 1

For topic quiz

Please read statement
Test length(minutes) =
Please read statement
Please read statement
Content tested = 1
Please read statement:
Proctor = 0

For final exam
Please read statement
Test length(minutes) =
Please read statement
Please read statement
Content tested = 2
Please read statement
Proctor = 0

Please read statement
Machine scored = 1
Please read statement
Scheduled scoring = 1

Please read statement
Flanned review = 2

Please read statement
For topic quiz

15.
15 a.
16 b.

17.
15
18.
19 a.

21.

17.
360
18.
19 c.

21.

22.
23.

30.

31 a.

B

Allocate time for review = 0

Please read statement
For final exam

31 e.

Allocate time for review = 1

Please read statement
Scheduled = 1
Please read statement

32.

a3.

Prepare special materials = 1

Please read statement
Minutes = 120

34,

ALL OF TYPE 1 INSTRUCTION

Please read statement
Easy = 1
Difficult = 1

59.
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SCHEDULED EASY TYPE 1

Please read statements 71 a and b.
Pacer = 4

Please read statement 80,
Recorded response = 1

Please read statement 84,

Level of monitor = 0

Please read statement 72,
Grouping = 0

ALL OF SCHEDULED TYPES 1 AND 2

Please read statement u0,
Discussion opportunity = 1
Please read statement ui.
Scheduled discussions = 1
Please read statement: 42,
Percent = 10

Please read statement u3.

Type of discussion schedule = 2

SCHEDULED DIFFICULT TYPE 1

Please read statement 86.

Policy change for difficult Type 1 instruction = 1
Please read statements 71 a and c.

Pacer = 2

Please read statement 80.

Recorded response = 1

Please read statements 81 a and c.

Constructed response = 0

Please read statement 83,
Answers given = 1

Please read statement 84,
Level of monitor = 0

ALL OF TYPE 1 INSTRUCTION

Please read statements 47 a and b.
Test with selected response = 1
Please read statement u8.

Printed tests = 0

ALL OF UNSCHEDULED TYPE 1 INSTRUCTION

Please read statement 50.
Homework = 0

ALL OF TYPE 2 INSTRUCTION
Please read statement 90.

<, Individunl =1
Group = 0

~d
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ALL OF TYPE 2 INSTRUCTION, INDIVIDUAL PERFORMANCE

Piease read statement 100.

-Simple =

Complex = 1
TYPE 2 INSTRUCTION,COMPLEX INDIVIDUAL PBRFORHANCﬁ

Please read statement 120.
foliow=-me = 1

Please read statement 110 b.
Scheduled exercises = 1

Please read statement 112 a.

Please read statements 140 a and c.
Constructed response = 1

Selected response = 1

SCHEDULED TYPE 2, COMPLEX PERFORMANCE
WITH CONSTRUCTED RESPONSE

Please read statement 175 a,

Please read.statements 185 a and b.

The presentation of difficult Type 1 instruction was paced by
the individual student.

Policy change for exercises with constructed response = 1
Please read statement 155 e.

Pacer = 3

Please read statement 72.

Grouping =

Please read statement 74,

Programmed guide = 0

Please read statement 78 a.
Background materials = 1

Please read statement 192,

Answers given = 1

Please read statement 193,

Recorded response z 1

Please read statement 122 a.
Demonstrator(follow-ne) =

Please read statement 123 b.

Guide for follow-me demonstrations = 1

SCHEDULED TYPE 2, COMPLEX PERFORMANCE
WITH SELECTED RESPONSE

Please read staterent 176.

Policy change for exercises with.selected response = 1

Please read statements 185 a, ¢, and d.

The presentation of difficult Type 1 instruction was paced by
the individual studcnt.

Policy changc =

Please read" statenent 122 a.

Demonstrator(foilow-me) = 1

Please read statement 123 b,

Guide for follow-me demonstrations = 1
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ALL TYPE 2, COMPLEX PERFORMANCE

Please read statement 113,

Please read statexents 113 a and c.

The presenter for complex individual performance w/ constructed response:
a live instructor.

