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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 Oveitietv of MODIA: A Method -of Designing Instructional
Alternatives for Air Force Training Polly Carpenter.

R-1019-PR, The MODL4 Decision Proreis for Developing Strategies of-Air
Force Instruction, Polly Carpenter and-Barbara Horner.

it-1020-PR, The MODL4 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 1..Petruschell and Polly Carpenter.

The first of these provides an overview of the methodologies being developed; the
second and third describe some of the major analyticaltoolamsed to provide inputs
to the design process; and the lad sets forth the results of a completed design cycle,
parts of which *ere carried out manually, applied to a spetific course in Air Force
technical training.

This work has been conducted under a Rand project entitled Analysis ofSystems
for Air Force Education and Training Emphasis has been on the use of technology
in designing instruction tor. formallechnioal training or fok higher -education, as at
the Air Force 'Academy. The results-will support the activities of the Director- of
Personnel Plans, Headquarters USAF;- DCB/Technical Training and the Training
Development Directorate, headqUarters-Air Training Command; and-the Air Force
Human--Resources Laboratory, especially. the' Technical Training and Professional
Education ivisions. It Will be of partieular interest to Ahem working on the Ad-
vanced Instructional *Stein.

This report ii.part of a continuing:Rand effort to apply systematic methods of
analysis and =synthesis-toiained and prohleniS in education, and training. Related
Studies have Air Fero* piloktrairiiiig and management of the pilot force,,
evaluation e' programs of compensatory education, design of information systems`
for lot L.-awl:districts, and:other diverse concerns. A special_ bibliography of Rand
Work in eduCation is available on request.
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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 Force research on new educational methods. Since 1968, Rand has
been working on the design-of instructional- programs to help the Air Force, espe-
cially the Air Training Command, to determine ilystenuitically 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 Alternatives), a comprehensive methodology for designing an instruc-
tional system. MODIA consists Of a seqUenee 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 plan a program for a
particular approach andstill at the_ planning stage assess its utility in terms of
production of graduates or consumption of him= 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 seiieir of four,. describes a unique and practical tool for
instructional designa decision process, for developing teaching strategies. It in-
cludes two important elements: a Queitionaaire for Stating General Policy, and a
computer-direeted:logie tree called DISTAF (Determining InstruCtional Strategies
for Training in the Air Force) that helps the user plan in detail his teaching me-
thodology for a given class.

These elements and other tools are used in the MODIA process, which consists
of eight stet*:



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 teaching 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. Describe local resources 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, DMA'S; the design criteria, and the loCal
resource description.

7. Analyze the costs to determine the system's time-dependent dollar re-
quirements.

8. As necessary, depending on the acceptability of the outpuls, 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:

Systematic, generalized methods can be developed for designingprograms
of instruction;
These techniques encourage the examination of alternative approaches to
instruction;,
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
usefOl not only to Air Force organizations such as the Air Training Command and
the Air Force Academy, =but alio to training and educational institutions is the
public sector.

SPECIFICS OF THIS REPORT

The Questionnaire for Stating Generil Policy consideto policies ins ;4,reegeneral
areas: the bread charicterization.Of the teaching: institution's goShi, the extent to



which the schools will adjust to variations in the student popul 'Mon, and the way
in which the schools must accommodate their operations to organizations 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 presenting 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 process
at his own direction. If he wishes to specify a highly varied strategy, he uses the
computer program.

The program computesnothing. Rather, it keeps track ofthe planner's decisions
and performs all the logical bookkeeping, 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 requirer,.knts 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 comae 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-clasp groups and,
if so, how many. He also chooses how to schedule formal examinations, whether to
make them objective or essay, and how comprehensive to make them; whether or
not to schedule formal reviews and-homework; what kind of learning experience'
categories to use, such as classroom drill, laboratory practice, or demonstration; who
controls the learning experiencestudents, instructors, or media; whether or not
students must respond overtly in some wayanswering multiple-choice questions,
writing answers in essay form, or perhaps performing some skill; and whether or
not to give the students immediate knowledge of the correct response.

The computer speed and program organization make it possible for the designer
to construct many strategies in a relatively period. Although he may take
several hours for his first run, e;.; he becomes trase familiar with the decision points
the time for a run will be reduced to :loom 10 to 90 minutes, depending on the
complexity of the strategy chosen.

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

vii



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

. It assists the planner in stating policies that guide school and classroom
operationi.

. 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.

V
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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 comprehensive methodology. for designing an instructional
system. MODIA (A Method Of Designing Instructional AlternativeS) consists of a
sequence of procedures and senilautomated "tooli," some of which have already
been designed and are described in this series of reports. This report describes a

n decision process for developing teachinci; strategies. It includes two elements: a Ques-
tionnaire for Stating General Policy and a 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 Tor the QuestiOnaire and DISTAF, we briefly discuss our
overall MODIA process step by step, as shown in 'Fig. The process is intended to
provide, such characteristics of theinstructiOnal.system as course length;, student
flow;_ and what facilities;-ecinipMenti Perionnel;:and: dollars, are needed, and when
By means of MODIk planneri. shouktbe able to design an inatrUctional program
efficiently and with confidence both the outputs are acceptable to the teaching
inatitution- and that the :Oithods of teaching the course are appropriate to the
learners. The stepSare deecribed.belew.

Step .i77-A:Olyze the kdrneepopislation_in terms that will affeot.theway
the:cOhise is taught.
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Fig. 1The design process

Step 2State general policy using the Questionnaire described in Sec. II
and Appendix A of this report.'
Step 3aAnalyze the curriculum using a branching questionaire that
helps the user describe his course in detail' The Curriculum Analysis
Questionnaire typifies each lesson (1) in system-oriented terms and (2) its
requirenients for communication media.'
Step-3bSpecify-Striteciies.of instruction-as described in this report by
mane, of -pISTAF, it-logic- tree, with each.deciiion point a lOgical conse-
quence of the preceding decision& To exercise it, the designer has two aids:
an interactive, cOmputer program written in JOSS,* and a-.User's Manual
that_presente the pi* and cons of decisions to be madeat each point, along
with, some of the - logical *sequences, of each choice. For each type of

I Policy, as used concerns the nature of the echookeobjectiyeawhether it *ante a standard
or a diverse output, and how it relatos to bistitutiOns that use its graduates and those that supply its
students..

Rudy Brett, POMO/14 eiciestior!naiitifo:equrriallum A isaipie, The Rand Corporation, R:1020.FR,
Novembei1972.

Rudy Bieti., The Sekttion of4101:Oritite Coinnsunication Mediafor Initrixtion: A Guide for Design-
er* ofAir-Foree Technical T,uuwsg ,Pvgrwis4 The Rand Corporation, R1301-PR; February-1971.

: The JOSS cOniptiter *grain Will be Published is it Supplement to this report, and eventually will
be translated' into Interietive-FORFRAN.

2



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 criteria input from the teaching institution, such as
least cost, shortest course length, graduation of the most studentsper unit
time, or maximum use of communication media.
Step 5Describe local 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.
Step 6Design the narprogrum 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 components 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 simulated by a flow and scheduling model to
generate graduation rates and resource requirements.

Step 7Analyze the coststo determine the system's time-dependent dollar
requirements. This will eventually be accomplished by a computer pro-.grani.
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 examinatio of alternative inStructienal approaches. It helps the designer .

plan a program for a particUlar approadh rapidly, and-,-still at the planning stage.
assess its utility in terms of production ofgraduates 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 assess an alternative ap-
proach. PrOviding this kind of feedback will help assure that many promising ap-
proaches are explored: befom one is .Cholien for actual- implementation.

Some major tools must 'be- developed :before MODIA complete, namely, a
generalized-computer model Of stUdent,fiow; a computer: TWO for estimating re-



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 still
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. III describes the strategies available to
the planner. It also shows how these are relatIN1 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 logicalstructure
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. VI. 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.

It L. Petruethell and Polly Carpenter, MODIA Applied in the Design and Cat Analysis of at
Innovative Air Force Instructional Course, The Rand Corporation, R-1021-PR, November 1972.
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II. STATING GENERAL POLICY

Ground rules for designing an instructional program fall into two general
categoriespolicy 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 broad charac-
terization of the teaching institution's goals, the extent to which the schools will
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 General 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 dim* the Questionnaire as it relates to the three areas mentioned above.
Answers to the first two questions provide a very general characterization of the
institution's goals.

I. Will a 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 indicated whether the teaching institution must provide a "stand-
ard number of instructionallours" for every student. WS type of requirement is
legally mandated for public schcieb in many ideas, is required in most institutions
of higher education,. and it also prescribed in- Many training -programs for labor

Item; defined in the Moiler* appear in boldface type the Lit this they are mentioned in the text.
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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 to be as similar
as poe3ible (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 commissioned 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 serene 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 eudent in order to develop their potential more fhlly.
Therefore, the designer is asked:

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

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

4. Will requirements be relaxed for pooreratudents?

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

The replies made to questions 3 and 4 will affect both-student flow and the
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Curriculum Analysis, in which learning events required for enrichment or those
that can be deleted must be identified and:described.

5. Will exposure to course conieliebe 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 to adapted (adaptivity) to the student's prior preparation for the
course. Those who are deficient in .course prerequisties may be given remedial
instruction (question 6) or those with superior preparation may be allowed to skip
topics they already know (question 7). DISTAF kter provides the designer with an
opportunity to specify at what point and how to identify such students.

Adapting course content to prior student learning primarily affects the effi-
cieucy 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 usefia in situations 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?

Questions 8 to 10 determine whether the desigur wants to take student capi-
bility into account in choosing instructional methods. (Stuilent capability is a mix-
ture of motivation, innate ability, and prior achievement) Thif 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 decisions 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 letting fast learners direct
their own study independent of in 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 planner's decisions about which levels of student capabilities he wishes to



consider separately are clearly influenced by the distribution of capabilities he
expects in the student population. Policy considerations also 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 easier to adapt either method or content to various characteristics
of the student population, frequently students are put into groups that are rela-
tively homogeneous with regard to the characteristics of interest. Each group may
then ,e 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 members may change from time to time, depending
on the instruction.

Alternatively, tracking (tracks) puts students into classes whose members re-
main essentially the same throtighout the course; in efect, separate but parallel
courses are taught. Tracking may have undesirable psychological effects on both
instructors and students, but it permits a greater concentration of 7esources 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 students be put into tracks?
12. Will students be put into tracks on the basis of their learning capability?
13. Will students be put into tracks on the basis of their preparation for the

course?

Since tracking affects the entire course and may be a matter of policy, the
designer is asked in question 11 whether he will use it. If so, he then establishes in
questions 12 or 13 the basis for track formation, depending on the types of adaptivity
he has previously chosen. If he chooses only one basis, say student learning capabil-
ity, his prior-answers to qtiestions 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 tbr each track.

SCHEDULING

When a standard number of instructional hours is not required as input, it is
possible to save time and other resources by encouraging average and fast learners
to graduate more quickly than slow learner* In addition to,being more efficient, this
tactic may give the student a greater sense of control over his own learning and,
hopefUlly, encourage the development of responsible attitudes. These adirantiages
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may outweigh the disadvantages of greater administrative burdens and greater
demands on teacher inventiveness.

Most instruction, however, is designed so that all students will learn certain
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 additional in the form of remedial instruction or washback

be used for slow students or students who have been,absent?
16. Will students be dropped-troin the .1;0i-10e:before its conclusion?
1?. Will basic coUtie content-40 presentAXIOn a -fiXed sChedule.Withiniiacks?

Question 14- applies if no tracking is being uied;questionl? appliesto tracking.
It may be consideiably easier to meet the user's reqiiiiements and still accommodate -

student differences if traoki are used with a fixed schedule for each track.
If fixed scheduling is used, examinations are given -on a fixed schedule, and

students who do poorly on the test must either take remedial instruction to make
it up, ;repeat the material covered, or be eliminated- froni the course.- Additional
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 theie purposes. Additionally, students who are failing may
be dropped from the course before 'its-. conclusion (question 16). ThiS saves both
instructional resources and student_thni.

9



III. INSTRUCTIONAL STRATEGIES

This section provides the reader with a general understanding of the process for
specifying .instructional strategies. It begins by describing the -planner's tole. The
procesais structured around a framework of categories of instructional activities
classified according ti3- the teaching' reatouites iriliererit in the 7stihject -Matter.- The
categories are deseribed and then compared with other, current systems for classify-
ing instruction. Within each category, questions are asked whose answers establish
the detailed features of the teaching strategy to be used: Some strategy questions
and answers Pare 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 the Questionnaire for Stating General Policy, he is
ready to specify his instructional strategies in-detail *ling 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 guides him through a logic tree.

The manual discusses the pros and,cons applicable to each decision along with
some of the logical consequences that 'Will result from various-chokies,th itself, the
manual giVes the planner a comprehensive checklist If he decides to use a very
simple instructional strategy, he can proceed through the decisionmairing process
by himself If he wishes to-specify _highly varied strategy, he uses the computer
prograth. The prograni coniputes , it keel* track of the planner's
decisions and performS allhe legical bookkeeping, whichcan be quite complek. To
use the program, the planneraitiat the COMpiter,Coneole and answers questions of
strategy: as the ConiPtiter directs hinr to do. each the computer- refers him
to numbered questions in the .manual ,Of the arguments for and
against each .Cheice.

The logic tree is based-oh three types of instruction that provide a framework
for the DISTAF process. At branch Pointe, each category of;instruction may be
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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 questions. 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 requirements 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 faniitiar with the decision points, however, this
time will diminish to from 10 to 30 minutes, depending on the complexity of the
strategy chosen.

Start

Major types
of

instruction
Student-to-student

interaction

Amount of

student

performance

ae

Fig. 2Logic tree

Up to 57
subcategories



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 II 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 clafisroom 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 ofanswers
for the strategy questions at thefinest 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-learning capability (column 6) are related to the type of instruction
and its level of difficulty. Generally accepted learning-capability categorizations are
as follows:

1 group no categorization
2 groups slow and average-to-bright or

slow-to-average and bright
3 groups slow, average, bright

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

The requirement of the subject matter for construeteciresponse (a response
the student devises bimselfColumn 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 tetheright of column 6.

Type I Instruction

For convenience, each subcategory-in Table lA is assigned a line number (last
column), to Which.the following discuision refers. Type I instruction (lined 1 to 3) is
not sOcategoriied on the basis of reqUireMenta for student-to-student interaction
or student perf_ ce beCauge,- by definition,tion, Type I instruction is not intended
to Oac)i-.0d1111

Unedhecnned Type I instruction (answered,"nO," line 1) 4 traditional homework
and has been treatedVerYsimply..We have not asked:the designer to assign a level
ofdi*Onitkpolailiii this instruction to stiiiieut,learning capabilities (to some extent,
the student does this ruiywity),:or.to COnSiderrequirementa ibriPeciat preiantations

The Glossary conteintfUlier deicript4Sni of the three Wee of instruction.



Table IA

DISTAF CATEGORIES OF INSTRUCTION

Column Number

Line
Number

1 2 3 4 5 6 7

Type of
Instruction

Student -

to-Student
Interaction
Required?

Student Performance
Requiredtb

Level of
Difficulty

414r
111

firr

Constructed
Response
Required?

Type I N.C.e N.C.

No N.C. N.C. N.C. 1

Yes
Posy Up to 3 N.C. 2

Difficult Up to 3 N.C. 3

Type II

No
(individual ,

skills)

No
(model of student

performance)

.

No
Simple N.C. N.C. 4

Complex N.C. N.C. 5

Yes
Simple N.C. N.C. 6

Complex N.C. N.C. 7

'

Yes
(student performance)

No

Simple N.C.
Yes 6

No 9

Complex N.C.
Yes 10

No 11

Yes

Simple Up to 3
Yes 12

No 13

Complex Up to 3
Yes 14

No 15

Nixed
(follow-me instruc

tion)

No N.C. N.C. N.C. 16

Ya N.C. Up to 3 N.C. 17

Yes

(interactive
skills)

No
(model of interactivs

,piiformsncs),
N.C. N.C,. N.C. N.C. 16

Yes
(interactive pirfor-

mance)
N.C. N.C. N.C. N.C. 19

Type III See Type II instruction and textdescription.ofType III instruction 20-35

'If the subject matter requires students to interact with each othei because they are learning interactive
skills (as in close-order drill or crewing _an aircraft), this column-is answered "yes." Otherwise, it is
answered "so," even if students interact with each,other during the instruction, as in small group discussions
or directed classroon-drill;

b
If_the-subject mitier,tequiriOtadents-io perlorm'in order to leirn a skill, this column is answered "yes,"

unlass:ihe instruction comprises the Presentation of a Model of the skill to be ',awed. In that Case, the answer
is eithef'"nO" or "mixed, depandins.onwhithei,thi'student-Observes the presentation without performingor follows
the_diitoosiiatioi

!Columns headed by..iiided biices indicate Al'cy-dependeni subcatesOriestions, as opposed to those that are-subjeet-iittaid0Oindant.

Ifz,thei:Aetbod of listruition is isrbi adapted to student.learniig capabilityiDISTAP allows-the planner to
spicify-differeit-strategies. for up to'thiisi-categoties-of,siideats. If,:for-example; three categories are
used,,asubiitegoiy:Cithe,iight"Le-tripli4 :An;exen014,ii"showCinTabli-16:

4111,C.imani.that tbOistrOCtion-is,nOt.subCaiegorised on this bails. Inimoninstanies, the planner must
assign a single value -to this variable; in otheri, the variable is assumed iirelevant.
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Table 1B

EXAMPLE OF CATEGORIZATION BASED ON STUDENT LEARNING CAPABILITY&

Column Number from Table LA

Type of
Instruction

Scheduled
Instruction

Level of
Difficulty

Categories
of Student
Learning
Capability

Line

Number
from

Table LA

No N.C. N.C. 1

Slow 2

Easy
Average-to-bright 2

Type I
Slow 3Yes

Difficult Average 3

Bright

&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 (lines 2 and 3) is traditional classroom instruc-
tion (althoughthe planner's choices may make it necessary for the students to work
in study carrels at a learning center). If the planner wishes to elicit 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 categOriei that may be formed on the
baSis of student learning capability.

Type II Instruction

Because unSchedUledTyPe II instruction (also traditional hoinework) can apply
to such diverse. activities as practicing addition or Writing a term paper, it is broken
into Seven subcategories, 'shown lines 4, ik8"0 11; and 16.1t is not, however,
categorized' the'baSiS of stUciont learning. eapsbility- SPeciaVprPsentation, re-
.quirements***erPreeentations must be ini4OWOUld consist of SUMO for drill,
problems fOr SOltition,,or,direct4iins, all ofivhiehiiOuld.direct student performance
(lines-8 to r15); or of ShoWint a #940 of the skill be-learnecf (lines. 4 WI' and 16
and 17).

