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PREFACE

Th is study was conducted under Contract MDA-903-76-C-0086 with the Department
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SUMMARY

- PROBLEM

Wi thin the contex t of mil i tary tra i ning sys tem develo pmen t , the ques ti on of how
to assess the cost versus expected benefits of innov ations in training technology

has become of major importance. Before this question can be answered , i t must fi rst
be demonstrated that both the cost and the benefits of such innovat ions can be quan-

titatively measured . Then it must be demonstrated that accurate predictions can be

made w i th re gar d to develo pment and operational costs , trainin g effect i veness , and

expected timesavings.

APPROACH

Three separate activities were undertaken to solve this problem. The first

was to define a descri p t i ve mo del of a generalize d , computer-based training system.

This model defined the domain of such systems to be addressed by a predictive model. ”

It also ident ified the component activities involved in such a training system ,

isolated seven clusters of factors which would impact ~t~e operation of the system ,

and identified the relationship of each cluster to the separate component act ivit ies~

~~he second step was generation of a predictive model of student performance in

a computer-based training environment. The purpose of this model was to predict

the time required for a student to compl ete an arbitrary un it of instruction in a

self— paced training program given only characteristics of the student , of the con ten t

taught , an d of t he me thod emp l oyed to teach the content  i n a conve n t i onal  , lock-step
course.

/
The third activity was to develop a computer program which incorporated the

predictive model and estimated the cost of implementing and operating this particular ,

innovative training technique , i.e., conversion from conven tional lock-step to self-

paced , computer-based instruction.

RESULTS

A l inear prediction model was developed to predict a s ~dent ’ s time required to

complete his first attempt on a given lesson. Fourteen predictor variables were

selecte d , eleven descri ptive of the instructional course con tent and three descrip-
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tive of student characteristics. The final regression equation produced on R = .63

accounting for 39 percent of the variance in a student ’s first-attempt-lesson time .

When the reg ress ion equat i on was val id a ted on a secon d samp le , the R2 resul ted i n a
loss of onl y 5.34 percentage points in accounting for the variance in the criterion

var i ab le , first-attempt -lesson time . The basic model was then modified to predict

total course completion time .

A computer program , “Aid for Instructional Development and Evaluation (AIDE), ”

was written. It is a modification of Rand Corporation ’ s MODCOM cost anal ysis program.

It retains all of the cost-analysis features and outputs of MODCOM while allow ing

course completion time to be estimated by the regression equation developed in this

study. Course completion times and cost estimates were generated for a standard

sample and three additional samples in which student or course content characteris-

tics were varied.

CONCLUSIONS

This study demonstrated that a viable model can be developed wh ich predicts

the costs and timesavings associated with individualization of an arbitrary training

course through the use of a computer-based training system . The generality and pre-

c i s i on of such a model i s dependent on the brea d th an d accurac y of the data base from
which the model is derived . Although tne data base employed in this study was not

as com p le te as coul d be des i red , the r e su l t an t mo del was foun d to be reasona b l y
accurate  an d i s suf fi c i en tly general  to be of v a l u e  i n the e v a l u a ti on of courses for
individualization. More importantly, a me thodolo gy has been develo ped an d demon-
stra ted which will become an even more usefu l tool as additional data are accumulated

from computer-based training systems .

The results of exercising the AIDE program illustrated the impact of variations

in course content on the timesavings to be expected from individualization . Current

methods of instruction , methods emp loyed in the course as it is taught in conventional ,

lock-s tep mode were found to be sensitive indicators of variations in course content

and , hence , of expected timesavings. Thus , perfo rmance oriented training , for which

the Plan of Instruction indicates a relativel y h ig h p ro por tion of demons trat i on-
performance ac ti v i t ies , presents less promise for individualization than do courses

con taining a high proportion of cogni tive and , particularly, memoriza tion content.
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1 .0 INTRODUCTION

1 .1 BACKGROUND
A question of primary importance to those concerned with the design ,

develo pmen t, impl emen tat ion , or evaluation of innovations in training technology

is one which addresses the cost and effectiveness of such innovations. Within the

con text of military training system development , i nt eres t has recenL l y been focus ed

on th is question as it relates to innovations in the area of computer—based

train ing (CBT). Here the concern has been one of not -only attempting to find c~eans
for evaluatin g the actual benefi ts attributable to the innovation relative to its

cost , but also to find a means for evaluating the expected benefits . That is ,

before large sums of money are invested in computer-based traini ng innovations , it

is im portant to know (a) whether the benefits and costs associated with the

innova tions can be quantitatively evaluated and (b) whether cost-effectiveness

data to support implementation decisions can be predicte d , givcn quantifiable

information on training system parameters and their interactions with trainee and

tra i n i ng material characteri s ti cs .

To address the preceding concern adequately, both descriptive and predictive

models of a computer-based training system are required. Descriptive models

serv e the purpose of identifying the relevant parameters affecting cost and effecti-

veness dec i sions an d of indicatin g the degree to which these pa rameters may be
quantified. Predictive models serve the purpose of calculatin g expected outcomes ,

g i ven information on the descriptive parameters and the relationships between them .

A major problem , however , is that appropria te descriptive and predictive models

hav e not been sufficiently integrated in an operational decision model which can

be used in planning cost-effective implementations of CBT innovations.

The present study was undertaken to address this need. The specific goals and

objectives of the effort are descri bed in the following section , after which the

types of p ro b l ems i nvolve d i n the develo pmen t, inte gration , and vali da ti on of
descriptive and predictive CBT models are discussed in a literature review .

1—1
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1 .2 GOALS AND OBJECTIVES
The goals of the present study were threefold: (1) to define and describe

those computer-based training system parameters likely to affect cost-effective-

ness decis ions , i.e ., to produce a descriptive model of a generalizable CBT system ,

including all relevant -instructional , stu dent , and training system varia bles;

(2) to model , as accuratel y as possible , anticipated stu dent performance in the
generalized system described ; and (3) to produce an operational computer model

which will incorporate the predicted student and system performance data and can

be used to cal culate the expected costs and benefi ts of im pleme nting selected CBT

innovations .

To meet the p recedin g goals , the following objectives were speci fied:

a . To describe the CBT characteristics expected to be related to measure-

able  ou tcomes .
b. To identify those outcomes that most reflect “benefits ” attributable to

innova t ions , e.g., s tudent train i ng time reduc t ion an d decrease d elim i nat i on
rates .

c. To specify the relationships and interactions between all system

parameters .
d . To identify those parameter s for which quantifiable data are available.

e. To determine the type of modeling procedures most appropriate for the

pred ictive model , e.g., appropriate statistical or mathematical models for

predict ing benefits and costs .

f. To integrate the predictive model in a computer program that can be

used as a planning aid .

The antici pated and actual problems related to these goals and objectives

are discussed and summarized in the followi ng section .

1.3 LITERATURE REVIEW

1 .3.1 Selection of Criterion Variable - Only a few perti nent reports con-

cerning the quantification of learning system features in term s of time-to-

complete a un i t of i nstuction , stu den t performance , and trainin g cos t were i den ti-
fied . A seminal study reported by Wagner , Behringer , and Pattie (1973) addressed

the description of training system features which predicted course completion time .

Their study combined course-related instruments and standardized aptitude tests

to predict time-to-complete. These devices included :

1-2
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o Tests of sk ills and knowledge necessary for the acquisition of certain

military occupationa l specialties

o Tests that sam p led the content of the tas ks to be learne d during the
course

o Scales des igned to measure motivatio nal factors related to the subject

matter of the course.

A step—wise multiple linear regression analysis was applied to the data. Correla-

tions between the predictor variabl es and course completion time ranged from .65

to .87. These results su pported the hypothesis that course-relate d predictors

are better than measures of general aptitude in estimating the time— to-complete

a course of instruction. In addition , the authors accepted the hy pothesis that
the rela tionship between course-related predictors and completion time variables

is l inear.

As an attempt to categorize and integrate the diverse variables influencing

the instruct iona l process , Carroll (1962, 1 963) presented a conceptual model of

school learnin g which has proven to be quite durable over the intervening fourteen

years . The model output , the criterion varia b le , is degree of learnin g , i.e .,

performance on an achievement test after a fixed amount of e~apsed time . The
model i tself consists of five elements , two perta ining to the characteristics

of the i nstruc tional env i ronmen t, and three to the characteristics of the student.

The first instructional variable concerns the adequacy of presentation of the

learn in g task , how clearly it is presented and explained , and how appropriately it

‘~~~ p i~ ced in the sequence of tasks to be learned. The second represents the

opportunity for learning, the time allowed to learn the task. The first of the

three individual difference variables represents the student ’s ability to understand

the instruction. Carroll suggests this to be analogous to genera l or verbal

in tell igence and de term i nes the ex ten t to w hi ch the student is ab le to un ders ta nd
d i rections and explanations or to infer them from the content of instruction if

they are missing. The secon d , aptitude , is defined as the time needed by the student

to learn a particular task to cri ter i on , given that the instruction is presented

well enoug-h for him to grasp it. ~ptitude is considered to be a relatively inva rient

characteristic of the individual. The third element represents the maximum amount

of ti me an i ndivi dual w i ll a pp ly himself to a task. This is called pcrseverance.

1—3
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A recent model of the instructiona l process proposed by Cooley and Lohnes

(Gla ser , 1976) deviates only slight ly from .~Car rol l ’ s earlier formula tion. Carroll ’ s

elements o f aptitude and aL~~~ty to understand instruction are replaced by a s i ngle
variable , in itial ability, representing the sum of the student ’ s sk i l l s  and intel -
lectual capacities. Carroll ’ s adequacy of presentation is replaced by two elements:

(a) the extent to which the curriculum is structured , the methods of individua l i-

zing instruction , and the general organization of instruction; and (b) the quality

of the student-teacher interaction . The term mot ivation has been su bstituted for

perseverance , but it is defined as the student ’ s tendency to engage in learning

activities when the opportunity exists . Finally, the relationshi ps among the

elements are not stated as explicitly. Rather , these relationshi ps are to be

determined empirically through mult ivariate anal ysis .

Neither the Carroll nor the Cooley and Lohnes model , as stated , is appropri-

ate to a self-paced , criterion-referenced instru ctional enviro nment. In both , the
criterion variable represents degree of learnin g, and opportunity for learning

is assumed to be limited. In a criterion-referenced environment , degree of
learning is , theoretically at least , controlled while opportunit y for learning

remains free to vary . Consequently, time per unit of instruction (time to

criterion) or learning rate is the most appropriate criterion variable for a model

of learning in a self-paced environment.

1.3.2 Selection of Predictor Variables - Psychologists and educators have

long been aware that learning and performance on instructional tasks are a func-

tion of the student ’ s level of ability or apti tude and his motivation . More
recently , they have also recognized the impor tance of taking into account both

situational and task factors . The search for those variables , however , and

their associated measures which best descri be the student ’s actual and expec ted

performance remains a pervasive problem further complicated by:

o The d ifficulty in obtaining quantitativ e measures of situational and

task variables (Uprichard , 1975)

o The fact that a student ’s trait levels of ability and motivation may not

be as predictive of his performance as more situationally sensitive state

measures (Speilberger , 1966 ; Spie lberger , O ’Neil , an d Hansen , 1972)

1-4
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o The l imited progress that has been made in the identification of satis-

factory measures of student motivation (Bern and Allen , 1974).

Add i tional p roblems are raised when the concern is predict ion of performance
in a self-pace d , individualized , criter ion-referenced instructional environment.

A majori ty of research on variables related to learning has been conducted in

grou p—paced , conventional instructional environments , (Campbell and Schwen , 197 1 ;
Schwen , 1973), and existing theories and data on ability and motivational

var iab les have focused on ach i evemen t scores ra ther than learn i ng rates as the

dependent variable of interest (Brown and James , 1972 ; Col ton , 1 974; McAvoy ,

Ka h n , and Frankl i n , 1973).

1 .3.2.1 Student Ability/Aptitude — A common approach to the proble m of

ident i fy i ng studen t character i s ti cs relate d to performance i n a com p lex i ns truc -
tional system is some form of task analysis. Campbell and Schwen (1971 ) argue

for an analysis of learnin g tasks in terms of the effects they have on the student ’ s

cognitive processes and personality variables. They stress that possible inter-

actions between task and learner characteristics be considered. Schwen (1973)

su ggests that a mo del most app ro pria te for analys i s of learner character i s ti cs
i s one that combines empir ical metho ds , e.g., predictive statistical mode ls ,

with task analysis. The important point is that such analytical methods can be

used to identify potentially important variables or interactive relatio nships

between variables that should be considered in a student ability/aptitu de para-

meter.

1.3.2.2 Situational/Task Variables - In considering relevant situationa l/

task var iables , it is instructive to distinguish between those variables which may

vary le tween students , suc h as type of instructional treatments , and th ose w h i c h

are constant for an in dividual student but vary across tasks , e.g., criterion

levels or task difficul ty. Just as analyses of learning tasks and learner

charac ter ist ics we re recommen ded for the id entif icat ion of an ab i l i t y /a p ti tude
parameter , it is an equally appropriate approach to the ident ification of

relevant situational /task variables (Campbell and Schwen , 1971; Schwen , 1973).

Walberg (1975) has stressed the nee d for analyses which identif ~’ other possible

var iables predictive of student performance. He bases this on the fact that ,
althou gh aptitudes or abilities can be reliably measured , they can usuall y account

1-5
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for no more than half the variance in student performance . Upricha rd (1975)

suggests that organizational stucture or classroom variables be taken into account

as well as evaluat ion variables , e.g., criterion levels an d frequency of tests.

Some additional situational/task variables which may be important in a self-

paced instruction al environment are suggested by the Wagner et al (1974)

study. Among their findings were :

o To tal time could not he predicted as well as instru ctional time due to

ma ry unknown factors related to variabilities in testing time

o Grou ping of data by instructional mode was required in order to predict

com pletion times more accurately.

These findings suggest that potentially important situat ional/task variables would

incl ude ratios of instructional time to testing time , relative difficulty level
• of each instructional unit of interest , testing frequency , ratio of audio-vis ual

to printed materials , and the frequency wi th which an adaptive model choice

( i f  present in the system) constitutes the actual assignment.

1-6

P#VCOONNELL DOUGLAS ASTRONAUT ICS COP.PANY- EAST

IlL ~~~~~~~



F -
.-

~~~~~

-

~~~~~~~

-

~~~~~~~~

- - - -.

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~

- -