Policy change for demonstrations
Please read statement 116,

Guide for pure demonstrations = 1
Please read statement 124 b,
Unscheduled exercises
Please read statement 130 b.
Test with selected response
Please read statement 48,
Printed tests

{
1
i
4
}
H
'

o »

137

~f




S,
.i/ “\

Ty

Appendix D
* LIST OF VARIABLES IN NUMERICAL ORDER

N A AR RGeS

¥
i Variable Value Meaning Manual Statement No. )
1
5: For course in general :
§ A(D) 1 Tailor strategies for parts ?f course. 3 ;
- i 2 ...entire course. e 3
% 3 ...none of the course. ;
; A(2) 1 Entire course variably paced. 8 ]
: 2 Some types of instruction variably paced. §
i 0 None of course variably paced. b
1 E
‘ For Types I and Il instruction E
A(4) 1 Matural subject matter groupings being used 15b 4
fur evaluation. ;
0 Fixed-time schedule.,. ;
For Type [ instruction -’%
A(5) L Type I difficult instruction now being Automatically set f
processed. %
0 Type I simple... 1
For appropriate subcategory of instruction ?‘
__(6) 1 Presenter is instructor. " 7la & c §
2 ...any appropriate communication medium. . (or 77a, d, & f) %
3: ...student leader. (or 77a & b) %
4 ...adapiive program, ‘(or 190a & 160e) E
+..fixed-duration program. (or 190a & 191) &
7* +s.response-paced program. (or 160a & d) £
(or 160a & 16la & b)
(or 190a & 160d)
= -
4 availuble only if method adaptive; 7 available only if variable
pacing; 3 available only if variable schedale. ’%‘
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Variable Value

_

_(8

_®

A(10)

A(11)

A(12)

_(13)

_Q4)

__(15)

_(16)

AQ17)

H(17)

A(18)

1

o
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Meaning Manual Statement No.

Stim:1i for overt response integrated with 79b
scheduled basic instruction.
Stimuli not integrated...

Responses permanently recorded. 80
Responses not recorded. (or 193)
Constructed responses required. 8la & ¢
Selected responses permitted. (or 8la & b)

For Types I and Il instruction

Selected responses made during classroom 38a
work are machine scored.

Part of the work day used to score class work.

Scoring of class work up to instructor.

Allot scheduled or unscheduled time to 30
review each evaluation.

...some evaluations.

Students review on their own.

Percentage of nresentation time set aside 42
for discussion sessions,

For appropriate subcategory of instruction

Variable pacing used. 70a & ¢
+..not used. (or 70a & b)
(or 137a)
Pacer is student leader. 71a & ¢
++.individual student, - (or 71a & b)
++.instructor. ) (185a & d & 155f)
... response~-paced progran. : (155a & e)
*Students grouped by learning rate. ' 72

Each student proceeds at own rate.

Programmed guide supplied. 74
...not supplied.

For Types I and Il instruction

Student can discuss material presented by a 40
communication medium in a special session

with an instructor.

+..during the presentation with a monitor

or instructor.

No special arrangements made to discuss
presentations by communication media.

For all relatively complex Type 11
instruction .

Follow-me demonstrations given. 120
...not given.

For Types I and II instriction

Discussions scheduled during regular ' 41
class hours,
...outside of regular class hours.
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Variasble Value

H(18)

__(19)

A(20)

_q

A(22)

(23

__(20)

A(28)

_@9

UwN

Meaning Manual Statement No.

For relatively complex Type Il instruction

Follow-me demonstrations scheduled. 121
.. .unscheduled.

Instructor presents follow-me demon-~
strations.

Any appropriate communication medium...
A student leader,..

A fixed-duration program...

(1 and 3 not available if demonstrations
unscheduled) .

For Types I and II instruction

Instructor or monitor must be physically 45
present during presentation by a communi-

cation medium.

...does not have to be physically present.

For appropriate subcategory of instruction

Background materials and instructional aids 62 or 78a
supplied. .

Stratified background materials and instruc~

tional aids supplied.

Instructor expected to obtain or prepare his

own materials.

122a or 122b

For Types.I and Il instruction

Instructor or monitor must be accessible 46
continuously during presentation by a com=

munication medium.

...does not have to be accessible contin-

uously.

For appropriate type of ingtruction

All formal examinations by objective 47b
tests, (or 130a or 131a)
Formal examinations by objective tests

for only relatively easy instruction.

No formal examinations by objective

tests.

Students have homework assignments. ‘ 50
...no homework agsignments.

For course in general

When variable pacing is being -used, re—~ 10
wards will include additional free time.

Rewards will not include...

For appropriate subcategory of instruction

Acceptable response presented after 83
student has had.time to respond. (or 192)
Acceptable response not presented... (or 162)
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Variable Value

A(30)

A(37)

_(39)

A(41)

_(45)

__(46)

_n

_48)

I
Ji
!