- _ , _



If students do not perform the skill during the showing of the model (linen 4 to
7), the instruction is not subcategorized on the basis 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 may be
subcategorized by student learning capability.

Type Iii 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 III Instruction

The subcategorizations of Type III instruction (not shown explicity in the table)
follow those of Type II very closely, although the reasoning behind them is some-
what different. Because TypellI instruction concerns the development,of student
skills in working with special equipment or in special facilities, all presentations
(except brief directions) require special facilities or equipment. This breaks the
"mixed" category of Type IL 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; foiinal 'eilmiosttlons; scoring of student work, group
discussions, and student-instructor discussions. The configurations required to
carry out these activities can be derived from decisions the planner makes in using
DISTAF it conjunction with the CUrricUlum Analysis. These decilionsare discussed
in Sec. V, which describes the' lagical structure of DISTAF, in detail'.

The terra learning event, a key concept in system design, refeni 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 skill may invoke an introductory talk or dieddieion (Type I; scheduled, easy),
the presentation model of performance * npe Moder of Student performance,
scheduled, simple), a follow-nie dernOnstiiition MO' -mixed, scheduled, simple),
and ,st practice sessiist (Type III, performance, Scheduled, &mple). If a particular
instructional activity seems to be a mixture of more than one stibaitegoit it should
be sulicateginized; as'in- the :abirie keSUlt.in nun)? .learning
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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 taxi atomics 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, nonecan 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 EcIncational ObjectiOes,1 Gagne's eight types oflearning,' and the Air
Force Proficiency Code for technical' training.:0-Bloom'S major categories of educa-
tional objectives are based on educational' and psychological considerations: cogni-
tive; affective; and psychomotor. Cognitive and-affectivecategories may or may
not require overtstudent performance and may or may not be classroom instruction.
For example, cognitive skills Or knowledge are usedeavily in troubleshooting a jet
engine (Type III instruction); in tiolying aritlitnetic problems (Type II instruction),
and in gaining an understanding ofthe causes of the Civil War (Type I instruction).
Affective objectives may silo be sought in any of the three types of instruction. Only
psychomotor objectives cannot' be taught in Type 'Instruction. Handwriting, for
example, is a pielylgoniotor- skill taught 'in Type II instruction.

Gagnes eight types of learning are based on considerations of the psychology
oilearning: sigiallearning, stiinulus-responie learning, chaining, verbal-associate
learning, multiple discihnina' tion, concept learning, principle learning, and problem
solving. Some of these, suckle; problem solving,require overt student performance
and hence cannot occut.1 'Type I_ htitruction._All of them may or may not require
special facilities orequiPinent.

The Air ForceProficiency Code, reproduced in Fig.-3, comes closest to the cate-
gorization we use but is intended toindicate the relation of the knowledge and skills
to the Air Force specialty:Therefore,it does not go far enough in subcategorization,
because, for example, it makes: no diatinetionion =the baski of level of difficulty or
type or response required. Most importantly,, task performance is not distinguished
by whet* or nWit-reqUites spec i:facilities of equipment

We grouped task.kifeWledge and subject knowledge as Type I instruction (since
they_do notrequireettident performance);:althonth much of task knOwledge caw be

B. a:Bloom; et al.,, 2heorMitiollicharaiioYaliibfreiOevikindbook l Ciwiitive Dana* David
McKay CoiMiriyyhic.; New No,1906.-

1c14. cf!inf4-nie'c*k*n*if4a*itiloN 104111.104**016P, New *44 1966
l Sprei6lty`?fniainY 3aaadaid Jet ine.Yechaiiic'and. kt Engine.

Becertmeht oftby-Air FoMy;>W4hiMiton;D.C.;22Arivie1968:
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PROFICIENCY CODE KEY

{CAL. e
vaLua DEFINITION: The ladividual

to
t.)

i d
I
SY

1 -

,

Caw do simple parts of the task. Needs to be geld or shows hem to do mu et the task.
(EXTREMELY UNITED)

2 Caa do most parts of the task: -Needs help may so hardest pans. May sot meet kical iestasis for
speed or accuracy. (PARTIALLY -PROFICIENT)

j Cu de alt pans et the task. Needs oaly a spot check of completed lurk. Meets mistimes local
&muds for speed sad accuracy. (COMPETENT)

4
Cu do the complete task quickly sad accurately. Caa tell sr slow *Oars lee to do the task.
"(HIGHLY PROFICIENT

W

iI
m J

Cu use parts, tools, sad simple facts about the task. (NOMENCLATURE)

Cu ease the steps is doias the task sad tell how each is due. (PROCEDURES)

c
C4/1 explaia mil and *he the task smut be Jose awl why each step is seeded.
(OPERATING PRINCIPLES)

d Cu predict, ideality, sad resolve pollees about the task. (COMPLETE THEORY)

2

A Cu ideality basic facts mad terms about the subject. (FACTS)

Cu ezplaia selatioashipel basic facts_a4 mate surd principles sheet the subject. (PRINCIPLES)
.

C Cu sasiyie (acts sad principles itiddraw coeclosises alias the subject. (ANAbYSIS)

D Cu evaluate crodkieeseed wake piper *deigns Oast the subject. (EVALUATION)

= EXPLitiAtIONS,=:
A task luturledge side value mirk used aloe* i 'midi a lash pialeimirce -scale value to &Hu level a haute*
(se a --sPacific tea.- (Eft,: leis b stud lb)
A ',object kaitiledge scale ;rata is used-alue 4 defame level It knowledge torn subject met directly, related to say
sPeeiIie task-eikos imbiesiicilemii's: several task&

- Thii imill-iii used elute kind et 'a sedelvelie sash Ur that the iidieideel weds eilrimies is task perfonseice,
task kiwiledge; or isibjea'kereledme at thiaskill leVeL

-,

X This 14 is 11-.301 Oat i ATC c.,* F.temii!. abs. that triiaiam taaet,sivee due to lisitatioss is ATC resumes.

Fig. 3 Mine proficiency bode for technicaltraining
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transmitted during th presentation of performance models in Types II and III
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 and answers:

It should be possible to describe any teaching method of current interest
by giving appropriate answers to the questions; that is, the questions
should be comprehensive.
It should be possible methodically to derive an instructional pr gram that
could implement the strategy 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 designer makes a glocisi. usicg DISTAF, he enters a number
corresponding to his decision (as indicated 1_ 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 answc,,s describes a strategy of instruction in terms that
will direct instructional program design. The precinct of DISTAF, then, is a specified
instructional strategy, not a specific instructional program. (The process for tran-
slating instructional strategies into the instructional- programs needed to carry
them out is still under development, as discussed earlier.)

Before proceeding, it will be helPfd recall that a major premise be the Rand
work is, that the Content of instruction bas already been determined; that is, the
design process does not deal With Matters ofcontent or content emphasis. So there
is no explicit treatment of such questions as: Ho* much time should be spent on
fundamentals as-opposed-to Bands -on performance' How frequently should a skill
be practiced for long-term retentiont Should explicit efforts be made in the class-
room- to motivate -Student involvement with the subject by including pep talks,
orientation sessions, and the like? Theca). questions will be addressed in a syStematic
fashion in the future; becanseofthe Air- Force .work on eystemixation of instruction,
they are not -treated here.

g Bisicinstrucelint becautiit is intended as the *Ore of UM:learning process (assimilation of
information or deMlOpment of skills; depending on the subject-mattei), acid schednlyi instruction
because it is carried ant at a predetermined timeand Phice (timidly referred to-aa "diking class hair?).
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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 planner to adjust the method of instruc-
tion to students' learriing capabilities. For scheduled basic instruction, DISTAF
allows the planner to specify strategy for both between-wagon 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 designates 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 strategy 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 capability.

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,12 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 fidl 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 to a 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 adaptive agent is assumed to be the same for
all students.

The rest of the variables specified if the method is adaptiveare 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 irachiate students) are often their own
adapters.
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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 individual student,.or *response-paced program.
A response-paced program is similer toan adaptive program except that it contains
no branches and varies only the rate of presentation. Most teaching machines
present responee-paced programs.

The pacer may match the rate of instruction to the learning rate ofa 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 passible, 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 material'', in-
tegrated stimuli, recording responses, type of response, and feedback to learner.
Each is %-.11.,--ussed 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 perforthance, of drill stimuli,or of a demon-
stration of a skill that students must master.

For basic scheduled instruction 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 aie now die-
cuseed. An appropriate communication medium 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 fGr Presentation is not intended to
be affected by the stUdents.,AnYthing that "runs," such as a film or audio tape, is
a fixeckluration prograth 'unites special equipment is added to control running time.
Fiieci-duration_programs simplify scheduling and are useful when students must
attain some minimum erieed'ot performance.

The adaptive program and the , response-Paced program are used to adapt the
method er pace of a presentation by any appropriate communication medium to the
students' learning capabilities. The adaptive prograiu isan option if adaptive meth-
ods are used;,the response -paced 'program-is alienable for variable pacing. .

If:the' learner-is his own Pateivhe inuct be supplied with the appropriate com-
munication' media' and whitevei: mechanisms he may heedito Control-them. If the
ineditain needed is the printed ,page, no additional control'- are required; if the
mediuth needed is what would normally be preach* by a fuiecklunition program,



sap 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 means
that the student must be able to stop, start, fast- forward, .urcl 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 chooses to rely on him to gather and prepare his own materials and
instructional aids, such as chart 1r transparencies. The planner can choose special
kinds of materials to support instruction by an instructor, student leader, or learner
(self-instruction). They are: a programmed guide and stratified materials, i.e.,
modularised materials prepared at several levels of difficulty.

Integrated Stimuli. 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 must be an integral pert of the instruction in order to provide the
begs 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
special provisions are made to record them, other responses may be ephemeral; e.g.,
a student's ability to pronotmce 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 adaptiye or responsepaced programs, which must temporarily register
student responses in- order to "sense" whether to go forward and to what point,
permanent recording for later analysis (by machine or human) requires additional
equipment.

Type of Response. We wparate responses into two major categories: eon-
°traded and selected. The student himself devisei a constructed response by
speaking, writing, drawings making a turret. object, checking, adjusting, repairing
something, or performing some physical act loch as swimming. A selected response
is one the student chooses froth among two or more previously prepared possibilities.
To clarify the concept, coOlder test and measuremea .(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 'xtunination). 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 multiple-choice, 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 performance or be able to list the aesthetic principles of good performance But
it is also passible that selected responses can be used to assess student mastery of
other skills, such as computation or reading. Thus, although constructed responses
may well be required to assess student mastery of some subjects, they may be
optional for others. DISTAF provides the planner with the flexibility he needs in
making this choice.

The distinction is significant for system design. Because selected 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 responses, and these responses must usually fall within
a narrow range such as block letters, a small number of spoken words, or a special
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 recognition or scoring.

Stimuli calling for constructed response are easy to write, but scoring them
takes 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 rcepare good stimuli calling. for selected response.
Almost everyone has had the experience of feeling-that a particular statement was
neither true nor false and wondering how-to outguess the test writer in choosing the
proper designation. In addition, some Skills, 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 thelearner has had time to respond, he may be
shown or told whether his answer was acceptable. This information can be provided
in a variety of ways: ax instructor or other judgecan give 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 responseivas correct. Although many educators believe
that such feedback enhances learning, experimental reedits are inconclusive. In any
event, feedback to the learner is mandatory in any ulfdirected study.



RELATIONSHIP OF ANSWERS TO STRATEGY QUESTIONS
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 schedulihg.'This techniqUe has not explicitly
been included in DISTAF to date, as it leVies special requireMents on the school for
data processing, facilities, and staffing. The assigninent 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 instruction that takes place in
special facilitiek that is, Type III instruction.

Next, the remaining Methods are grouped according to their requirements for
overt learner activity and interactions with other learners.

1. Minimal learner activity,-Lechie and leeu, re-foruth. We group these
together because we assume that althost any lecture will be followed by or
interleaved with a "forum" (class diacussioniof some kind.

2. Learner interaction with instructional agent but not other karnersReci-
tation; the Socratic method, tutoring or peer-tutoring, programmed in-
struction, and individualized instruction. TheSe methods all elicit overt
learner responses during theirstruCtion :and can be used in a one-to-one
(teacher-learner) situation. Recitation; the Socratic method, and pro-
granim ed instruction caw, also be usedin a 'groUp lone-to-many) mode. -1
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3. Learner interaction with instructional agent and other learners under in-
structor directionGuided 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 II, 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 a 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 instructionDemonstration-perfor-
mance. In technical training this is probably the most common type of
instruction. As the term implies, it usually involves at least two learning
events: the presentation of 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 I 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 variable pacing 'Would be used That is, approxi-
mately the same content would be delivered in the same way and in the same
amount of time, regardless of variations in learner capabilities. He then would
choose the instructor as the Preienter and indicate that stimuli for overt student
response would not be integrated with the presentation. Thii decision automatically
implies that the instructor will not 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 ,designer can supply background materials
to the instructor. as he sees fit.

Recitation

Recitation applies to Type Linstrtiction- and to some student, performance in
Type II instruction, such as Practicing pronunciation, and can-be.usedin either the
group-Or individuals Mode. To specify it.;: the deaigner chooseato 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 repeatingitems 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 chooie 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 learners) 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. Limuli 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 supplying 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 extent 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 subject matter can, in essence,
be drawn- out of him by astute- queetioning. With tutoring, the tutor presents as
much or as little Of the subject as Seems warranted by the learner a responses. Thus,
the Socratic method might well Cali for preparatory assignments; tutoring would
contain a larger (*radian of presentation.

Peer-Tutor

The decisions for the peer-tutor aretimilar to those for the tutor except that a



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 programmed 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 Machines. 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. Programined 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 programa"- to brand' students along different piths, contingent on their
responses to stimuli. As with linear programmed instruction, only selected re-
sponses can be Used in this *ay.. An adaptive prograin also paces the !nstruction and
uses'a communication !indium to present the **ruction. Other choices and conse-
quences are the same as for the teaching machine using a reeponse-paced program.

Individualiked Instiuttlon. This term can alio refer to any of several combi-

1$ Use of computers for linear programmed instruction is generally considered wastefW, as th9 mush
leas expensive teaching machines and other response-pacing devices dci as well.
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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 ofcourse 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 total 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 student 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'll instruction, interactive skills.

A guided discussion requires the instructor to adapt and pace the instruction for
a group of students. Because the students themselves are expected to contribute to
the discussion, they are presenters, along with tho instructor. Stimuli for student
response must be integrated with the instruction, ofcourse, but programmedmateri-
als would destroy the spontaneity of the discussion. Background materials might be
provided, and learners might be given immediate feedback, at the designer's and
instructor's discretion.

Interactive Activities

Dramatization and similar interactive activitiesare scheduled Type II instruc-
tions involving student performance. (These activities have been grouped because
their requirements forlveources are about the same.) The students assume more
responsibility for adapting ;the direction and pace of the:eddy* than in guided
discussion, Stimulate each other, and usually:tell each when responses are
particularly apt or-inept. At the designer% option, materials such as rules of play,
directions, references for preparation. for4iiinet diaduseions or for .writing backup
papers may or may not* activities ,such- as role playing are
preceded by a preparatory learning event and followed by some kind of discussion
or critique.



Demonstration-Performance

Demonstration-performance, as described in Air Force Manual 50-9, is a struc-
tured activity used in Types II and M instruction under close supervision by an
instructor. The instructor demonstrates the performance the students will subse-
quently practice. He then provides initial directions for their performance, super-
vises 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. fall ECTS 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 and time-
dependent requirements for resources. This section shows hoW responses to the
DISTAF decision points, interacting with data from the Curriculum Analysis, pro-
vide guidelines for this process. First, the determinants of student flow are treated,
as many resource requirements depend directly 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 variableson system
design.

STUDENT FLOW

The flow of students through a course generates requirements for resources of
all sortsinstructors, facilities, materials, equipment, and, iffitudentsare supported
by the teaching institution, student payas 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 requirement& 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 scheduledinstruction, and student
learning rate.

Decisions Affecting the Amount of Material Each Student
Must Learn

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).14 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
is designated 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 activities during regular class
hours, however, such as checking and discussing the assignment. If regular class
time is devoted to such activities, _...(73)14 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 instructoror 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)

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 which these sessions
will occur.

If the students discuss material presented by a communication 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.

Similarly, 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 claps 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

" Strategy variables used in this report are defined in Appendix D.
211 The notation "(00)" indicattes that there is more than one variable with this subscript because

the value is determined for more than one category of instruction. This case includes Type I instruction
and simple and complex Type II instruction.
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quizzes to finals is denoted by variables e(1,i) or e(2,0.1 Variables e(19,i) or e(20,i)
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(12,0=0 or e(14,0=01 Scheduling reviews
[e(12,i)=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 e(16,0 or e(18.0.

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
1(6)=1 or 3, (19)=1 or 3, (50) =1 or 3, .461)=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 CdrliCulum 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 out of a
course at specified points, however; the percentages ofstudents leaving at each point
will vary. Or students may recycle through a part of the course if they fail the
examination covering that partor have had excessive 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 probeed through course content
along different paths [A(1)=2 or A(1)=1 and .....ocle; (adaptive instruction) or at
different rates [A(2)=1 or A(2)=2 and _(14) #0) (variable pacing). Adaptive instruc-
tion always implies some type ofyariable Pacing, depending on the type of adaptivity
used. Generally, in such systems the average student finisheii the course in less time
than would have been allotted for fixed-schedule instruction, partly because 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 learn
fader. To add or enhance motivation for rapid progress thrmigh the course,,a num-
ber of educators have advocated the use of *Centives--material rewards Tor com-
pleting topics or units of subject matter [e(25,1) =1]. Rewardingstudents by giving
them time during clasi hours when they are free to use recreational fealties and

is The choice heti...a the two variables depends on the beak for schediling examinations; that is,
whether it is calendar time or Marie 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
[_.(54)00] 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)A0]. This is a particu-
larly useffil device if the Curriculum Analysis designates learning events that re-
quire students to interact wi'N one another, as in work teams, sports, or role playing.
Such requirements are oily 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, designated 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 groups and still
realize most of the benefits of variable pacing.