~~~~~~~~~~~~~~~~~~~

—--—

~~~~~~~

-

EVAL UATING MDC E157 0
INS T RU CTIONAL SYSTEMS VO LUME 15 MAY 1977

2.0 OVERVIEW OF THE TECHNICAL APPROACH

The work described herein consists of three major activities :

a) Definit ion of a descriptive model of a generalize d , computer- based

training system .

b) Generation of a predictive model of student performance in a computer-

based training environment.

c) Develo pment ~,f a computer program incorporatin g the predictive per-

formance model to estimate the cost of such a system .

The pri mary pur pose of the descript ive model was to id enti fy the com ponen t
activ ities involved in the instructional process in a computer-based training

env ironment. Further , the model serve’i to identify : (a) subject matter charac-

teris tics ; (b) instructional and system design considerations ; (c) student indi-

vidual difference characteristics ; and (d) the relationship of these variables to

the various components of the model. The variables to be considered by the pre-

dicti ve model served to define the domain of computer-based training systems to be

addressed by the predictive model . As defined , the model assumed a crit eri on
referenced testing environment and emphasized , as the dependent variable , the time
to reach criter ion on an arbitrary unit of instruction.

Since this study focused on the prediction of student time-to-completion of a

unit of instruction (so as to demonstrate time—savings and cost-effectiveness),

a model to account for prediction of time was developed. The analysis of data

within this model necessitated the use of a statistical technique through which

one can analyze the rela tionship between the criterion or dependent variable

and a set of predictor or independent variables.

The statistical techn ique chosen for this effort was multiple regression.

Th is statistical treatment is useful primarily because of its ability to produce

l inear prediction equations (Kerhinger and Pedhazer , 1973) as wel l as com puting

sta tistics that provide the researchers with statistical inference procedures

for determining confidence limits for estimates with a means for measurement of
var iance in the dependent variable accounted for by the predictor set. Finally,

2-1
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the Li~e of multiple regression provide d the authors with a degree of control over

extraneous variables in order that the combined contribution of a specific

set of variables could be more closely examined.

Specifically, the intent was to develop a model in the form of a regression

equation in which the criterion was time-to—com plete an arbitrary instructional
unit. Predicto~ variables were drawn from the severa l categories defined by the
descriptive model and were limited to the type of information which will be

available to or can easily be obtained by a military training course developer.
The actual predictor variable data were sampled from course planning documents
for two courses which had been group-paced but are currently being conducted in

a self-paced mode under the control of a computer-based training system - -
the Advanced Instructional System (AIS) at Lowry Air Force Base , Colorado.

The predictor variables fell into four broad categories. The first concerned

course content , information which was either available directl y from the course

planning documents or which could be derived from these documents . The second

category consisted of instructional desi gn considerations. Variables in this
category were broadly defined and limi ted by the consideration of only those
which varied between or within the two AIS courses . The third consisted of test

characteristics , the performance standards established for the two courses. The
fourth category of predictor variables consisted of student individual difference
measures. Two classes of such measures were considere d: those which would
normally be available to the developers of a military training course; and an

additional set of measures which was available to this study because of its use
in the AIS pre-assessrnent battery .

The criterion variable exp h icitl ~’ predicted by the regression equation is
first-attempt-time on an AIS lesson . The model was then expanded to address the
time required to complete a large r instructional unit consistin g of n lessons and an
end—of—unit criterion test. Lesson and unit level criterion data were drawn from

the AIS student performance data bases for the Inventory Management and Weapons
Mechanic courses .

The most relevant predictors in each of the four categories of predictor
variables were determined through a series of linear model comparisons. In such

2-2
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comparisons , two equations , one including and the other eA cluding the variable(s)

of interest within variable categories , are evaluated in terms of the reduction in

the square of the multip le R from the first to the second linea r m odel. In the

com pa ri sons ma de , primary emphasis was placed on the cost of obtaining data for

the variable(s) being considered for exclusion relative to its (their) predictive

value. Follo wing reduction to a parsimonious set of predictor s , stepwise multiple

linear regression was used to obtain a final predictive mod el. This final model

was then cross-validated and tested for generality as an additio nal evaluation

of val idity across courses .

The final activity in the study was the producti on of a computer cost analysis

program entitled Aid for Instructional Development and Eva luation (AIDE). AIDE is

a modi fication of the Ran d cost anal ysis p rogram MODCOM , Method of Designing
Ins tructional Al ternatives (MODIA) (Hess and Kantor , 1976) set of programs . The
modification cons isted of reprogramming MODCOM to use the pred icti ve model regres-
sion equation developed in this study while retaining all of MODCOM’s cost analysis
features. The program output is a series of tables which describe the course
specifications including the student and lesson variable values employe d by the
p redi ctive model regression equation , resource requirements and costs , and the
total course cost. To illustrate its use , the AIDE program -was e xerc i sed i n
answerin g three sample questions related to studen t charac teri sti cs an d course
design (See Section 5.4).

2—3
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3.0 DESCRIPTIVE MODEL OF COMPUTER-BA SED TRAINING SYSTEMS

Antecedent to the development of the computer-based predictive model , i t was
necessary to define the scope of the instructional process to be model ed. This

was done through the generation of a descr ip ti ve model . This descriptive model

provided a basis for (a) conceptualizing the overal l instructional process , (b)

identify i ng gaps in the conceptualization , (c) identify i ng variables which could be

quantified for inclusion in the predictive model , (d) determining data collection

requirements , an d (e) assisting in the interpretati on of results. What is pre-

sen ted is not intended to represent the only way or the optimal method of

accomplishing individualized , self- paced instruction , but rather it is an attempt

to represent a generalized model which can encompass a wide variety of computer-

based tra i nin g systems . The descriptive model was developed in two stages. The

fi rst stage, essen ti ally the contex t for the descr ip tive model i tself , is illus tra-
ted in Figure 1.

The most basic element defining the characteristics of an instructional

process model would appear to be the criterion behavio rs to which the student

is to be traine d — the set of ski lls assume d to be require d in the field . In
the Air Force , these ski lls are rather exp l ici tl y define d by the Special ty Tra i n i ng

Standard (STS) for each field.

The curriculum , the instructional content of a particular course , represen ts
the interpretation of these behavioral goals by the course personnel . Since the

curr iculum is defined by the course personnel , it must be assumed that it will be

shaped by their cumulative experience , both in the field and in the classroom ,

and by thei r knowle dge of local ins tit utional cons traints , e.g., availability

of training devices , usual ratio of instructional personnel to students , and physi-
cal plant limitations. The final de finition of the curriculum is represented by

the course planning documents. For the A i r Force, this is the Plan of Instruction

(P01). These documents contain an explicit statement of the course content , the
amount of instruction (time ) to be devoted to each topiL, the instructional method
(e.g., lecture or demonstration) where available, and the training aids (e.g.,
films , manuals and actual equipment to be employed). Throughout this study , it
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wi l l  be assumed that the course to be modeled is in existence , probably in a
conven tional , grou p-paced format , and that course planning documents are avail-
ab le.

Since the purpose of the predictive model being developed is to represent a

self- paced , in dividualized course , it is assumed that in situations in wh i ch the
model is to be employed , a comple te set of instructional materials , re p resen t ing

the entire course content , will need to be selected or develope d. Thus , the next
block in the diagram represents the means by which the instructional content is to

be presented. These are the definin g charac teris tics of the course of ins truction
to be develo ped. Is the instructional method to be expository or oriented toward

discovery and problem solving? Is the presentation narrat ive or programmed , that

is , frame oriented with embedded questions? If programmed , what is the frequenc y

of interaction? To what extent are pre- and post-organizers , such as objectives
and post-questions employed? Is the instruction merely self-paced , or is it indivi-

dualized in the sense of advanced placemert and assignment of alternative

instruc tional treatments? What presentation media are employed , e.g., print , audio—

visual , or computer—assisted instuction ? As is indicated by Figure 1 , these

instructional character istics are a function of several considerations: the

content to be taught; explicit decisions regarding instructional design , in d iv i-
dualiza tion strate gi es , and med ia; the avai la bility of instructional resources ;
and the influence of institutional constraints and policies. The category of

instructional resources is meant to include presentation media (printed materials ,

audio — visual devices , terminals for computer-assisted instruction), the m a t e r i a l s
and equipment which the student is being trained to work with in the field (e.g.,

manuals , actual devices and tools , simulators) , and terminals for interactin g w it h
a computer-management system .

The instructional interac tion , the process throu gh which learning takes place ,

is primarily a function of the instructional content , mode of presentation , and the

characteristics of the students at the time of their entry into the course - the

level of their aptitudes and abilities. Although not shown explicitly in Figure 1

student characteristics will , hopefully , have been taken into consideration by

the instructional desi gn process and , to the extent necessary , reflecte d i n t he
course pl a n n i n g documents . It is unreasonable to expect , however, tha t the instruc-
tional presentation will be perfectly matched to student characteristics. There
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is also the possibi l i ty that the average ability level of the students wi l l  vary
over time as a function of demand for trained personnel and economic fl uctuations

in the civ ilian sector. Finally, the total distribution of student charac-

teris tics , as well as the average level , mus t be cons id ered in evalua ting t he
entire tra ining system throughout.

It must be recognized that the nature of the instructional interaction is

also shaped by existing course policies . These are , unfortunately, intangib le
factors concerning the prevailing attitudes among the instructors and their super-

visors , and the incentives , positive and negative , explicit and imp l i c i t, to wh i ch
the stu dents are ex posed . Finally , the instructional interaction , par ticularl y the
time it requires , is d i rectly a function of the actual , day-to- day avai la b ility
of the instructional and management resources. While resource avai lability was

pre;umably taken into consideration by the instructional system design , problems

may arise if the student entry rate is substantially increased or if equipment

ma intenance is not adequate . In that case , student queuin g for resources can

account for a substantial portion of the total trainin g time .

There is undou btedly a host of measures by which the effectiveness of the

instructional interaction , of the total instructional system , can be judged .
The most tangible measures , however , are level of mastery , rate of attrit ion ,

and time-to-cri terion. As will be discusse d in subsequent sections of this report ,

level of mastery is exceedingly difficult to capture in a model intended to genera-

l ize across training programs . Since the prime purpose of the predictive model is

to provide a tool for the comparison of alternative instructional systems , all
of which are criter ion referenced , it will be assumed that the required level of

mastery is primarily a policy decision that remains constant from one system to

another . If level of mastery is indeed fixed , the only two parameters left free

to vary are rate of attrition and time-to-criterion. While attri tion would appear

to be a plausible dependent variable , it has been the authors ’ ex per i ence tha t , in

a miltary training environment at least , it is also largely a function of course

pol i cy . Thus , the primary dependent variable to be considered by the model will be

time-to-criterion , the time requ i red to complete the course of instruction.

Given the dependent variable of time-to -completion , the next step was to

develop a description of the instructional interaction process which would
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(a) account for time-to-completion , (b) generalize across a variety of computer-

based tra i n i ng systems , and (c) incorporate the classes of independent variables

outlined in Figure 1 and the preceeding paragraphs. Finally, it was desirable

that th e model be suffic iently fine g ra i ned that eac h of th e ind i vi dual com ponen ts
of the model could be related to a small subset of the independent var iab les and
that the times attributable to each component sum to equal total time-to-com plete

the instructional unit. This descriptive model is shown in Figure 2.

A course structure is assumed in which the curriculum consists of one or more

major instruc t ional uni ts . Each uni t i s assumed to end w i th a cr i terion referen-
ced examination which the student must pass in order to proceed to the next unit ,

or , in the case of the last uni t, to be graduated from the course. In the desc riptive

model , this examination has been termed a credentialling test. n Air Force tech-

nical tra ining , the corres pond i ng instructional un i t i s a “Block. ” Stu den t scores
on end-of-block tests are entered in the student ’ s permanen t recor d ; a s tuden t
who meets criterion on the block test is considered to have demonstra :ed proficiency

on t he b lock content , and decisions concernin g aca dem i c el i mina t ion from t~
course are made on the basis of block test scores and times-to-block-completion.

I t  is assume d t ha t , up to a po i nt , a student failing to pass the credentialli ng

tes t wi l l  be reass ig ned par t or all of the i ns truct i onal unit and then retes ted .
The descr ipt ive model i s i ntended to account for the t ime require d for a student
to complete an arbitrary instructional unit - to reach criterion on the unit

credent i all i ng test .

Within each ma jor instructional unit , i t is  assume d tha t  the c u r r i c u l u m  is
divided i nto a number of smaller units , each coverin g one or more objectives ,

which will be termed lessons. It is further assumed that , in general , each lesson
has a cri terion ref erence d tes t over the lesson content . Lesson tes ts ar e inte nded
to be for diagnostic rather than credentialling purposes. That is , the prima ry

purpose of the d ia gnos tic tests is to t rack studen t’ s progress through the course ,

to detect specific areas of weakness and misunderstanding , and to provide a basis

for lesson level remediation in these areas. Diagnostic test scores would not , as

a r u l e , be made part of the student’ s permanent recor d.

Turn ing now to the components of the model, the first decision point ,

Determine Set of Assignments , represents a form of individualization which , in

3-5
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any part icular system , may be absent or present and , i f  pr esent , may be present
in varying degrees. It serves two functions. On a student ’ s first pass through

t he i nstruc ti onal unit , i t is analogous to advanced p lacement - on the basis of
known i nforma tion abou t the student’ s abi l i t ies and current sk i l l s , i s  it pro-
bable that he could skip one or more lessons without seriously jeopardizing h is

chances of meeting criterion on the credentialling test? Similarly, on a reme d ial
pass through the unit (following failure to meet criterion on the credentialling

test), what minima l set of lessons (or partial lessons) can be assigne d and still

have reasonable assurance that the student will rsieet the credential ling test cri-

terion on a retest? Within the descriptive model , this component i s repres ente d

by the probability (p1 ) that the student will be assigned a given lesson (lesson i).

It i s assume d to be a function of the sys tem ’s capability for individualization ,

the conten t of lesson i , the charac ter i st ics of the credentiall ing test , arid the
student ’s speci fic abilities and skills.

The secon d dec i sion point , Make Next Assi gnment , is similar in that it also

represents a form of individualization which may be absent or present ir l varying

degrees in different instructional systems. It is intended to represent system

capabi lity for individual ized assignment of alternative instructional treatments
at the lesson level .  Time savings attr ibutable to this component are represented
as be ing distributed across other com ponents in the model . Tha t is , i n d i v i d u a -
lize d assignment of alternative treatments will impact both first attempt an~
remed ial study times , the p roba b ility of pass i na the d ia gnostic tests , and , to an
ex tent , the t ime require d for tes t ing i tself .

The r ext component , Queuing for Lesson i Resources , is the first to represert

a t ime  consuming activit y , any delay due to the unavailability of lesson resources

which the student may encounter pr ior to being able to start his rext assignment.
It has lower limit of zero time and is assumed to be a function of both the quantity
of avai lable resources of the needed type and the system ’ s capabi l i ty for resource
m a n a g e m e n t , for schedu ling assignments so as ~o avoi d resource bottlenecks.

Tne component enti t led First Attempt Study on Lesson i represents the amount
of time consume d by the s tudent ’ s ini tial study of the lesson i content on a given
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pass th rou gh the ins tructional un it , either hi s firs t pass throu gh the unit or
un it level remediation. This component accounts for the major portion of the

stu dent ’ s first pass time in the instructional unit and is assumed to be a function

of the lesson content , system capabilit y for individualization (the avai lability

and individualized assignment of alternative ins tructional treatments), instruc-

tional desi gn and presentation considerations , the known (to the student)

characteristics of the lesson i dia gnostic test , and the characteristics of the

student himself .

3.1 FIRST ATTEMPT DIAGNOSTIC TEST TIME.

The amount of time which the student spends completing the test following

lesson i , has a l ower limit of zero (representing the case in which there is rio

lesson i diagnostic test) and is assumed to be a function of the test characteris-

tics . These characteristics include whether the content to be tested is primarily

knowled ge or involves the demonstration of performance ski lls , and if written ,

the type of i tems (completion , multi p le choice , or true-false), the num ber of

i tems (or number of steps in a performance task), and the cri terion level . While

it could be argued that the amount of time the student spends on the test

is also a function of his level of knowled ge , and hence a function of the same

factors that infl uence study time , the s implifyin g assumption is made , for the
sake of parsimony , that these factors make a relatively small contribution to the

total variance in testing time . They are taken into consideration in a subsequent

componen t representing the probability that the student will meet criterion on

the dia gnostic test.

3.2 QUEUING TIME FOR LESSON TEST SCORING /TRACKING.

This represents the amount of time the studen t must spend , following

completion of his dia gnostic test , until his test has been scored and he has
received h is next assignment. Placing this component after the diagnostic test

time component implies that testing itself is done off-line . The position of the

two components would simply be reversed to represent an on-line testing situation .

It is assumed to be a function of the number of termina ls availa ble for student/

system interaction , the speed with which these interac tions can take p lace , and
the extent to which assignment scheduling (resource management) can preven t the

occurrence of waves in the level of student demand for terminals.
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3.3 PASS /REMED IATE DECIS ION
The follow i ng dec i sion po i nt rep resen ts the outcom e of scoring the di agnos ti c

test, the probability that the student has met the test ’s stated criterion .

If so , it is assumed that he proceeds to his next lesson assignment , if any. If

not , it is assumed that he is assigned a remedial activity desi gne d to ena b le h i m
to meet cri terion on the previously fa i le d objectives . Th i s pro babili ty is assume d

to be a funct i on of the content of lesson i , the system ’ s capabilit y for indivi-

dualized assignment of alternative instructional treatments , instructional des ig n
cons id era t ions  for lesson i , the characteristics of the lesson i diagnostic test ,

and the relevan t characterist ics of the studen t himself . If there is no dia g-
nostic test corres pond ing to lesson i, the dec ision would , of course , always be
“Pass. ”

Let us first consider the case in which the student fails to meet criterion

on the diagnostic test and Is assigned a remedial activity . The bulk of this

activity is represented by the component labele d Remedial Study on Lesson i.

The amoun t of time required for this activity is assumed to be a function of the

same factors which determ i ned f i rs t attempt study time on the lesson and , in
addi ti on , course train ing policy considerations. The intent of including this

policy factor is to allow for situations in which the local traini ng policy

d ictates tha t the student retest wi thin a certain perio d of time or that the
student spend at least a minimum period of time before retesting.

It will be noted that the component Queuing for Lesson i Resources has not

been included in the remedial loop . It is assume d that resource mana gement wi l l
be such that if a train i ng device was require d for the student ’ s f irs t at tempt on
the lesson , the device will remain ava ilable to him for remediation .

3.4 REPEATED DIAGNOSTIC TEST ON LESSON i AND QUEUIN G FOR LESSON TEST SCOR ING/

TRACKING
The next two components , are essent ial ly the same , and a function of the same

factors , as the compara ble components in the loop respresenting initial study .

I t should be noted that the number of items on the diagnostic test , and hence the
time required for testing, could change if a scheme is employed by which a student

is retested only over previously failed objectives.
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The following decision point , the probability that the student wi l l  now
meet criterion , is analogous to the prior , firs t pass decision point and is

assumed to be a function of the same factors with the addition of a course policy

var iable. The introduction of the policy factor is to allow for those situations

in wh ich local policy might require that a student proceed to the next lesson

assignment after two or three lesson attempts . This might be accomplishe d , for

example , through intens ive remediation by an instructor and his certification that

the student has met the diagnostic test cri terion. If the decision is that the

student again failed to meet criterion , it is assumed that he will recycle through

the remedial loop. A decision that the student has now met criterion returns him

to the same point as was the case for a student who met criterion following his

initial attempt on lesson i .

3.5 INSTRUCTIONAL UNIT LEVEL COMPONENTS

If the set of lessons assigned to this student for the current instructional

uni t has not yet been comp lete d (~4ll Assi2nments Completed?), he repeats the cycle

described in the preceding paragraphs. If all assigned lessons have been completed ,

tha t is , if the student has studied all assigned content in the instructional unit ,

he is assigned the unit credentia lling test.

The component shown precedin g the credential ling test , Cumulative Adminis trative

Overhead, is intended to account for that time which , while the student was in the

current instructional unit , was spent on non-instructional activ ities. Examples

would be rol l call , extra group instruction such as safety lectures , classroom

clean up, assignment to special details , smoking and coffee breaks . This time

is to be strictly a function of local course policy and would have to be estimated

in each specific si tuation.

Time spent completing the credential ling test is assumed to be a function of

the same test characteristics as was the case for the diagnostic tests. This
component would , however , also inclu de any time spent in critiquing the student’ s
i tem-by-item performance on the credent ia l l ing test, an act ivity assumed to be

unlikely fol l owing the more frequent diagnostic tests .
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Again , allowance mus t be made for the time required to complete test scoring.

This is represented by the com ponent la bele d Queuin g for Un i t Test Scorin g/T rack i ng
and , as was the case for diagnostic test queuing , i s assume d to be a func tion  of
terminal resource availability .

3.6 PASS /REMEDIATE /WASHOUT DECISION
The final decis i on poin t represents the outcome of the evalua tion of th e

student ’ s performance on the cre dential l in g test . If t~~ student is determined

to have met the stated cr i teria , he p rocee ds to t he nex t i n s tr u c t i o n a l  un it or is

consi dered to have com p lete d the course . It is assume d t hat a student w ho fa i ls
to meet cri ter i on w i ll be ‘ wash ed back” to repeat some or all of the lessons in

the i n s t ruc t i onal u n i t . For the sake of parsimony , i t is assume d that  t h i s  major ,

uni t-wide remediation can be modeled in the same manner as was the student’ s

f i rs t pass throu gh the uni t. The amount of material assi gned for reme d iation
may differ from the student’ s f irst pass throu gh the uni t depend ing on the sys tem ’ s

capability for individualization . Finall y, i t is assumed that the decision to

eliminate a studen t from the course on the bas i s of aca dem i c defi ciencies w i ll
only be ma de fol low i ng a cre den tiall ing test .
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4.0 PREDICTIVE FIODEL OF COMPUTER-BASED TRAINING SYSTEMS

4 .1 DESCRIPTION OF DATA SOURCE

4.1.1 Selection Criteria - The criteria established for selecting a data source

we re as follows :
o A computer-based , self- paced , ind iv id ualized instruc t ional system wel l

into its development cycle

o The ava i la b ili ty of quan tita t ive and qua li ta t iv e course con ten t descri pt ions
from both the prior , conven tional mode of i ns truc tion and from the c u rrent
self -paced mode

55 

o The availabili ty of pre-instructiona l measures of trainee characteristi cs

o The availabil ity of trainee performance (time and score) data under the

com puter- based system .

Of the avai la b le sources , the Air Force Advanced Instructional System (AIS)

at Lowry A i r Force Base , Colorado , was considered the best to meet these criteria.

in addition , residen t specia l i sts , familiar with the characteristics and use of

the AIS data base were available as consultants . Computer time and a limited

amoun t of software support were also made available.

4.1.2 The Advanced Instructional System - AIS is being developed by the McDonnell-

Douglas Corporation under a contract with the Air Force Human Resources Laboratory

(TT), Lowry Air Force Base (Rockway and Yasutake , 1 974; Yaslltake and Stobie , 1975).

It is intended to be a comprehensive CMI/CA I system for the administration and

mana gemen t of l a r ge scale , individualized technical training. At the time of this

study , fou r cou rses , conta ining approximately 600 students , were being supported

with the overall goal of achieving an average 25 percent reduction in training time

over what was required prior to system implementation. These four courses represent

a wi de range of learning requirements, from clerical to mechanical to problem

solvin g ski l ls , and cover a variety of course administrative requirements . In
addition , A IS serves as a research and development tool to allow evaluation of a

variety of innovations in instructional technology , particularly those aimed at the

adaption of instruction to student individual differences.

A lar ge , central computer (CDC Cyber 73-16) provi des data processing capa-

bility . Data input and output are supported by two types of terminals. A
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management terminal (consisting of a form reader , printer , an d min i com puter
enclose d in a console) is used to read and score test forms , transmit da ta to the
cent ra l  com pu ter , ana print out student prescriptions and management reports .

An interactive terminal (consisting of a plasma display and keyboard) is used for

instructor and course author interaction with AIS data files and will also be used

for on-line , adaptive testing and CAl .

The system was designed to provide the functions of diagnosis of student

perfo rmance , forward-go ing assignment prescriptions , resource al location and
scheduling , guidance and counseling , information retrieval , report generation ,

and su pport for evaluation and research. The software to support these functions

comprises the Adaptive Model and Applications Programs component of the AIS.

This software was tested and im plemented in all four courses during the sumer of

1976.

The Ada pti ve Model con tains the com ponent enti tled Ada p ter wh i ch assess es
cognitive and affective student tra i ts and states , and selec ts i nst ruc ti onal
alterna tives that best match the needs of each student at each node of the instruc-

tional sequence. The individualization afforded by the Adapter is constrained by

the prerequisite relationships inherent in a course structure and by the availa-

bility of instructional resources. Thus , a Resource Allocation/Schedul ing Model

w ithin the adaptive model maintains the inventory of available resources , restr i cts
the assignment of alternatives to the available resources , su pports the sche dul i n g
of team tasks , and attempts to optimize the utilization of expensive and limited

training resources.

Both the Ada pter Model and Resource Allocation/Scheduling Model operate on

predictions as to the amount of time each student will require to complete his

current assignment and his current course unit. These da ta , in conjunction with

p red ic tions of student scores on each cr it er i on tes t , are used to provide the

guidance and counseling function in that each student ’ s performance is con ti n u a l l y
evaluate d relative to other students.

A t the time this study was being conducted , the AIS was operating in a more

rud imentary mode , termed Init ial CMI. Although the courses were self-paced . the

prima ry means of instruction was limited to programmed textbooks. Instructional

alterna tives were under development , bu t only a very few had been integrated into
4-2

iICOONNELL DOUGLAS ASTRONAUTICS CO%IrANV • EAST

- -  
- .~~~~~~~~ UI4.~~~~~~~~~~~~~~ i



r .. -

~~~~~~~

.
_ _ _ _ _ _ _ _ _ _ _

EVAL UAT ING MDC E1570
INSTRUCTI ONAL SYSTEMS VOL UME II 15 MAY 1977

the courses . Whi le  the main track of instruct ion did incl ude some instances of

au dio-visual lessons , the num be r an d var iety of the se les sons were i n s u f f i cien t

for the purposes of this study . While the system provided test scoring and data

recording capabilities , the sequence i n which the lessons were s tud ied an d the
ass i gnment of instructional resources were under the contro l of the classroom

instructors. Each student recorded the amount of time he spent in various

activities , e.g., first-attempt-lesson-study , remedial study , and testing,

on his individual test answer sheets. These data were recorded by the system ,

but there was no di rect measurement of these t imes.