__(50)

A(51)

A(53)

e

—
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Meaning

For course in general

Course content adapted to student back-
ground.
Course content not adapted...

Tracking used to facilitate adapting
method to student capabilities.
Other means used.

For appropriate subcategory of instcuction

Stimuli for overt responée integrated with
assignments for unscheduled study.
Stimuli not integrated...

For Type II instruction

Type 11 difficult instruction is now being
processed.
Type 11 simple instruction..,

Assignments for unscheduled study by any
appropriate communication medium.

++.an adaptive program,

++.a fixed-duration program.

++.8 response-paced program.

Acceptable responses provided.
Answers not provided.

Student responses in unscheduled study
recorded. H

Student will be able to "study"” the
material (have internal random access).
«+.will not have internal random access.

For appropriate subcategory of Type II
instruction

Models of student performance presented
by instructor.

++.a communication medium.

+s+a-Studeat leader. o
«+.a fixed-duration program.

Types I and II instruction

Instructor will have partiof lis workday
for scoring formal examinations.
...will grade papers on-his own time.

For course in general

Students expected to master course content
on fixed schedule. i
...on>variable schedile.
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Manual Statement No.

Input from
general policy

Input from
general policy

52

Automatically set

51
(or 125c¢)
{or 126b)

53
(or 126a)
(or 126b)

127a & ¢
(or 127a & b)

54

113 & 115b
115a or ¢

23

Input from
general policy
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Variable Value

_(54)

—(55)

A(56)

A(S57)
A(58)

A(59)

A(60)

__(61)

H(62)

__(63)

1
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Meaning

For course in general or for appropriate
subcategory of instruction

To facilitate adaptivity of method, students
divided into two groups~-slow and average-

to-bright.

++sdnto three groups--slow, average, and

bright.

+oointo two groups--slow-to~-average, and
bright,

Each student treated on an individual basis

(no tracking).

For appropriate type of instruction

Reviews and examinations presented by
printed materials.
++by same means as original instruction.

For Types I and II instruction

Instructor must be physically present for
discussion sessions, o
+++does not have to be physically present.

Objective tests machine scored.
++onot machine scored.

Students score their work in class.
++.do not score their work in class.

Instructor has part of his workday for
scoring constructed responses made during
classroom work.

++..must score this on his own time.

Indicates the bright loop of the grouping
section is being processed.

++.the average loop (including slow-to-
average, average-to-bright, or if no
grouping, the individual).

++sthe slow loop. -

For Type I instruction of the appropriate
level of difficulty

Any appropriate communication medium used
to make presentations requiring special
facilitiec o7 equipment.,

++onOt used

For relatively complex Type II instruction

The instructor or student leader given a
guide for making follow-me demonstrations.
«+..not given guide.

For appropriate subcategory of instruction

Teaching method adapted by am instructor.
+..an adaptive program.

«+.the individual student.

«++a studedt leader (3 and 4 not allowed
if fixed schedule).
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Manual Statement No.

65b
(or 65a)

48

44

22
37

38b

Automatically set

78b

123

6ia, b, d, & e

(or 6la, b, c, & e)
(or 6la, d, & f)

(or 180 & 182¢)

(o 180 & 180a & 182b)
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Variable Value

A(64)

(2

_(73)

A(76)

A7)

__(18)

(80)

__(85)

A(95)

A(96)

Po

O

Po

(=¥

TN e

Meaning

For course in general

Remedial sessions scheduled.
+..assigned for unscheduled study.

For appropriate type of instruction

Homework checked.
Homewerk not checked.

Average number of minutes spent in class
checking or discussing an assignment for
unscheduled study. -

For course in general

Students categorized on the basis of
prior information on their background.
...evaluation of work dfter an initial -
period of time.

++.a diagnostic pretest.

For Types I and Il instructiorn

Discussion sessions held at regular
intervals,

++.whenever 15 minutes of discussion have
accumulated.

«oofollowing difficult topics.

For appropriate subcategory of instruction

The monitor is an instructor.

...an instructor's aide, clerk, or student
instructerx.

+..a8 Student leader.

No monitor necessary.

Number of levels to be grouped by student
learning rate.

For the appropriate type of instruction

Scheduled class time will be devoted to
checking or discussing homework assignments.
+..will not be devoted...