PERSONNEL

Because teacher salaries are a major (or the 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, ersonnel for each task. In general, student/
personnel ratios depend upon specific requirements (as for safety monitoring) stated
in the Curriculum Analysis or upon the facilities available. Some of the DISTAF
variables affect student/personnel ratios indirectly. These are mentioned during the
following discuision.

Table 3 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.

If an instructor presents basic instruction during cities hours, as in the first
three tasks listed, the Curriculum Analysis gives thefrequency directly. The time
required for presentation (task 3) is also given directly; for taoki 1 and 2, student
learning rate affects time, which must be derived by simulating student flow. Stu-
dent/instructor ratios are indirectly affected by-any- tracking or grouping used
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Table 3

VALUES OF VARIABLES RELATED TO PERSONNEL REQUIREMENTS

Tasks

1. Mapt basic instruction:
(63)01 and (6)=1

2. Pact basic instruction:

(14)03 (63)=0]

3. Present basic instruction:
_(6).1 (14)=0 and (63)=01

4. Discuss media presentations during
presentation:
A(17)=2

5. Monitor media presentations:
(78)=1 or 2

6. Present Type I instruction requiring
special facilities or equipment:

(61) =0

7. Present models of student performance:

(50)=1

8. Present follow-me demonstrations:
(19)=1

9a. Discuss media presentations after presentation
and during class hours:

A(18)=1

9b. Discuss media presentations after presentation
and outside of class hours during work day:
A(18)=2

10. Check homework in class:
(73)0

11. Present reviews and examinations:
(55)00 and (6)=1 or 3

12. Proctor examinations:
e(26,i)=1 or 2 or e(27,1)=1 or 2b

13. Present remedial instruction:

A(97)=1; or A(64)=1, A(97)=0 and
(6)=1

14. Score exams outside of class but
during work day:
A(51)=1

15a. Score student work in class:
A(58) -1

15b. Score student.work outside of class
but during work day:
A(59) -1 or A(10)=2

Determinants of

Frequency Length

C.A.a

C.A.

C.A.

C.A.

C.A.

C.A.

C.A.

C.A.

C.A. 6
A(17)

C.A.

C.A.

C.A.

C.A.

C.A.

C.A.

C.A.

C.A.

C.A.

C.A.

A(19)

A(19)

(73)

e(1,i) or e(19,i) or
e(2,i)b e(20,i)b
e(12,i) or e(16,i) or
e(14,i)b e(18,i)

e(l,i) or e(19,i) or
e(2,i)b e(20,i)b

C.A.

e(1,i),or

e(2,i)b

C.A.

C.A.

scoring
formula

A(19)

scoring
fotaula

°Determined directly from CurricMium Analysis.
b
Choice of variable depends on basis of examination schedule.
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[_(54)=0 or _(80)=0] and are also erected 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 presentation and requires a relatively low student/staff ratio (say
10/1) unless the instructor can handle several groups at once througha communica-
tion medium. This possibility is permitted if the instructor or monitor is not required
to be accessible continuously during the presentation [A(221=

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 Analysis.

The instructor may present reviews and examinations (task 11) if the printed
page is not the only medium used [(55)=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 3. 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 flay if
A(97)=1 or if A(64)=1., A(97)=0, and (6)=1. The Curriculum Analysis dceignatec
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 timelor Scoring" 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

L F. Lindquist (ed.), &Ideational lleatwtmast, American Cardi of Education, George Banta
Publishing Company, Menasha, Wiscomin, 195L
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14 depends on the examination schedule, ofcourse. 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]. Ifstudent work is scored in class, the time required
will be similar to that required for discussion [A(12)].

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

MEDIA MATERIAIS AND PROGRAMS, AND INSTRUCTIOhAL AIDS

Requirements for media materials and programs, and instructional aids depend
on factors similar to those that determine personnel rsquirements, 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 who 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 himselfor an adaptive pro-
gram. The Curriculum Analysis determines the frequency and length of learning
events that use adaptive methods. Because the method is adaptive, branching is
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 response 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 irt the adapter, additional presentation of answers or
remedial instruction is required. This can be considerable in Type II Complex in-
struction or in Type 111 instruction, in Which a model of an acceptable product may
have to be depicted.

The number ofstuderits Whocan view and interact with a given media presenta-
tion depends in part on whether tracking or grouping is,usea, i.e., if (54)#0 or 4.

instruction is completely individualizedi and only one student may use
any set ofmaterials er Irwin* at One time, although dial-acceei systems may allow
time-sharing ofmaterials.The number ofdistinctiets of materials required will also
be determined in part br(54).Media tateni design nay be different for each track



Table 4

VALUES OF VARIABLES RELATED TO MEDIA MATERIALS REQUIREMENTS

Task

1. Adapt basic instruction:

(63)2 or 3

2. Pace basic instruction:
(14)2 or 4, [ (63).0)

3. Present basic instruction:
(6)01 or 3, [ (14).0 and

(63)0)
4. Present Type I instruction requiring

special facilities or equipment:
__(61)1

5. Supply background materials for
student leader or instructor:

(63)1 or 4, (21)00

(14).1 or 3, (21)00
(6)1 or 3, (21)1

--(50).1 or 3, (52)1
Ti(97)l and T21)00) or
[A(97)0 and --(6).(1 or 3)
and __(21)00)

(19)1 or 3, H(62)1

6. Present models of student performance:
(50)2 or 5

7. Present follow-me demonstrations:
(19)2 or 5

8. Present assignments" for unscheduled
study:

(45)00

9. Present reviews:

(55)1 or (55).0
and (6)0l or 3

10. Present. CMS:
(55)1 or (55).0

and (6)0 or 3

11. Give diagnostic pretest:
A(76).3-

12. ?relent remedial instruction:

i(64)1, A(97), and: '(6)01 or 3 "

or A(64).2

Determinants of Variables Affecting Cost of Production

Frequency

C.A.

C.A.

C.A.

C.A.

C.A.

C.A.

C.A.

e(12,i) or
e(14,i)

kl,i) or

Heginning
of course

C.A.

C.A.

*Determined directly from Curriculum Ana ysia..

Length

C.A.

C.A.

C.A.

C.A.

C.A.

C.A.

C.A.

C.A.

e(16,i) or
e(18,i)

e(19,i) or
e(20,i)

1 hour

A(96)

Variable

__(7)1

(29)1
(54).x

(7).1
(29)1

(63)0
::(14)00
(29)1

(29)1

(21)2
(16)1

(21)2
(16).1

(39)1
(46).1

e(15,01 or
e(17,01
e(3,i) or
e(4,i)

(23)

e(3,i) or

e(5J)

Meaning

!ranching required.

Stimuli for overt student response
integrated with program.

Answers provided with presentation
number of distinct sets of programs
required determined by value of x.

As above.
As above.

See text.

Adaptive instruction: branching.

Variable pacing: integrated stimuli.

Answers provided with presentation.

Answers provided with-presentation.

Stratified materials required.

Programmed guide required.

As above.
As above.

Stimuli integrated with presentation.
Answers provided with presentatioi.

Special- material will be prepared
for review sessions.
The learning events to be. reviewed.

Amon[ of "objective" test to be
prepared.
The learning events to be tested.

See task 1.



or group, and different amounts and:types of materials may be required for each,
depending on the subsequent atrategy' and the CUrriculum Analysis.

Similarly, communication media play a direct role in matching the pace of
instruction to student learning rate (task 2) if the pacer is either the learner himself
or a response-paced program,'Production costs increase over those of conventional
production because of the additional ti le required to prepare linearly programmed
materials. As before, the requirement for providing correct answers can add consid-
erably to production requirements in Type 11 complex instruction. Again, the num-
ber of students who can use a givenprogram at one time depends in part on whether
students are grouped by learning rate [ (80)A 0] or whether rates are determin"d
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 items- if he wishes, even though he is not using branching or linear
programming. Alsorthe Curriculum AnalYsis.may indicate that the presentation
requires the-use of sPecialequipthentor must take place in a special facility, or may
involve more than 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 tliat 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, or 3.

Task 5 is a catchall for instances in which an instructor or student leader is the
adapter [_463)= 1 or 4], pacer [ (14)=1 or 3], presenter [..46). 1 or 3], demonstrator
L(50)=1 or 3], or presenter of remedial instruction, [A(97)=1 and (21) =0; etc.] In
each case, if the variable following the comma in the list describing 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 omthree or four levels of ifficulty [ (21)."--=2] (stratified materials), further
increasing the skill 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 materials prepared for
remedial instruction, as appropriate.

Communication media present models of student performance, follow-me
demonstrations, and assignment; fier unaiheduled study if (50):=2 or 5, .(19)=
2 or 5, or __(45)*0 (task 6, 7, and 8)., The printed. page ,Presents reviews and
examinations if ___(55)=1. lf,(55)=-0,,theise learning emits are presented by what-
ever means was used in the origincal instruction. If this was a communication
medium [(6) 1 or 3], it presents the review anifetamination: The frequency and
length of these preientations is Specified by the "e" yariableashown in Table 4 for
tasks 9 and 10.



The Curriculum Analysis identifies learning events on which student mastery
will be evaluated in formal examinations. By specifying whether an examination
will cover only the material presented since the last examination of the same type,
or whether it will be more comprehensive, e(3,i) or e(4,i) identifies the learning
events to consider as candidates for evaluation 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(97)=0, and .46)#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 equipment discussed below is- largely that required for the appropriate
communication medium needed for the instruction. Wherever a variable value di-
rectly affects requirements for media materials and programs, it usually affects
equipment requirements. If the materials are explicitly designated "background
materials and instructional aids" [_421), _452), and A(99)], the instructor or student
leader uses communication media for only preparing and supporting ,ls,Presenta-
tion, and little equipment is required.

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

There is a special implication for equipment if the learner adapts instruction
for himself [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 will be using Communication media adaptively: scheduled instruc-
tion [L....(6)=2 or 5], follow-me demonstration [19)=2 or 5], presentation of models
of performance [ (50)=2 or 5], presentations in 1Ype 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 automatically provides
internal random access. Since many subjects cannot be effectively, .transmitted via
the printed Page,-however (suCh as the sound of a missing engine), the requirement
for interna.trandom access of otherivise,fixed-duration, media may, be significant in
many bourses., If interne-rand* access is 'Provided 44§)-.-

A similar requirement, applies if the learner is his -own,pacer 1414)=21 al-
though the only additional eqiiipMent needed forthis 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 runa movie projector, tape
player, or television set, for example.

A special difficulty arises ifany 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 dormitory or the library for unscheduled study. This
means that a learning center or other facility for the students must beequipped 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)= 1 or ._(47)=1], special equipment may
be needed where recording is not inherent in the kind of response being made.
Student perforinance of skills requiring body movements, such as loading an air-
craft, or interacting with such as folloWing commands, can be recorded on
videotape for later analysis and critique. Audiotape recording of the student's
spoken language has been found widely useful in studying foreign languages.

Scoring student work by machine [A(10)=1 or A(57)=1] can-save instructor
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 relatiiely inexpensiVe mark -sense systems that
can at least add up right and wrong answers.

If A(22).0 or A(56)=0, in instructor can discuss the subject with several groups
of studenth via a communication medium from a remote point. Students can discuss
their problems among themselitekand, upon paining to a diffidult item, can query
the instructor at a predegignated tithe. Closed-airCuit TV or two-way radio have been
used hi this application.

SUMMARY

'The foregoing- discussion is etinunalired, in Table 5, which 'notes the system
elenients that each strategy Variable affects direttly.:.-WhateVer affects etUdent Sow,
of *me; affects 411.6ihei:**?**;i4e5044!t;e4 ere*** 4it
using, a student leaderaea,oesentert-()4Innk, release an instructor 'from
classroom dinieiL Since thilidOeannt generate apeeitiVe requirement for an instruc-
tor, there:iilniAieckinf--the,-Pitionnet COlumn

'Variablea are listed in alphabetical numerical order:
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Table 5

EFFECTS OF STRATEGY VARIABLES ON SYSTEM DESIGN

Variable and Value Meaning

Worts
student

Flow

Generates Positive Requirements
for'Resources

Personnel
Materiels.
Programs Equipment

A(1).2 or Adapt teaching method to student learning x

A(1).1 and (54)#0 capability.

A(2).1 or Use variable pacing. x
A(2).2 and (13).1

(6).1 Presenter is: Instructor. x
.2 Any appropriate communication medium. x x x

.3 Student leader. x

.4 Adaptive program. x x x

.5 Fixed- duration program. x x x

.7 Response-paced program. x x x

(7).1 Stimuli for overt response integrated with
scheduled basic instruction.

x

(6).1 Responses permanently recorded. x

A(10).1 Classroom work with selected response
machine scored.

x

.2 The instructor will score classroom work
with selected response during his work day.

x

(14).1 Pacer is: Student leader x
.2 Learner. x x

.3 Instructor. x

.4 Response-paced prOgram x x

__(16).1 Programmed guide supplied. x

A(17).2 The student can discuss material presented
by communication medium with a monitor or
instructor during the presentation.

x x

A(16).1 The student can discuss material presented
by a communication medium in later session
during regular class hours.

x x

.2 ...outside of class hours. frx
(19).1 An instructor will present follow-me

demonstrations.
x

.2 My appropriate communication medium... x x x

.3 A student leader... x

.5 A fixed-duration program... x x x

(21)0.0 Background Materials and instructional aids
will be supplied.

x x

A(22).0 During instruction by communication mediums
an instructor or monitor will be intermit-
tently accessible to students via'a communi-
cation medium.

x

_(23) Denotes the amount of formal examination
that will be by objective tests.

x

A(26).1 Students will receive free time as an
incentive to reach course objectives.

x

(29).1 The student will be provided with a model
response after he has had time tc respond.

x

__(39).1 Stimuli for overt response integrated with
assignments for unscheduled study.

x

.

_(45).2 Assignments for unscheduled study will be pre.
seated by any appropriate communication med.

x x

.4 ...in adaptive program. x x

.5 ...a fixed-duration program. x x

.7 ...a response-paced program. x x

(46).1 Model responses will be provided in
unscheduled 'study.

, x

(47).1 learner responses in unscheduled study,will
be recorded.

x

(46).1 Liarneis will be-ible,to go back over the
material for unscheduled study.

x

(50).1
, . ,

Models of stndent-performince will be
demoniiiited by an instructor.

x

.2
o3

...:.any" epOroprite-coinuniCation medium:
...a student leader.

, x
x

x

.5 .:.i fixedIdUistionsprOirii. x x

A(51).1 The instructor will have part of hie work
day foi scoiinglexaminationi., .. I

x
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- Table 5 - -continued

Variable and Value Meaning

Affects
Student
Flow

Generates Positive Requirements
for Resources

Personnel
Mat. ,

Proers a Equipment

(52).1 A guide and instructional aids for demon-
strating models of performance will be
provided.

x

(54).1,2.3 Students will be divided into groups on
the basis of their learning capability.

x x x x

.4 Students will be treated on an individual
basis.

x x x x

__(55).1 Reviews and examinations will be presented
by printed materials.

x

.0 ...by the same means as the original
instruction.

x x

A(56)0 The instructor does not have to be physi-
tally present for discussion sessions.

x

A(57).1 Objective tests will be machine scored. x

A(56).1 Students will score daily work in cies.. x x

A(59).1 The instructor will have part of his work
day for scoring classroom work with con-
structedespoese.

x

(61).1 A communication medium will be used in x x
Type I instruction to make presentations
requiring special facilities or equipment.

.0 A communication medium will not'be used... x

___(63)1 An instructor will adapt teaching method
to student learning capability.

x

.2 An adaptive program... x x
3 The learner... x x
.4 A studentleader...

(73)00 The average number of minutes spent in
class checking or discussing an assign-_
sent for unscheduled study.

x x

A(76).1 Students will be designated to take modi-
fied course content by prior information
on their background.

x

2 ...to' evaluation of their work after en
initial period.

x

3 ...by diagnostic pretest, x x
A(77)00 Provides rules for scheduling discussion

sessions.
x

(78).1 or 2 An instructor or clerk must monitor in-
struction presented by acommunication
medium.

x

-

_(10)00 Students in a variably paced course will
be grouped by learning rate.

x x x x

A(97).1 Scheduled remedial sessions will be con-
ducted by an instructor.

x

0 ...in the same manner as basic Laetrile-
tion.

x x x x

e(1.0.1 ,or Denotes schedule oflormal examinations. x
e(20.).1"

.02.0.1 or Denotes schedule of reviews in regular x
e(14,0.1 class hours.

e(15,0.1 or Denotes reviews (scheduled or.nnscheduled) x x
e(17.0.1 for which special materials will be pre-

pired.

8(21.1).1 Special instructors will be provided for x
the slow track.

e(21,2).1 ...for thefast track. . x

e(25,1).1 Students will be rewarded for achievedint
in variably paced course.-

e(26.0.1 or 2 or Denotes examinations,which.will ialidie Ac
e(27,0:1-or 2 an instructor or clerk as proctor.

So direct effects

bhoice of ',Amiable depends Upon the, basis of exiiinAtiOn sihedUlai
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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. IL

2. Establishment of strategies for The 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 stimuli, recording responses, type of response, and feedback to
learner. 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 H instruction. A similar, but more
complex, process is followed for Type II instruction.

4. Establishment of strategies, for Type III instruction. The program has not
been completed for Type III 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 usedin this section in describing program flow generally goes &Mu
the most specific (least enCOMpniaZing) to the most general (most enooinpasiing), 'so
that the *grain's- more coMplek-teatureS can be 1)44 Up: We first describe the
decision logic fOr- deferMiiiing- the *nines of the six inmary strategy variables for
scheduled Type I instruction. Tfiese variables toiniike 'Core around which DISTAF
is built. Their,Value6 are set' for almost all categories of instruction; many of the
More genera12.deeisiOnS -are direeted f.cWard',provi'dihi OnnieViork within which
these value* are set.

After discussing: hovhialtieti `tof `Other *a/idled relating' to scheduled Type I
instruction Are-deterinined, iliSCOZifthe logic for Ty- pel instruction.
The discuMion of Type II instruction pnrallelS that of Type largely concerns



those points wherein the two decision flows differ; similarly, for Type III instruction.
Finally, the general strategy of the first section is treated.

STRATEGIES FOR SCHEDULED TYPE I INSTRUCTION

Presentation

For Type I instruction, the computer directs the planner to choose the presenter
which can be an instructor, student leader, any appropriate communication
medium, fixed-duration program, response-paced program, or adaptive program. If
the planner chooses 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.
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),18 (9), and (12)414).
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 (13) 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 loith Special requirements must be
considered-Mg and (14)] before this Phase of the decision procetis is complete.