4.1.3 Courses Selected - The four courses supported by AIS at the time of the

study were Inven tory Management Specialist , Materiel Facilities Specialist ,

Precision Measurin g Equipment Speci a l ist , an d Weapons Mechanic . The ana lys~s to
oe conducted required a lar ge data base (hence a rela ti vely lar ge student
flow ) and a large overlap between the content of the current , self- pace d course and
the earlier , conven tional course. On the basis of these considerations , the two
courses selecte d for modeling were Inventory Management Specialist (IM) and Weapons

Mechanic (WM).

Under conventional instruction , IM was a 210 hour course leadin g to the
Air Force Specialty of Inventory Clerk. Course content primarily concerns

inven tory procedures , record keeping, an d ship p ing. The wor k requires clerical and
procedure -following skills. The selection criterion for admission is a percentile

score of 60 on either the General or Administrative Scale of the Armed Services

Vocational Aptitude Battery (ASVAB) given all enlisted p3rsonnel at the time of

in ductior ~.

Un der conventional instruction , WM was a 540 hour course lea d ing to a
specialty in weapons handling . The course teaches the cognitive and psychomoto r

sk ills required to handle and load air-to-air and air—to—ground weapons and to

troubleshoot and repair related equipment. A key feature of the WM course is its

em ployment of team concepts in skill development. The admission criterion is a

percent ile score of at least 60 on either the Electrical or Mechanical scales of

the ASVAB .

Both courses were divi ded into a number of “blocks ” (six in IM : 12 in ~-,M),

each approximately a week in length. Each block contained from 10 to 30 lessons and
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an end-of -block test. Students were required to meet criterion on these block
tests before p roceed i ng to th e next b lock . Under AIS , lessons are approximately

one to two hours in leng th; each covers two or more instructional objectives .

and most conclude wi th a diagnostic lesson test. Under conventional instruction ,

the lessons had tended to be l onger , and , as a rule , a conventional lesson was

broken up into two or more AIS lessons.

Of the six blocks in the IM course , the fi rst five were analyzed for this

study. Insufficient student performance data were available from the sixth since

it had recently undergone a major revision. The last four of 12 blocks were

analyzed in the WM course. The course was being implemented under AIS from back

to front , and insufficient data were available from the l ower numbered blocks .

4.2 DEFINITION OF VARIABLES FOR ANALYSIS AND DATA COLLECTION PROCEDURES

4.2.1 Definition of Criterion Varia ble - Several types of time data available

from AIS were considered for use as the criterion varia ble to be predicted by the

model . These included block completion time , fi rst pass b lock time , lesson
complet ion time , first attem pt lesson time , first attempt study time , and f irst
attempt test time . Of all of these time criteria , block completion time was
considered to be the most useful criterion and , because of its relationship to

the descriptive model , the most appropriate . It was , therefore , selected as the
criterion varia ble to be predicted by the model.

For purposes of developing the predictive model , however , the number of blocks
was too small to provide sufficient variability in content. Time prediction

equations needed to be developed at the lesson level . As was noted in the dis-

cussion of the descriptive model , it could not be assumed tha t the sum of lesson

completion times woul d equal block completion time or even first-pass block time .

Each pass through the block also includes the time required for the block test

itself , cumulative administrative overhead which included studen t “breaks ,”

and time lost due to queuing for resources and test scoring. No accurate time

data were availa ble for any of these components. The most ap p ro priate a pp roac h ,

therefore , appeared to be one in which the variable predicted would be lesson

completion time . A proportional “lost time ’1 estimate , determined from the d is-
crepancy between the sum of lesson completion times and block completion time ,
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and assum ed to contain the t i me alloca ted to b lock reme di a ti on , overhea d , and

queuing would then be emp l oyed to provide an estimate of bloc k completion time .

It was found , however , that lesson comple tion time was itself extremely

unrel iable. The time required for each attempt on the lesson was recorded on a

separate test answer sheet with an identifying attempt number. Because of the

multi ple pieces of paper involved and because procedures were not always rigidly

adhered to i n the classrooms , the problems of incomplete and missing da ta wer e
wi despread . The amount of available lesson completion time data which could be

considered reliable was inadequate for the modeling study .

Some considerat ion was given to the separate prediction of reported first-

attempt-study and first-attempt-test time . This approach was discarded , however ,

since there had been a continual problem in instructing students in how to differen-

tiall y record study time and test time due to confusion over self-tests whic h were

to be counted as part of study time . The varia ble finally selected to serve as

the criterion to be predicted was first-attempt- lesson-time. This variable was

based on a s i mple start an d s top time recor ded on the stu dent ’ s answer shee t and
had been found to be the most reliable of the various time measures . For the

majority of cases , it was equivalen t to lesson completion time . It coul d be
relate d to block time by increasing the magnitu de of the proportion of “lost

time .” Viewed in the context of the Descriptive Model (Figure 2), the cr i ter i on
measure was the cumulative time (across lessons) attributable to the two components

entitled First Attemp ~Study on Lesson i and First Attemp t Diagno stic Test on

Lesson_i.

The prediction of block and lesson test scores presented a very different

problem - that of generalizability . It was intended that the predictive model

to be developed should generalize across a variety of technical training courses .

While there is no ambiguity concerning the meaning of a cl ock hour and no vari-

ation in the meaning of this concept from one course to another , this is not the
case with regard to test scores. The probability that a given student will obtain

a passing score on an arbitra ry test is at least as much a function of test i tem

difficul ty as of the student’ s characteris tics and the content being tested .
Item difficult y is , i n turn , primarily a function of the experience and opinions
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of the developers of the specific instructional materials and the test. It is
a safe assumption that the foremost factor infl uencing a test developer ’s decisions

regarding i tem difficulty and adequate criterion performance is his past experience

w ith the performance of students in this particular course of instruction.

Thus , while it appeared imp lausible to generalize across courses with respect

to expected test score or expected failure rates , it did appear reasonable to expect

that the level of student performance would remain relatively constant from con-

ven tional to self-paced , in dividualized instruction. This assumption was made

explici t in the predictive model being developed. That is , it was assumed that

the level of with in-course student performance , the skill level of the course

graduates, and the rate of attrition would remain unchange d following the transi-

tion from conventi onal to self-paced , indivi dualized instruction. The only

dimension left free to vary was , therefore , time .

4.2.2 Definition of Predictor Variables - The variables selected for investi-

gation as potentia l predictors of fi rst-attempt-lesson time will be d i s c u s s e d  in

terms of the categories of independent variables influencing the instructional
interaction which were outlined in Figure 2 and discussed in Section 3.0.

While it would have been plausible to consider bahavioral goals (see Figure

1) as a category of predictor varia bles , it was consi dered more appropriate to

obtain measures of the instructional conten t itself , the course curriculum .

Information regarding both classes of factors were availa ble - the Specialty

Tra ining Standard (STS) reflecting goals and the Plan of Instructio n (P01) ref-

lec ting content. Wh ile the i nformation provided by the STS is more basic and

less subjec t to chan ge , the rela tionship between the two documents should remain

constant unless the course goals and conten t are subjecte d to the type of re-
anal ysis called for by an Instruct ional System Development (ISD) exercise

(U.S. Arm y Training and Doctrine Command , 1975). The purpose of the predictive

model is to examine the effects of self-pacing and individu alization , not the

effects of ISD . It was therefore assumed that content , as refl ecte d in the P0 1 ,

would remain constart during the transistio n from conventional to individualized

instruction. Use of the P01 as the reference document for course content has the

further advantage of reflecting the influence of local training policy. The specific

informa tion derived from the P01 is described in paragraph 4.2.2.1.
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As we discussed in paragraph 4.1.2 , the Initial CMI mode of operation , which

was in effect at the time of this study , d i d  not i nclu de computer con trolle d

individualization of the type required by the descriptive model , i.e., advanced

placement and assignment of alternative instructional treatments . Therefore ,

no variables pertaining to this factor could be included in the predictor set.

In the cate gory of instru ct i onal de sig n consi dera t ions , it wa s no t feasi b le
to include alternative media characteristics as predictors because of the limited

number of lessons employing media other than text. The extent to which advance ,

embedded , an d post-instructional organizers were present in various lessons did

provi de a basis for def i ning a number of predictors. These are discussed in

paragraph 4.2.2.2. Predictors in the test characteristics category are discus-

sed in paragraph 4.2.2.3. In addition , a var iety of meas u res of pre-instruction ,

ind ividual student difference characterist s was investiga ted . These are

described in paragraph 4.2.2.4.

While the quantity and quality of instructional and management system resources

have a definite effect on the characterist ics of the instruct ional interaction ,

particularly the time required for its completion , there was not sufficient

varia bility in this factor among the various AIS courses to permit its use as a

predictor variable. Consequently, the predictive model assumes an “adequate ”

su ppl y of resources .

It was recognized that course policy regarding training has a pervasive

influence on the instructional interaction. It is by nature , however , cours e-

specific and relatively intangible. For this initial attempt at. model development ,
therefore , i t was considered necessary to ig nore this factor - to consi der its
effect as contributing to unaccounted for variability except in-so-far as course

policy influences were reflected in the instructional content.

4.2.2.1 Course Content Variables - Course content characteristics were

determine d from descriptions contained in the plans of instruction (P01) pertaining

to the five IM and four WM blocks to be analyzed. Each of the Armed Services has

plannin g documents containing detailed descriptions of lesson objectives and the
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distribution of lesson time into categorie s such as lecture , performance , testing,
and outside assignment. The variables selected to describe each lesson were based
on informat ion common to these planning documents .

The content of each AIS lesson was identified i1 , ~~ i~OI on the basis of
common objectives. In some cases , the set of objectives covered by a single

conventional lesson had been transferred directly to an AIS lesson. In general

however , the conventional lessons were longer than MS lessons and contained more

material. In these cases , two or more artificial conventional lessons were defined ,

each containing the objectives corresponding to a single AIS lesson. The total

instructional time in the conventional lesson and the time allocated to each of

the instructional methods by the P01 were then distributed across the new , arti-

ficial lessons on the basis of the objectives contained in each new lesson. In a

similar fashion , if an AIS lesson contained the objectives of two or more con-

ven tional lessons , the times within the P01 categories were summed to create an

artificial conventional lesson . If the depth of content in the conventional

lesson had been reduced or increased in the corresponding AIS lesson , the P01

times were increase d or reduce d , by category , by the corres ponding amount. Finally,

there were some cases in which course content had chan ged during the AIS implemen-

tation perio d , and no conventional instruction POIs were availab le which inclu ded

the new objectives. When this occurred , the AIS lesson containi ng the new objec-

tives was dropped from the analysis.

These decisions and translations were made by mem bers of the AIS materials

develo pment teams and content matter specialists who , i n many cases , had previousl y
taught in the conventional courses. The conclusion of this exercise defined a

set of AIS lessons in the nine bloc ks which could be characterized by descriptive

statements in actual POIs or in POIs constructed artificially .

It was obvious that one of the most promising predictors cf first-attempt -

lesson time under a self-paced system would be the amount of time devoted to that

lesson under conventional instruction. This va r- - b le was define d as total P01

t ime. There was reason to expect , however , that predicted first-attempt -lesson

times (hereafter referred to simpl y as lesson time ) would be more accurate if
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separate variables were defined for the various categories of instruction outlined

by the P01. Four such va r iab les  were Jefined : Lecture_/ iscu1~~o_n ; Demons tr at ion/
F t ~r t o~T hdf l Ce ;  P~~g~~~1I11ed I r is t ruc t ion /A udj o-V - j su aj ; and , OuY 1( 1( 55 As~ i~jn w ent .

Each A IS lesson contained only material  which pertained directl y to the stated

ob jec t ives .  The ‘nice to know ” informat ion which would usually be included in a
lecture had been eliminated. Therefore , it was assumed that the amount of time

which the P01 allocated to lecture and discussion activit ies would be shortened

dramatically under self -pacing.

Under conventional instruct ion , Demonstration/ Performance ac t i v i t i es  usual ly

involve at least  two repet it ions of the task to be performed - once by the i n s truc-
tor and once by the student. Under se l f -pacing , the task was performed only once

by the student wider step-by-step guidance by the instructional materials. This

might be slower or faster than was the case under conventio nal instruction.

Ana lys is  of the object ives , taught at least  in part throug h Demonstrat ion/

Performance ac t i v i t i es , suggested that a further breakdown might be prof i table.

While some of the object ives were primarily psychomotor in nature , o t h e r s a p p e a red

to be primarily cognitive in nature (e.g., troubleshooting). Therefore , two sub~-

categories were defined : Demon strati on/Perfor mance-Cogn-itive ; an d Demonstration /

Performance-Psychomotor. Whi le  the d is t inct ion could have been made on a judge-

men tal basis , an al ternative a pp roach was emp lo yed. Each A IS les son coul d , poten-

tially, con ta in  a per formanc e c heck , su pervised by an instructor , as wel l  as a
mul t ip le-choice test.  If the AIS mater ials developers had seen f i t  to include a

performance check in the lesson , the P01 Lec ture / D iscuss ion  time was categor ized

as Psychomotor . Otherwise , the time was categorized as Cognit ive .

P01 instructional time allocated to programmed instruction or an audio-
visual presentation was grouped under a s ingle var iab le on the assumption that the

ti me re qu i r e d for  suc h ac t i v i t ies under se l f -pac ing wo uld not be shortened sub-

stantially. Finally, Outside As~~yj~ ent time was treated separately on the assum-

ptio n that such activities would be less efficient than if they were conducted

in the classroom .
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In summary , six quantitative measures of content were defined: The number

of minutes allocate d by the P01 to (a) Lectu re/ Discussion , (b) Demonstrat ion/
Performance -Cognitive , (c) Demo~~tration Performan~~~~y~~omotor , (d) P~~~~~n~ d

Instruction/Audio -Visual , (e) Outside AssJ~pmen t; and (-F ) the total number of minut es

allocated to the conventional lesson , the sum of the first five measures.

Defining measures of the Qualitative characteristics of the content presented

a substantially different problem . While several investigators have offered their

views regarding the interaction of specific content characteristics and student

performance , no one to date has been able to measure the relationship between

these content characteristics and rate of learning in an operational environment .
The current study employed two distinct approaches to the problem of content
class ificat ion and conducted a comparative evaluation of the two . The results of

this evaluation are discussed in paragraph 4.3.3.1.

The f i rs t app roach , wh ich will be termed content classification , concentrated

d irectly on the lesson content as descri bed by the P0 1. T hree broa d categor i es
were defined : memory , cognitive , and psychomotor . Whil e few attempts have sought

to identify such broad categories (most have dealt with more specific factors in
well defined environments , e.g., Guilfor d , (1971), it was thought that this approach
would have greater utility to instructional personnel given the task of charac-

terizing course content.

There was a dearth of personnel qualified and available to evaluate each

lesson in terms of the percent (late r translated into minutes) of memory , cognitive ,

and psychometer content involved. For the IM course , two instructors and a third

pa rty, not a subject matter expert , were asked to make these ratings jointly on the

29 lessons of interest. Only one subject matter expert was found to make these

evaluations for the 35 lessons of interest in the WM course. For each content
area represented in these lessons, the raters were asked to judge on a scale of

one to fi ve how simple or complex the material appeared to be for the trainee popu-

lation to whom it was presented. For exam p le , the content of a particular two hour

lesson might be judged to be 15 percent (18 minutes) memo ry and 85 percent (102

minutes) psychomotor. The memory content might be judged as being difficult and

given a complexity rating of fi ve . The psychomotor component of the lesson might
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be judged to be of medium complexity and given a rating of three. Since the lesson

was devoid of cognitive material, no rating was required for that category . The

precedure of obtaining content ratings for the IM and WM lessons, either by inter-

judge agreement or by a single judge , respectively, made the determination of

inter-judge reliability estimates inappropriate .

Definitions and examples of the three categories and of the complexity scales
within each category are provided in Table 1. These same definitions were g i ven
to the raters to guide their review of the POIs. These ratings served as input to

the data base.

The second approach to categorizing lesson content adopted a more conventional

- method , more ori ented toward the terminal behavior described by the objectives

stated in the P01. A modifi cation of Merrill ’ s (1972) classification scheme was
adopted. Merrill’ s categories of discriminated recall , classif ication , rule using ,

and higher order rule using were supp ’emented wi th the category of psychomoto r
tasks . A binary easy/diffi cult dimension was then added to each category . Defini-

tions of the five categories and the bases for the easy/difficult decisions are
shown in Table 2.

Two psychologists on the AIS project staff classified each objective listed in

the relevan t por ti ons of the POIs i nto one of these ten ca tegor i es . Each lesson
was then ra ted on the basis  of the p ro por t ion  of t he con tent a ttr ib uta b le to the

objective(s) in each category . For examp l e, a par ti cular lesson might con ta i n
four specifi c performance objectives. Three of the objectives mi ght be classified