For course in general

Remedial work provided.
Students not allowed to repeat sections.
Both of the above used. '

Percentage of time required for basic in-
struction required for additional scheduled
remedial sessions.
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(or 150 & 152a)
(or 152d)
(or 180 & 1824)

55

57

43

84

73

56

7a
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Variable Value

A(97)

e(1,1)

e(2,1)

e(3,1)

e(3,2)
e(3,3)

e(4,1)

e(4,2)

e(4,3)

e(4,4)

e(5,1)

e(6,1)

-

1
0

Meaning

Instructor conducts scheduled remedial
sessions.

Remedi sl sessions conducted in same
manner as basic instruction.

A formal evaluation given after each
topic (i=1),

...each major section (i=2).

...the end of the course (i=3),

.++Will not be given.

A formal examination given after each
day's work (i=1).

...each week's work (i=2).

...each major section (i=3).

...the end of the course (i=4).
«+onot given,

Quiz at the end of a topic covers only
that topic.

.+.that topic and others in the si.e
major section.

...that topic’and all preceding lessons.

The examination at the end of a major
section covers that section only.
...that section and all preceding sections.

The final examination covers the last major
section of the course only.
...the entire course.

The daily quiz covers that day's work only.
...that day's work and all preceding in

the week.

...that day's work and all preceding in the
same major section.

+++that day's work and all preceding in the
course .

The weekly quiz covers the week's work only.
.+ .the week's work and all work in the same
major section..

««othe week's'work and all preceding work.

The examination on a major section covers
rhat section only.
+++that section and all preceding sections.

The final examination covers the last
major section of the course only.
.+.the entire course.

Type I instruction (i=1),
Type II instruction (i=2),
Type III instruction (i=3)
used. )

++on0t used.

Relatively easy (i=l), .
relatively difficult (i=2)
Type II instruction used.
+son0t used.
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7a

16b

16a

19a

19b

19¢

20a

20a

20c

204

11

59
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Variable Value

e(7,i) 1
0
e(8,1) 1
0
e(9,1) 1
0
e(10,1) 1
0
e(1l,1) 1
0
e(12,1) 1
-
Q
2(13,1) |
e(l4,1)
0

Meaning

For Type I1 instruction

Individual skills (i=1),
team skills (i=2)
taught.

...n0t taught.

For Type Il instruction, individual skills

Simple skills (i=1},
complex skills (i=2)
taught.

...not taught.

For simple Type 1 instruction, individual

skills

Selected responses (ixl),

constructed responses (i=2)

may be used to check student mastery of
some skills. .

...cannot be used...

For complex Type 11 instruction, individual

skills

Selected responses (i=1),

constructed responses (i=2)

may be used to check student mastery of
some skills,

...cannot be used...

For Types I and II instruction

A review planned for-

each daily quiz (i=l),

each weekly quiz (i=2),

each major section examination (i=3),
the final examination (i=4).

...not planned...

-

Scheduled review planned before

each daily quiz (i=1),

earh wveekly quiz (¢=2),

each major section examination (i=3),
the final examination (iw=4),

...not planned...

A review planned for

each topic quiz (i=1),

each major section examination (i=2),
the final examination (i=3).

...not planned..,

Scheduled review planned befora

each topic quiz (i=1),

each major section examination (1=2),
the final examination (1=3).

...not planned...

Manual Statemert No.

90

100

140a

140b

31b
3le
31d
3le

32

3la
31d
3le

32
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Variable Value

e(15,1)

e(16,1)

e(17,1)

e(18,1)

e(19,1)

e(20,1)

e(2l,i)

e(25,1)

e(26,1)

e(27,1)

-0

o o

N -

Meaning Manual Statement No.

Special review materials prepared for
each daily quiz (i=1),

each weeckly quiz (i=2),

each major section examination (i=3),
the final examination (i=4).

.+ N0t prepared...

Number of minutes required to review for
each daily quiz (i=1), )
each weekly quiz (i=2),

each major section examination (i=3),

the final examination (i=4),

Special review materials prepared for
each topic quiz (i=1),

each major section examination (i=2),
the final examination (i=3).

«..n0t prepared...

Number of minutes required to review for
each tapic quiz (i=1), )

cach major section examination (i=2),
the finxl examination (i=3), -

Number of minutes required for

each topic quiz (i=1),

each major section examination (i=2),
the final examination (i=3).

Number of minutes required for

each daily quiz (i=1),

cach weekly quiz (i=2),

each major section cxamination (i%3),
the final examination (i=4).