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

If the planner chooses any apPrOPriate communication medium or a fixed-dura-
tion program as the presenter(?), a ConimuniCation medium carries the burden of
instruction, making the decision on background ,materials irrelevant and therefore
the computer skips it. AdditiOnally, presentations with Special requirements are
automatically made bya comm' *dation medium or fixed4uration,Progiam, which-
ever is chosen for presentation (8). The remainder of the decision prates is tile same
as before.

Jf the planner chooses either a response-paced program or an adaptive program
as the presenter, the computer sets four variables automatically, as indicated by (11):r

Figures in perentheeee refer te step" in the noir chart.
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(1)

choose

PRESENTER

Yes

(7)
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(3)

will instructor
he supplied with

BACKGROUND
MATERIALS

(6)

STIMULI for
overt response
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of,decision

PrOcess

Fig. 4DeOiOionleciOnco for presentatio#
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DESCRIPTION OF SYMBOLS USED

Rectanglea 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 linethe 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.

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

Diamond with double linea point at which
the computer program chooses alternate routes
according to prior decisions, e.g., (2) on Fig. 4a.

Dashed symbola repeat of a symbol on a
preceding figuie as an aid to orienting the
reader.

_(6)

Arrowprogram flow, which in general is
downward and to the right.

7..

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

Numbers adjacent to 4Yrnbolsrefer to state-
1&2 ments in the manual that accompanies the pro-

gram.:These Statement! present considerations
that will assist the designer in inaking the deci-
'genii 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 response/0i 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 greater detail, Fig. 4a is repro-
dm..0 in Fig. 4b, in which the names 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 asked to choose the pacer: instructor, response-paced pro-
gram, student leader, or learner. Each choice automatically determines a presenter,
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 iie, to choose the number of levels of learning
rate that he wishes to accommodate (5). Next, he determines whether the instructor
will be provided with background materials that are programmed (11) end 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 'brovide
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; theonly 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
background matetials.(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 Set; all variables whose values have been
determined are skipped, as before.

If the pacer is the learner (12), whatever communication media 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 '51) relates the decision sequence for variable 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 C8&.1 are the same as those
in Fig. 4a. If the presenter chosen is either an instructor or student leader (10), the
planner decides whether to provide progiaanned (branching) background materials
(11) before entering the decision sequence in Fig. 4a. As before, the computer au-
tomatically skips decision_s relating to variables .whose values have already been
determined.

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

Adaptive Method; Step II

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 dis-
cussed previouslythe return Or loop, in which the computer has the planner repeat
the same process for each track or group until he has determined strategy for each
one.

It is implicit that if students are pit into tracks, instructional method must be
adapted to student learning capabilities for the entire course because each track is
in essence a separate course. Alternatively, ability groups may be formed within
elasses or other aggregations of studehts. ()he choice is to treat each learner as an
individual, that is, to forth no ability grOups. Whichever strategy is chosen, the
adapter must be designated-for each track or group for all-individuals.

As Fig. 7b shows, the decision sequence for Fig.- 7a is related to both the DISTAF
prograhr and-to the Questionnaire for Stating General Policy because the decision
on tracking is Made at the highest 106 of generality.

The variable A(60), shoWri .in 'the lower left diamond, is a flag whose value is
automaticallYasSignedly the Computer. It keeps account of the group or track for
which strategy is being designed. When its value reaches 3, strategy has been set
for all groups or trade.
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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 himselfas 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.

Decision Sequence for Scheduled Type I Instruction

The decisions on adaptivity, variable pacing, and presentation just discussed
follow 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 Jefiel beginning: ith the simplest. The
prograin flow is identical for each level, but the manual provides the planner with
different pros and cone to consider for each -level. After strategy is determined for
the lowest level Of difficulty, the prograin switches the plaimer 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 isa 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. 7b, Fig. 813, containka flag-variable [A(5)] whose value is automatically
set by the computer. When decisions are being made concerning instruction on
simple topics, A(5)=0; if they are difficult, A(5)=1.

STRATEGIES' FOR ALL TYPE I INSTRUCTION

Figures- ea and 9b show the overall flotv for Setting strategies for Type I instruc-
tion. We havediscumed all Paris of this flow except its beginningand ending, i.e.,
the establishment of examination and review strategy (1) and the wrap-up

WrapUp of Type I Instruction

Because the -flow through. the Wrap-up dePends on, decisions concerning sche-
duled instruction, which we-have just ditidwite-d; We ireatihe Wrap-Up first. This is
shown in Fig. 10* It includei two_strategies: (1) Ocoring,c*vOrk and iChedUling
discussion sessions, which preceding strategy, aiid,(2) selecting the
type of tests for forniafe#ininetienS,indieiitebliahing,*Siiategy for ,niisehe4uled
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study,. which may be influenced by what the planner considered while setting 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 work (classwork) as an opportunity for additional instruction in classor
as information on student progress. If student classroom work is not scored in class
(2), the type of response elicited,Will determine the next decision 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 provided as they go along. Therefore the
computer will have the planner; bypass this Section.

StudentS 'may.still need to dificuss their vierk if they have been working in-
dependently of the instruCtor Or the student 'leader. Therefore, if at either level of
difficulty instruction is not presented live, the planner may want to schedule dbicus-
sion sessions following the presentation to clarify points and toanswer questions as
necessary (5). (We assume that if an instructor or student leader makes the presenta-
tion, students will have an opportunity to discuss the Material with him ) In addi-
tion, it may be desirable to review the presentation by discussing it in a class group,
a standard procedure in many clatierooms. 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 decides how much objective testing. he wants to do. If he
decides to use selected student responses in any portions of Type I instruction, he
May quite naturally decide that formal examinations will be objective testis, i.e., call
for selected responses (7). If some or all of Type I instruction calls for constructed
responses, however (or for no overt response), he may be reluctant to use objective
tests as forinal examinations. Singlarty, themeans he chooses for presenting formal
examinations (7) will be influenced by his choices of themeans for beAc instruction.
In this program the means for presenting review materials is assumed to be the
same as that for presenting ,formal evaluations of the students' Mastery of these
materials.

The decisions on unscheduled Study (8X13) permit the design of instruction to
be almost as Varied in this mode as do those for seheduled Study. The limitations arer a live instructor Or. cies& monitor cannot present ,asSignments,,Ond that the

,int is assumed to be studying as an individual Decisions on unschedule study
may dOP,4d on *100 PI' 014§4444041:4;1:0 *am0p, the-- planner- opted
for. jAdii44004Y, response -paced 0901#!!.t9t scheduled mi4010491, hemP)'Nant to
use:O:weenie equipment:ter vaSchedUled,,414. iieeause.setne choices tor the pre-
senter of unscheduled study_ assignments Can lead :to program, the
plaimer is specifically eslied- if, he wants to be sure ,that the learner has internal



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 _49). 0 or 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 is shown on Fig. lla. Since Types
I and II are classroom instruction, student mastery of course content can be tested
without the use of special facilities or equipment. Therefore, a single strategy for
examinations and reviewi'ean be applied reasonably to both. types of instruction at
once: Examination and review rntegies for Type III instruction, howeier, must be
established separately. Thus, the decision sequence on Fig. 1 la establishes strategy
for both Type I and Type II instruction.

If the.planner wants course content mastered on a fixed schedule (1), the-ccm-
puter &vita him:to_establish the basis for the examination 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 basil is course content.,
as it may riot be possible to predict where students will be in the course at a
particular time.

Next, the planner designates the frequencies of examinations (3), establishing
their average length in minutes, the exteit of course content they will cover, and
the level of proctor the examination requires (4). He then determines when

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 strategies concerns review (6). Usually a course designer does
not explicitly consider the way, reviews are going lo be conducted, but relies on the
instructor to proiiderevieivii'as they are needed. For system design, the time and
means for review must be explicitly -considered: The planner first determineses
whether or not to schedule reviews before all examinations (7). If not, he designates
what type of examinations (daily quii, final examination, etc.) to precede by reviews
(8) and the review strategy for each typethat is, whether the review is conducted
during Scheduled instruedonar hoius (9) or unscheduled study, whether materials
are proviiled especially for the review (11), and an estimate of the average time
reqUired,if the review is carried out during schedisled stUdy110).

The prograni flow on Fig.'i highly conelsed. A(4) established the basis for
. the exanun titian Schedule. IfA(4)=.1;the set- of ilouble-subkriPted e-Variables for
which i=1 ta3is involVed in the *Won tirodesisluPPer orleit sides of dashed lines).
If A(4)=0, the Other let of e- variables is used The statement "For each i =1 to 3,

.62,



40

Is

A(17) I or 2

Set
.A(10)

or
A(59). 3116

3$b

Set
A(12) A(10).

For A(17) I A(56):A(77)

For A(17) 2 or
A(20),A(22)

Set

A(23),

A(55)

476,48

Set

A(4!)

57

(72),A(73).

A(85)

To Type IL
p Instruction

Set

A(46)

Fig. 10bProgram flow for setting variables to wrap-Up Type I instruction

1

41 to 44

45,46

53



(I)

course content
mastered on

FIXED
CROKE?

yes
(2)

establish
OASIS o?
exemlnatIza
SCHEDULE

tWl
For

examinations
of each
frequency:

(1)

imitate:lniicatei
LENCTM;

COVERAGE;
PROCTOR level

be conducted
OEFORE ALL

EXAMINATIONS

yes

For reviews
of each
frequency:

(,)

wilt-review
be SCHEDULED
dolga, class-

hours?

yes

(5)

determine
how t when

examinLtIons
SCORED

I-

(II)

decide If
SPECIAL-

MATERIALS wit
be'provIded

(1)
Identify I

I levels of gimitart

See
Figure pe

Fig. 11a Decision sequence or exa.iinations and teviy,r CFypes and II

64



4
',

1

from
General Policy.

question 14 or 17

16

1Sb

For 1 1 Co 3 if OM - I

Set
03.0. e(19.1).

e(26.1)

17.18.
19.21

i

1

For 1 m 1 to 4 If e(2.i) m I
or

e(4.;). e(20.1).
e(27,0

17.18.
20.21

Set

4(57).

A(51)

I

For i For
1. 1 to 31 1. 1 to 4

if ;., If

e(II.1) l!e(13.1) 1

yes - .

4Set 3 Set
e(16.1) e(15.1)

e(IfIr.i)"
I

p

Or
e(17.1)

Fig. libProgram flow-forsetting
d II ins
variables

truction
for examinations and review'(Types I an)

65

22,23

33



if e(1,0 =1" means that the subsequent decisions are made for eachset 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. If A(11)=1, the computer -
sets e(11,i) [or e(13,i)]=1 for each i for which e(1,i) [or e(2,i)]=1. IfA(11)=2, the
planner is asked to set these values himself. Then the subsequentdecisions 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 established 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 instrud--
tion, formal examinations, and review.

Scheduled Type II Instruction

Because in Type II 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 II instruction integrate stimuli with the presentation, as shown in
(1) on Fig. 12a. To provide the necessary routing 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 II instruction, the type of responsethat
is being sought is of primary importance. Almost withoutexception, the skills taught
require constructed student - responses. Even so, there may be instances when stu-
dent mastery can-be checked and diagnosed by selected responses. Arithmetic is an
obvious example. Since the pliuin:er may went-to set strategy for both contingencies
(3), he pisses through- the Same basic sequence for both [(4)-(7) and (8)-(11)].

If constructed responses are needed (4), the planner designates values for
strategy variables havingto do With presenting directions and stimuli for student
performance (5): The decision seqUence encapsulated in (5) is similar to that shown
on Figs. 4a, 5a, or= 6a, as appropriate. The major difference is that since stimuli are

integrated (1) and constructed responses are needed (4), the computer has the plan-
ner skip these decisions,[(5). and part of (7) on Fig. 4a]. In addition, since students
are learning skills that do not require apecial-facilities or equipment, presentations
of those skillS do not have special reqUirements. Hence, the computer also skips (11)
on ,Fig. 41i. The planner is ;therefore left With choosing the presenter (or pacer of
adapter, as apPliCable), ,making decisions on the types of background materials to
be used if the presenter is an inetructor student: leader, and deciding whether or
not to give feedback to the learnef and whether or not his responses will be recorded.

Returning to Fig. 12a, the 'computer- checks whether the F lanner wants to use
followine demonstrations (6); if so; the planner neat choosee the leader for these (7).
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He then goes through the same sequence if selected responses are used (8X11).
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 II 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 instruction is included in the course. If not,
examination and review strategies are established (3) using the decision seqr.t.ace
of Fig. 11a.

Next, the planner identifies the levels of skill complexity 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 forcomplex skills are thellain- e, except at one
point (4). If the the skills are relatively simple, we assume thiti they cannot be
demonstrated or directed in any practical way step by step. Therefoie, 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 performany skills of the given level of complexity during scheduled study
(7), the computer directs the planner through the decision flow ofFig. 12a, beginning
with (4). If not, the computer ftects him to establish strategies for demonstration
and unscheduled study (8). This flow is discusied 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 been set
for each level, he proceeds to the wrap -up of Type II instruction, individual 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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.1(o.0^.......*

skills. IfA(41). 0, relatively simple skills are being considered. If A(41)=0, e(9,1) and
e(9,2) are set and tested in the lower part of the chart. If A(41)=1, e(10,1) and e(10,2)
are involved.

Demonstrations of Models of Performance 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 out during
scheduled study (1), thesomputer automatically determines that all presentations
of models of performanceare made during schedfiled study (2). This is because of the
importance of initiating students to the skills they are to *nester. Otherwise, the
planner 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 assignments, and so on, that were
required for Type riiistruction is followed, beginning with (11) of Fig. 10a.

The planner is then routed to (9) 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)-(3) on Fig. 10a] or for discussing 1: ?edia
presentations [(4X6) on Fig. 10a] in the course of setting Type I strategy, the same
strategy is applied to Type n instruction where appropriate. Therefore, thew deci-
sions would not have to be made again: Also, because the. decisions conceraing
unscheduled study will already have been made, the decision sequence [(8X13) on
Fig. 10a] is- deleted.

Type II Instruction, Interactive Skills

The decision sequence in Fig. 15 concerns teaching interactive skills in Type II
instruction. Since the essential part of this instruction involves groups of students
working together, the only requirethents for communication 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 X11 instruction in interactive skills takes place during
scheduled study because of the difficulties of coordinating student performance for
unschedulee atudy. 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 III 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 II instruction.

Theie 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 will 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 for the demonstration will always be available at the school.
Therefoa..., .collar savings will be of less concern than considerations of 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 preferable.

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 environment. If that environment
demands the. presence of an instructor or monitor to assure the safety of students,
the equipment, or the surrounding area, the most reasonable choice for the pre-
senter may well 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, communication 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 III environment or whether they
would be more effective via a communication medium.

Not all student responses in Type III instruction are 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 III instruc-
ticn are constructed and require the judgment of an instructor, monitor, student
reader, or the student himself to assess their rightness. Determining how to provide
this feedback to the student is thus an essential part of the system design. Communi-
cation media can Often be used to provide models of accepted practice; they cannot
be used to assess the acceptability of the students' responses.

The strategy for 'unscheduled study will depend heavilyon the school's policy
withregard to unscheduled student access to special facilities or equipment needed.
Where safety is a consideration, 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 III 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 examination for
Type 111 instruction. In many instances no time is set aside specifically for such
examination; rather, the instructor is expected to'judge the students' competence
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during the course. Although this 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 performance tests, however, are
notoriously expensive to administer and difficult to score reliably. Reliable scoring
may 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 16a shows 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 Questionnaire 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 Questionnaire.

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) becauu he
wants all students to share certain learning experiences. For example he may feel
that a particularly skillftd instructor in his school should teach a part of the course
to every student who takes it because this instructor is adept atliotivating 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 assumed that he will be responsiblefor designing
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 tao inconvenient to hire special
instructors for brighter or slower groups as the instruction requires.

In Stating General Policy, the plar,ier may decide to allow slower students to
repeat portions of the course 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
remedial sessions he chooses the presenter and estimates the time the session will
require (11). For unscheduled remedial sessions, no decisions are necessary; those
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-

77



(I)

will CONTENT
be adapted to

student
OACKGROUNO?

Yes
Omi

(2)

choose OASIS
for SELECTING

STUDENTS

(3)

011 mETHOD
be adapted to Yes

student
CAPAOILITY?

(4)

will TRACKS

be used?

(7)

will students
have REMEDIAL
or be able to

REFEAT?

(9)

will REMEDIAL

be SCHEDULED?

(12)

011 METHOD
be adapted to

student
CAPAOILITY?

$

(10)

RENEWAL will
be Done i1ke
ether UNSCNE0-

IUD STUDY

9.

(II)

choose
Alb PRESENTER; ----Om

estimate
TINEAL 111111411N.

(13)

011 VARIAILS
PACING be

inted?

(14)

estaLlish
REWARD

strategy

Fig. 16aDecision sequence foi general strategies

78

(IS)

Identify TYPES

of INSTRUCTION



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, II, and LID for hiscourse (15).
This completes this phase of the decision process.

Figure 16b is self-explanatory.

Shortcuts 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 Bair, strategy to similar
instruction. If the key variables are a14 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 whetheror 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, 13) and level of difficulty (lines 3 to 11). Currently, simple Type II is treated
as though it were relatively easy; complex Type II, as difficult Presentation of
models of performance in Type II instruction (linea 14 to 17) are an exception. Here,
the presentation is assumed -to be similar to the instruction requiring constructed
response (if the planner has described any) because that instruction usually requires
more latitude in presentation and because demonstration does not call for response.
If there is no Type II instruction (simple 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 coursebut complex Type II was
(lines 4, 5, 7, 9, 11, 17), then the program skips the question and begins deterthining
strategy for the instruction at hand. Other reasons for skipping the "similar
strategy" questions are the following:

A decision not to adapt teaching method in Type I instruction but to do so
in Type II, or vice versa (lines 3 and 4).
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Table 6

IVES OF INSTRUCTION MATCHED FOR DECIDING STRATEGY CHANGES

Instruction with
Established Strategy

Similar Instruction;

Strategy to be
Established Key Variable(s)

Program
Reminder?

1. Easy Type I Difficult Type I All No

2. Simple Type II Complex Type II All No

3. Easy Type I Simple Type II Grouping Yes

4. Difficult Type I Complex Type II Grouping Yes

5. Difficult Type I Complex Type II Variable pacing Yes

6. Easy Type I Simple Type II with

constructed response;
Simple Type II with

selected-response

Adaptor and

presenter for
each group

Yes

7. Difficult Type I Complex Type II with
constructed-response;

Complex Type II with
selected response

Adaptor and

presentee for
each group

Yes

8. Easy Type I Simple Type II with
constructed response;

Pacer and presenter Yes

Simple Type II with
selected response

9. Difficult Type I Complex Type II with
constructed response;

Pacer and presenter Yes

Complex Type II with
selected response

10. Easy Type I Simple Type II with
constructed response;

Presenter Yes

Simple Type II with
selected response.