as Discriminated Recall. Two of these might be judged as Discriminated Recall -

~~~ and the third , Discriminated Recall - Difficult. The fourth objective might

be categorized as an easy class ification task. The P01 time allocated to the two

easy discriminated recall objectives would be assi gned to the variable , Discriminated

Recall - Easy, for this lesson. The time attributable to the other two objectives

woul d be th e values of th e var i a b les , Discriminated Recall - Difficult and Class-

ification - Easy. The variables representing the seven remaining categories of

terminal behavior or performance , Classification -Di fficult through ,~~iomnotor-

Difficult would be given values of zero .
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TABLE 1

CONTENT CLA SSIFICATION : DEFINITION

AND METHOD OF CALCULATION

CONTENT AREA DESCRIPTION

Memory Related Content That portion of the lesson content re-
quiring retention of information.
Measured in terms of the minutes of
conventional instruction .

Memory - Simple/Complex A five point rating of the simplicity
or complexi ty of the memory related
element in the lesson . Simple memory
content (one) includes recognition of
familiar terms ; complex memory content
(five) includes recall of many new
technical terms .

Cognitive Content That portion of the content related to
knowledge gathering, understanding
relat ionships and pr inciples , and
problem solving. Measured in terms of
minutes of conventional instruction .

Cognitive - Simple /Complex A five point rating of the simplicity
or complexity of the cognitive element
in the lesson.  Simple cogni t ive
content (one) involves procedure
fol lowing , labeling, a nd in forma t ion
collecting. Complex cognitive content
( f i ve )  involves symbol manipulat ion ,
problem solving, decision making, and
evaluat ion.

Psychomotor Content That portion of the content related to
perfo rmance or “hands-on ” tasks and
involv ing manual dexteri ty , ey e-hand
coordination , or gross motor movements
measured in terms of minutes of
conventional instruction.

Psychomotor - Simple/Complex A five point rating of the simplicity
or complexity of the performance element.
Simple psychomotor content (one) includes
gross motor movements . Complex psycho-
motor content (five) involves fine motor
dexterity , complex eye-hand coordination .
and precise motor movements.
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TABLE 2
BEHAVIOR CLASSIFICATION DEFINITIONS

BEHAVIOR CATEGORY DEFINITION

Discriminated Recall-Easy Difficult Given a symbol , object or event , a
studen t responds by providi ng the
associated member of the response set.
If the number of members in the st imulus
set was lar ge and/or if the members of
the response set were unfamiliar (e.g.,
new technical terms), the objective was
judged to be difficult.

Class ificati on—Easy/Difficult Given a new example from a class of i tems ,
a studen t responds with class members hip.
The easy/di fficult dimension was based
on the number of classes .

Rule Usin g-Easy/Di fficult Given a new experience , a studen t app li es
a rule (a set of operations ) to produce
the appropriate members of the response
set. Rule Using-Easy was essentiall y
following wri tten procedures (e.g., technical
orders). Rule Using-Difficult was
follow ing procedures in the absence of
wr i tten guidance .

H i gher Order Rule Us i ng — Analogous to p roblem , solving activity , the
Easy/Di fficult retrieval or generation of rules by applying

a h igher order rule to determine problem
class membershi p. The easy/difficult
dimens ion was based on the number of steps
in the problem solution.

Psychomotor-Easy/Di fficult The performance of fine or gross motor
control movements to accomplish a task.
The easy/difficult dimension was based on
the familiari ty or novelty of the task
componen ts .
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The psycholog i st raters , althou gh familiar with the AIS courses , were by no
means subject matter experts . Therefore, their ra ti ngs were checked and , in a few
cases , modified, by members of the course materials development teams . This

procedure was undertaken as an attempt to provide at least face validity for these
ratings . Since independent ratings of the objectives were not obta i ned , i nterra ter
reliability estimates could not be generated.

4.2.2.2 Instructional Design Variables - As was previous ly discussed , AIS , at the
time of this study , included insufficient examples of lessons taugh t by media

other than programmed texts to include alternative media as variab les in the

predictive model . A simil ar situation existed with respect to alternative

instructional treatments designed to compensate for specifi c deficiencies . Instruc-

tiona l design considerations were, therefore , limited to “organizers .” Organ izers

were def i ned as “assists ” provided in the instructional material to enhance the

trainee ’s achievement of a behavioral objective.

The most prevalent type of organizers in the AIS materials was the list of

objectives at the beginning of each lesson. Since every lesson included such a

list , there was no variability across lessons with respect to this factor; and

i t was , therefore , of no value as a predictor variable.

Two other types of organizers were present which did vary from one lesson to

another - embedded questions and self-check items . With the exception of those

lessons wh ich were strictl y performance oriented , embedded questions we re sca tte red

throughout the textual materi al . Each consisted of a multiple -cho ice i tem , the

correct answer to which was provided on the last page of the lesson. The majority

of the AIS lessons , again excluding performance lessons , included a self-chec k item

to be completed following study of the lesson but prior to the lesson test. These

i tems were also multiple -choice . The student marked his response on chemically

treated paper which then revealed whether or not the response was correct.

The num ber of embedded questions and the number of self-check i tems were

recorded for each of the AIS lesson analyzed. If no items of particular type were
presen t , a zero was recorded. Al though this information was taken directly from
existin g AIS lessons , a tactic which would not be possible if the mode l were
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actually being used to predict the characteristics of a self-paced course yet to be

cons tructed , the number of embedded and sel f-c heck it ems was assumed to reflec t

i nstruc t ional des ig n polic i es which coul d and shoul d be es tab l ished pri o r to ac tual
ma ter i als develo pmen t.

4.2.2.3 Test Characteristics — Consideration of test chara cteristics was limited

to the lesson tests themselves. Due to the inclusion of new material in the A IS

lessons , there were no exam p les of comp le te b locks . Thus , all of the block tests

included some i tems from lessons which were not sampled for this study .

Three test characteristics were measured for each lesson test. For each lesson

which included a multiple-choice test , the number of test i tems and the test

criterion (expressed as a percentage) were recorded. For lessons without multiple-

choice tests , a zero was recorded for both number of i tems and criterion. For each

lesson wh i ch i n c l u ded a per forman ce tes t , a situation in which the student was to

per form a task to the i ns truc tor ’ s satisfaction , the number of specific checkpoints

in the performance task was recorded. Ag ain , a zero was recorded for this variable

if the lesson did not include a performance test.

4.2.2.4 Student Characteristics - The variables chosen as student characteristics

were determ ined on the basis of (a) the ease with which they could be -obtained in a

variety of military training environments , (b) how representative they were of a

wide variety of individual differences , both cognitive and affective , and (c) their

known relationshi p to the p redict i on of AIS trainin g ti me c rit er i a in diff er ent
types of train i ng courses . Thus , the resulting student characteristic variables
include the four primary composite scores from the Armed Services Vocational

Aptitude Battery (ASVAB), sex , and selected affective and cognitive variables

which were common to the AIS pre-assessment batteries of both the IM and WM
courses .

A complete description of each of the selected student characteristic variables
is presented in Table 3. The variables are organized in three categories: (a) Armed
Services Voca tional Aptitude Battery (ASVAB) Variables and sex; (b) Cognitive AIS

Pre-Assessmen t Battery Variables ; and (c) Affective AIS Pre-Assessment Batte ry
Var iables. Wherever applicable , the references for a particular measure of student
charac teristic variables are cited.
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TABLE 3

STUDENT CHARACTERISTIC VARIABLES

VARIABLE CATEGORY VARIABLE NAMES DEFINITION

I . ASVAB Composites ASVAB Scores : A standard vocational aptitude
and Sex General Ability battery , admi n istered to all

1 ~ 
-
~ 1 Ab ili t  enlisted inductees , whichE ec r ca contains four primary composite

Administrative Ability scores for general , electri cal ,
admi nistrative , and mechan i cal,~ec, anica , ~~i~ ity abilities , respectively.

Sex An i d e n t i f i e r  of i n d i v i d u a l
differences in training times
attributable to sex differences ,
where males 1 , and females = 0.

II . Cognitive AIS Reading Vocabulary A 45—item measure of students ’
Pre-Assessment Test - Total Scores ability to recognize the defini-
Variables ti on of te rms frequently use d i n

Air Force documents (Diegnan , 1973)

Reading Skills Scales Course—specific measures of
1 and 2 students ’ readin g comp rehension

and speed on materials extracted
from IM and WM technical manuals .
Scales 1 and 2 , consist ing of 10
items each , dif fer only in terms
of di fficult)- , with lon ger pas-
sages and more rigid time limits

- imposed on Scale 2 (McCombs , 1974).

Concealed Fi gures Test A 20-item measure of students
- ability to make perceptual dis-

tinct ions by recognizing wh i ch
of five simple geometrical figures
is embedded wi thin a complex
pattern (Diegnan , 1974).

III. Affective AIS Pre-Course State A 20-i tem self-report measure
Pre-Assessmen t Curiosity Scale of students ’ ant icipated feelings
Variables of interest in learning the IM

or WM course materials (Leherissey-
McCom bs , 1971).

Pre-Course State A 20-item self-report measure of
Anxiety Scale students ’ ant icipated feelings of

tension or apprehension about
learning the IM or WM course
materials (Spielberger , Gorsuc h ,
& Lus”~ne , 1970).
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TABLE 3 (cont.)

STUDENT CHARACTERI STIC VARIABLES

VARIABLE CATE GORY VARIABLE NAMES DEFINITION

III. Affective AIS Test Anxiety A 16-item sel f-report measure of
Pre-Assessment Questionnaire students ’ tendenc ies to become
Variables (cont.) anxious when taking ability or

achievements tests (Sarason , 1958).

Internal—External A 29— item self-report measure
Scale of students ’ tendenc ies to

feel i n con trol of events
versus controlled by external
events (Rotter , 1966).

General Media A 1 5-item self-report scale ,
Preference and consist ing of fi ve subscales
Ins tructional wh i ch measur e s tuden ts ’ general
Ex perience Subscales : preference for audio versus
Audio Preference printed ma terials , as wel l  as
V i sual P efer their repor ted deg ree ofr ence ex perience w ith conven ti onal
Printed Preference versus self-paced instruction

Experience wi th Con- (McCombs, 1974)

ven tion al Institution

Experience with Self-
Paced Instruction
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The primary rationale for the selection of the four ASVAB variables and sex

was that these variables are eas ily obtained on enlisted trainees in all branc hes
of the m ilitary services. In addition , many years of systematic research with the

ASVAB battery has shown it to be a highly reliable and val id measure of individual

differences In vocational aptitudes . A number of research studies , as well as our
own experience with AIS data , have shown sex to be related to in dividual differences

in trainin g times.

Within the Cognitive AIS Pre-Assessment Battery Variables category , three
reading abil ity measures and one perceptual reasoning ability measure were chosen.

The reading var iable s have been shown to be highly predictive of independent

var iance in training time criteria in each of the four AIS courses . In addition ,

it was felt that, even though these particular readi n~j measures mig ht not be

ava ilable in othe r military applications , similar reading voca bulary , comp re hens iv e ,
or speed measures were likely to be avail able. The perceptual reasoning variable ,

defined by scores or the Concealed Figures Test , was selected on the basis that it

was ava ilable for both IM and WM students , and it rep resen ted a perce ptual /reason i ng
ability that would be generally related to student perfo rmance in a variety of

technical specialties. At the time this vari able was selected , p reliminar y AIS da ta
indicated that it was moderately related to training times on some of the IM course

ma terials.

The particular measures chosen with the Affective AIS Pre-Assessment Variable

category were chosen on the basis of (a) their known relationship to AIS training

time criteria; (b) the wide range of student motivations , attitudes, and learning

style preferences they represented ; and (c) their availability as common predictor

variables in both the IM and WM courses. For example , state curiosity, sta te anx-
iety , and test anx iety have all been shown to be highly predictive of AIS tra inir ,g

time criteria (McCombs and Siering, 1976). Although at the time of this study not

much AIS data were available of the Internal -External Scale , it was judged to be a

student characteristic variable that would be expected to be highly related to

student training times in self-paced instructional environments. Similarly,

students ’ preferences for audio versus visual printed instructional modes of learn-

ing, and their experience with self-paced versus conventional instruction were also

judged to be important affective predictor variables in self-paced instructional

environments.
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4.2 .3  Creation of Fi les for Data Analysis — Creati ng the data f i les was a lengthy

process w hich involved merging three distinct c lasses of data:
o Student data avai lable from the A IS data ana lysis system : Course; Social

Security Number (used by AIS as an ID) ; sex; preas sessment test data;
block and lesson number; module number (i.e., instructional alternative

type); fi rst—attempt—lesson time ; and fi rst—pass-block time

o Supplementary student data: The ASVAB General , Electr ical , Administrat ive ,
and Mec h an ica l  scores

o Lesson charac teristic data: the P01 derived quantitative measures; content

classificat ion measures ; behavior classification measures; instructional

design measures; and test character istic measures.

Student data were extracted from AIS f i les representing the nine blocks of
the two courses using the AIS Data Extraction Program (DEP). It was necessary to

ex tract data from se para te and dist i nc t t ime per i ods i n order to avo id ti me
periods in which the courses were undergoing substantive changes . The product of

this act ivi ty was nineteen separate fi les.

ASVAB scores were not normally recorded in the AIS files since they were
not usually avai lable early enough in the course to be of value as predictors.
For purposes of this study , however , ASVAB scores were obtained from Air  Training
Comman d’ s Train ing Management Information System (TRAMIS) for as many of the students
as possible represented in the DEP files described above . The scores were obtained
on cards , input into the computer , and an additional f i le was constructed.

A total of 64 lessons was sampled. Twenty -nine of these were from the IM
course; six from block one; six from block two , six  from block three , four from
block four; ari~ seven from block f ive.  The remaining 35 were drawn from the WM
course: nine from block nine; eight from block ten; ten from block eleven; and
eight from block twelve . Lesson charact er ist ic data were punched on cards, input ,
and a f i le was created for each of the nine b locks.
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A specia l purpose program was written to merge fi les across cate gories. Each
run of this program produced a f i le containing all relevant data for each of the
nineteen DEP f i les previously created. These nineteen fi les were then merged into
a single tape file containing approx imately 13, 700 records where each record
represented a particular student’ s first attempt on a lesson of known characteristics.

That is, each record contained the relevant characteristics of both the student and
the lesson as well as the time required for his first attempt on the lesson.

The magnitude of this file made its retention and manipulation on a disk
impractical . The study required two comparable s amples , one for regression
equation generation and a second for equation validation. Therefore , the f i le was
immediately spli t  into two samples on the basis of whether the final di git of a
t r a i n e e ’ s Social Securi ty Number was odd or even. After excess records had been

deleted from the larger sample , each sample contained 684 9 reco rds .

Missing and incorrect data were rampant throughout the develo ping AIS data

base. Typical problems included preassessment forms which were incorrectl y read
by the system ’ s op t ical scanner , and trainees who were enrolled wi thout com pleting
any of the preassessment tests. ASVA B scores obtained from TRAMIS were often

~ ncomplete or missing entirel y. First-attempt-lesson-times con ta i ned a smal l  b u t
persistent number of widely deviant value s. The p rima ry cause of these ou tli ers
was miscoding , e.g. if a st ;den t worked on a lesson during two consecu ti ve days ,
the number of days wa c often mismarked on the test answer sheet. The measure of
first-pass-block-time was also error prone . It was defined as the elapsed time
from starting the first lesson in the block until the block test was completed .

Errors such as mismarke ’ dates often made this value fal lacious.

To reduce these errors as much as possible , sets of constraints we re established
for these va riab les. Preassessment scores were recoded as missing values if they
were actually mi—sing  or exceeded the known limits of the test scores . All ASVAB

scores , if present , were determ i ned to be reasona b le . First-attempt-lesson-times were

limited to a range of fifteen to three-hundred minutes. This eliminated approx i-

mately f ive percent of the data from either end of the distr ibution. Block times
were excluded if the reported time was not greater than the sum of the first-attempt-

lesson—times or if the reported time fell outside the range established as

reasonable by prior experience wi th AIS .

4-20

&ICDONNELL DOUGLAS ASTRONAUTICS CO~ cPANV - EAST 

—_-_ -—- - —



- -~~~~~~ 

EVALUATING MDC E 1570

INSTRUCTIONAL SYSTEMS VOLUME i i  15 MAY 1977

The regression analyses was conducted using the (SPSS) Statist ical Package

for the Social Sciences (Nie , Hull , Jenk i ns , Steinbrenner , an d Bren t, 1975). SPSS

offers two options with regard to missing data : “pair -wise deletion ” which
includes all of the data points available for a particular variable in the ana lysis ,
and “ l ist or case-wise deletion ” which excludes any case from consideration if that
case has one or more missing data points in any of the variables included in the
analysis. Although the forme r option is less expensive in terms of los t data ,
it ten ds to resu l t  in fallaciously high correlation coefficients . Therefore , the

case-wise deletion option was selected. This reduced Sample One , the data base

to be used for regression equation generation , to 2974 cases , each having a complete
set of data points for each variable. It should be noted that this figure does not
represent 2974 different students. Varying numbers of observations we re generated
by individual students . For example , data generated by a particular I~-1 student might
be present for the data base for three lessons in Block One and two lessons in
Block Two. The implications of these repeated measures are discussed in paragraph
4 .3. 1 below .

A summarizing list of the variables investigated , their means and standard
deviations (based on the final 2974 cases) , and their correlation with the cri terion
variable is shown in Table 4. Given the size of the sample, f irst order correlations
equal to or greater than R = + .05 are significant (p < .05).

4 .3 STATISTICAL ANALYSIS AND RESULTS
4.3.1 Descri ption of Statistical Methods - The data were analyzed using several
statistical methods , primarily programs from the Stat ist ical Package for the
Social Sciences (Nie et al 1975). Avai lable SPSS regression program options were
:sed to constrain data values to reasonable limits and to screen out missing data .
The two prima ry methods employed in obtaining the final prediction equation were
linear model comparisons (Ward and Jennings , 1973) and stepwise multiple regres—
stion analysis.

In linear model comparisons , two linear models ( i .e. , reg ression equations )
are compared in terms of the reduction of the multiple correlation coef f icient
squared (R 2 ). The model with the larger number of predictors is referred to as

4-2 1
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TABLE 4
MEANS , STANDARD DEVIATIONS , AND FIRST ORDE R CORRELATIONS OF

PREDI CTOR AND CRITERION VARIABLES

VARIABLES MEAN STD. R WITH
DEV . tRITER ION

COURSE CONTENT VARIABLES
Quantitat ive Measures (from P01)

Lecturei Discussion Minutes 89 .54 97.58 .489
Demonstration/Perfor mance Minutes -

Cognitive 55.70 64.45 .488
Demons tra ti on/Per formance Mi nutes -

Psychomotor 27.91 63.19 — .294
Pro g rammed Instruc t ion/AV Mi nutes 8.43 38.67 . 047
Ou tside Assignment Minutes 51.27 127.10 .029

Con tent Class i f ica tion Measures

Memory Content Minutes 68.86 71.99 .321
Simple/Complex Memory Rating (1-5) 2.6i 0.74 .201
Cognitive Content Minutes 145.67 147.37 .329
Sim ple/Complex Cognitive Rating (1-5) 2.81 1.05 - 01 5
Psychomotor Content Minutes 20.95 53.13 -.084
Sim ple/Complex Psychomotor Rating (1—5) 1.23 1.90 - .239

Behavior Cl assif i cation Measures (Al l
Values in Minutes )
Discriminated Recal l - Easy 86.13 126.06 .102
Discr imi nate d Recall -

Difficult 25.88 58.08 .049
Classif icat ion - Ea~5’ 1.02 8.72 — .079
Classification - Diff icult  (no instances of this category )
Rule Using - Easy 86.56 111.85 .368
Rule Usin g - Diff icul t  4.18 19.43 .138
Higher Order R.U. - Easy 13.13 37.00 .349
Higher Order R.U. - Difficult 1.57 11.82 - .099
Psychomotor - Easy 14.30 36.23 - .122
Psychomotor - Difficult (no instances of this category )

INSTRUCTIONAL DESIGN VARIABLES

No. of Embedded Questions 16.27 15 .18  .590
No . of Self-Check Items 2.74 4.54 -.149

TEST CHARACTER ISTIC V A R I A B L E S

No. of Lesson Mastery Test Items 9.38 6 .69 .478
Master Test Criterion (Percent) 57.70 29.7 5 .288
No. of Performance Test Check Points 8.26 19.04 - .279
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TABLE 4 -

MEAN S, STANDARD D E V I A T I O N S  AND F I R S T  O R D E R  C O R R E L A T I O N S  OF
~ PREDICTOR AND CRITERION VARIABLES

(Cont ’d )

VARIABLES MEAN STD. R WITH
DEV . CRITERION

STUDENT CHARACTERISTIC VARIABLES
Sex (0 = Female , 1 = Male) 0.87 0.33 - .283

ASVAB Scores

General 68.85 13.30 -.089
Administrative 59.62 18.47 .149
Mechanical 58.97 25.88 - .384
Electri cal 65.98 16.65 - .252

Cognit ive AIS Preas sessment Scores
Reading Vocabulary 22.37 6.80 -.041
Readin g Skills Scale 1 5.38 1.80 -.160
Reading Sk i l ls  Scale 2 5.18 2.18 .218
Conceale d Figures 7.96 3.60 - .042

Affec tive AIS Preassessment Scores

State Curiosity 65.76 7.77 - .049
State Anxiety 38.89 8.36 .084
Test Anxiety 30.11 7.57 .182
In ternal-External 14.43 3.88 - .021
Audio Preference 1 1.09 3.04 -.007
V isual Preference 7.89 2.22 - .147
Prin ted Preference 4 .39 1.44 .069
Conven tional Instruction Experience 6.94 1.64 - .012
Sel f-Paced Instruction Experience 5.45 1.35 - .095

CRITERION VARIABLE
First-Attempt -Lesson Time 84.90 64.74 -

4 -23
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the full model , and the model w it h the smaller number of p re di c tors is call ed th e
restri cted model . The reduct ion in R2 is F distributed wi th degrees of freedom
df./df2 according to the following equati on.

- 

( R f
2 - Rr

2) / (df ) 1
(1 - Rf ) / (df) 2

where Rf
2 

= R2 of the full model ,
R 2 = R2 of the restricted model ,

(df)1 n f 
- n r~ 

the dif ference between the number of linearl y
independent predictor vect ors of the full (n f ) and

restricted (n r ) mode l s , and
(df)2 

= N - nf where  N i s the total number of cases .

For the  l inear model comparisons in this study , SPSS reg ression pro g ram o pti ons
were used to de lete predi ctor variables and to generate composite predictors . The
R values were obtained from the SPSS program , anu the F val ues were obtained from
a FORTRAN program produced by the AIS project staff. Stepwise multiple regression
analysis is simply mult iple reg vession analysis performed by adding, step by step ,
the predi ctor vari able which yields tF -’ hig hest F value for the increase in R2

according to the above equation. The SPSS multip l2 regression p rograms inclu de a
stepwise option whi ch was employed where appropriate for this study .

The models employed in this series of li near model comparisons d id not con trol
for the effect of repeated measures on the lessoh variables. There are several

reasons why this was not done. F i rst , one controls for the effec t of a par ti cul ar
variable , e.g. , subjects , to increase the precision of an F-test between two models.

The very large n in this study provided sufficient precision so that additional

control over extraneous error variance was not necessar y . In general , the F-tests
resulting from model comparisons were highly significant. Second , the effects

of the repeated measures were curtai led by the fact that the repeated observations
for a given subj ect were for di fferent lessons (diffe rent learning tasks) rather

than on the same lesson and that subj ’~cts with repeated measures varied with

regard to the sets of lessons on which the measures were repeated. Third , to con-

trol for the repeated measures would have required the generation of a binary

vector to represent each individual student. This would have far exceeded the

capaci ty of the SPSS program. Finally, it must be remembered that the purpose

4-24 -