Special instructor provided for
the slow track (i=1),

the fast track (i=2).

«..no0t provided...

When variable pacing is being used, the 9a or 9%

students are rewarded for achievement.
«s.are not rewarded.

No proctor used for

the topic quiz (i=1),

the major section examination (i=2),

the final examination (i=3).

An {nstructor... .
An instructor's aide, a student instructor,
or a clerk...

A student leader...

No proctor used for

the daily quiz (i=1),

the weekly quiz (i=2),

the major section examination (i=3),

the final examination (i=4),

An instructor...

An finstructor's aide, a student instructor,
or a-clerk..,. ’

A student leader..,

i3

34

i3

34

17

17

4a
4b

21

21
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GLOSSARY

Adaptivity; adaptive instruction: Instruction that provides some students
in a course with different -instruction-than others: There are many reasons for
adaptmg instruction and many techniques for doing it. Some reasons are differences
in (1) prior student preparation for the-course; (2) innate characteristics (mtellec-
tual, peychological, or physical) that affect the student’s learning ability; and (3)
“learning style,” particularly the rate at which the student can master riaterial.
Learmng rate quite probably depends on both student capability and motivation.

Techniques for adaptivity include adjusting whatis taught or howit is taught
to student achievement, learning capability, or maturity. See gmupmg, tracking,
and variable pacing.

Adaptive programs: Instructional programs presented by a communication
medium that adjusts the content of the presentauon to the student’s response, and
may be either response-paced or learner-paced. The adaptmty of content may con-
sist of a discussion of* whyaparhcularresponsexsnght or wrong, branich the student
to materials of varying levels of difficulty, present him with remedial instruction,
or leapfrog him past material he has mastered. See learner-paced and response-
Ppaced. ‘

Affective domain: Subject matter pertammg to feelings, emotions, and atti-
tudes.

- Appropriate communication medium. Any communication medium that
can carry the message. There are éight ¢lasses of communication media, including
such specific examples as film, TV, audio tape, radio, and books: Each class is
appropriate to a different type-of ; meesage

Average student: The student for whom the bulk of the instruction is de-
signed. Average refers io the student population of unmedmte concern to the de-
signer. The average student in a given course may have'i more or less capability to
learn. thesuhlectthanth, normfor thoeeofhlsownage orexpenenoe..

Basic instruction: Sce learning event, t)pe of mtmchon.
—/
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Between-session adaptivity: Instruction adapted between periodic sessions
of instruction. The adapter reviews the record of the learner’s response to one
session to obtain guidance for preparing the subsequent, swslon

Capability (student): Student ability to lezrn the muterial. Capablhty isa
mixture of motivation, prior achievement, and innate traits (mental, emotional, or
physical). -

Carrel: A table with shelves for books, tapes, and the like that is often g‘artf‘-'“ g
_ tioned or enclosed -and is used for individual study.

Cognitive domain: Subject matter pertaining to the recall or recogmtxon of —~
knowledge and the development of intellectual capabilities and skills.

Communication aids: Audmv:sual aids such as flip charts, mockups, and
Vu-graphs requiring the message sender to be present at the point of reception.

Commnmestxon ‘medium: A self-contamed -means of. commumeahng——the

" message sender need not be present at the point of reception.

Complex instruction: Instruction that requires student mastery of several
mtemhtedsteps,&cts,orthehketoattmnthemstmchonalobjecnve,suchas
solving a problem, writing an essay, or checking a piece of equipment.

A lesson on the causes of the Civil War, for instance, can be relatively complex
if the student is expected to comprehend the political, social, and economic situa-
tions that existed in the North and South and to understand how these situations

remforcedtheSonthsmovetosewssmn.Ifthelessononlyrequu'est.hestudentto :

memorize a list of causes of the Civil War, however, relatively simple instruction
would be involved.

‘Relatively complex skills typwally cannot be mastered by simple, automatic
drill exercises and often can be taught most effectively by giving step-by-step direc-
tions or follow-me demonstrations.

Concurrent adaptivity: An adaptation of instruction that occurs during in-
struction, with the agent of instruction and the learner mteractmg directly.

Constmcted response: Devised by the student, who responds by producing
sometn,,.g—speskmg writing, drawing, gesturing, using a tool, operating a ma-

-chine, making sometlnng Compare selected response.

Conventional instruction: Includes classroom rethods such as lecture, oral
quiz, guided dlscusslon, anddrill, plus the use of texts and workbooks. Also includes
instructor demonstratlons in. the laboratory .