11. Difficult Type I Complex Type II with
constructed response;

Presenter Yes

Complex Type II with
selected response

12. Simple Type LI with

constructed response
Simple Type II with

selected response
All No

13. Complex Type II with

constructed response
Complex Type II with

selected response
All . No

14. Simple Type II with

constructed response
Presentation of models,

simple Type II
Presentation Yes

15. Easy Type I . Presentation of models,
simple Type II

Presentation Yes

16. Complex Type II with

constru-eted.response
Presentation of models,

complex Type II
Presentation Yes

17. Difficult Type I Presentation of models,
complex Type II

Fresentation Yes
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Establishment of one set of groups to facilitate adapting teaching method
for Type I instruction and a different set for Type II (lines 6 and 7).
A decision not to use variable pacing in Type I instruction but to do so in
Type II, or vice versa (lines 8 and 9).
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 TypelI instruction.

If a follow-me demonstration is Used in complex Type II instruction, its particu-
lar requirements should be considered separately, not as part of the,cOmplex Type
II package.:Thereforo; line 13-is skipped-if follow-me demonstrations-are used.

We have not fully determined Which strategies in Types Irand II instruction are
similar to those in Type instruction. At this point, the deciffion concerningpresen-
tations of Type I instruction that require special fadilitieS o`r equipmentseems to be
the only.one applicable to Type III instruction. It would, of course, be similar to the
decision concerning pure demonstration, but since the facilities or equipment re-
quired for the demonsttatidu 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 &Signer establishes groups to
facilitataadaptitg instructional method, it is assumed that he will want to consider
each 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 in this report has reached a point where it can help People
involved in planning-and-designing prOgrains of instruction. There are at least three
areas in ivhiCh further development *Mild be profitable, hotvever:

Extracting the details of the decision process for Type 111 instruction, i.e.,
student performance in special facilities or With special equipment.
Reprogramming DISTAF in a more generally accessible language.
Subjecting the decision process to field evaluation by potential users to
assure its utility.

As noted earlier, setting strategy for Type III instruction will probably follow
much the same logic as that for Type II. There is-a point of significant difference,
however, in that it is difficult to evaluate student mastery of Type III instruction
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 III instructiona 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 willbe 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-

Oitared systems.
Finally, potential users shouldlest the decision process to determine whether:

Strategy questions are stated in terms the user comprehends.
Strategy questions are stated in ways that elicit positive and imaginative
responses.
All strategy approaches of interest to users are included.



r

The program contains enough reminders so that the user knows what he
is working on at each decision point.
The time required to learn the process is short.

PRESENT USES OF THE DECISION PROCESSSS

In its 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 tan be useful in providing the ground rules for designing instruction
using some of the newer technologies such as computer- assisted or computer-based
instruction or cable television.

Even- without the assistance.ofJ088, the User's Manual provides a checklist-of
points to consider, in planning and designing programs of instruction. -By assembling,
in one consistent list, -most of the considerations surrounding alternative approaches
to designing ,programs, of - instruction,; the inannal should- help. assure the _planner
that he-has dealt-with all Significant points _in- teinistf resource _use.

Finally, the manual can be used in reverse; that is; as a checkliit-for describing
actual instruction. In. thiii -role -the manual -can help, to define: observed- teaching
strategies that-link school.reseurces to student learniiig.-Stich definitions may assist
in determining whether and hovi school affect student, learning, an issue
that has been a matter of serious debate for some years."

" J. S. Caveman, et al., Equality ofEducational Opportunity, U.S. Department of Health, Education,
and Welfare, U.S. Office of Education, 0E38001, Washington, D.C., 1966.



Appendix A

QUESTIONNAIRE FOR STATING GENERAL POLICY

As described in Sec. II, this Questionnaire enables theylanner to consider poli-
cies in three general areas: the broad characterization of the teaching institution's
goals, the extent to which the schOolS will adjust to variations in ,the strident popula-
tion, and the way in vihich.the sehoOls Must accommodate their operations-to the
needs of organizations that supply. their studentsor accept their graduatei. 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. Ifyou answer queStion 13 "yes," you will
be given further instructions about how l complete this chart, which is a guide in
preparing the course for the type of student population &Sired. If you do not answer
question 13 "yes," you will not need this chart further.

LEARNING METHOD
CAPABILITY: CHANGES:

Better

Average

Poorer

Special for
Better

Special for
Poorer

PREPARATION- FOR COURSE

Supecior Average Inferior

I

2 j
1

D ,W
4

13 G 1 4

L6j5

C
Content Skip Known

Portions

,85

Add
??rerequisites

CONTENT
CHANGES:

;Enrichment

Relax
Requirejnents



1. Will a standard number of
instructional hours be
required as input, regardless
of course content or student
capability?

2. Are standardized graduates
desired?

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

4. Will requirements be relaxed
for poorer students?

5. Will exposure to course
content be matched to prior
student achievement?

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

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

8. Will different instructional
strategies be designed to
match different-student
capabilities?

YES

0
Stop

0
Go to 5

0
Check box 2

Proceed

0
Check box 4

Proceed

NO

0
Proceed

0

Proceed

O

Check box 4

Go to 5

0
Proceed

0
Proceed Go to 8

0 0
Check box 6 Check box 5

Proceed Go to 8

0
Check box 6 Proceed

Proceed

0 0
Proceed If 5 = YES and 2 =-7

go to 13

If = YES and 2 = NO,
go toll

If 5 = NO and 2 = YES,
80 14.

- If 5 a= NO and 2 = NO,
go to 12



9. Will special strategies be
used for better students?

YES NO

0 0
Check box 1 Check box 3

Proceed If 5 = YES, go to 11

Otherwise, go to 12

10. Will special strategies be
used for poorer students?

Check box 3 If 5 = YES, proceed

If 5 = 'YES, proceed Otherwise, go to 12

Otherwise, go to 12

11. Will students be put into
tracks?

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

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

Go to 14

0
If yoli answered 11, If you did not answer 11,

proceed go to 14

If you did not answer 11,
go to 17

If you answered 11,
go to 17

Follow directions on next
two pages to determine
how you want to put
students into tracks

Go to 17

Go to 17

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 h&c) not entered a check in neither the corresponding numbered
boxes at the sides of the rectangle nor in 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., E, F, H, and I).
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LEARNING METHOD
CAPABILITY: CHANGES:

Utter

Average

t'oorer

PREPARATION FOR COURSE

Superior Average Inferior

I A B C 2

D V
, #A

3 G / 4
5 6

CONTENT
CHANGES:

Special for Add
Better Enrichment

Special for Reim
Poorer Requirements

Content
Changes

Skip Known
Portions

Add
Piereqvisito

The boxes you shade represent students who will be taught all of the basic
course contentdby a method designed ffir the student of average learning capability.
These students are logical candidate-46T asIngle track (there may be several class-
room groups within a track).

Students in the unshaded boxes are candidates for other tracks. In forming
these trackilfiou will want to remember two principles. First, the objective of
tracking is to 'facilitate instruction by forming relatively homogeneous groups of
students. Therefore, you might hesitate to put students in box G in the same track
with those in box A. Second., planning will be simplified and resource use more
efficient if the number in each track is greater than some minimum. What this
minimum should be depends on the average classroom size in the school. For exam-
ple, if classroom sizes are around 10, a minimum of 5 might be reasonable, but if
classroom sizes are around 30, perhaps a minimum of 15 might be reasonable.

Finally, if you cannot 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 considered to be a variant
of within-track grouping.)
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Within-Track Grouping?

Letters of Boma in 'hack Yes No

1 0 0

2. o o

3. o 0
...

4. o 0

5. o o

6. o o

7. o o

8. o o

9. o 0

YES

14. Will basic course content 0
be presented on a fixed
schedule? Proceed

15. Will additional resources _ 0
in theta= of remedial
instruction or wuhback be Proceed
used for slow students or
students who have been absent?

16. Will failing students be 0
dropped from the course
before its conclusion? Stop

17. Will basic course content be 0
presented on a fixed schedule
withil tracks? Go to 15
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NO

0
Stop

0

0
Stop

0
Stop



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 time-shared computer programAis manual will
help you specify the strategies you wish to use to teach the course described in your
general Curriculum Analysis. The decisions you have already 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 the tial--shared.
program. Therefore, you will probably not be asked to make every decision that
appears in this manual beciuse many will be irrelevant to your particular situation.
Even so, it would be wise for you to read the manual careMly before you sit down
at the JOSS console so thet you will be sufficiently &Millar with the manual's
contents to have a general idea of what to expect.

For ease of reading without computer assistance, the manual treats decisions
affecting the entire course first, and 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 mems more natural to =ice some decisions before
making others, even though the latter may be more general than the former.

If you use this manual without direction from the computer, you will often
encounter statements (such as 2, describing adaptivity) that seeni puzzling because
they refer to prior recisions you might have entered into the computer in an on-line
run. For example, statement 2 refers to a decision entered -from the Statement of
General Policy.

Each statement in the manual is intended to perform two functions: to present
the pros and cons of each choice that you may make at that point, and to indicate
some consequences 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
current decisions pertain by typing out headingsas you-progress through the logic
free. It also types out phrases that remind you of the specific item you areconsider-
ing at the time. For example, ifyou 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 / means "yes" and typing Omeans "no." If you type
an illegal value (i.e., one that is notnehided 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 eaeh statement. There-
fore, it is advisable to check each Value you type with the list Of legal values given
in the statement.

In the finished version of the program, if an error occurs, you will be able to
return to the point where the neared-heading (or subheading) appears and repeat
the decisions in that section to remedyyour error.. (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 I inStruction, you could hit
the carriage return and type "Set C(14)=1," or whatever your choice might be. This
tactic is not advisable for the general user, however, because it requires detailed
knowledge of the program to be done successfully.

The capability forhuilding in automatic check; for illegal values depends on the
language used and the storage capacity of the computer's compiler: With Interactive
FORTRAN and a large enough compiler, this capability may eventually be provided.

At certain points in the program, the computer willtype Oilt a phrase or set of
phrases to remind you ofa particular set of strategy decisiOns that you made previ-
ously and that you may wish to apply to the next set of decisions. The program then
asks whether or not youmaitt to make such an application by typing policy change
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 specifyyotir instructional strategy.

Adaptivity

2. in the_ Questionnaire, for Stating General Policyyou decided to adapt course
content to the, students' prior learning, that applies to:yotir Specific course. You
plannecteither to aim/ 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.

Method 1. Assume that students have certain strengths and weaknesses
based on what is known about their background; for example, their scores
on relevant sections 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 coat and little
dart, but may lead to gross errors in assignment.
Method 2 Gather information on the basis of student performance as the
cows: 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 whose preparation is defidient after they
have gottenwell into the course. If this tactic is selected, you will need to
identify the point at Which--thia decision _will be made.
Method 3. GiVe each student a diagnostic pretest to pinpoint'his specific
strengths and weaknesses and to:allow him, his counselor, or hie instructor
to judge how much effort will be required* attain various objectives and
to r: ect 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; if method 2, type '2; if method 3, type 3.
& In filling out the Questionnaire for Stating General' Policy, you decided to

specify different teaching stiategieg for students- afdiffetent learning capabilities
but not to form special tracks. For some teadhint sitaations, however, you might
wish to apply the same strategy to all studenta, regardlesSaf capability, to foster an
esprit &poi* even when students are working on individdaliakihs For example,
having all students work toietherin a -chop or lab coact-simulate the actual working
conditions they are being trained-for more accurately. -

If strategies are tailored* students' (*abaft* for only parts of the
course, type 1; if for all of the course, type./

4a. In the Questionnaire for Stating. General-. Policy you -.decided to specify
different teaching strategies for students ofdifferent learning capabilities by. putting
poorer tituilentein a separate' thick To assist slower learners, sometimes a apicially
trained instructoris used, such as a femedial.readine specialist. A special instructor
will be responsible for designing ilie-atiiroptiate = instruction fol. his clasi;

If -specialinatructors will be assigned: to thCalovi group, tiPel; if regular staff,
type 0.

413-. In the Questionnaire for Stating'peneral,Nicy,_ you dedided to specify
different teaching strategies for students ofdifferent lea ming te,tebilitieti by putting
better students in a separate track. SPeCial-instiiittots; such as those with a stronger
intellectual- orientation,iniiiht'be Uied:to st4nininte'l'#ight7 sniclenta:- SuChinstrue- -3

tore may eveirgaidetheir students in designing their own courses of Study.



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 prelirninaryprogram will provide only two choices for the scheduled
presentation of remedial exercises and Materialseither the strategy will be the
same as that you select. for .EiCheddled bade instruction or an instructor will be
responsible for remedial sessions. ifyou:decide (later) to schedule no bask instruc-
tion, the- design program will :autoriatierilly -assign an instructor for conducting
remedial. sesSions, Avhieheyer choice is made here.

If an instructor will conduct remedial sessions, type 1; if the same strategy will
be applied as thatrorbasie instruction, type 0.

Type the time thaitthe average student will require for scheduled remedial
sessions as a Percentagejif the time .required Air the basic instruction for which
students will AO remethation.-Forexample, if the topic treated in a 6-hour session
is particularly diffictiltioorer studentsmay need a 11/2 hour remedial Session, which
would add=25. percent to the timerequiredIfor the basic instruction.

7b4 This preliMinary 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 later. decide to exclude unscheduled study in a
major part of the course, you will return to 7a:

Variable Pacing

8. Although you do not want to adapt teaching methods to the needs of in-
dividual students, as decided in -the Questionnaire for Stating General Policy, you
can still_ pace-the.presentation of Count!! content to match students' learning rates.
Variable pacing allows_conSiderable adjustment toStudent needsbecause, in effect,
it allows the fast student to skiM materials he is already fannlar with, and gives the

Student tiMe_tolnall over r**-nei4s_ to.

A answered only answer statement 5 !,15 1 °r

Variable -pacing:canlie,accoinmociated even. within a Axed schedule by using

8.1,1101?

a**61 only if* answer to 414.03*-6,A 1-
To be answered only if tie =liar eititimie4 6 is 2.
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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 materials 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 paced by typing 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 their 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
vihether they finish a lesson or series oflessons quickly. If this is true, students may
need additional incentives to put their best' efforts into their work.

If additional rewards will be needed for motivation, type 1; if not, type 0.
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 dolly. In this case, students 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 complete the work, although the
time devoted 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 0.

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 IhistrUction. Instruction. that requires no student use of special equip-
ment and no student performance is special facilities: In addition, students are not
acquiring skills (cognitive; psychomotor; knotof;oiseCial) through drill or practice.
Type I activities typically occur in-,theclamreoM and concern the presentation of
facts or concepts fel' the student-to-Mader or the_ ago* or objectives
to :.motivate him with a -sense of direction for` his -fteciitently includes



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 II 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 re-
quired during the demonstration) because demonstrations are frequently given*
mediately preceding student performance. Therefore, it may often be convenient tci
use the same means to present the ,models as those used to present directions for
performance or actual drill stimuli. If a performance model is to be given ikut-iibt
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-step directions) 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 III Instruction. Any instructional 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 special 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. III instruction are the same as those for Type II instruction, namely, if the
model immediately precedes or is concurrent with the student performance, it is
most 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.



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

15a. The best basis establishing an examination schedule to check student
progress is the course content itself. ,-As Used-here, topic,Means a unit cf content.
Several_related topics may be grouped' together into a major section' (block) of the
course.

15h. 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 thecourse content
itself, type 1; if they are 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 be given daily, type 1; otherwise, type 0.
Use the same code for examinations given weekly, -after each major course section
(such as at midterin), and'at the end of the course.

16b. Nett, decide on the frequency Of examinations. You may chooseas many
as you wish of the examination frequencies listed by the computer (including all of
them). If you want to examine student progres8 after each topic, type 1; otherwise,
type 0. Use the same code for examination after each major course section and at
the end of the course.

17. Type the approximate -number of minutes tebe set aside for each kind of
examination as it is displayed.

18. Examinations can test mastery of only-the material covered since
the last examination or can test material covered in previous examinations. Al-
though retention is encouraged by-hichitlink materials from previous examinations,
doikiglircap-inake the-test too long or. can farce the examiner, to slight. -the objectives
that studeiitta should have SincelhePrevioui examination.

191i. If the " examination after each" topic; will test only- thattopio, type 1; if it
willVst that topic and'sonie preceding topics in the same major. section, type 2; if
it will test, that tepid- Arid. some_ preceding; Course; type-3:

19b, Ifthe examination after,eitali'Major. section will only that section,
type 4; if it will test sections, type 2.

.19c. If the end-of-cOnnie examination will test Student mastery of only the last
Major section, type 1;- if it Willtest ancient- mastery "of the _entire course, type- 2.



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. If the 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 typing 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, time and Money can be saved by
machine scoring of objective tests. Machine scoring also abets statistical analysis of
test results, item analysis, and so forth. If only a few students willtake the course,
however, machine scoring can be overly expensive, even though it is assumed to take
essentially no time. Consider primarily whether you need the additional 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 scheduled time to the instructor (part of his

work day) for scoring examinations. Ifso, the design 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-typeltii&ers. For example, if an objective test for a class of 20 students takes
50 minutes, the instructor will be allowed 20 x x 50/CA = 8% minutes for scoring
it. If an essay test for the seine 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. Ifyou 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; ifyoU.decide to have an examination at the end of
each topic and have answered questions 2 to 30, then you will be asked to read
statement -31a.

36. Now `review policy for Types -I and II instruction must be established.
ReViewa .may, be carried- out in:scheduled' leisons or unscheduled' Study and may

.
-Dien if statement 22 if answered 1, statement 23 must be answered because some of the examina-

tions may IM.t-ke 9Nacgia testa.
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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.

31a. 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 theexamination at the end of
each day, type 1; if not, type 0.

31c. 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 0.

31e. If you wankoallot time for review before the final examination, type 1;
if not, type 0.