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of the resultant regression model was to predict fi rst—attempt-les son-time given

only the characterist ics of the lesson and of a generally defined student populat ion .
Thus , the user of the pred i ct i on equa ti on woul d have no means by wh i ch to id en tify

individual students .

Cross validation of the final regression equation model also employed the
SPSS regression program. SPSS regression program options were used to define a

var i a b le , predicted fi rst—att empt-lesson—time , wh i ch was the resul t of the app li ca-
tion of the final regression equation to data from Sample Two . The values of this

var i ab le were than correla ted wi th actual Samp le Two , fi rst-attempt-lesson-times.

4.3.2 Elimination of Two Variables High ly Correlated with the Criterio n — Earl y

analyses indicated the presence of two variables which were highly correlated with

the criterion of first-attempt-lesson—time . These were the instructional design

var i ab les , Num ber of Embedded Questions (r = .590), and the test character ist ic
var i ab le , Num ber of Lesson Test Items (r = .478). Since these variables were also

highly correlated wi th a number of other vari ables , they tended to mask the

relevance of these potential predictors and accounted for more of the variability

than was logically justifi ed .

It will be recalled that the numbers of Embedded Questions and Lesson Test Items
were taken direc tly from existing MS materials. This action was justified on the

assum ption that the numbers of i tems reflected instructional design decisions
wh ich could be made prior to the development of self-paced materials. Unfortunately
for this study , AI5 material developers employed a consistent policy with regard

to the number of embedded and lesson test questions throughout their instructional
development effort in both of the courses sampled. Thus , almo s t all of the
var iability in these two variables could be traced directly to the amount of subject

ma tter content  i n each lesson an d , hence , its average first-attempt-t une . Since the

curren t study was basically a survey , and direct manipulation of the various pre-

di ctor va r i a bles was no t feas ib le , some problems of this type had to be expected.

Des pi te the resul tant loss of predictability , it was imperative that these two

varia bles be deleted from the predictor set in order to obtain a realistic assess-

men t of the re levance  of the rema i n i n g var i ables .

4-25
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Two linear model comparisons were made in eliminating these two var ia bles.  The

full reg ress i on model , prior to elimination of the var iables , c o n t a i n e d  34
predictors - all of those, other than the behav ior classificatio n measures , are
shown in Table 4. The multiple correlation coefficient obtaine d was .68599, R

2 =

.47058 . Elimination of the Embedded Ou~stions variable reduced proportion of the
variance accounted for to R2 

= .42525. A test for the  si gnificance of the reduction
in  R 2 resulted in an F (1 , 2939 ) = 251 .643 , p < .001 . When the variable Number~~i
Lesson Test Items was removed , R2 was further reduced to .40413 , F (1 , 2940) =

108.034 , p < .001.

4 .3.3 Reduction of Predictor Set Through L i near Models Compar i s i ons - A series of
linear model comparisons was made in order systematically to obtain a mo re parsi-

monious set of predictor variables . Al though the specific questions of ;nterest

could have been asked by isolating the relevant variables , it was considere d more
appropriate that the comparisons be made in the context of the complete set of

rema i ni ng p re di ctors . In all of the compar i sons to be discussed , emphasis was

placed on cost -effectiveness rather than on stat ist ical signif icance. Due to the
magnitude of the data base , almost all of the l inear mode l comparisons resulted in

signif icant differences . In gene ral , howe ver, the increased cost of obtaining
data required by the additional variables in the full model did not appear to be
justified by the increment in predictability provided by the full model . Therefore ,

the decision rule adopted was to select the restricted model unless the reductio n

in R2 approached or exceeded .01000.

4.3.3.1 course Content and Behavior Classif ication Measures - An obvious fi rs t
step in reducing the variable set was to select one of the two approaches for
classif ying course content. Prior to comparing the two approaches , however , the
extent to which the number of variables in each set could be reduced was investi-

gated . The content classification scheme was attacked first.

The in itial full model , Model 1 , con tained the 32 variables remaining after

Num ber of Embedded Questions and Number of Lesson Test Items had been deleted and

excludin g the behavior classification Variables. The multiple correl ation

generated by Model 1 was .63572 , R
2 = .40413.
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The f irs t question asked concerned whether the s impl ic i ty/ complexi ty  dimensi on
employed by this approach added substant ial ly to the scheme ’s predictive utilit y .

A restricted model , Model 2 , was defined from Model 1 by deleting the fol lowing
three rating scale vari ables : Memory - S i m p le/ Comp lex; Cognit ive - Simp le/Complex ;

and Psychomotor — Simple/Complex. Model 2 resulted in an R2 of .38395 , a reduction
from Model 1 of .020 18 , F (3 , 294 1) = 33.200 , p < .001. This was considered to be

too great a loss in predictability for the cost of obtaining the simple/complex

ratings , and the decision was made to retain the rating scales , i .e. ,  Mode l 1.

Attention was then directed to the behavior classi fication approach. A full

model , Model 3, was defined which consisted of 34 p re d ic tor var i ab les . Mo del 3
differed from Model 1 in that the eight behavior classification measures

were substituted for the six conten t c lass i f ication measures . As was noted in
Ta b le 4 , the lessons sampled provided data for onl y eight of the ten behavior

clas5ification measures. No instances of Difficult Classification or Di fficult

Psychomotor tasks were encountered.

Mode l 3 resulted in an R2 of .36057 as compared wi th an R2 of .40413 for
Model 1. Thus , it was immediately obvious that the content c l ass i f i ca t i on  approach
was preferable in terms of level of predictabi l i ty . The proposed questions of
interest regarding the behavior c lass i f icat ion approach were conducted a lyway .

The fi rst question asked was similar to that asked regarding the content
class ification scheme - could the easy/difficult dimension be dropped without

substantive loss in predictability? A restricted model , Mo del 4 , was defined in

which the eight available behavior classification predictor variables were reduced

to f ive. The values of Discriminated Recall-Easy an d —Difficult , were added

together to produce a simple Discriminated Recall variable. The sar’e procedure

was repeated with respect to Rule Using -Easy and —Dif ficult and Higher Orde r Rule

Us ing—Easy and —Difficult. Model 4 resulted in an R2 of .3b~5l , a reduction f~o--

Mode l 3 of .00606 , F (3 , 2939) = 9 .285 , p < .001. Since the reduction in R2 was
substant ial ly less than 0.01 , deletion of this dimension would appear jus t i f ied  in
view of the difficul ty of obtain ing the eas y/di ff icul t ratings and thei r p robabl e
unreliability .
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A second question was concerned with the utility of the behavior category

~j~her Order Rule ‘Jsi.~~ Re ’- tive ly few of the lesson samples contained examples

of this type of behav ior. It was thought that this mi ght well be a typical

c ircumstance in mil i tary technical training where even most troubles hooting tasks
ha ve largely been reduced to a procedure .-fo l lowing act iv i ty . Therefore , a further
restr icted mode l, Model 5 , was defined in which the values of the variables Hig her

Order Rule Using and Rule Using were added together to produce a single Rule UsJgi
variable. Model 5 resulted in an R2 of .35443 , a reduction from ~-1odel 4 of onl y

.00008 , F (1 , 2942) = 0.365 , P = .546. This was obviously not a suf f ic ient ly
substantive loss in predictabil ity to justi fy generation of the two separate
categories Rul e Using and Higher Order Rule Using .

As was mentioned above , the  full behavior classification model (Model 3)

resulted in a smaller R2 than did the final content classification model (Model 1).

This was despite the fact that Model 1 contained fewer predi ctor variables (32)

than did Model 3 (34). An F test was therefo re inappropriate as well as unnecessary ,

and Model 1 was selecte d. That is , the s i x conten t class i f i ca ti on var i ab les we re
re t a i n e d  as p redictors , and the behavior c lass i f i ca t ion  variables were de leted
from the predictor set.

Of the two ap p roaches , the content classification scheme was also considered

more desirable on practical grounds . It will be recalled that the content ratings

were generated by course materials development and instructional personnel , the

type of personnel who would be most readily available to rate the content of a

course being considered for self-pacing. The more esoteric behavior classification

scheme was conducted by ins tructional psychologists familiar with the behavioral

concepts and term i nology . It can be assume d that more extensive rater training

would be required if course personnel were required to produce the behavior

ratings.

4 .3 . 3 . 2  Quantitative Course Content Measures  - It wi l l  be recal led that the time
alloca ted to the conventional lesson by the POt was broken down into five categories :

Lecture/Discussion ; Demonstration/Performa nce—Cognitive; Demonstration/Performance-

Psychomoto r; Programmed Instruction/AV ; and Outside Ass ignment. The question of

interest concerne d the necessity of these five categories. The most likely
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candidate for reduction appeared to be the Cognitive and Psychomotor subsets of
Demonstrat ion/Performance time. The model resulting from the course content
com par i sons , Model 1 , was emp loyed as the full model . The res tri cted model ,
Model 6 , differed from Model 1 in that it included only a single Demonstrat ion/
Performance vari able , and was genera ted by summing the values of the Demonstration!

Performance—Co gnitive and -Psychomotor variables in Model 1. Model 6 resulted in

R2 of .38800, a reduction from Model 1 of .01613, F (1 , 294) = 79.612 , p < .001 .
The cost of generating these two sub-categories was considered justified by the

i ncreased p red ic tabi li ty. Model 1 was again retained .

The overall ut ility of breaki ng total conventional lesson time down into five

components was of some interest. To investigate this question , Mode l 1 was aga i n
em p l oyed as the fu l l  model , and a restricted model , Model 7 , was defined whi c h

contained a sing le quantitative measure of course content - the total number of

minutes al located to the lesson by the P01. This vari able was qenerated by summing
the values of the five component times. Model 7 resulte d in an R2 of .29748, a
reduction from Model 1 of .10665 , F (1 , 2941) = 131.597 , p < .001 . There would
appear to be no question but that the use of the individual component t ime s is
well j ust i f ied .

4.3.3.3 Student Characteristic Measure s - The final set of ~ompa risons connected
the uti l i ty of the various AIS pre-assessment measures. While it can be assumed
t h a t  ASVAB sco res w i ll generall y be a va i la ble, the cost of obtaining data comparable

to the pre-assessment measures could only be justified if they made a substantial

contribution to the predictive model ’s utility . Of the two categories of pre-

assessmen t measures , the affective neasures were considered the most promising.

It was reasoned that the cognitive measures would probably not add much to a pre-

dictor set which already contained ASVAB scores. A restricted model , Model 8,

was defined from which the four cognitive pre-assessment measures were deleted .

Model 1 was employed as the full model . The restricted model resulted in an R2

of .40230, a reduction from Model 1 of only .00183. This difference was not
si gnificant (F (4, 2941) = 2.258, P = .061). The restricted model , Model 8, was
therefore selected .
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Final ly ,  the ef fect of deleting the a f fec t ive  var iables was evaluated . Model

8 was employed as the full model , and a restricted model , Mo del 9 , was defined

w h i c h  c o n t a i n e d  no pre-assessme nt variables. Model 9 generated an R2 of .39578 , a

reduct ion from Model 8 of .00652 , F (9, 2945) = 3.570, p -
~ .001 . Althou gh the

c~i fference was significant , the increased predictability contribute d by the affec-

tive pre-assessment measures was not considered to justify their cost for this

application . Therefore , Model 9 was retained as the final predictor set.

The limited utility of the preassessment variables for this study should not

be generalized to their function as predictors in an ind ividualized instructional

system. The preassessment variables selected were those comon to both the IM

and WM courses ; however , the course content levels sampled by this study were much

more heterogeneous than would generally be expected in a single , technical training

course. Course-specific, individual difference measures of the type represented

in the AIS preassessment battery could well provide the finer differentiat ion

requi red when dealing with students in a single course. More importantly, i t must
be remembered that the initial CMI mode of AIS ope ration from which th is Study ’ s
data were drawn did not include individualized assignment of instruct ional alterna-

tives. If a proposed self-paced course were to include alternative instructional

treatments assigned on an individual basis , measures such as those in the pre-

assessment battery could well make a substantive contribution in a predictive model.

4.3.4 Resultant Regression Model to Predict First-Attempt-Lesson-Time - The 19

variables contained in Model 9 were submitted to the SPSS stepwise Multiple Linear

Regression Analysis program. On the basi s of this analysis , 14 of the 19 variables

were selected for the final regression equation. The cutoff was made at the point

at which no one of the remaining variables signifi cantly (
~ 

- .01 ) increased the

overall mul tiple correlation. The final 14 variables , their coefficients to five

significant digits , and the multiple R and R2 at each step are shown in Table 5 in

their order of entry into the regression equation.

The final regression equation produced a multiple R of .62832 , thus accounting
for 39.48 percent of the variance in f i rst-attempt- lesson-t ime for Sample 1. Al l
of the f ive quant i tat ive course content measures entered the equation. As would be
expected , the time required to teach the lesson in the conventional course was
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TABLE 5

MULTIPLE LINEAR REGRESSION EQUAT ION
P R E D I C T  I NG

FIRST ATTEMPT LESSON TIME

VARIABLE 
— 

COEFFI C IENT BETA WEIGHT II~MULTIPLE ~‘ R: 
-

Constant 58.136

Lec tu re/Di scussion Minutes 0.11689 0.17618 .4886 .2388

Demonstra ti on/Performan ce
Minutes-Cognitive 0.25768 0.25651 .5608 .3145

ASVAB Mechanical Score -0.26054 -0.10415 .5764 .3322

Memory Content Minutes -0.17944 -0.19951 .5883 .3461

Simple/Complex Memory
Rating 14. 928 0.17171 .6005 .3606

No. of Self Check Items -0 .98747 -0.069196 .6047 .3657

Psychomotor Content Minutes -0.20393 -0.16736 .6098 .3719

Programmed Instruction/AV
Minutes 0.27739 0.16567 .6203 .3848

Sex - 16.202 -0.083742 .6238 .3891

Demonstration / Performance
Minutes -Psychomotor -0.088128 -0.086009 .6255 .3913

ASVAB Administrat ive Score -0.10187 -0.029058 .6261 .3919

Simple/Complex Psychomotor
Rating 1.9439 0.056918 .6266 .3927

Cognitive Content Minutes 0.15746 0.35841 .6272 .3934

Outside Assignment Minutes -0.14308 -0.28089 .6283 .3948

4 - 31
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strongly related to the self-paced lesson completion time . Five of the six content

classif icat ion measures were included . It is interesting to note that the meas ures
Memory Content Minutes and Psychomotor Content M i nutes were inversel y correla ted
with the criterion , i.e., the  grea ter  the  amoun t of th i s type of content , the

shorter the first—attempt-lesson-t ime . This implies that substantial time re duc-
tions can be realized through self-pacing in these areas. The one remaining

instructional desi gn variable , Number of Sel f-Check Items, also entered with a neg-

ative coefficient. This would im ply that the time required for such post-inst~-uc-

tiona l organizers is more than j ust i f ied. Neither of the two remaining test
characteristic variables , Lesson Test Criterion or Number of Performance Test Check
Points was found to contribute significantly to the multipl e regression equation.
With regard to student characterist i c varia b les , sex was found to be relevant ,

entering with a negat i ve coeff i c ient imply i ng that, for the material sampled, males
tend to progress more quickly than do females. Finally, the  ASVAB Mec han i cal and
Administrative scores entered with , as would be ex pecte d , negative coefficients.

Given the presence of those two scores , ASVA B General was not found to contribute
significantly to the equation.

4.3.5 Test of the Model ’ s Validit y and Genera lity - The generality of the
regression equation model was evaluated by two means , cross valida tion and a test
of course independence. The same constraints which had been applied to Sample One
were applied to the 6849 cases in Sample Two , w h i c h , along with the casewise
deletion of mission data , reduced the s ample size to 2830 cases. The Sample Two
means and standard deviations of the 14 predi ctor variables and the cri terion
variable are shown in Table 6. The comparable Sample One values are also shown
for the sake of comparison.

For the cross val idation , the final regression equation , shown in Table 5 , was
applied to the Sample Two data. The resultant distribution of predicted first-

attempt -lesson -times had a mean of 83.91 and a standard deviation of 39.23. The
correlation between the predicted and actual f irst-attempt-lesson-times was .5843 ,
R2 = .3414 with a standard erro r of estim ate of 50. 62 minutes. This correlation
was sig nif icantly greater than .000 (F (1 , 2828) = 1465.840, E < .001). Since the
original multiple correlation coefficient was .6283 , the shrinkage in cross
validation amounted to .04400. In terms of R2 , the loss in percentage of the
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TABLE 6
MEANS AND STA NDARD D E V I A T I O N S  OF R E L E V A N T  V A R I A B L E S  FROM
SAMPLE USED TO GENERATE REGRESSION EQUATION ( SAMPLE ONE)

AND SAMPLE USED FOR CROSS V A L I D A T I O N  ( SAMPLE TWO)

V A R I A B L E  
SAMPLE ONE SAMPLE TWO

______ _______________________ 
MEAN STD . fl EV . MEAN STD. DEV .

COURSE CONTENT VARIABLES
Quanti tat ive Measures

Lecture/ Discussion Minutes 89.54 97.58 88 .00 95.19
Demonstration/ Performance

Minutes -Cognit ive 55.70 64.45 53.74 63.10
Demonstration/Performance

Minutes - Psychomotor 27.91 63.19 27.75 62.42
Programmed Instruction/AV

Minutes 8.43 38 .67 8.42 38.39
Outside Assignment Mi nutes 51.27 127.10 49.65 120.21

Content Classi f icat ion Measures
Memory Content Minutes 68 .86 71.99 68 .57 72.33
Simp le/Compl ex Memory Rating 2.61 0.74 2.62 0.75
Th in i t ive Content Minutes 145.67 147.37 140.26 142.48
K.jchomotor Content Minutes 20.95 53.13 20.83 51.18
S imp le/Comp lex Psychomo tor

Rating 1.23 1.90 1.25 1.93
Ins tructional Design Va riables

No. of Self-Check Items 2.74 4.54 2.85 4.65
STUDENT C H A R A C T E R I S T I C  —

Sex ( 0 = Fema le , 1 = Male) 0.87 0.33 0.88 0.33
ASVAB Scores

ASVAB Administrative 59.62 18.47 59.93 18.47

ASVAB Mechanical 58 .97 25.88 57.19 22.90
CRITERION VARIABLE

First Attempt Lesson Time 84.90 64 .74 80.10 62 .36
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variance accounted for amounted to 5.34 percent. The results of the cross valida-
tion we re con sidered to be q uite satisfactor y . It may be concluded that , when

applied to data comparable to that used for equation generation , the regression

equa tion model can satisfactorily predict first-attempt—lesson- times.

The quest ion remained , however , as to the extent to which the model would

provide satisfactory predictions of first-attempt-lesson—times for a new course ,
one containing a different type of subj ect matter. That is , to what extent could
the model be generalized to courses other than those employed in the data base? A
thorough evaluation cf the model ’s generalit y would have requi red the construction

of a new data base and was , unfortunately, beyond the scope of the current study .
However , a partial test could be made through use of the available data base.

It wil l be recalled that the data base sampled a total of sixty-four lessons

from two courses : twenty-nine from IM , and thirty-five from WM. The question of
model generality was rephrased to ask to what extent did unmeasured characterist ics
of these two courses , -i e., factors specific to each course , contribute to the
var iability in first—attempt-lesson-time . That is , to what extent could the

variance accounted for be increased by knowledge of the course from which the

lessons and students were drawn? The degree to which knowledge of course member-

ship increased predictability could be taken as a rough measure of the limi tation

of the model generality .

A linear models comparison was employed in which the restricted model , Model 10,
was defined as conta ining the 14 variables in the final regression equation .

A full model , Model 11 , was defined which con tained , in addition , a varia ble

representing course number (IM = 1 , WM = 4). The full model resulted in an R2 of

.41300. The restricted model , the final regression equation , produced an R2 value
of .3948 , a reduct ion of .01820. This represented a signif icant reduction
(F  ( 1 , 2958 ) = 91.71 , p~

< .001). Thus , specific course membership accounted for an
additional 2.0 percent of the variance .
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Althou gh si gnificant , the amount of variance accounted for by knowled ge of
course mem bership is relatively small. Although some loss in predictability could

be ex pec ted if the re g ress ion equat i on model were app li ed to a new course , the

results of thi s final com parison impl y tha t the accurac y of predic ti on woul d no t be
seriously diminished.

4.3.6 Generation of Block-Completion-Time s from First-Atte~p~ j~ sson-T imes - As was

d i scussed  in  paragraph 4.2.1 , D e f i n i t i o n  of the Criterion Variab le , the criterion

variable of interest w~s block-com pletion -time . It was , however , necessary to
develop the regression equation at the lesson leve l rather than at the block leve l

in order to obtain sufficient variability in content. Having generated the

regression equation , it was now necessary to provide a transition to block level

predic tion . As was outlined in paragraph 4.2.1 , the approach employed was to

determine a proportional “ lost time ” for block completion and the sum of the
comp letion t imes for all the lessons con tai ned in the b lock .

As was discusse d in paragraph 4.2.3 of this report , none of the n i ne b lock

samples from the two courses contained a complete set of lessons. This was due to

the fact that there were AIS lessons in each block which represented new content ,

conten t for which no conventional instruction POIs were available. Since there

was no basis for establishing course content predicto r variables for these lessons,

they were exclude d from cons i deration . S i nce the dat a base cons tructed for thi s
study did  not contain any examples of complete blocks , it was necessary to return
to the AIS database  to obta in  the req u i reJ i n forma t ion , i.e. , block-completion-

times and first-attempt-times for all of the lessons in each block.

Data were retrieved from each of the nine blocks employed in the current study.

A student ’s data were included in this analysis only if reliable first-attempt-

lesson-times were avai lable for all lessons in the block , both those included in
the original analyses and those which had previously been excluded. Furthermore ,

a student ’ s data  were excluded if (a) the recorded block-completion-time was less

than the sum of the f i rst—attempt- lesson—times or (b) if block-completion-t ime
exceeded reasonable maximums identified by the AIS materials developers . For each

student who met these constraints , two values were generated: (a) the sum of

first—attempt—lesson times; and (b) block—completion-time . The difference between
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these two values was then expressed as a p roportion of the sum of fi rst-attempt-
lesson—times. This cons ti tuted the “lost time ” ratio for that student. A mean lost

time was then calculated for each of these nine blocks . A final mean was determined
on the basis of these nine values . The reason for comput ing the mean in two steps

rather than simply s umming across blocks was to avoid biases introduced by unequal
numbers of obser vations in the variou s blocks .

The resultant lost time ratio was 0.40. That is , on the average , block
completion time was found to equal 1.40 x (sum of f irst-attempt-lesson -times).
As may be seen by reference to the Descriptive Mode l (Figure 2), this unmeasured
lost time was comprised of the time attributable to the following activities:

(a) queuing for lesson resources and test scoring (relativel y negligible times);

(b) remedial study , queuing and retesting on failed lessons; (c) administrative

overhead ; (d) cr edentiall ing testing and queuing for test scoring; and (e) block

level remediation following failure of a crec lential ling test. In the Cost Mode l,
to be discussed in Section 5.0 of this report , the product of the regression
equation was multiplied by 1.40 to obtain an estimate of block-com pletion-time .
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5.0 THE COST MODEL

One of the objectives of this study was the modification of a cost analysis

computer program previously developed by the Rand Corporation. Specifically, the

Rand model was reprogrammed to use the regression equation developed in this study

as the method for generating predictions of course completion times for students.

The unm odified Rand model uses a completion time entered by the user without speci-

fying how this time was estimated .

The Rand MODIA cost model (Hess and Kanter , 1976) is actually comprised of