Covert i response: A response that is not obsérvable—an internal reaction.

Discussion: Two -types are. consxdered here. MDA relatlvely 1mpromptu ses- ‘
gion set aside after a segment of basic mstruchon to answer student questmns or to

148. -

FWy AT ol ot W7 e

i ) e 1 S 1 ¥ ok o~ < S ot
<”u‘m'»'-)-map

N

|
iL‘




stimulate student discussion of material just covered. Not considered a separate
learning event in the Curriculum Analysis but taken into account in the DISTAF
program for determining instructional strategy. Sed question-and-answer. (2) A
learning event prepared primarily to teach students to converse and interact in a
group; considered as Type II instruction (team skills).

Drill: An activity intended to help the student learn a relatively simple skill
by repeated, relatively automatic response to a stimulus, which is usually provided
externally as in typing from printed or written text or repeating the pronunciation
of foreign words. The student provides his own stimulus in most independerit study.
See practice.

Equipment: See special equipment.

Evaluation: Any measurement or assessment of student achievement, for-
mal or informal. A quiz, test, performance test, or final examination, used to meas-
ure student progress and, in some instances, to régulate advancement from unit to
unit or section to section.

Event, learning: See learning event.
Examination: A formal evaluation.
Facilities: See special facilities.

Fixed-duration programs: Media presentations that occupy a fixed (invari-
ant) period of time; films, télevision programs, and audio tapes are examples. Any-
thing that “runs” essentially without iriterruption and whose pace or content cannot
be changed from the outside. A user cannot ordinarily go back over the msterial or
select materia! at random from within the program as he can, for example, with
books and workkooks. See internal random access.

Follow-me instruction: A. step-by-step demonstration of procedures which
students copy or which students practice following step-by-step directions. Such
instruction appiies only to individual skills and is used in.either Type II or Type III
instruction.

Formal evaluation: See eramination. - .J.c:"??‘-*’

Group: Homogéneous divisions of a heterogeneous class by student capabil-
ity or nreparation for a ¢ourse and thus the special curriculum they follow. Permits
regrouping from tlme to time to adjust to the:complexity of the material.

Independent study' Study by mdmdual students or groups of students at a
time of -their own choosmg at home or.at school, vnth no instructor or momtor
present. Includes homework. Synonym for unscheduled instruction.
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Integrated stimuli: Stimuli for overt student responses that are integrated
with the presentation of material; the presentation allows time for the student to
respond or halts entirely until he gives the correct response.

Internal random access‘(IRA) Reqmred when the mdmdual needs to study
a presentation, as distinguished from merely attending to 1t,',w1th or without re-
sponse. Full IRA provides the following controls: start, stop, freeze-frame in the case
of motion-visual media, fast forward, fast reverse, and some kind of indexing system.
Partial random access may lack freeze-frame and/or indexing. Conventional text-
books have internal random access; scrambled books and ﬁlmstnps usually do not.

Interrelated objectives: See simple instruction and complex instruction.

Learner-paced programs: Instructional programs that can be presented by
any medium if they are used in such a mode that the; program contains integrated
response stimuli, and either stops aubomatwally or the learner himself may stop it
manually after each stimulus to give his response. When the learner conipletes his
response, he restarts the program. For example, the program may dembonstrate a
step to take and then show what the results should be. The student then copies the
step and compares his resulte with those shown. If he is satisfied with the match,
he signals the program to proceed to the next step. Since the learner is evaluating
his responses (rather than a machine doing it), constructed responses may be used.

Programmed texts, like any printed materials, are paced by the user” 8 readmg

_ rate. Since they integrate stimuli for response, they are further paced by thé ser’s
" responses. Since the user of a programmed text evalifates his own responses,

whether constructed or selected, programs in this medium are learner-paced. The
variation known as the scrambled book attempts some degree of adaptivity, direct-
ing the user to different material according to his responses. Aithough printed,
programmed materials are not designed for free access, some learners do skip
around in them, sampling the various branches supplied, and to some extent choos-
ing their own content. Thus, these may be considered either leamer-adapted or
Program-adapted.

Learning event: Any instructional activity that can be asslgned to a single
subcategory of instruction.

Lesson: A unit in a course based either on content or time interval. May be
less than, equal to, or greater than a topic. See topic.