32. If the 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: Ifyou decide to use class time for students
to score and discu"s"s 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 Classroom work in:class, type 1; if not, type 0.
38a.t If many students will take the courSe,and4he instructor will receive

information on each student's daily. progress, a machine 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 progranimed 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 Man instructional strategyof self -pacing (the student must know
whether he was, ight or wrong in eider to pacehiinselkielf-directedsidaptivityorinititictional method,
reeponse=paCii* (the reaction of feedback), or filly automated (CAD:

t Statement 38a will be read if the clear; ominserimtien calls for selected responsesand the answer
to statement 22 was 0., (See statement 81or the Gloesarifor a die-Mimi* of selected response.) If the
ate:mite Statement 22 was inevier .taltatenient 38s will be aisitined te be -I.

StateMent 38b will be read if the classroom' ink:ruction:Calk for conatrUeted-response.
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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 men-,
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 diacussion 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 3.

41. If you expect to set formal instructional time aside for these special discus-
sion sessions, type 1; if the sessions will be conducted outside of regular intructional
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 maybe conducted immediately following difficult topics,
if at least 15 minutes worth has accumulated.

If sessions will be scheduled at regular intervals, type 1; if they will be scheduled
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whenever 15 minutes worth of discussion has accumulated,' type 2; if they will be
given following difficultt 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 TVstudents 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 receiving 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 points during the presentat.,, i.

If you want the instructor or monitor to be physically present for ant
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 responses, are generally difficult to
write well, especially for diagnosing complex behavior. For example, it may require
45 minutes to write -a good multiple-choice item. 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 little 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 (easy or difficult) will be examined by testa
calling for. selected 'responses, type-1; if selected responfes will be used only for
relatively easy materials, type 2;-if there are to bno questions calling for selected
responses for fomial examination, type 0.,

48. Usually fernialxaMinatioas are presented on printed pages, which may
contain diagrams or, pictUres.,In some cases, however, as in_Secognizing sounds or
movement,; may not bepeesible to examine student mastery by means of the
printed page...Such a Case maYrequire the same -means of presentationas used in

The dMign_progrem will keep trick of accumillatnel dim-mina time.
t Ai identified in
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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 tu-. original
instruction for presenting examinations and reviews, type 0. If you type 0, and the
instructor presented the learning event to be examined, the logical result would be
for him to give the examination in person. (The Curriculum Analysis wilt have
identified a media class appropriate for that learning event.) Fa media system 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, a
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 chootting.
This implies that no instructor or monitor i3 present, although special facilities Inv
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 whe-
duled supervision of a monitor are not engaged in unscheduled study. Unscheduled
study levies no requirements on the instructional system for the scheduled presence
do trained or semitrained instructor nor for the scheduled use of facilities such as
classrooms, workshops, or laboratories for the study of a specific body of mate; ial.
These facilities may have to be made available, however, to meet student needs
when they are not receiving regularly scheduled instruction.

If you will include unscheduled 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 Rill burden of information to be
presented 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 fixed-
duration program. Presentation may also be accomplished br a response paced
program, a device that calls for overt student response, senses the response:, and
waits for the correct responses before proceedinviith the presentation. An adaptive
program not only accepts and acts on student responses butprovides problems of
varying levels of difficulty based-on student responses.

If you want presentations of Type I instruction for unscheduled study to be by
a communication medium, type 2; if by an adaptive program; type 4; if by a fixed-
&nation program, type 5; if by a response-paced program, type 7.

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

1.53. If correct responses will be provided along with the presentation of stimoR,
type 1; if not, type 0.
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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 internal 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 assignments 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 discussed 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,
rind then to discuss it with the students, but this is also the most time-consuming
choice. Simply going over the work 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 class 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 O.

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 scheeuled minutes per session will be devoted to discussing or
checking homework assiglunents, on the average?

Difficulty

59. In Type I iturtzuction 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 Tyr a
I instruction, they two strategies can be set for Type I instructionone 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 onlyone of the difficulty
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 I INSTRUCTION FOR RELATIVELY EASY AND RELATIVELY
DIFFICULT TOPICS

This section contains two sets of decision points, each of which pertains to
relatively 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 ifyott chose in the Statement of General
Policy to specify different instructional strategies for different student learning
capabilities for all or parts of the course. If not, you will proceed to statement 70
(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 on relatively difficult topics to student !earring
capabilities, it may -be necessary to establish sequences of related objectives cr
hierarchies of objeciives. Each student's initial knowledge of points or steps in the
sequence will probably be somewhat different from another's. Moreover, the se-
quence appropriate for one sivdent may be different from that appropriate for
another. It is likely that good detisioa about such matters require a high degree of
skill.

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

61a.' Now the adapter 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.
Considerrgtions: For immature 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 adaptiveprograms have been designed
that can assume this chore with minimal guidance from the instructor. If students
are sufficiently mature, they may be able to deeign their own courses of study. ,4
instructor may be the only agent competent enough to perform this task well,

To be answered Mar statements 66 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 unreliable (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 farther 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
andconcurrent adaptivity.

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 father increases cost; however,
adaptive program 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 stmlentnor are they
threatened by the bright one.

Logical Consequences: An adaptive program manages the presentation of
materbAl. It will present stimuli for overt student response along with the preeenta-
tion of information, "sense" stem ;.;tits'responses for pacing and branching, and select
the next set of objectives to 11,4 matered. 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 Levier.
Considerations: Even though a high degree ofcompetence is required to adapt

teaching method to the needs of individual students, mature and responsible Student
leaders may be oble.to perform this -task because AO, in effect, speak the language

`;of:their peers. In addition, they are less expensive than Instructors or adaptive
programs. Them may be peripheral benefits, as well, to using ptudent leaderi in this
way. By teaching the subject matter, they may understand it better and retain it
longer. They may also atop communication and othersocial skills and encourage
the development of such skills bytheir 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 (MaCtion to irrelevant student characteristics), impatience,
fear of being shown up, terr lack of imagination in accommodatingto student differ-
ences.

logical Consiquentes: It is unreasonable to expect a student leader to prepare
the materials and aids he would need to adapt teaching method to student capabil-

To be reed only if come content m allot be presented on a Lad schedule.
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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 matter 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 °fa student leader
with-one -exception, viz., the students Aemsekes must receive models of correct
responses in order to direct their own progress.

61c. Adapting Type I instruction On relatively easy topics to student learning
capabilities may simply require a decision about how much reliance to place on the
instructor for preientation and explanation.

61d. Before Type I instruction on- relatively difficult topics can be adapted to
student learning capabilities; &careful- analysiS of the concepts orprinciples being
taught may be required. Discovering 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 these tasks. If not, Well-made teaching materials
may be needed. In more straightforward areas such as mathematics or reading, some
adaptive-programs have -been. Worked out-to accommodate differences in student
learning abilities.

61e. If you want the ineizuctorto choose the materials and methods appropri-
ate for each student_or grorip of students; type 1; if an adaptive program, type 2; if
each student; tyPeA. if a studentleAder, type t

61f.* If you want the instructor .to choose the materials and methods appropri-
ate for each student or grotty of studente;:type -1; if an adaptive-program, type 2.

62. The instructor; the individual student;-or the student leader may choose
from among materials (Media,Progranis; reference books, lesson guides, etc.) pre-
pared in-unite adapted to successive lei& of difficulty to present the subject matter
and to provide knewledge ofstudent progreeAguch stratified materials may be more
carefrilly tailored_to anticipated student needs, hUt they are more expensive than
a general ,presentation. Students who Are relatively more adept at independent
study can make better use ofa general presentation than less independent students.

If Yon ,Wantto prOxide, Strati5ed, Materials for source, materials, type '2; if "a
general presentation :will-suffice, type "L

Will be read if a fixed laisedide has not been 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 not used (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; ifeach
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-td-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. Immature studentsmay 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 averagegroup before proceeding to the next type of instruction.

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

66g. Now determine instructional strategy for the slow-to-average group
before proceedingto the neit type' of instruction.

66h. Now determine instructional strategy for the average-to-bright group
before proceeding to the next type of instruction.

Variable Pacing

The computer Will ditect you. to thig iection if you chose variable pacing for all
or parts of the course. If you did not choose it for all of thetoutse, 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 instruction,
type 1; if not, type 0.

70c. If you want to use variable pacing for relatively difficult Type I instruc-
tion, type 1; if not, type 0.

71a. Next, you must choose the controller to pace the instruction. Some of the
considerations surrounding and logical consequences of the various choices are
discussed belnik

Individual Student.
Considerations: Assigning the individual 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 materials, 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 which students are
having 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 learners.

Logical ConSequencei: If theinstructor controls pacing, he must also present
the basic instruction.

Y.

Student Leader of a Small Group.
Considerations.. Assigning: a student leader as pacer builds study skills, com-

munication Orilla, and other social skills. It may also prothote 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 understanding of their peers. Mature students who are
interested in the instruction should be chosen as student leaders.

Logical Consequences: A student leader must be supplied with programmed
materials 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 (ustially 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 daily in answering or can answer at
random until he hits the right response. The hardware cost for presenting response-
paced-programs is usually not,a' doMinant consideration.

A linear. programmed textis not a response:paced programbecause the student
controls his own pace when working with a prograinmed text. Programmed texts
can call for either selected* or constructed responses.

Logical Consequences: If a responsepaced program is the pacer, the instruc-
tion must be presented by whatever communication medium is appropriate. Student
responses must be selected in nature because pkactical machines have not yet been
built that can recognize and determine 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. If the leader of a small group will pace the presentation of information for
relatively easy Type instruction, type 1; if theindividuai Student, type 2; if the
instructor, type 3; if a response -paced program, type 4.

71c. If the leader ofa small group Will.pace thepresentation of information for
relatively difficult Type I inatniction,:type 1; if the individual student, type 2; if the
instructor, -type 3; if a tesponsepaced4irngrain, type 4.

72.- Pacing may be regatated'ori the basis 'Of some average rate of response.' If
students can-be grouped relatively-hOinogeneoUsiY,. Such an apProach can aPPi-oxi-
mate the benefits of individimlpoing and -decrease expenseby itcpiirint less piepa-
ration or fewer instructors. If such gionps will be formed,' type 1; if not, type 0.

73. :Select the nUMber of levels of StUdent learning rate to be accommodated
by homogeneous gronfing,by typing 2, 3, or 4.

74. It is often helpful .to ,give an inatinCtor-who-is controlling the pace of
learning a programmed guide, supPlethented by instructional aids as nedesaarY,that
dikiiases the basic content to be letirik and contains the stimuli for student re-

see the diecinWitin of selected response in statement 81.
t ReiliOnee `rate is correlated with ieliiiinkc.inebilitir:
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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 teferente 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 preientations by film, television, and the like. We term all
media that can carry the full burden of the iriforination to be ptesented communica-
tion media. That is, a communication Medium makes it possible to present amessage
without the -message sender (teacher or ciiiiicultun designer) being, present at the
pOint of reception by the _leather.

Mod 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 interruPtionlind without chang-
ing pace or content in response to outside influences is termed a fixed-duration
program. Telemedia programs are 'usnallyA)f Lied 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
can with books, workbooks, and the like) unless they are recorded media such as film
or tape, and are being used' itt-the individual mode,. With the necessary equipment
so he can control the presentation as he wishes.

For relatively easy Type I instruction,-a student leader could preeent informa-
tion as could any appropriate communication medium. Usually when a student acts
as an instructor, he will leak!' more than he would 'otherwise. You Might prefer to
save the best instructors for presenting infOnnatiOn for` relatively difficult' Type I
instruction. If ybu chobse any appropriate communication medium, the final choice
of media Cysteta will be made the'basia of your deeign criteria.

77b. If you want the instructor to present information fet relatively easy Type
I instruction, type 1, if any appropriate communication mediunii type '2; if a student
leader, 'type 8; if a fited-dniatioiviitogiani,:tyPe 5:

77c. If you want the instructor tO present infOttnatiOn for -relatiirely difficult
Type I inatinction, -type d;:it40 apprOPtiate'dOnimuniCation medium, 'type 2i if a
student leader; type it a- fiieddinittibn program,' type

774:1.1' :Because a fixed schedule must be Maintained, -it is -prObabbi unwise to
allow _a student' leader-0 present; infintcaticiti,, although -individiial students can

*- Will be read if a Bred schedule has been chosen.
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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 educational materials,
designers of training aids, and so on, may be available to prepare the materials and
aids that the instructor may draw from: If yoti want to supply the instructor with
prepared materials and-aids, type 1; if the instructor 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 instructionfor example, lithe 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 yore 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 difficult instruction; often,requirei the student to spend some
time absorbing may differentiiiterrelated items of information. An example is the
development of an imderitanding Of how a particular 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 learning 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; ifsnet, type 0.

80. There arSeveral arguments in favor of recording student responses even
when the responses are pogo, he used for torMat examination of stddent progress.
The student can -use recorded response's for, self-evakmtion Or the responses can be
used in class-to provide a springbOard for classroom discussion: The instructor can
use the responses to diagnose student Strengths and weaknesses so 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 student-created 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; ifnot, type 0.

81a. Many instructional system designers prefer that student responses be
selected (that isrof the multiple-choice, true-false, or matching variety) rather than
constructed, because such responses 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 student'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 instruction,
type 0; if constructed responses, type 1.

81c. 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 0; if constructed responses, type
1.

83. The student can receive the correct response or an example of an adequate
response to each stimulus as part of. the presentation after he has had time to
respond. In thii way, he receives immediateicnoWledge of hia.Progreeas. Integrating
answers or models with the presentation of stimuli incurslittle additional coat in
terms of WritirigOr preseht4ng the material. HoWeireri waiting until all the students
are finished-and then giving the answers and seOringthemOrk togethercan provide
a valuable springboard for class discussion.' Students who finish earlycan go on to
other work while they wait for the others.

If correct responses or models are be.provided along with the presentation of
stimuli, type :1; if not, type O.
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84. Since you did not checse an instructor to present the instruction, it is
possible to give someorg.nesponsibility for monitoring the class. A significant saving
can result if' the monitor is not an instructor.

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

Policy Change

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 medium 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. Ifyou 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

Individual or Interactive Skills

90. You are now ready to set policy for Type It instruction, which requires
appreciable drill or practice but does not require that students work with special
equipment or in a special location. Much. Tyree II instruction dealswith cognitive
skills such as arithmetic, written composition, spelling, and problem solving. Type
II instruction also deals with psycliemotor skills such as prOnunciation of fOreign
words or pennitniliiii, or social Skills: such as public speaking or the ability to
contribute in Sniall- group discussions.

We .first alasidfy TypeIl instruction on'tlie basis of the way a class or group of
studentS will be organiied when the drill or pradide is under .way. Generally, the
students will Work individually; for example by practicing addition, writing senten-
ces, drawing graphs, ,ar responding to question.' OftenhoweVer, group participa-
tion will be -*Ulna, such as panel' discussions, committee work, or dramatic
presentations. A recent" echnique is to teach or reinter* skills by means of game
playing. (Games' requiring only such asnaper and Pencil; dice,
or counters are included in Type 3I *trued(*) InCluded in the category of interac-
tive &WS are those requiring the indiVidiiii.ta address a, group; public speaking or
formal debate Would coinciincier this category.

Will be read if an instructor wee not chosen as presenter.
t Eden when group Of :indents ini-responding &ally in unit* they.are not ee.gaged in developing

interactive skills.ltsither, each Student is *eloping a skill beivill'Praclice as an individual.
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Considering the course you are designing, what kinds of Type II 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 requiring groups of students
to work together will be used or if an individual will have to address a group.

TYPE II INSTRUCTIONINDIVIDUAL 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, repetitious, 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 some 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, determining
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 Ii 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 arithmetic,
writing a paragraph, showing relationships 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 tight direction until he completes the work.

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

;

TYPE II INSTRUCTIONINDIVIDUAL PERFORMANCE

This section contains two sets of decision points for individual performance
relatively simple or relatively complex. For conciseness, 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. Wall 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 individual
performance. Work on solving complicated problems, 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 beemon-
strated to the students. Finally, you will set policy for assignment of simple exercises
for unscheduled study.

111b. Since all simple exercises ,,,111 be carried out in unscheduled study, you
will first be asked to set policy fox, astrating the skills to the students. Then you
will decide how to assign simple exercises.

112a.t. Since you chose to have students practice some complex skills it 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 complex 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 Model

113. An initial learning event that demcinstrates 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 both practicality and effectiveness. If Many students will

The computer will direct you to statement 111a or 111b dependingon which choice you made in
statement 110a. -

t The computer directs the user to statements 112a or 112b depending on the choice made in state-
ment lab.

* Note that a performance models used here is different from the demonstration (presentation) of
an idea or concept in Type I instruction. The intent is to distinguish between presentations that students
will eventually copy and thole 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 involved, such as those required for pronunciation, a
communication medium can make these more visible to more students than can an
instructor in person. A well-written text can be usedas 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 only 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
a demonstration 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 reinforeez learning and can encourage a spirit of cooperation and
interest.

In this section we assume that a model of performance involves no learners)
performance of the skill. A follow-me demonstration, in which students copy step-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. If there 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 section
so 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 typed
out. If you would like to change your policy for demonstrating this performance,
type 1; if not, type 0.

113c. 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 policy for demonstrating the perform-
ance, type 1; if not type O.

113d. In setting policy for relatively easy Type I instruction, you chose to
present information by the means the computer just typed out If you would like to
change this policy for presenting models of relatively simple performance, type 1;
if not, type O.

113e. In setting policy for relatively difficult Type I instruction, you chore to
present information by the means the computer just typed out. If you would like 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 before
you reach this point.
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114. Even though scheduled sessions are not planned for simple performance,
you may want to schedule presentations of models of the skillsto be mastered. This
would be particularly true ifan instructor will make the demonstrationaelfdemon-
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; if a communication medium, type 2; ifa 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 to discussion sessions for demonstrations. If you
type 1, you will need to indicate the maximum size of the viewing group in the
Curriculum Analysis.

115b. Wan instructor will 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 to dittra-14011 se OM for demonstrations. If you
type 1, you will need to indicate the maximum size of the viewing group in the
Curriculum Analysis.

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-step directions can be used to in-
troduce students to techniques for solving complex problems and are treated as
introductory practice sessions in teaching complex performance.Because follow-me
demonstrations combine 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-bretep directions.

If follow-me demonstrations dr step-hrstep directions are included in your
course, type 1; if not, type O.

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

Decided in statement 1101.
t Will be reed if answer to statement 114 is 0.

Decided In statement 110b.



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 differentfor 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 stepby-
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 observing the demonstra-
tions and will thus all begin the pert _mance 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; ifany
appropriate communication medium, type 2; if a student leader, type 3; ifa fixed-
duration program, type 5.

122b. Now choose the presenter for any follow-me demonstrations or stepby-
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 means.