three computer programs : a user interface program (UI); a resourse utilization

model (RUM); and a cost anal ysis program (MODCOM). The Iii is an interactive pro-

gram which produces a course description in computer-compatible data which can be

input into the RUM. The RUM is a batch program whi ch produces detailed course

operation reports regarding student flow patterns and waitt~g times as well as

resource demand and utilization. The UI and RUM are designe d to be used repeatedly

un til the course planner has generated several course designs. The costs of these

al terna t ive course desc ripti ons are then com pare d by t he ba tch p rocess cos t model
prog ram (MODC OM ) . Resource requi remen ts from th e UI , RUM , user supplied course

completion times , an d cos t and mannin g da ta are i nput i nto MODCOM to prod uce total
course cos ts for u p to f i ve years . On some of the cos t an d m ann i n g fac tors , default

values are used if not supplied by the ar i~vst.

The computer program developed in this study is named Aid for Instructional

Development and Evaluation (AIDE). It is a modification of the MODCOM cost

a nal ys i s p ro g ram and re ta i ns a l l  of the cos t ana l ys i s fea tures an d out pu ts of
MODCO M w hi le al low i ng for course com p le ti on t ime to be es t ima ted by the reg ress i on
equation developed in this study .

Although AIDE inputs are sufficientl y documented in this report for it to

be used by itself , it is designed to be used as a replacement for MODCOM in the

MOD IA series of programs , and the detailed MODCOM documentation should be used with

AIDE.

I
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5.1 DESCR iPTION AND USE OF THE AIDE PROGRA M
The AIDE program projects the investment and operating costs of a

given course design for a fi ve-year time frame. Course completion ti me

for each type of s tudent i s computed and used to calculate student pay
and allowances costs . The num ber of student entrants per year and their

completion times are used to determine resource requirements and costs .

Resources include man power , coursewa re , hardware , and facilities. These

resources require specification in terms of quantities such as attrition rates ,

and u tilization rates. These specifications are outputs of the MOD IA UI and

RUM programs or may be supplied from knowledge of a specific course. Flexib ility

in the inputs required allows the model to be used at any level of detail

desired .

The following outputs are generated by the AIDE program :

o In put Data Listing

o In put Lesson Descriptor Values Listing

o Course Comp le ti on Data Genera ted by the Re g ress i on Model
o Personnel Distributions and Cos t Factors
o Graduate Summary
o Manpower Summary
o Courseware , Hardware , and Faci l i t ies Requirements by Year

o Funct ional Cost Summary .

These outputs are illustrated in Figures A-l through A-8 in Appendix

$ A. AIDE outputs 4 through 8 are identical with the original MODCOM out-
puts . Output 1 diffe rs only in that the additi onal student and lesson
var iables unique to AIDE are listed. Outputs 2 and 3 are unique to AIDE .
Output 2 provides a complete list of the input lesson descripto r variable s ,
an d Output 3 is a summary of the course complet i on data genera ted by the
reg ressio n equation .

A description of inp ut data preparation is given in Appendix A. A
more de tail ed description of the data input is provided by the RAND MODCOM
documentati on. Any differences in input data preparati on between AIDE
and MODCOM are noted specifically in Appendix A . In general , the differences
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between the two programs are that the AIDE regression equation requires

input of values for three student descriptor variables for each type of

student defined and values for the eleven course descriptor variables.

The particular regression equation developed in this study is curren tly

hardcoded in the AIDE program , but AIDE could be changed to employ any

s imilar regression equation w ith onl y mi nor changes to the FORTRAN co de
(as noted in Appendix A).

One limi tation of the AIDE cost analysis program is that , while there
is variability in tha predicted course completion times generated by the

reg ress ion equation , no corresponding variability is computed for course

cos ts by the cos t model . -,

Althou gh AIDE can take up to 75 different lessons as d~eTfined by their

lesson descripto r variables , it should be noted that the orig nal (con-

vent ional course) lesson lengths in this study were approximately one to

seven hours . Thus , the prediction equation for individualized les~on an d

completion times should not be generalized to lessons whose original

lengths fall outside this range . Regarding input data preparation ,

ori ginal course lengths outside of this range should be broken down into

sums of lessons whose len gths fall within the above range .

5 .2 EXAMPL E USE OF AIDE
To illus trate how the AIDE p rog ram can be exerc i se d , course com p le ti on

and cost data were genera ted for a s tan dar d sam p le and for ad di t i onal sam p les
represent i ng three s pecif i c ques tions di scusse d in para gra phs 5.2.1 through
5.2.3.

Input data for al l of these samples were obtained primarily from example
values given in the MODIA documentation , but a number of values were repre-

sentative of available AIS data. Specifically, these values were (a) a

conventional course length of 50 hours , (b) a student washout rate of 10
percent , (c) a student entry interva l of once per 30 hours , (d) a total
student entry rate of 3200 per year or approximately 60 per week , (e)
lesson descriptor variables , and ( f )  student characteristic variables.

For the standard sample , an approximate norma l distribution of student

5—3
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variable values was chosen for the ASVAB Administ rat ive (ASVADM) and

Mechanical (ASVAMEC) scores . The mean values of these two distributions

were set equal to the mean values of Sample One from the regression

analysis section of this study . Sex was held consta nt by defining an all
male sample. Likewise , student personne l type , designation , and paygrade

value were held constant for all students at values derived from the
MODIA documentation .

Figures A- l through A-B in Appendix A i l lustrate the AIDE output for

this standard sample. Figure A-2 l ists the values of the lesson var iables ,
and Figure A—3 l ists the values of the student va riables. The standard
samp le time and cost results are summarized in Tab le 7. The first portion
of the table , Course Completion Data , is deri ved from the AID E program
Out put 3 (Figure A—3 in Appendix A). It lists the expected course
completion time s for stuc nts of five differing ability levels as measure d

by the ASVAB Admin istrative (ASVADM ) and Mechanical (ASVMEC) scales. The J

average expected course completion time across all students is shown to

be 19.17 hours , a sav ings  of 52.1 percent from the convent iona l course

length of 40 hours . The second portion of the table , the Functional Five
Year Cost Sumary , is derived from AIDE Output 8 (Figure A-B in Appendix
A).  The figures shown for each category are totals over the initial fi ve
year peri od assuming the distribution of student ability levels shown in
the top portion of the table. The various cost items are described on
pages A—27 and -28 of Appendix A.
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TABLE 7
AIDE TEST RUN FOR STANDARD SAMPLE

COURSE COMPLETiON DATA (iN HOURS)

Student Variables Course
Compl etion

ASVADM ASV MEC Time (Hrs.)
84 85 17 .0
72 72 18 .1
60 59 19.2
48 46 20.2
36 33 21.3

Avera ge Course Completion Time is 19.17 Hours

Average time Savin gs is 52.1 Percent

F U N C T I O N A L F I V E  YE A R COST SUMMARY

Courseware Procurement
Printe d Media S136 ,700
Display Media 48 ,000
Softwa re 13 ,100

Hardwa re Procurement
Media Hardwa re 22 ,400
Special Equipment 0
Overhead Hardware 2 ,000

Facility Construction 75 ,000

Pay and Allowances
Students lOgl ,700
Instructors 1644 ,800
Curriculum Personnel 79 ,300
Facilit ies Maintenance Personnel 204,500
Trainin g Admin. Personnel 60,000
Base Operating Support Personnel 335 ,000
Medical Personnel 59 ,100

PCS Costs
Stu dents 7 166 , 71)0
Instructors 25 ,400

Instructor Training
Factory Training of Initial Cadre 3 ,000
Education Training 54 ,200

Miscellaneous Operating Costs
Computer Service Charges 330,000
Hardwa re Replenishment / Repair 8,000
Miscellaneous Supplies 43 ,400

TOTAL COURSE COST $11 ,675 ,600
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It should be understood that the purpose here was to i l lustrate how
the cost model can be exercised , not to provide an accurate description
of the cost structure of an AIS course. If the data were to be representative
of an AIS course , i t  would be necessary to increase the number of lessons
in the sample from ten to about l20 ,and a number of additiona l inputs would
need to be modified to be representative of either the IN or WM course
characteristics and students .

5.2.1 Effect of Variatio n in Student Aptitude Level - The first question

investigated asked how cos t wou ld be affected if the ave rage level of
student aptitude is increased or decreased where aptitude is measured by
the ASVAB Administrative and Mechan ical scores . The purpose of this

particular question was to represent a situation in which an administrator
might wish to learn the effec t- i on course costs of lowering course entry
requirements (a possible outcome of zero draft ) or of raising them (a
possibl e outcome of increased unemployment in the c iv i l ian sector).

Two more distributions of student variables were generated which

were also approximatel y normal and whose ASVADM and ASVMEC means were
two-thirds of a standard deviatio n below and one-half of a standard

dev iation above the mean of the standard sample , respectively. The dis-
tributions employed (including the standard sample) are illustrated in

Table 8. For each sample , the same num ber of students was input for each

of f ive years , and all other input variables were held constant. With an
entry interval of one week (30 hours), the entry rate was 64 students per
week , roughly the num ber of weekly student entries in the AIS IN course at

Lowry AFB .
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TABLE 8
DISTRIBUTIONS OF STUDENT VARIABLES FOR COMPARISON OF

STANDARD , BELOW AVERAGE , AND ABOVE AVERAGE STUDENT POPULATIONS

SAMPLE DESCRIPTION ASVADM ASVMEC STUDENT ENTRANTS PER YEAR

84 85 200

72 72 800

Standard Sample 60 59 1200

48 46 800

36 33 2 00

96 98 200
84 85 800

A bove Average Sample 72 72 121)0

60 59 800

48 46 200

72 72 200

60 59 800

Below Average Sample 48 46 1200
36 33 BOO
24 20 200

The time and cos t resul ts for the two Above and Below Average stu den t
samp les are given in Tables 9-1 and 9-2 , respectively. These Tables are in
the same forma t as Table 7, and the data were derived from the same AIDE
program outputs , i.e., Output 3 and Output 8.

For purposes of comparison , data from Tables 7 , 9-1 and 9-2 are summarized
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TABLE 9-1

AIDE TEST RUN FOR ABOVE AVE RAGE STUDENT SAMPLE

COURSE COMPLETION DATA (IN HOURS )

STUDEI4T VARIABLES COURSE
COMPLETION

ASVADM ASVMEC TIME (HR54
96 85 16 .7
84 72 17 .8
72 59 18.9
60 46 20. 0
48 33 21 .0

Average Course Completion Time is 18.88 Hours
Avera ge Time Savings is 52.8 Percent

FUNCTIONAL FIVE YEAR COST SUMMARY

Courseware Procurement
Printed Media $ 136, 700
Display Media 48 ,000
Software 13 ,100

Hardware Procurement

Media Hardwa re 20,900
Special Equi pment 0
Overhead Hardware 1,800

Facil i ty Construction 75 ,000

Pay and Al lowances
Students 1075 ,700
Instructors 1644,800
Curriculum Personnel 79,300
Hardware Maintenance Personnel 195 ,000
Faci l i t ies Maintenance Personnel 60 ,000
Training Admi n . Personnel 335 ,000
Base Ope ratinq Support Personnel 273 ,300
Medica l Personnel  59 ,100

PCS Costs

Students 7166 ,700
Instructors 25 ,400

Instructor Train in g

Factory Training of Initial Cadre 3,000
Education Traini ng 54,200

Miscel laneous Operating Costs
Computer Serv ice Charges 330,1)00
Hardwa re Replenishment / Repair 7 ,500
Misce ll aneous S u p p l i e s  42 ,900

TOTAL COURSE COST $11 ,647 ,400
5-8
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TABLE 9-2

AIDE TEST RUN FOR BELOW AVERAGE STUDENT SAMPLE

COURSE COMPLETION DATA (IN H0UR~j

STUDENT VARIABLES COURSE
COMPLETION

ASVA DM ASVMEC 
- - 

TIME (HRS.)

72 85 17.3
60 72 18.4
48 59 19.5
36 46 20.5
24 33 21.6

Average Course Completion Time is 19.45 Hours
Average T i me Saving is 51.4 Percent

FUNCTIONAL FIVE YEAR COST SUMMARY
Courseware Procurement

Printed Media $ 136 ,700
Display Media 48 ,000
Softwa re 13 ,100

Ha rdwa re Procurement
Media Ha rdware 22 ,400
Special Equipment 0
Overhead Hardware 2,000

Facility Construction - 75,000

Pay and Al lowances
Students 1108,100
Instructors 1644 ,800
Curr i culum Personnel 79 ,300
Hardware Ma intenance Personnel 204,500
Faci lities Maintenance Pe rsonnel 60 ,000
Tra ining Admin. Personnel 335,000
Base Operating Support Personnel 278 ,300
Medical Personnel 59 ,100

PCS Costs

S tudents 7166 ,700
Instructors 25 ,400

Instructo r Training
Factory Training of Initia l Cadre 3 ,000
Education Training 54,200

Miscel laneous Operating Costs
Computer Service Charges 330 ,000
Hardwa re Replenishment /Repair 8,000
Miscell aneous Supplies 43,900

TOTAL COURSE COST $11 ,697 ,500
5-9
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in Table 10. As may be seen from Tab le 10 , dramatic variations in aptitude
in the student population , as measured by the ASVAB Administrat ive and
M e c h a n i c a l  score s, have relat ively l itt le effect on course completion time ,
approximately 1.5 percent. This is due to the fact that , i n  the

regression equation employed (see Table 5),  these two v a r i a b les , although
significant , account for re latively l itt le of the variabil ity in fi rst-
attempt— lesson -time . The effect on Total Course Cost is even less ,
approximate ly 0.2 percent. This is due to the relatively large fraction
of the course costs wh ich are considered by the mode l to be f ixed rather
than dependent on var iable course length.

TABLE 10
TIME AND COST COMPARISONS FOR DIFFERENT STUDENT DISTRIBUTIONS

SAMPLE DESC R IPTION A V ER A GE TIME - STUDENT PA Y COS T TOTAL COURSE COST

Hours % Change $* % Change S~ % Change

~bove Average 18.88 -1.5 1075.7 -1.5 11647.4 -0.24
Standard 19.17 0.0 1091.7 0.0 11675.6 0.00
Below Average 19.45 1.4 1108.1 1.5 11697.5 0.19

* In  Th ousands  of D o l l a r s

5.2. 2 Effect of Variat ion of Proportion of Memory Versus Cognitive Content
The second question investi gated the effect of variations in the relati ve

proport ions of Memory to Cognitive content. The purpose of th is question
was to i l lustrate the differing outcomes that may be expected when courses
with d ifferent characteristics are individualized. The variables in the
regress ion equation (Table 5) indicated that individualization of a course
conta ining a relatively large amount of memory content would result in
more substantive time sav ings than would individualization of an other-
wise similar course with less memory an d more cognitive content.

5-10
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To investigate this question , the num ber of m i n u tes of memory con ten t

material (MEM) in the course represented in the standard sample was

increased by one standard deviation , i.e., 72 minu tes per lesson . In

order to keep lesson lengths constant, a corresponding reduction of 72

minu tes per 1esson was made in the amount of cognitive content (COG). Thk

represented a reduction of 0.49 standard deviations in the cognitive content.

The Time an d Cost results for this high-memory-content course

are given in Table 11 which employs the same format as Table 7. For
purposes of comparison with the standard sample , data from Tables 7 and lI

are summarized in Table 12. As may be seen from Table 12 , su bstant ially
greater time savings would be expected from individualization of a course

wi th a higher percentage of memo ry content. Whi le the predicted average
course completion time for the standard sample course was 19.17 hours
(down from 40 hours as taught by conventional methods), the predicted
av r .rage course completion time for the high—memory-content course (a lso
assum ing a 40 hour conventional course baseline) was only 13.51 hours .

Again , it should be noted that whi le there are large differences
in student pay costs between the two types of courses  (29.5 percent), the

d i f f e r e n c e  in  Total  Course  Cost is  relatively small (8.1 percent).

5- 11
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TABLE 11

AIDE TEST RUN FOR HIGH-MEMORY /LOW-COGNITIVE-CONTENT COURSE
COURSE COMPLETION DATA (IN HOURS)

STUDENT V ARIABLES COURSE
COMPLETION

ASV A DM ASVMEC TIME (±L RS I )

84 85 11.4
72 72 12. 4
60 59 13.5
48 46 14.6
36 33 15.7

Avera ge Course Comp letion Time Is 13.51 Hours
Average Time Saving Is 66.2 Percent

FUNCTIONAL FIVE YEAR COST SUMMARY

Courseware Procurement

P r i n t e d  Med ia  S 136 ,600
Display  Media  48 ,000
Software 13 ,100

Hardware Procurement
Med ia Hardw are 13 ,400
Special Equipment 0
O verhead Hardware - 300

Facil ity Construc tion 75 ,000
Pay and Al lowances

Students 769 ,300
Instructors 1252 ,800
Curriculum Personnel 79 ,300
Ha rdware Maintenance Personnel 142 ,500
Faci l i t ies Ma intenance Personnel 60 ,000
Training Admin. Personne l 289 ,500
Base Operating Support Personnel 205,300
Medical Personne l 43 ,100

PCS Costs

Studen ts 716 6,700
Ins tructors 19 ,200

Instructor Tra ining

Factory Training of Init ial Cadre 3,000
Education Training 40 ,700

Miscellaneous Operating Costs
Computer Service Charge 330 ,000
Hardwa re Replen ishment/Repair 5 ,500
Miscellaneous Supplies 32 ,400

TOTA L COURSE COST S lO ,725 ,lOO
5—12
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TABLE 12

TIME AND COST COMPARISONS FOR ST ANDARD AND HIGH MEMOR Y/L OW COGNITIVE
CONTENT COURSES

SAMPLE D E S C R I P T I O N  AVER A GE_ TIME STUDENT PAY COST TOTAL COURSE COST
Hours ~~~~~~~~ s* ç a ~~~~ $~ c~ Change

Standard Sample with

Mean Values on MEM , 19.17 0.0 1091.7 0.0 11675.6 0. 0

COG

Standard Sample with -
MEM increased 1 S .D. ,  13.5 1 —29.5  769.3 —29. 5 10725.1 -8.1
COG decreased 0.49 S.D. 

-

* In Tho usands of Dollars

5. 2.3 Effect of Var iat ion of Conventional Course Presentation Methods - One
of the most striking aspects of the regression equation to predict first-

attempt -lesson-time (Table 5) was the difference between the coefficients
of two of the quantitative course content var iables:  Lecture /Discussion
Minutes and Demonstration/ Performance Minutes — Cognitive. According to

these coeff icients , each additional minute of Lecture/ Discussion
presentation in the conventional course would be expected to increase
first attempt lesson time in the individualized course by only 0.12
minutes . In contrast , each additional minute of Demonstration/
Performance -Cognitive presentation would be expected to increase fi rst-
attempt—lesson -time in the individualized course by 0.26 minutes . On
the assumption that these va lues were approximately correct , a f i n a l

comparison was made to i l lustrate the differing effects of individual-

iz ing two courses which differed on these dimensions.

For the purpose of this comparison , the number of minutes of
Cognitive Demonstration Performance time (CDPMC ) was increased by 0.75
standard deviations (48 minutes) per lesson . A corresponding reduction

of 48 minutes per lesson in Lecture/ Demonstration time (CLUM) amounted
to a change of 0.49 standard deviat ions.

5—13
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The time and cost results for this high-demonstration / performance -
method course are given in Table 13 whic h employs the same format as Table

7. For purposes of compar i son wit h the stan dard samp le , data from Tables 7

and 13 are s ummarized in Table 14. As may be seen from Table 14 , no t ime

savings would be expected from the individualization of a course whic h
employed Demonstration/ Performance methods for this very high proportion
of the content. The predicted average course completion time for the

individuali zed high-demonstration/performance-m ethod course was 44.52 hours ,

an increase of 4.52 hours over the conventiona l course.

J
j

5- 14

MCDONNELL DOUGLAS ASTRONAUTICS COMPANY — LAST

‘

~

i.. . ~~~~~~~~~~~~~~~~~~~~ 
-



- -.------_ - —.--- ——_ — - -- --_—-- —- — —_---- — — -_- ._-_ ~~~~~~ -_ ------ —--- -_ ---- _—_
.— -__—_--— -_- _—_—- - —------—--- - —--—

EVALUATING MDC E 1570

INSTRUCTIONAL SYSTEMS VOL UME II 15 MAY 1977

TAB LE 13
AIDE TEST RUN FOR HIGH-DEMONSTRATION/PE RFORMANCE-METHOD COURSE

COURSE COMPLETION DATA (IN HOURS )

STUDENT VARIABLES COURSE
COMPLETION

A SVADM ASVMEC 
— 

TIME (HRS. )

84 85 42.4
7 2 72 43.4
60 59 44. 5
48 46 45 .6
3~5 33 46.7

Average Course Completion Time Is 44.52 Hours
Average Time Saving is — 1 1 . 3  Percent

FUNCTIONAL FIVE YEAR COST SUMMAR Y
Courseware Procurement

Printed Media S 137 ,800
Display Media 4~ ,OO0
Software l~~,lO O

Hardware Procurement
t~edia Ha rdware ,~~ 0
Special Equipment
O-~’erhead Hardware - . - (-U

Fac i l i ty  Construct ion ~~~~~~
Pay and Al lowan L~ s

Students 2531 ,E~~
I n s t r u c t o r s  3751 ,
Curriculum Personnel 7~ ,3OO
Hardware Maintenence Personnel 4€ 3 ,600
Faci l i t ies  Maintenance Personnel 115 ,501)
Training Admin. Personnel 544 ,~ 0()
Base Operating Support Personnel 607 ,~ 1Y)
Medical Personnel 131 ,51)0

PCS Costs
Students 7154 ,31)0
Instructors 67 ,400

Instructor Train ing
Factory Training of Initi a l Cadre 3,000
Education Trainin g 125 ,400

Miscel laneous Operating Costs
Computer Serv ice Charges 410 ,000
Hardware Replenishment/Repair 17 ,500
Miscel laneous Supp l ies 95

TOTAL COURSE COST $16 ,511 ,200
5- 15
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These additional costs were , however , inf lated by two pre-analysis
decisions reflected in the input data. Firs t , the input data indicated
that student relocat ion for training was to be treated as a permanent change
of stat ion (PCS ). Given the predicted average course length of 19.17 hours
(Standard Sample , Table 7) , it would be more cost -ef fect ive to handle
student relocation through temporary assignment - IDY . PCS costs for the
standard sample were $7 ,166 ,700 over the five year period ; six and one-hal f
t imes  as much as s tudent pay an d allowances over the same per i od. If
relocation for training had been handled by means of TOY assignment and
if one assumed a six hour training day , this expense woul d have been reduce d

to approximately $2 ,903,500. T h i s  figu re still represents over two and

one—half times the cost of student pay and allowances.

A second factor which increased predicted Costs was the decis ion that
the entry interval should be 30 c lass hours or once per week . G i v e n  t h a t

the average course completion time was predicted to be less than 20 hours ,
very few students woul d still be presen t i n the course at the en d of th e
week. Whi le the average student load was computed to be 36.2 , the actual
number woul d range from a high of at least 64 students at the time of a
c lass entry to a low of near zero just prior to the next class en try . T hi s

- represents an extremel y i neff i cient use of both personnel and fac i li ties .

Although such a test run was not made, it can be ant icipat~d t ha t  a

substantive cost reduction would result if the entry interva l was reduced
to s i x  h o u r s , al lowing 12 to 13 new students to enter the course each day .

Although these two factors , permanent change of station and once per
week entry , did inf late the est imated costs relative to student pay and

a llowances , the conc lusions d rawn concerning the relati ve costs of the
various samples run , i.e., above and below average student ability levels ,
high-memory /low-co gnitive content , etc.,  remain val id .  Even wi th  TDY
assignment and daily course entry , student pay and a l lowances would s ti ll
c o n t r i b u t e  o n l y  a fairly small proportion to the total course costs.

5-17
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6.0 CONCLUSIONS AND RECOMMENDATIONS

This study represents the fi rs t effort to employ data from an operational
e n v i r o n m e n t  i n  an a ttempt to relate va ri ables such as course con tent , instructional
and system design considerations , and student character ist ics to completion time in
a sel f -paced course and to the cost of developing, implementing, and maintaining

such a course. The study has , we bel ieve , demonstrated that a v iable time savings
and cost mode l can be developed given a suff icient data base from which to draw
information. The generality and precision of such a mo del i s , however , dependent
on the depth to which the instructional system from which the data are deri ved
can be fully and explicitly described. Analogously, the utility of the model for

a given application will depend on the accuracy with which the course being con-
sidered for self-pacing is described. In addition to a descript ion of the cou rse
conten t , the model requires a numbe r of assumptions concerning instructional and
system design variables and the characterist ics of the students to be enrolled in
the course. The predictive accuracy of the model wi l l , of course , always be l imited
by the validity of these assumptions.

As was s ta ted  above , the authors believe that the current study has demon-

strated the feasibil i ty of developing time savings and cost models wh ic h have
practical utility. It must be reco gnize d , howe ver , that there is a number of

limi tations both to the specif ic model developed here and to fu tu re  e f fo r t s  whi ch
employ this work as a starting point. Each of the three major components of the

overall  effort , the descriptive model , the p red ict i ve model , and the cost model ,

wil l  be discussed with respect to these lim itations as well as with respect to

their posit ive aspects .

The descript ive model of computer-based training systeris can be viewed as

serving as a framework for the predictive model and a guide to its development.

The uti l i ty of the predict ive model wi l l  always be limited by the generality and

completeness of the descript ive mode l. Whi le the descriptive model employed in

this study would appear to be appropriate , it must be recognized that i ts adequacy
was not actua lly tested by the current effort,since the predictive model developed

directly addressed only a small portion of the tota l descript ive model.

6- 1

f41CDOPIN~ II I,øU (;t AS ASTRONAUTICS COMPANY - EAST 

-- ~~ -~~~~~~~~~~~~~— —---~~~~~-- - - -  —-~~~~~~~~~ -
~~~~~~