Lock-step instruction: Such teaching exposes all students to appronmabely
the same basic instruction at"the same time; all students are also given the same
examinations at the same time. There may, however, be provisions for remedial
sessions or enrichiment lessons in .conventional lock-step mstructlon In addition,
trackmg or thhm-class grouping may be used.

Majcr section: See section.
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Materials: Media software. Eitiler instructional aids or communication
media programs (including printed materials).

Media: See communication medium.
Model of Performance: Demonstration of a skill that the learner must mas-
ter. -

Modularized materials: Materials that deal with small units of subject mat-
ter prepared for several levels of learning difficulty. The definition is more “opera-
tional” than conceptual. If the materials are sufficiently flexible that programs may
be drawn from them to fit each student’s pnor background and capability, they are
modularized. .

Objective tests: Examinations whose items call for selected responses.
Overt response: An observable response.

Pacer: The agent that adjusts the rate of stimuli presentation to fit the stu-
dent’s learning rate: the learner himself, the instructor, a response-paced program,
or a student leadgr.

Performance: Instruction in which the student is learning how to do some-
thing (not simply acquiring ideas or information, but acquiring a skill). Performance

denotes student activity in Type ITor Type III instruction. For example, making a_

map is Type II performance; repairing an engine, Type IIL. Student responses in
Type I instruction (answering questions, filling in blanks in a workbook, etc.) are not
considered performance.

Practice: Student performance in learning relatively complex skills as distin-
guished from performance in learnmg relatively simple skills that we \term drill.
Practice is less repetitive and automatic than drill; a student may practlce some
complex skill, such as troubleshootmg or writing a business letter, only a few times
during the course and may have a slightly different assignment each time. The
presentation of stimuli is less important for practice than for drill, but the demon-
stration of skills to be learned is more important.

Presentation: Any corﬁmumcatlon to the student. Includes transmitting
facts or concepts; demonstrations; gmng - directions; supplymg stimuli for drill;
descnbmg problems to be solved:

Psychomotor skills: Skills requiring rmuscular movements, usually
manipulative, e.g., hand-eye coordination, pronunciation, handwriting, and using
tools. Because most such skills require a ¢ognitive support (are more than automatic
motor responses), we arbltranly use the term psychomotor to refer to all motor
skills.
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Question-and-answer: A period for the informal answering of students’
questions or for discussion. Does not include questions answered during the course
of instruction. Not considered a separate learning event in the Curriculum Analysis;
MODIA automatically accounts for them'on the basis of stated stretegy. See discus-
sion.

Remedial instruction: Instruction intended to assist students who fail to
master a particular lesson or learning event, as opposed to actual review or makeup
sessions.

Response-paced programs: Instructional programs that can bé presented
by any medium if they are used in such a mode that the program contains integrated
respouse stimuli, and stops after each unit of presentation (or frame) to allow the
learner toselect a response, then proceeds to the next unit of presentation only when
the correct response has been selected. Most simple teaching machines (without
branching) present response-paced -programs. Since- student-.responses must be
sensed and evaluated by machine; constructed responses cannot be used; machine
scoring and recording are possible; however. :

Review: An abbreviated version of earlier instruction to refresh the learner’s
memory or skill in preparing-for an examination. Not listed as separate learning
events in the Curriculum Analysis; MODIA automatically accounts for them on the
basis of stated strategy.

Scheduled instruction: Instruction designated for a specific time and place.
§cormg deskwork: Scheduled instructional time set aside for evaluation of

astudent’s work by the student himself or by another student Such sessionsarenot
- considered learning events in the Curriculum Analysis; MODIA automatically ac-

counts for them on the basis of stated strategy.

Section: An unbroken sequence of fopics treated as a unit either because it
deals with related course content or because it occupies a major fraction of the
course length. The definition is intended to identify course subdivisions that are
subject to examination.

Seiected response: Student responses. selected from among two or more an-
swers, ov placing a list of itemns in some correct order. Mutiple-choice, true-false,
matching;, and ordering all call for selécted responses. Comuare constructed response.

Sunpl's instruction: - Instructxon that does not require. the student Yo master
several mterrelated steps, facts or the hke Activities that characterize sxmple
instruction mclude memorizing fomelgn words, learning multlphcatlon tables, plot-
ting points on & graph, target-practice, or sending code. Action verbs that typify
relatively simple instruction‘in: the cogmtlve domam mclude ‘name, llst, spell, i lden-
tify, choose, find, select, ard match. Relatlvely slmple slnlls aré those that the
student can typwally master by fairly routine, repetitious; or automatic drill.
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is deficient. Therefore, determining whether the instruction is simple or complex

depends on the level of average student capablhty as much as it does on the skill
itself.