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 giving step-by -step directions, type 1; if not, type 0.

Unscheduled. Study

124a. Earlier you indicated that some simple student performance would be
scheduled. Ifyou also wish to assign simple performance for unschedided study, type
1; if not, type 0.

124b. Earlier you indicated that some complex student performance would be
schedule/14f you also wish to assign complex performance for unscheduled study,
type 1; if not, type-O.

1268.f For unscheduled simple performance, the presentation of Stimuli that
call for selected responses may be made by any appropriate communication medium,
or it may be made by a- special type-of presentation/response system, specifically:
a fixed-duration progriun, a responet-Paced program, or an adaptive program. Each
has its advantages and disadvantages.

To be reed only if answer 'to ointment 122 is instructor.
t The part of itatemea 126 that will be Tad *ill &Fad not onlkon whether simple or complex

instruction is being considered, but * on Whether this performanci,nlay be checked by selected
response or by constructed response.

fr.

117



-41

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

A fixedduration 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 times as long to write as a nonadaptive
program.

If you want 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 performance, the presentation of stimuli that
may not be 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 rate. This may be desirable for developing speed of response.

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

125c. For unscheduled complex performance that may be checked by selected
response, the presentation of directions and stimuli may be made by any appropriate
communication medium, a response-paced program, or an adaptive program. (Be-
cause the development of speed 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 bas_ed primarily on considerations of appropriateness and
your design criteria.

A response-paced program accommodates the rate of presentation to student
response 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 difficultybased on student responses. Such
a program, however, is the most expensive to prepare and administer.

If you want an adaptive program to present directions and problems for com-
plex performance, type 4; ifa response-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, the presentation of directions and problems cannot be made by
automated programs. 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 misyerlwith the presentation of the
problems themselves. This is especially true for complex 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 not, type 0.

127a. Unscheduled perfonnance 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.

12711 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. If you would like to provide whatever equipment is needed to record a
student's unscheduled complex performance, type 1; if not, type 0.

Test Responses

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

130a. It may or may not be possible to exathine student mastery of simple skills
by means of objective tests. Skills that require psychomotor responses, such as
pronounding viordi; or forming:letters, cannot be examined in this way.

If it will be possible to examine 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 designated fon constructed responses during in-
struction should also be exaininedby,tests Callingfor constructed responses, type 2.

130b. It may not be pOssiblato examine student mastery' of complex skills by
objective tests. Skills that reqUire psychomotor respons*.such as public .speaking,
for example, cannot be examined in this may:

If it will be possible te examine student mastery of all complex skills taught in
your course 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 instrue,
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 responses do not permit full diagno-
sis.* It is still possible 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 simple skills in
your course, type 1; if not, type O.

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-
si&* 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.

135e. To adapt relatively simple Type II instruction to student capabilities, you
may place your students into several types of groups or treat them individually. If
two capability levehl Will be used, slow and average-to-bright, type 1; if three, slow,
average, and bright; type 2; if two, slow-toaverage and bright, type 3; if students will
be treated individually, type 4.

'135d. To adapt relatively complex Type II. instruction to student capabilitim,
you may place your students into several-typeaof groups or treat theni individually.
If tio capability leirels will be used, slow and average-to-bright, type 1; if three; slow;
average, and bright, type2;iftwo, alii*-to-average and bright, type 3; if students will
be treated biditiiduallt type 4.

' The computer will have directed yoU to statement 140, where this decision is msidi; before you reed
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 all of 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 ofresponse 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 may be most efficient to use variable pacing throughout all
simple exercises.

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. Ifyou 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 II instruction frequently cannot be checked in thisway. 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 Si.'g! 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.* , ;

140c. It is very difficult to diagnose a student's progress comprehensively in
mastering complex skills bymeans ofselected 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, Suchas.esSay -writing, no right answers exist.
Thus, selected responses may not be useful for assisting the instructor or the stu-
dent, partidularly durin earlyleariring phases:

If you will want to.use coMitrUcted responses for diagnoiairig student progreSs in
mastering complex skills, type 1; if not, type 0. Use the same coding for selected
responses. If unsure, type I for both.*

At this point the computer gives you the opportunity to chooie either selected or constructed
responses or both.
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TYPE II INSTRUCTIONSIMPLE INDIVIDUAL PERFORMANCE

This section contains two sets of decision points pertaining to simple Type II
instruction for individual performancea category requiring constructed responses
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 spedfy 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 instructor, 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 studmit'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 groups
chosen and to present infoimation to them. If you want drill sessions with con-
structed responses to be handled by a different means, type 1; if not, type 0.

151b. For relatively easy Type I instruction, you-selected, the meats the com-
puter just designated to adapt instruction to Meet student needs in the groups
chosen and to present information to them. If you want drill sessions with selected
response to be handled by a different means, type 1; if no type 0.

This statement is read instead of statement 145b if strategy is already 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.t 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; ifan 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 presentation 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-
Paced 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 choosinga response -paced program as pacer,
discussed in statement 71a.

Read for constructed response.
t Read for selected response.
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155e." if the leader of a small group should regulate pacing, type 1; if the
individual student, type 2; if the instructor, type 3.

155f.l. If the leader of a small group should regulate pacing, type 1; if the
individual 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) ifan 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 response to stimuli is to be developed.

160b. The computer has typed out thmeans 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 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 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 responsepaced
Program to present stimuli. Such a program adjusts the presentation rate by stop-
ping after each question and waiting for correct studentresponse before proceeding,
which may be desirable in drill exercises.

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

161a. Because students must master the basic course materia'.i 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-dutation 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. If you want the instructor to present directions and stimuli, type 1; ifany
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; ifa fixed-duration program, type 5; if
a response-paced program, type 7.

162. Unless student 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 thepresentation of stimuli,
type 1; if not, type 0.

TYPE II INSTRUCTIONCOMPLEX 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 readilyas simple Type II instruction to evaluation
by means of selected student responses.

Keeping these points in mind, 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 section contains two sets of decision points pertaining to complex Type II
instruction for individual performancea category requiring constructedresponses
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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 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 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. In some 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.

181e For relatively difficult Type I instruction, you selected the means the
,.omputer just designated to e.e.apt 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 strategy is already determined for complex
instruction with constructed neponsi.
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182a.' If the instructor will adapt the instruction forperformance of relatively
complex skills, type 1; if the student, type 3; if a student leader, type 4.

182b.t if the 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 allowa
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 ableto 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 chose variable pacing for
complex Type II instruction in individual skills.

185a. Now choose the controller of pacing stimuli for performing complex
skills. 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 learningrates 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.

185c. 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 choosing a response-paced program
as pacer as discussed in statement 71a.

Reed for construatediespoiise'
t Reed 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 0; if not, type 1.

191. Since students 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. Unless student responses are being used to evaluate the student's mastery
of a skill or to diagnose his strengths and weaknesses in highly structured subjects
such as arithmetic or engineering, the student can receive the correct answer to each
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 be 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 supplied. 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 nr presenting the material. In un-
structured areas, however, it may require prnduction or reproduction of complex
products such as cliagrems and the like. In either case, encouraging the student to
judge his own work can heighten his perceptions, increase his sense of responsibility
for his own progress, and develop self-instructional skills.

In highly structured 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 imilyes, 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 e:iamination of student progress.
Recorded responses can be used by the student for self-evaluation or they can be used
in class to provide a springboard for class discussion. The instructor can use them



i

I

;

to diagnose student strengths and weaknesses so 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-
ever, particularly if special recording equipment such as video-tape machines is
required.

If student responses will be permanently recorded for possible later evaluation
by students or instructors, type 1; if not, type 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 Strategy for Teaching a Course in Basic Still Photogra-
phy is a shortened and revised version of an actual course given to airmen in the
Technical School at Lowly Air Force Base. Itwas 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 2600 graduates annually.
The nominal course length is two weeks, and theaverage student load is 100. An
instructional system that could be used to teach the course using the stated strategy
has been designed and coated. 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 categories. Sometimes student
performance can be checked by calling for selected responseseven though the stu-
dent is actually making constructed responses as he performs. The choice of the
leader for follow-me demonstrations of such skillsappears 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.

Penne-hell 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 PHOTOGRAPHY

ENTIRE COURSE
Students will not take cot. is uork other than basic work.

Instructional strategies won't.be tailored to the students' capabilities.
There will be no remedial sessions.
Students will waster the course on a variable-schedule.
Variable pacing will be used throughout the course.
Added rewards will not be used to provide motivation.
The following typos of instruction will be used
Type 1 instruction
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 quis
The test length is 15 minutes.
No proctor will be needed.
The content covered will be
only the topic just completed.

No time will be allocated for review.
Test information:
For the final examination
The test length is 360 minutes.
No proctor will be needed.
The content covered will be
the entire course.

The student will review at a scheduled time under supervision.
Special materials will be prepared for this review.
This review will take the average student 120 minutes to complete.

Part of the working day will be used to grade formal examinations.
Formal examinations by means of objective tests
will be Machine scored.

The student can discuss material presented by communication media
in a special session with the instructor.

Discussions will be sehoduled during regular class hour.:
10 percent of the presentation time will be used for discussion sessions.

Discussion sessions will occur when 15 min. of discussion have acculiulated.
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FOR ALL TYPE 1 INSTRUCTION
All formal examinations Fill be objective tests.
Reviews and formal examinations will be presented by
the same means as the original instruction.

Students will not have homework.

FOR RELATIVELY EAST TYPE 1 INSTRUCTION
Pacing will be controlled by
a response-paced program.

Each student will proceed at his own rate.
Presentation is by
a response-paced program.

No monitor will be necessary.
Stimuli for avert student response
are integrated into the presentation.

Student responses are permanently recorded.
Selected responses are required.
The student will be given the correct response.

FOR RELATIVELY DIFFICILT TYPE 1 INSTRUCTION
Pacing will be controlled by
the individual student.

Each student will proceed at his own rate.
Presentation is by
any appropriate communication medium.

No monitor will be necessary.
Stimuli for overt student response
are integrated into the presentation.

Student responses are permanently recorded.
Selected responses are required.
The student will be given the correct response.

ALL OF TYPE 2 INSTRUCTION

Individual practice or drill will be used.
Relativel complex instruction will be used.

TYPE 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 SOW means as the original instruction.

Students will not"have homework.
Models of student performance will be presented ",1
a live instructor.

The instructor will be provided a guide for demonstrating performance.
Follow-me demodstrations will be used in the tours..

Follow-me demonstrations will'be scheduled during regular Oasis hours.

TYPE 2 CONPLEI: INSTRUCTION-
NTH coustkurrai 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 prce:eed 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 permanently recorded.
Selected responses are required.
The student will be given the correct response.

RECORD OF COMPUTER- -USER INTERACTION

This section of the questioning 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 5 = O.

Question 8 = 0
Question 14 = 0

The headings will remind you of the category of-instruction
to which the current decisions_ pertain.

ENTIRE COURSE

Plea** read statement -8.

Variable.pieing = 1
Please. read statement 9.1).

Added -reWardi ="0'

Pl4ase read statement ll
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Type 1 = 1
Type 2 = 1
Type 3 = 1

ALL OF TYPES 1 AND 2 INSTRUCTION

Please read statement 15.

Please read statement 15 a.
Please read statement 16 b.
Test after
Topic = 1
Major section = 0
Course = 1

For topic quiz
Please read statement 17.
Test length(minutes) = 15
Please read statement 18.
Please read statement 19 a.

Content tested = 1
Please read statement. 21.
Proctor = 0

For final exam
Please read statement 17.

Test length(minutes) = 360
Please read statement 18.
Please read statement 19 c.
Content tested = 2
Please read statement 21.
Proctor = 0

Please read statement 22.
Machine scored = 1
Please read statement 23.

Scheduled scoring = 1

Please read statement 30.
fanned review = 2 .

Please read statement 31 a.
For topic quiz

Allocate time for review = 0

Please read statement 31 e.
For final exam
Allocate time for review = 1
Please read'-statement 32.
Scheduled *
Please read statement 33.
Prepare special materials = 1
Please read statement 34.
Minuiei = 120-

ALL OF TYPE 1 INSTRUCTION

Please read statement 59.
Easy = 1
Difficult = 1

134



SCHEDULER 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 40.
Discussion opportunity = 1
Please read statement 41.

Scheduled discussions = 1
Please read statement. 42.
Percent = 10
Please read statement 43.
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 48.

Printed tests = 0

ALL OF UNSCHEDULED TYPE 1 INSTRUCTION

Please read statement 50.

Homework = 0

ALL OF TYPE 2 INSTRUCTION

Please read statement 90.
Individual = 1
Group = 0
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ALL OF TYPE 2 INSTRUCTION, INDIVIDUAL PERFORMANCE

Please read statement 100.
-Simple =

Complex = 1

TYPE 2 INSTRUCTION,COMPLEX INDIVIDUAL PERFORMANCE

Please read statement 120.
follow-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 = 0

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 = 1
Please read statement 122 a.
Demonstrator(follow -n.e) = 1

Please read statement 123 b.
Guide for follow-me demonstrations = 1

SCHEDULED TYPE 2, COMPLEX PERFORMANCE
WITH SELECTED RESPONSE

Please read statement 176.
Policy change' for exercises with,selected response = 1
Please read statements 185 a, c, and d.
The presentation of difficult Type 1 instruction was paced by
the individual stUdint.

Policy Change = 0
Please reictitatement 122 a.
Deionstrator(follow-me) = 1
Please read statement 123 b.
Guide for follow-me demonstrations = 1

136



ALL TYPE 2, COMPLEX PERFORMANCE

Please read statement 113.
Please read statements 113 a and c.
The presenter for complex individual performance w/ constructed response:
a live instructor.
Policy change for demonstrations = 0
Please read statement 116.
Guide for pure demonstrations = 1
Please read statement 124 b.
Unscheduled exercises = 0
Please read statement 130 b.
Test with selected response = 2
Please read statement 48.
Printed tests = 0



Appendix D

LIST OF VARIABLES IN NUMERICAL ORDER

Variable Value Meaning

For course in general

Manual Statement No.

A(1) 1 Tailor strategies for parts of course. 3
2 ...entire course.
3 ...none of the course.

A(2) 1 Entire course variably paced. 8
2 Some types of instruction variably paced.
0 None of course variably paced.

1 For Types I and II instruction

Natural,subject matter groupings being used
for evaluation.

A(4) 1 15b

0 Fixed-time schedule...

For Type L instruction

A(5) Type ,I difficult instruction now being
processed.

Automatically set

0 Type I simple...

For appropriate subcategory of instruction

(6) 1 Presenter is instructor. 77a & c
2 ...any appropriate communication medium. (or 77a, d, &
3* ...student leader. (or 77a & b)
4* ...adaptive program. (or 190a & 160e)
5 ...fixed-duration program. (or 190a & 191)
7* ...response-paced program. (or 160a & d)

(or 160a & 161a & b)

(or 190a & 360d)

*
4 available only if method adaptive; 7 available only if variable

pacing; 3 available only if variable schedule.
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Variable Value Meaning Manual Statement No.

__(7) 1 ;tinrlli for overt response integrated with
scheduled basic instruction.

79b

0 Stimuli not integrated...

i Responses permanently recorded. 80_(8)
0 Responses not recorded. (or 193)

_(9) 1 Constructed responses required. 81a & c
0 Selected responses permitted. (or 81a & b)

For Types I and II instruction

A(10) 1 Selected responses made during classroom
work are machine scored.

38a

2 Part of the work day used to score class work.
0 Scoring of class work up to instructor.

A(11) 1 Allot scheduled or unscheduled time to
review each evaluation.

30

2 ...some evaluations.
0 Students review on their own.

A(12) P Percentage of presentation time set aside
for discussion sessions.

42

For appropriate subcategory of instruction

1 Variable pacing used. 70a & c_(13)
0 ...not used. (or 70a & b)

(or 137a)

(14) 1 Pacer is student leader. 71a & c
2 ...individual student. (or 71a & b)
3 ...instructor. (185a & d & 155f)
4 ...response-paced program. (155a & e)

_(15) 1 'Students grouped by learning rate. 72
0 Each student proceeds at own rate.

_(16) 1 Programmed guide supplied. 74
0 ...not supplied.

For Types I and II instruction

A(17) 1 Student can discuss material presented by a
communication medium to a special session
with an instructor.

40

2 ...during the presentation with a monitor
or instructor.

3 No special arrangements made to discuss
presentationsby communication media.

For all relatively complex Type II
instruction

H(17) 1 Follow-me demonstrations given. 120
0 ...not given.

For Types I and II instruction

A(18) 1 Discussions scheduled during regular
class hours.

41

2 ...outside of regular class hours.
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Variable Value Meaning

For relatively complex Type II instruction

Manual Statement No.

R(18) 1 Follow-me demonstrations scheduled. 121
0 ...unscheduled.

(19) 1 Instructor presents follow-me demon-
strations.

122a or 122b

2 Any appropriate communication medium...
3 A student leader...
5 A fixed-duration program...

(1 and 3 not available if demonstrations
unscheduled).

For Types I and II instruction

A(20) 1 Instructor or monitor must be physically
present during presentation by a communi-
cation medium.

45

0 ...does not have to be physically present.

For appropriate subcategory of instruction

(21) 1 Background materials and instructional aids
supplied.

62 or 78a

2 Stratified background materials and instruc-
tional aids supplied.

0 Instructor expected to obtain or prepare his
own materials.

For TypesI and II instruction

A(22) 1 Instructor or monitor must be accessible
continuously during presentation by a com-
munication medium.

46

0 ...does not have to be accessible contin-
uously.

For appropriate type of instruction

(23) 1 All formal examinations by objective 47b
_tests. (or 130a or 131a)

2 Formal examinations by objective tests
for only relatively easy instruction.

0 No formal examinations by objective
testa.

(24) 1 Students have homework assignments. 50
0 ...no homework assignments.

For course in general

A(28) 1 When variable pacing is being used, re-
wards will include additional free time.

10

0 Rewards will not include..-.

For appropriate subcategory of instruction

(29) 1 Acceptable response piesented after
student has had.iime to respond.

83

(or 192)
0 Acceptable response not presented... (or 162)
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Variable Value Meaning Manual Statement No.

For course in general

A(30) 1 Course content adapted to student back-
ground.

Input from
general policy

0 Course content not adapted...

A(37) 1

0

Tracking used to facilitate adapting
method to student capabilities,
Other means used.

Input from
general policy

For appropriate subcategory of instcuction

_(39) 1 Stimuli for overt response integrated with
assignments for unscheduled study.