- - ---



—-~ --- --— - - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

EVA LUATIN G MDC E1570
INSTRUCTIONAL SYSTEMS VOLUME I ) 15 MAY 1977

It  is suggested , however , that the genera l charact er i s ti cs of the descri pti ve
mode l proposed are appropriate to an effort of this type , i.e. , d e s c r i p t i o n  of an

instructional system in terms of a number of time-consumi ng components and the

probabil i t ies associated with a limi ted number of decision points . Our experience
with predicting a single time component (fi rst -attempt-lesson-time ) indicates that
it is feasible to develop miniature predictive models for the remaining com ponen ts ,
given the avai lability of reasonably accurate data .

The one exception to this genera lly optimistic view must be noted - prediction
of the time component entitled Cumulative Administrative Ove rhead. The quantity of
administrative overhead wou ld appea r to be heavily dependent on local course
polic ies. While this assumption needs to be examined in greater detail , i t  w o u l d

appear that the time attributab le to this component may be too specifi c to local
situations to be estimated with any degree of accuracy on the basis of ava ilable
data.

A second problem area lies in estimating the probabil i t ies associated with the
pass/ fai l  decisions following the various lesson and unit tests. As was discussed
in Paragraph 4.2 .1 of this report, these decisions again appear to be highly dependent
on local course pol ic ies.  Consequently, predictions based on data from any g i ven

course or set of courses wi ll be biased by the policies in effect in those courses
and fail to generalize to a new course. The best solution to this problem may be to
establ ish tolerable fai lure rates as part of the instructional system desi gn speci-

f ications and assume that instructional materia ls and procedures w i l l  be developed
suc h that s tu c- nt performance wi l l  meet these speci f icat ions .

It should be noted that the descriptive model can be viewed as consisting of

several nested loops : the time required to complete the major instructional unit;
the time required to comp lete a given lesson; and the time require d by the indi-
vidual components within the lesson completion loop. As a result , the model has the

interesting attribute that it is not necessary that all of the individual components

be modeled explicitly. To the extent that individual components are modeled

accurately, the overal l estimate of instructional unit completion time becomes more
respo nsive to var ia t i o n s  in  content , student character ist ics , and instructiona l
method. T he model sti l l has utility, howe ver , i f  on ly gross e s t ima te s  are made of

the total time required by the set of components which were not modeled. The
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initial effort represented by this study exemplifies the extreme case of such an

approach. The single component , first-attempt —lesson-ti me , was modeled as accu-

rately as possible under the circumstanc es. The cumulative time attributable to

the remaining components was then estimated as a function of f i rs t -a t tempt- lesson-
time . The final result , although not as accurate as might be desired , does provide

a useful est imate of the total time required to complete an arbitrary instruct ional
unit. Detai led modeling of any addit ional component w i l l  increase the accuracy of
the overall estimate. Thus , further refinement of the model can proceed step-by-

s tep as more data become ava i lab le .

Discussion of the predict ive model brings us to the actual mechanics involved

in estimating the time required for an individual student to complete an arbitrary
instructional unit. It is of some interest to compare the methodology and resul ts
of the current study wi th the work reported by Wagner , Behringer and Patt ie (1973)
in predicting indiv idual ized course comple t ion. The major di f ferences between the
two efforts are a function of their dif fer ing ob jec t ives .  Whi le  Wagner , et al ,
were interested in predicting the time required to complete a particular Self-paced

course , the intent of the work reported here was to predict the time required to
complete an arbitrary instructional unit , given a limited set of characteristics of

that unit. Specifically, whereas all of the students in the Wagner , e t al , study
worked through the same set of materials , the cr i ter ion variable in the current
study represented the time to complete each of 66 different instr u ctional un ts.

The fact that the multiple correlation coefficient of .6283 obtained here compares

favorably with the correlations of .65 to .75 reported by Wagner , et al , indicates
that the lesson descriptor variables employed in the current study did accurately

represent the characteristics of the various lessons. While Wagner , et al , were

able to obtain substantially higher correlations (.85 to .87) through the use of

with in -course measures , such measures would not have been appropriate to the objec -
t ives of the current study . Wagner , et a] , also found that the measurement of
individual difference characteristics through the use of course content-related

instruments was preferable to the use of the standard military battery . The

current study found that the use of avai lable preassessment measures did not appre-

c i a b l y i ncrease the accurac y of prediction in the presence of ASVA B scores , but the
results might have been different had the preassessment batter y contained more

content—specific tasks. Again , however , such content—specific measures would have

very limited utility given the objectives of the current work.
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The regression anal ysis approach emplo yed in this study would a lso appear to
be appropriate for est imating the time required for many of the remaining components

of the Descript ive Model such as Remedial Stud y T i me on Lesson i and the time
required for the various diagnostic and credentual ling tests. In other cases , such

as estimating the time consumed in obtaining resources and test scoring, an a l t e r-
nate approach based on queuing theory might wel l  be more appropriate .

It should be noted that the current study did not fully investigate all aspects

of the regression model approach. Only simple , linear predictors were employed.
There i s  reason to believe that accuracy of prediction could have been improved if

the effects of nonlinear transformations of the predictor var i ab les had been i nves-
tigated. For example , it is reasonable to expect that the relat ionship between 

-

first-attempt-lesson-time and student individual differences could be better repre-
sented by a curvilinear relationship than by a simple linear relationship. The

failure to investigate interactions among the var ious p re di c tor va r i a b les rep rese nt s
an even more serious l imitation. The final regression model does not include any
terms which are products of two or more predictor var iab les.  As a result , fo r  exam -
ple , the final regression mode l contains the assumption that while two students of

differing abi l i ty levels w i l l  complete a given lesson in differing amounts of time ,
the difference between their two completion times wi l l be independent of the amount
of lesson content. That is , if Student A requires ten more minutes than does
Student B to complete a particular lesson , the model implies that Student A wi l l
also require only ten more minutes than Student B to complete a second lesson con-
tainin g twice as much content as the first lesson . The incongruity would be resolved

if the predictor set contained one or more var iables which were the mul t ip l icat ive
pro duc ts of app ro p r i a te s tudent ab i lity and course con ten t measures . The same li ne
of argument implies the desirability of including product terms which incorporate

instructional design var iab ?es such as the number of sel f-check items.

The e f f o r t  r e q u i r e d  for  adequate investigation of potential transfo rmations and

product terms was simply not feasible wi th in the temporal and f iscal  constraints of
the current study . Investigation of at least interaction terms should certa in ly be
given consideration in any work directed at refining the predict ive model.

The major limi tations of the current study can be traced directly to the lack of

a suff icient ly broad and rel iable data base. To a great extent ,  any f u t u r e  eff o r ts
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in this ared will be limited by these same constraints. In general , data acquis i t ion
problems fall into four broad categories : self-paced student performance data; base-

line course content descriptions ; the variability of examples of instruc tiona l

methods; and the distribution of observations across variations in cou rse content ,
instructional methods , and student individua l difference charact er ist ics.

At the time the data collection effort for the current study was being con-

ducted , th e AIS was i n a rela ti vel y rudi mentar y stage of develo pmen t , and the only

relia ble lesson leve l time data available were fi rst-attempt -lesson-times . There-

fore , the predictive model was limi ted in explicit prediction to this single

component . Since that t ime , further develo pment of the AIS has al lowed collec ti on
of rel iab le , reme di al s tudy t imes an d lesson completion times . Were the study to

be repeated now , a predictive model could be developed which ad dresse d several  com-
ponents of the instructional process. Obviously, titure efforts will be more

fru i tfu l if they are conduc ted i n the con tex t of an i nstruc ti onal sys tem w ith a
fully developed data co l lect ion and recording component.

While there are advantages to conductinn future model ing efforts in the context
of an established system , there is a defi nite disadvantage in attem pting to model
courses which have been conducted under the auspices of such a system for any length
of time . The modeling approach employed in this study assumes the existence of
course planning documents which pertain to the course as it was taug ht in a conven-

t i ona l , group—paced mode . Since technical training courses do change , there is ,
with time , less and less overlap between the current content of the self -paced coursE
and its content when it was taught in the conventional mode. It will be recalled

that none of the nine blocks of instruction sampled in this study contained exactl y

the same content c~s they did in the earlier , conventiona l course. If the study were
to be repeated now , there would be even less overlap. Proposed changes to the
Inventory Management course indicate that wi thin a year almost none of the content
in the ori g i n a l , group -paced course wi l l  st i l l  be taught. It is therefore suggested
tha t  any fu ture ef forts at model ref i nement be con ducted in the context of an estab-
l ished system to which new courses are being added.

There is undoubtedly a tendency for a given instructional system to shape the
instructiona l methods employed in that system. One tends to find relatively little

var iability in method across lessons. Thus , the effect of advanced organizers such
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as the presentation of lesson objectives could not be eva l uated in the current study

since all of the lessons sam pled contained such obj ect ives.  Sim i lar ly , the numbers

of embedded questions and lesson test items were found to be so highly correlat ed

with the amount of lesson content that it was necessar y to exclude them from the

predictor set. Relatively l i t t le  of their var iabi l i ty  was independent of lesson

length. Whi le the post-instruct iona l organizer , Number of Self-Check I tems, was

retained in the predictor set , the typical r umber of such items per lesso n was so

sma ll that one should be hesitant in using the regression equation information to

eva luate the utility of such organize rs . It would be des irable to sample a much - j
wider variety of values of course content variables in any future efforts at model
refinement. The current study ’ s l imitation to two courses makes it di f f icul t  to

dise ntangle the effects due to differences in course content from those due to

unmeasure d , course-specific factors . Finally, it would be highly desirable if

future work could include examination of a variety of alte rnative instructional }
media, inc luding computer-assisted instruction.

The final data p roblem area concerns th e i ntercor rela ti on of predict or var i ab les .

If it were possible to manipulate directly the var i ab le s  of i n teres t , one wou l d
impose experimenta l ccntrols to hold other condit ions constant whi le  varying one , or
at most a limited set , of var iables. Since this was not possib le , the current study
employed a regression analysis approach in an attempt to examine st~ t i s t i ca l ly  the
effects of individua l variables. The regression approach is l imited , howeve r . in
that the confounding effects due to the intercorrelat ions among var i a t~les c a ’ r c t  be
controlled . For example , if a part icular inst ruct ional  method was al~~iys emp loyed
for teaching a particular class of content , and never e - -n lo ve d f O r  teaching other
categories of content , its effect could never be eva luated. Nor could one deter: m e
the expected time savings due to se l f -pac ing wi th  other instruct ional  r-ethods for
that class of con tent . Other , less extreme examples can also present problems .

Wit hin the current AIS system , the more expensive audio -v isua l  media are generally
emp loyed only for t hose lessons which experience has proven to be par t icu lar ly  diffi-
cult for students when the material was presented in the less expensive , prograi wred

text format. Thus , a regression equation predicting lesson completion t i-r which

incorporated a presentation medium variable woul d , under these c i r c : s t a n c e s , ‘

to misre present the utility of audio —visual presentation as cornpa~ol u i -mr ’u 1

text because data on the aud o -visua l mode were not samp led a - rss t - ~ • ‘ a -  - ,
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lesson content. It is anticipated that problems of this type w ill continue to be a

major limitation to further development of the predictive model.

The computer cost analysis model developed in this study incorporates an

est imate of students ’ co u rse com p le ti on time based on relevan t cou rse conten t,

instructional design , and student characterist ic variables . It thus increases the

scope of Rand’ s MODIA cost mode l by basing course comp letion times on predicted
values from a regression equation derived from actua l data from an operational
environment. The flexibility of input preparation allows the model to be used for

both general and detailed levels of analysis.