Special equipment: Equipment (or other materials) students must work with
other than the traditional paper and pencil, drawing instruments, slide rules, or
other small implements. Such materials (1) are so expensive and fragile (such as
precision measuring instruments) or dangerous (such as corrosive acids) that a
monitor or other responsible person must supervise student work or (2) require
special facilities.

Projectors, playback devices, and the like, that are used for communicating

with the student ure not covered by thm term unless they themselves are the subject
of study.

Special facilities: Areas that differ from'a conventional classroom, such as
workshops, laboratones, hangars, playing fields, and gymnasiums:

Stratiﬁed materials: Materials that present the same general subject on sev-
eral levels of difficulty. Stratified materials can be- ‘completely modularized for in-
dividualized instruction or can be prepared in graded sets for ase by groups or tracks
within a class or at a given grade level.

Subcaiegory of instruction: An instructional activity with a particular com-
bination of resource requiremente. .
Team: Two or more individuals who work together. In our sense, the people

playing a two-handed game form a team as do the people using a transit and chain
to determine the placement of a survey marker.

Topic: A coherent set of ideas or skills that the student masters as a umt of
course content and that could servé as the subject of formal evaluatlg_l_l‘ACould span

several class sessions or could occuipy less than a single class session. The definition A

provides a finer division of course contént than the major section for schedulmg
examinations and reviews. See lesson and section.

Tracks: Subdivisions of a.class group homogeneous with regard to student

capability and the special curricula they follow. Students generally remain in the-
same track throughout a course.~

Types of instruction: A broad eategonzatlon of mstructlonal actmty in-
tended to aid system design.

4

Type 1 instruction. Reqmres no student use of special eqmpment and no
student " performance i in. special-facilities. In -addition, students-are not  juiring
skills (008'n1t1ve, . psychomotor, motor, or soclal) through drill or pract . Typel
activities typlcally occur in the classroom and'concern the presentation of facts or
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concepts for the student to master or the presentation of goals or objectives to
motivate him with a sense of direction for his learning. Frequently includes affective
objectives (such as changes in attitude toward the subject) and demonstrations. Such
instruction involves presentations, and may or may not contain mtegrated stimuli
that require overt student responses.

Type Ilinstruction: Like Type I instruction, requiring no special facilities or
equipment for student performance; however, students master skills that require
drill, practice, or performance. The student learns to make particular responses
when provided with directions and stimuli. Actmtles are those in which the student
must do something besides answer questlons Also includes the presentation of
models of skills to be mastered (even though no student performance may be re-
quired during the demonstration) because demonstrations are frequently given im-
mediately preceding or concurrent-with student perf‘ormance Therefore, it may
often be convenient t6 use the same means to present the models as those used to
Present directions for performance or actual drill stimuli. If & performance model
is to be given but notimmediately preceding or concurrent with the drill, practice,
or performance session, it may be categorized as a demonstration under Type I
instruction. Type II instruction can include pure skill demonstrations (with no
student response); follow-me demonstrations in which the students perform each
step as they are directed or as it is presented; presentation of directions and stimuli
for performance; and pure performance (with no presentation to the student).

Type I instruction: - Any instructional activity that requires the students to
work with special equipment (such as a simulator; a piece of machinery, or a musical
instrument) or in a special facility (such as a shop, a laboratory, a parade ground,
or other special area) or both. See - special equipment and special facilities.

The instructor is notusing Type ITI instruction when he uses special equipment
(such as a projector or mockup) to demonstrate a procedure or to clarify a concept
(such as operating aircraft flight controls), unless the students are also required to
use the same equipment at the same time (or immediately afterward). The rules for
classifying perfonrnance models and presentatlons for Type II instruction are the
same as those for Type III instruction, namely, if the model immediately precedes
or is concurrent with student performance, it is most convemently treated as Type
I instruction; if the model will be séparated in tin.e from student performance, it
may be treated as Type I instruction.

-

Unscheduled instruction: See independent study.

Variable pacing: The rate of stimuli presentation to the student or student
group varied on the bazis of stadent response. Pacing may be. varied .to fit each

_ individual student’s learnmg rate or to fit the learning rate of a group. The use of

response cards or other group response devwes can facilitate group pacing, although

often hand or voice responses to the instructor’s questlons can be used for the same

effect.
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