52

0 Stimuli not integrated...

For Type II instruction

A(41) 1 Type II difficult instruction is now being
processed.

Automatically set

0 Type II simple instruction...

_(45) 2 Assignments for unscheduled study by any
appropriate communication medium.

51

(or 125c)
4 ...an adaptive program, (or 126b)
5 ...a fixed-duration program.
7 ...a response-paced program.

1 Acceptable responses provided. 53_(46)
0 Answers not provided. (or 126a)

(or 126b)

_(47) 1 Student responses in unscheduled study
recorded.

127a & c

(or 127a & b)

_(48) 1 Student will be able to "study" the
material (have internal random access).

54

0 ...will not have internal random access.

For appropriate subcategory of Type II
instruction

_(50) 1 Models of student performance presented
by instructor.

113 & 115b

115a or c
2 ...a communication medium.
3 ...a- student leader.
5 ...a fixed-duration program.

Types I and II instruction

A(51) 1 Instructor will have partJof his workday
for scoring formal examinations:

23

0 grade papers on is own time.

For course in general

A(53) 1 Studerits expected to master course content
on fixed schedule.

Input from
general policy

0 ...on,variable schedule.
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Variable Value Meaning Manual Statement No.

(54)

(55)

For course in general or for appropriate
subcategory of instruction

1 To facilitate adaptivity of method, students
divided into two groups--slow and average-
to-bright.

2 ...into three groups--slow, average, and'

3

bright.

...into two groups--slow-to-average, and
bright.

4 Each student treated on an individual basis
(no tracking).

For appropriate type of instruction

1 Reviews and examinations presented by
printed materials.

0 ...by same means as original instruction.

65b

(or 65a)

48

For Types I and II instruction

A(56) 1 Instructor must be physically present for 44
discussion sessions.

0 ...does not have to be physically present.

A(57) 1 Objective tests machine scored. 22
0 ...not machine scored.

A(58) 1 Students score their work in class. 37
0 ...do not score their work in class.

A(59) 1 Instructor has part of his workday for 38b
scoring constructed responses made during
classroom work.

0 ...must score this on his own time.

A(60) 1 Indicates the bright loop of the grouping Automatically set
section is being processed.

3 ...the average loop (including slow-to-
average, average-to-bright, or if no
grouping, the individual).

0 ...the slow loop.

(61)

For Type I instruction of the appropriate
level of difficu/ty

1 Any appropriate communication medium used
to make presentations requiring special
facilities 1-7 eqt,ipment.

0 ...not useLi

For relativey complex Type II instruction

H(62) 1 The instructor or student leader given a
guide for making follow-me demonstrations.

0 ...not given guide.

78b

123

For appropriate subcategory of instruction

(63) 1 Teaching method adapted by an instructor. bia, b, d, & e
2 ...an adaptive program. (or 61a, b, c, & e)
3 ...the individual student. (or 61a, d, & f)
4 ...a student leader (3 and 4 not allowed (or 180 & 182c)

if fixed schedule). (o 180 & 180a & 182b)
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Variable Value Meaning Manual Statement No.

For course in general

A(64) 1 Remedial sessions scheduled.
2 ...assigned for unscheduled study.

For appropriate type of instruction

(72) 1 Homework checked.
0 Homework not checked.

(73) M Average number of minutes spent in class
checking or discussing an assignment for
unscheduled study.

For course in general

A(76) 1 Students categorized on the basis of
prior information on their background.

2 ...evaluation of work after an initial
period of time.

3 ...a diagnostic pretest.

For Types I and II instruction

A(77) 1 Discussion sessions held at regular
intervals.

2 ...whenever 15 minutes of discussion have
accumulated.

3 ...following difficult topics.

(or 150 & 152a)

(or 152d)
(or 180 & 182d)

6

55

57

2

43

For appropriate subcategory of instruction

(78) 1 The monitor is an instructor. 84
2 ...an instructor's aide, clerk, or student

instructor.

3 ...a student leader.
0 No monitor necessary.

_(80) K Number of levels to be grouped by student 73
learning rate.

For the appropriate type of instruction

(85) 1 Scheduled class time will be devoted to 56
checking or discussing homework assignments.

0 not be devoted...

For course in general

A(95) 1 Remedial work provided. 5'

2 Students not allowed to repeat sections.
3 Both of the above used.

A(96) P Percentage of time required for basic in- 7a
struction required for additional scheduled
remedial sessions.
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Variable Value Meaning Manual Statement No.

A(97) 1 Instructor conducts scheduled remedial
sessions.

7a

0 Remedial sessions conducted in same
manner as basic instruction.

e(l,i) 1 A formal evaluation given after each
topic (i=1).

16b

...each major section (i=2).

...the end of the course (:;=3).
0 not be given.

e(2,i) 1 A formal examination given after each
day's work (Jul).

16a

...each week's work (i=2).

...each major section (i=3).

...the end of the course (i=4).
0 ...not given.

e(3,1) 1 Quiz at the end of a topic covers only
that topic.

19a

2 ...that topic and others in the s:...*
major section.

3 ...that topic'and all preceding lessons.

e(3,2) 1 The examination at the end of a major
section covers that section only.

19b

2 ...that section and all preceding sections.

e(3,3) 1 The final examination covers the last major
section of the course only.

19c

2 ...the entire course.

e(4,1) 1 The daily quiz covers that day's work only. 20a
2 ...that day's work and all preceding in

the week.
3 ...that day's work and all preceding in the

same major section.
4 ...that day's work and all preceding in the

course.

e(4,2) 1 The weekly quiz covers the week's work only. 20a
2 ...the week's work and all work in the same

major section-
3 ...the week's work and all preceding work.

e(4,3) 1 The examination on a major section covers
that section only.

20c

2 ...that section and all preceding sections.

e(4,4) 1 The final examination covers the last e,"d

major section of the course only.
20d

2 ...the entire course.

e(5,0 1 Type I instruction (i=1),
Type, II instruction (i=2),
Type III instruction (i=3)
used.

11

0 ...hot used.

e(6,i) 1 Relatively easy (Jul),
relatively difficult (i=2)

-59

Type II instruction used.
0 ...not used.
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Variable Value Meaning Manual Statement No.

For Type II instruction

e(7,i) 1 Individual skills (in. 90
team skills (i-2)
taught.

0 ...not taught.

For Type II instruction, individual skills

e(8,i) 1 Simple skills (inl), 100
complex skills (in2)
taught.

O ...not taught.

For simple Type 1' instruction, individual
skills

e(9,i) 1 Selected responses (i&l), .140a
constructed responses (i -2)
may be used to check student mastery of
some skills.

0 ...cannot be used...

For complex Type II instruction, individual
skills

e(10,i) 1 Selected responses (in1), 140b
constructed responses (in2)
may be used to check student mastery of
some skills.

0 ...cannot be used...

For Types I and II instruction

e(11,i) 1 A review planned for-
each daily quiz (inl), 31b
each weekly quiz (in2), 31c
each major section examination (in3), 31d
the final examination (1=4). 31e

0 ...not planned...

e(12,i) 1 Scheduled review planned before 32
each daily quiz (i -l),

each veekly quiz (in2),
each major section examination (in3),

r.
the final examination (in4).

O ...not planned...

e(13,i) 1 A review planned for
each topic quiz (i -l), 31a
each major section examination (i -2), 31d
the final examination (i -3). 31e

O ...not planned...

e(14,i) 1 Scheduled review planned befota 32
each topic quiz (i -l),

each major section_examination (im2),
the final examination (i -3).

O ...not planned...
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Variable Value Meaning Manual Statement No.

e(15,i) 1 Special review materials prepared for
each daily quiz (Jul),
each weekly quiz (i=2),

each major section examination (i=3).
the final examination (i=4).

O ...not prepared...

e(16,i) M Number of minutes required to review for
each daily quiz (i=1),
each weekly quiz (i=2),
each major section examination (13),
the final examination (i=4).

e(17,i) 1 Special review materials prepared for
each topic quiz (i=1),
each major section examination (i=2),
the final examination (i=3).

O ...not prepared...

e(18,i) M Number of minutes required to review for
each topic quiz (Jul),
each major section examination (i=2),
the final examination (i=3).

e(19,i) M Number of minutes required for
each topic quiz (Jl),
each major section examination (i2)t
the final examination (i=3).

e(20,i) M Number of minutes required for
each daily quiz (i=1),
each weekly quiz (i=2),
each major section examination (im3),
the final examination (i=4).

e(2l,i) 1 Special instructor provided for
the slow track (imp.
the fast track (i=2).

O ...not provided...

e(25,1) 1 When variable pacing is being used, the
students are rewarded for achievement.

O ...are not rewarded.

e(26,1) 0 No proctor used for
the topic quiz (i=1).
the major section examination (1=2),
the final examination (i=3).

1 An instructor...
2 M instructor's aide, a student instructor,

or a clerk...
3 A student leader...

e(27,i) 0 No proctor used for
the daily quiz (i=1),
the weekly quiz (ik2),
the major section examination (i=3),
the final examination (i=4).

1 An instructor...
2 An instructor's aide, a student instructor,

or a,clerk..,
3 A student leader...
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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
adapting instruction and many techniques for doing it. Some reasons are differences
in (1) prior student preparation for the course; (2) innate characteristics 1intellec-
tual, psychological, or physical) that affect the student's learning ability; and (3)
"learning style," particularly the rate at which the student can master material.
Learning rate quite probably depends on,both student capability and motivation.

Techniques' for adaptivity include adjusting what is taught or how it is taught
to student achievement, learning capability, or maturity. See grouping bucking
and variable pacing.

Adaptive programa: Instructional programs presented by a communication
medium that adjusts the content.of the presentation to the student's response, and
may be either response-paced or learner-paced. The adaptivity of content may con-
sist of a discussion of why a particular response is right or wrong, branch 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-
paced.

Affective domain: Subject matter pertaining to feelings, emotions, and atti-
tudes.

. Appropriate communication medium: Any communication medium that
can carry the message. There are eight classes of communication media, including
such specific examples as film, TV, audio tape, radio, and boob: Each class is
appropriate to a different type-of message.

Average student: The student for -Witc.m the bulk of the instruction is de-
signed. Average refers to the student population of immediate concern to the de-
signer. The average student in a given course may have-More or less capability to
learn-the subject than the norm fol. those of his own age-or experience..

Basic instruction:- See teaming Ova, type of instruction.
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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 session.

Capability (student): Student ability to learn the mberial. Capability is a
mixture of motivation, prior achievement, and innate traits (mental, emotional, or
physical).

Carrel: A table with shelves for books, tapes, and the like that isoften Rartil' f
tioned or enclosed, and is used for individual study.

Cognitive domain: Subject matter pertaining to the recall or recognition of -j
knowledge and the development of intellectual capabilities and skills.

Communication aids: Audiovisual. aids such as flip charts, mockups, and
Vu-graphs requiring the message sender to be present at the point ofnception.

Commnisicatiokmedium: A self-Contained -Means of communicatingthe
message sender need not be present at the point of reception.

Complex instruction: Instruction that requires student mastery of several
interrelated steps, facts, or the like to attain the instructional objective, such as
solving a problem, writing an essay, or checking a piece of equipment.

A lesson on the causes of the Civil War, foridstance, 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
reinforced the South's move to secession. If the.lesson only requires the student to
memorize a list of causes of the Civil War, however, relativelysimple instruction
would be involved.

`Relatively complex skills typically 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 thatoccurs during in-
struction, with theagent of instxUctiOn and the learner interactingdirectly.

Constructed response: -Devised by the student, who responds by pniducing
somethizgspeaking, writing, drawing, gesturing, using a tool, operating a ma-
-chine, making something Compare selectedr nmPonSe,

Conventional instruction: Includes classroom methods such as lecture, oral
quiz, guided diSenasion, and drill, plus the use of texts and workbooks. Also includes
instructor demonstnition8 in,the laheratery-

COvert rinpoase: A response is not Obaii-vablean internal reaction.

Ditedislon: Two = types are.conSidered,here. (1) A relatively impromptu ses-
sion set aside after a segment of basic instructiont^ answer student questionii or to
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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. See question-and-answer. (2) A
learning event prepared primarily td 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 independent study.
See practice.

Equipment: See special equipment.

Evaluation: Any measurement or assessment of student achievement, for-
mal or informal. A quiz, test, Performanceteet, 'et final examination, used to meas-
ure student progress and, in some instances, to tegulate 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, television programs, and audio tapes are examples. Any-
thing that "runs" essentially without interruption and Whose pace or content cannot
be changed from the outside. A user cannot ordinarily go back over the material or
select material at randoni from within the program as he cab, for example, with
books and workbooks. See internal random access.

Follow-me instruction: A atepby-step demonstration of procedures which
students copy or which students practice following step-by-step directions. Such
instruction applies only to indiiidual skills and is used ieither Type II or Type III
instruction.

Formal evaluation: See examination. .4=-4A-)

Group:, Homogeneous divisions of heterogeneous class by student capabil-
ity or preparation fora course and thing-the special Curriculum, they follow. Permits
regrouping froM time,to time to adjust to .the:Complaity of the material.

Independent study: Study by individual-students or groups of students at a
time of-their own Choosing at home or at school; with no instiuctor or monitor
present. Includet 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'aRA): Required when the individual needs to study
a presentation, as distinguished from merely attending to it,-,with 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 filmstrips usually do not.

Interrelated objectives: See simple instruction and complex instruction.

Learner-paced programs Instructional piograms that can be presented by
any medium if they are used in such a mode that the pietism contains integrated
response stimuli, and either stops automatically or the learner himself may stop it
manually-after each stimulus to give his response. When the learner completes his
response, he restarts the program. For example, the program may denibnstrate a
step to take and then show what the results should be. The student then copies the
step and compares his results 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 text* like any printed materials, are paced by the user's reading
rate. Since they integrate stimuli for response, they are further paced by thoilser's
responses. Since the user of a programmed text evalitates 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 idaptivity, direct-
ing the user to different material according to his responses. Although 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 learner- adapted or
program-adapted.

Learning event: Any instructional activity that can be assigned 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.

Lockstep instruction: Such-teachingexposes all students to approximately
the same basic instruction at-the same tithe; all studenbi are also given the same
examinations at the same tithe. There may, however, be provisions for remedial
sessions or enrichment lessons in .cotiventionaL loCk-step instruction. In addition,
tracking or within;claSs grodping may be used.

Mato section: See section_
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Materials: Media software. Either 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 prior 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 leader.

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 H or Type HI instruction. For example, making a
map is Type II performance; repairing an engine, Type III. Student responses in
Type I instruction (answering questions, filling in blanks ina workbook, etc.) are not
considered performance.

Practice: Student perforniance in learning relatively complex skills as distin-
guished from performance in learning relatively simple skills that we ,term drill.
Practice is less repetitive and automatic than drill; a student may practice some
complex skill, such as troubleilhooting or writing a business letter, only a few times
during the course and may hale 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 communication to the student. Includes transmitting
facts or concepts; demonstrations; giving: directions; supplying stimuli for drill;
describing problems to be solved.

Psychomotor skills: Skills requiring muscular movements, usually
manipulative, e.g., hand-eye coordination, pronunciation, handwriting, and using
tools. Because most such skills require a Cognitive support (are more than automatic
motor responses), we arbitrarily use the term Psychothotor 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 nn the basis of stated strategy. 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 be fietiented
by any medium if they are used in such a mode that the program contains integrated
response stimuli, and stops after each unit of presentation (or frame) to allow the
learner to select 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 responee-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.

Scoring deskwork: Scheduled instructional time set aside for evaluation of
a student's work by the student himself or by another student. Such sessions are not
considered learning events in the Curriculum Analysis; MODIA automaticallyac-
counts for them on the basis of stated strategy.

Section: An unbroken sequence of topics 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.

Selected response: Student responses_ selected from among two or more an-
swers, or placing a list of items in some correct, order. Mutiple-choice, true- false,
matching, and ordering all call for selected responses. Cotn9are constructed response.

'Simple instruction: Instriction, that does not require-the studentto master
several interrelated, steps, fadts, .or: the:like. Activities that Characterize .simple
instruction include memorizing foreign .wOrds,- learning multiplication tables, plot-
ting points on a graph, tmot-toraetice,..,Or sending code. Action verbs that typify
relatively simple initruttionimthe Cognitive domain include:name, list, spell, iden-
tify, choose, find, Select, and Match. 'Relatiiely- simple skills are those-that the
student ,can typically master by fairly routine, repetitious; er automatic drill.
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Note that these may not be simple skills for some students whose background
is deficient. Therefore, determining whether the instruction is simple or complex
depends on the level of averagestudent capability as much as it does on the skill
itself.

Special equipment: Equipment (or other materials) studentsmust 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 o_r (2) require
special facilities.

Projectors, playback devices, and the like, that are used for communicating
with the student are not covered by this term unless they themselves are the subject
of study.

Special facilities: Areas that differ from a conventional classroom, such as
workshops, laboratories, hangars, playing fields, and gymnasiums-

Stratified materials: Materials that present the same general subject on sev-
eral levels of difficulty. Stratified materials can be oompletely 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.

Subcategory of instruction: An instructional activity witha particular com-
bination of resource requirements.

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 asaunit of
course content andthat coUldserve as the subject of formal evaluation: bOuld span
several class sessions or could occupy less than a single class session. The definition
provides a finer division of course content than the major section for scheduling
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 coMser-I

Types- of instruction: Abroad categorization of instructional activity in-
tended to aid system design.

Type .11ThitTaCtioar 4e_quires:no student use of special equipment and no
student-performance *speciallacilities. In addition, students-are no luiring
skills (cognitiye,: psychomotor, motor, or social) through drill or pract . Type 1
activities tyPieSlly occur in the classroom and 'concern the presentation of facts or



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 integrated stimuli
that require overt student responses.

Type II instruction: Like Type I instruction, requiring no spedal 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 re-
quired during the demonstration) because demonstrations are frequently given im-
mediately preceding or concurrent with student performance. Therefore, it may
often be convenient to use the same means to preSent the models as those used to
present direetions for perforMance or actual drill-stimuli. If a performance model
is to be given but not immediately 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 III 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 not using Type III 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 performance models and presentations for Type II instruction are the
same as those for Type III instruction,, hainely, if the model immediately precedes
or is concurrent with student performance, it is most conveniently treated as Type
III instruction; if the model will be separated in tithe 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 basis of student response. Pacing maybe. varied to fit each
individual student's learning rate or to fit the learning rate of a group. The use of
response cards or other grOup response devioes can facilitate group pacing, although
often hand or voice responses to the instructors quettions can be used for the same
effect.
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