The cost figures produced by the program are only as good as the accu racy of
the course oes cr ip t i on p rov id ed an d the s i m i l a r i ty of the course to be mo dele d to

the AIS courses from which data were samp led in this study . A further limi tation
of the cost analysis program is that only mean cost values are produced even though
considerable variabil i ty is associated wi th the predicted cou rse completion times.
Fur ther work on the AIDE cost model could improve its usefulness by comput ing the

variances associated wi th the final course cost. The inclusion of va riances would
al low analysis of variance and linear model comparisons to be made on the cost s of
alternative approaches. As the model now stands , exercising it with respect to
quest ions relate d to course content , ins truc t iona l  desi gn , a~id student character-
istics produces cost figures which can only be compared in terms of percentage of

change without any measure of the signif icance of the cost differences.

In summary, the current study has provided three products which can facilitate

the investigation of cost savings due to the indiv idual izat ion of mi l itary training.
The Descript ive Model of Computer-Based Training Systems will , hopefully, provide a

context within which to investigate the variou s components of such systems . The

Predictive Model has explored a methodology which. wi th  minor var iat ions , can be

developed to predict t imesavings due to indiv idual izat ion accuratel y in a variety of
training environments. As instructional systems such as the AIS become established,
a broad , rel iable data base w i l l  become ava i lab le  which can be used to support a
sys tematic , empirical approa ch to the select ion of addit ional cours es for individual-
ization. Finally, the AIDE Cost Model has extended the Rand MODCOM program to
incorporate the var iable course complet ion times character is t ic  of computer-based
training systems.
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One final coment would appear to be appropriate. As was discussed
in Section 5.3 of this repo rt , Discussion of AIDE Example Run Results , those
training expenses which are directly attributable to students and which are
sensitive to variations in course completion time , (i.e., student pay and
allowances ) form a relatively small proportion of total course costs . If
substantive cost savings are to be realized from the individualization of
instruction , the total training system , Including support personnel and
faci l i t ies , must be crit ically examined. For example , the emphasis to
date has been on shortening course completion time while holding the number
of instructional personnel constant. It may well be more cost effective to
allow somewhat longer course completion time s while reducing the student /
instructor ratio. The coordination of student arri vals and departures from
the training base is at least as important as is the efficient use of the
student ’ s time in the classroom. Personnel whose duties are only tangentially
related to training account for a sizeable portion of a training base ’ s
budget. Red ucing the length of one or two small enrollment courses by 20

or even 30 percent wil l  not appreciably decrease the number of students
on base and wil l  not , consequentl y , allow any reductions in the number

of these support personnel. If , on the other  hand , a substantial proportion
of the training on a given base were individualized and the expected time
savings realized , a number of indirect costs could be reduced . Referring
to the functional cost items shown for the standard sample in Table 7 , one

would expect broad scale reductions in course times to impact the fol lowing
items : Facil i ty Construction ; Instructor Pay and A l lowances ;  Faci l i t ies
Maintenance Personnel ; Training Administration Personnel ; Base Operatin g
Support Personnel ; Medical Personnel , PCS costs for instructors ; and Instructor
Education Training. These i tems account for an additional 21 percent of the

to ta l  course  costs , and reductions in these areas would almost certainly
result in substantive savings. It may well be the case that the full p o t e n t i a l
of computer-based training systems for cost reduction will only be realized

when they have become the norm rather than the exception in military training.
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GENER A L

This appendix describes some technical aspects of the AIDE computer cost

analysis program . Appendix B gives a complete FORTRAN list ing of the AIDE program.

Appendix A includes the following: I
o Computer Program Overview

o Differences Between AIDE and MODCOM Data Inputs

o Using a different Regression Equation

o General Comments About the FORTRAN Program

o Input Data Preparation

o Computer Program Output Description.
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Compu ter Program Overview

The computer program was called Aid for Inst ruc ti onal Develo pment and Evalu a-

tion (AIDE). The development of the AIDE computer program was facilitated by split-

ti ng the program i nto the followin g major modules:

Input Module: Read and check input data. Input data will include lesson

descriptors , student descri ptors , instructor data , course ware data , instruc-

tional resources data , physical facilities data , and CMI system data. A com-

plete list of the input data is given in a subsequent section of this Appendix.

Course Durat ion Module: Use the regression model and overhead factor developed

in Section 4.0 to compute the average course duration and the percentage time-

savin g.

Student Flow Module: Use the average time-to-complete the course to compute

the avera ge enrollment level i n the course .

Resources and Personnel Module: Based on the avera ge enrollmen t i n the course
and other user suppl ied course data , f i nd the courseware develo pmen t an d ma i n-
tenance manhours , student and instructor staff man hours , instructional hard-

ware and other resources procuremen t quan tit ies an d main tenanc e man hours , and

computer system hardware quan ti ti es. In determ i n i ng these quan ti ties , allow-
ance is made for fluctuations in the enrollment level .

cost Accumulation Module: Combine personnel and resource quantities with unit

costs to arrive at develo pmen t , initial investment , and annual operations and

main tenance costs to operate the course over a period of five years.

Outpu t Module: Write intermediate and final results.

Prior to the start of programm i ng the model , our literature survey and contacts

with instructional system developers revealed that the Rand Corporation had been

developing an instructional model called MODIA (Methods of Designing Instructional

Al ternatives). The MODIA Cost Model (MODCOM ) was well developed and perfo rmed

several of the funct ions needed in the AIDE Model . Specifically, these are :

o Several input routines for courseware , har dware and personn el

o A routine to generate student manyears , given the average time to complete

the course
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o Estimation of training administration , base operating support , and medical

su pport personnel

o A cost accumulat ion subroutine

o Rou tines to summarize input data , intermediate results , and final results.

In view of these similarities , we requested and received a copy of the F1ODCO~1

computer program from the Rand Corporation .

The programmin g efforts were then directed at writing the subroutines to compute

the course duration and estimate resource quantities and modifying the MODCOM program

so as to integrate it with these subroutines . A listing of the computer program is

g iven in Appendix B. The inputs to be supplied by the user and the outputs of the

computer program , are described in the following paragraphs.

Differences Between AIDE and MODCOM Data Inputs

The first 15 data card types of AIDE are similar to those of MODCOM , but AIDE

adds a 16th data card type for lesson descriptors. Specific forma t differences

exis t in AIDE for the following card types: 3, 9, 10 an d 12. AIDE always uses

the calculat ion option where MODCOM gives a choice of calculat ion or throughput.

Usin g a Different Regression Equation

A regression equat ion of up to three student varibables and up to eleven

lesson variables can be entered by changing the DATA statement values in lines

91 through 98 of the program AIDE with no other reprogramming necessary. NSVAR

an d LDES are the number of student and lesson variables respectively. TVA L(ll)

is the vector of maximum va l ues for the lesson variables. Regression equatio rs

of a differen t combination of variables will require additional changes in the

FORTRAN program in PROGRAM AIDE and in subroutines (overlays) READS , READW , A IDEA
and AIDEB . Specifically, the common statement of A IDE 1A and AIDE2 will be involved

as well as read and write formats in PROGRAM AIDE and subroutines READS , READW ,
AIDEA and AIDEB .
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General Comments About the FORTRAN Prog~~~
The AIDE FORTRA N Program was developed on the CDC Cyber 73-16 computer at AIS ,

Lowry Air Force Base, Colorado. The program is presently overlayed to fit within

a 130K core memory limit. The overlay will need to be re-setup by a programmer for

the local computer facility . The flowcharts and other detailed documentation

accom panying the MODCOM FORTRAN program (Hess and Kantar , 1976) apply to AIDE

as wel l , with the exception that AIDE adds three subroutines (READW , AIDEA , and

AIDEB) and deletes one subroutine (0UT5).

j~put Data Preparation

This section describes the inputs to the AIDE computer program. The general

form and style of the inputs are derived from the Rand MODCOM program which played

a large part in the development of our AIDE model. The descri ption of the Rand

model variables is taken from a report provided to us prior to publicatio n by Rand.

A large amount of data can be entered into the program. Only data relating to

lessons (regression model variables), student variable scores , and class entry inter-

val are required. Any other data omitted will be treated either as if it were zero

or assi gned a default value.

Data are input to the model on cards . Sixteen types of card formats are used , as
listed in Table 11. The detailed form of each card is described below . The follow-

i ng genera l commen ts app ly to all car ds :

Format Identifier: All cards must have the forma t type punched in columns

1 and 2.

Blanks: Unless otherw ise specif i ed, all blanks in numeric fields are read as

zeros.

Man datory Inputs: The variables which must be assigned non-zero inputs are :

‘ entry interval (in hours), ” on card forma t 2; student variables scores on

card 3; and at least one set of lesson descriptors (card 16). Failure to

enter a non-zero value for these variab les will result in the printing of an

error message and program termi nation. Forma t type 99 is used to sig ni f y the

end of the inp Lt data; one card of this type must be present. Failure to

en ter this card will result in a FORTRAN error message and program terminatio n.
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TABLE 11
DATA CARD TYPES

FORMAT NUMBER CARD TYPES

Title Card
2 General Course Factors
3 Student Inputs
4 Instructor In puts
5 Courseware Inputs
6 Curriculum Manpower Inputs

7 Hardware Procurement Inputs
8 Hardware Maintenance Manpower Inputs

9 Facility Procurement In p uts
10 Facility Ma i ntenance Man power In p uts
11 Tra ining Administrative , Base Operating Support , and Medical

Man power Inputs

1 2 Computer Management System In p uts
13 Optional Officer/Airman/Civilian Distribution Overrides

14 Optional Miscellaneous Overri des

15 Optional Pay an d Allowance Overrides

16 Lesson Descriptors

99 Termination Card

Card Limit: In order to preserve core memory , it was necessary to put limits

on the number of cards of each format type which can be entered for a single

run of the AIDE Model . This limi t is indicated in the description of each

card type . Cards in egcess of that limit are deleted from further processing.

Card Deletions: Throughout this section , mention i s made of car d dele ti ons
which will occur if certain input conditions are violated (e.g., input not
within acceptable range , and il legal in put combinati ons). All such card
deletions will be listed as part of the output with an appropria te error messag e .

Decima l Poin 1:~~ All in put data are entered as real (floating-point) nur’her~.

Tne impl i ed decima l point location is at the right end of each field unless

otherwise specified . However , a punched decima l point always overrides an

implie d decimal point location .

A- 6

P.ICDONNELL DOUGLAS ASTROftJAUTICS COr.fPA P~V • LA ST

_ _ _  -44



EVA LUATING MDC E1570
INSTRUCT IO NAL SY STE MS VOLUME II 15 MAY 1977

Format 1: Title Card Card Limit = 1 - This card is used to identif y AIDE runs.

The ti tle , to be entered in columns 3 throu gh 80, may contain between 1 and 78

alphanumer ic characters . If this card is exc l uded , then the default title , AIDE

model , is used.

Format 2: General Course Factors Card Limit = 1 - This card contains inputs

descri bin g washouts , instructor train ing costs , and the old course du’~at ion.

Columns 3-7 (5 column numer ic field): Old course duration (in hours). This

number , as descr i bed in Section 4.2, is the number of hours of i n s t r u c t i o n

presented in the ol d course. If a va l ue i s not entered , the new course
durat i on will be comp uted , bu t not time savings.

Col umns 8— 11 (4 column numeric field): Washout rate (%): The ra tio of the

number of wa s houts to the tota l number of entrants ti mes 100.

Columns 12— 15 (4 column n umeric field) : Entry interval (in hours): The

avera ge len gth of time separatin g en try classes .

Columns 16-19 (4 column numer ic field): Number of months instructors on board

in year 0: The number of months the initial instructor cadre w’~l l spend pre-

paring for the subject course in year 0. This value , which must be supplied

by the planner , should inclu de time require d for speci al factory trai n i n g and
education training as well as time necessary for curriculum development.

Columns 20-24 (5 column numeric field): Cost of initial factory training (in

dollars): The total cost , less student pay an d allowances , of providing the

initial instructor cadre with specialized equipment or system training neces-

sary for course develo pment and conduct. This’ initial specialized training is

usuall y accomp l i shed at a pri vate con tractor ’ s facility . Subsequent specialized

tra ining of instructors is usually provided informally by the existing instruc-

tor nucleus . This cost should include travel per diem , trans por tat ion ex penses ,

destination per diem , and attendance fees (Or contract costs), as applicable.

The pay and allowances of the initial instructor cadre while in student status

will be accounted for elsewhere .

Columns 25-29 (5 column numeric field): Cost of instructor er’ Ication training

($): The cost of the six-week instructor prerequisite course on education

princi ples .
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Format 3: Student Inputs Card Limi t = 75 - This card contains inputs relating

to the number and type of student entrants , and values of the three student charac-

teristics var iables (ASVADM , ASVMEC , SEX).

Breakdown of Student Entrants - The course planner must determine the breakdown

of total annual student entrants by personnel type (Active Duty Force Pipeline ,

Act ive Duty Force Lateral/Upgrade , Guard/Reserve Pi peline , Guard/ Reserve Lateral /

Upgrade, Other DoD Pipeline , Other DoD Latera l /Upgrade , Non-DoD), personnel designator

(officer, airman , civ ilian), and paygrade . Typical paygrades for Air Force pipeline

and lateral /upgrade students are:

Student Type Officer A i rman

Pipeline 0 - 1 E - 1

Lateral or Upgrade 0 - 2 thru 0 - 4 E - 3 thru E - 5

Column s 3-4 (2 column numeric field): Personnel Type: Numeric personnel type

code as fol l ows:

01 = Active Duty Force Pipeline Student

02 = Active Duty Force Lateral Upgrade

03 = Guard/Reserve Pi pel i ne Student
04 = Guard/Reserve Lateral Upgrade Student

05 = Other DoD (Army , Navy ) Pipeline Student

06 = Other DoD (Army , Navy ) Lateral Upgrade Student

07 = Non-DoD (MAP) Student

Use of a code outsi de the range 1 through 7 will result in the deletion of the

card.

Col umns 5-6 (2 column numeric field) : Personnel Designator: N umeric personnel

designator code as follows :
= Offi cer

2 = A i rman .

3 = Civilian -O S (Genera l Schedule)

4 = Civi lian -WB (Wage Board)

5 = Non-Do D

Use of a code outside the ran ge 1 through 5 will result in the deletion of that

card . Additionally , card deletion will occur if personnel designator S is used

in combination with any personnel type other than 7.
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Columns 7-8 (2 column numeric field): Pay Grade : Standard U.S. Government

nume ric pay grade codes . The code entered in these columns must be within the

range of permissible paygrades for the specified personnel designato r or else

the card will be deleted. A duplicate personnel type/personnel desi gnator/

paygrade combination will also cause a card to be deleted. The number of

unique paygrades entered for a given personnel type/personnel designator com-

bination will depend on the required level of accuracy and the ambition of the

user: each paygrade requires a separate card entry . ATC generall y uses a

single paygrade (the modal) for each personnel type/personnel designator com-

bination. In order to reduce the planner ’ s input requirements , pay and

allowance factors for each paygrade have been stored as part of the model.

Civilian (Personnel Designator = 3 and 4)

Stored P&A Factor ($) Stored P&A Factor ( S )
Paygra de for GS Civilians (3) for WB Civilians (4J

18 39,060
17 39,060
16 39,060
15 35,823
14 30,377 15 ,157
13 28,053 14 ,773
12 22,285 13 ,845
1 1 18,935 1 3.,373
10 17 ,041 12 ,758

9 15 ,717 12 ,127
8 14 ,254 11 ,471
7 13 ,828 11 ,077
6 11 ,782 10 ,527
5 10 ,483 9,587
4 9,266 9,214
3 7,953 8,896
2 6,44 7 8 ,491

5,651 7,912
Blank or 0 12 ,599 11 ,464
(Overal l
Avera ge)

A ddi tionall y, a dummy pay and allowance schedule has been set up for non-DoD

stu dents with 20 poss ib le paygrades . However , because of the wide range of possible

pay rates , typical values could not be established ; and consequently, the stored

values were set equal to zero. If the planner feels that non-DoD student pay and

allowances are relevan t to a pa rti cular costin g exerc i se , then the pay factor over-

ride option should be employed to introduce the appropriate pay rate .
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Columns 9—11 (3 column numeric field): The score of this type of student on

the ASVADM test (0-100).

Columns 12— 14 (3 column numberic field): The score of this type of student on

the ASVMEC test (0-100).

Columns 15—17 (3 column numeric fiel d): The ratio of male students to the

sum of male and female students (0-1.0).

Columns 18-37 (five 4-column fields): Number of student entrants of this type

in years 1—5 .

Format 4: Instructor Inputs Card Limi t = 25 - This card contains inputs

pertaining to the size , turnover , and student loadin g of the instructo r force .

Breakdown of Instructor Force - The course planner must determi ne the breakdow n

of total instructor force by personnel type (Air Force , Other DoD), personnel desig-

nator (officer, airma n , civilian ) and paygrade , and student load. Typi cal paygrades
for each instructor type are provided in Table 12.

TABLE 12

TYPICAL INSTRUCTOR PAYGRADES

Instructor Type Officer Airma n Civilian

Academic , remedial or special 0 3 3 5 GS - 9requiremen ts instructor -

Evaluators and Supervisors 0 - 4 E - 6. E - 7 GS - 11

Columns 3-4 (2 column numeric field): Personnel Type: Numeric personnel type

code as follows :

8 = Air Force Instructor

9 = Other DOD (Army , Navy) Instructor

Use of a code other than 8 or 9 w ill result in the deletion of that card.
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Columns 5-6 (2 column numeric field): Personnel Designator: Numeric personnel

desi gnator code as fol lows :
= Off i cer

2 = Airman

3 = Ci vi l i an - OS
4 = Ci vi l i an - WB

Use of a code outside the range 1 through 4 w i l l  resul t in the deletion of

that card .

Columns 7-8 (2 column numeric field): Paygra de : Standard U.S . Government
numer ic paygrade codes. The codes and stored pay factors are the same as

those descri bed for input format 3. As before , the code entered in these

col umns must be within the range of permissible paygrades for the spec ific
personnel designator or else the card wi l l  be deleted . A duplicate personnel
type/personnel designator/paygrade combination will also cause a card to be

deleted.

Col umns 9-1 1 (3 column numeric field): Turnover rate (%): The percentage of
i ns tructors who wi l l be replaced each year or the rec ip rocal of the av erage
i nstructor ’s tour len gth in years times 100.

Columns 12— 16 (5 column numeric field): Size of initial instructo r cadre in

year 0; the n umber of instructors (not manyears) brought’ onboar d in yea r 0 for
curr iculum development and any required fartory training.

Co lumns 17-19 (3 column numeric field): Students per Instructor: The numbe r

of students that can be instructed or counseled by an instructor of thic type.

Format 5: Courseware Procurement In puts Card Limit = 75 - The model recognizes
four classes of courseware : (1) printed media such as textbooks and workbooks which

are in tended for both students and instructors ; (2) printed media such as lesson and

evaluation guid es which are i nten ded onl y for i ns truc tors ; (3) display media such as
films , sli des , an d charts; and (4) software such as teaching machine programs .

Four separate costs are estimated: (1) The initial cost of producing the master

from which all subsequent copies wi ll be made ; (2) the cost of reproducing and pack-

ag ing the required number of copies; (3) the annual cost of revision due to change

in course content; and (4) the annual cost of replacement due to loss , dama ge , or

A- l l
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norma l aging. The cost of courseware development , such as script writing and edit-

ing, is accounted for within curriculum manpower pay and allowances.

Colu mns 3-4 (2 column numeric field): Courseware ID Number: Unique number for

each coursewa re type in range 1 through 99. A card will be deleted if its ID

num ber dup l i cates th at of another card or i f i ts ID num ber falls outs id e the
prescribed range.

Column 5 (1 column numeric field): Class: Numeric courseware class code as

fo l lows :

= Printed media for students and instructors (texts , wo rkbook)

2 = Printed media for instructors only (lesson and eva l uation guide)

3 = Display media (films , sli des)

4 = Software (teaching machine programs )

Use of a co de outs ide the range 1 through 4 w i ll result i n the delet i on o f th a t
card .

Columns 6-27 (22 col umn alphanumeric field): Name of courseware : User-

selec ted name for identifying each courseware type .

Columns 28—31 (4 column alphanumeric field): Name of courseware copies :

User-selecte d name for identifying the unit denominator (book , ree l, set) of
each courseware type.

Columns 32-37 (6 column al phanume ric field): Name of courseware measure :

User-selecte d name for identifying the unit of measure (pages , mi nutes , slides ,

etc.) for each coursewa re type.

Columis 38—41 (4 column numeric field): Total number of courseware measure per

copy: The n umber of pages , s l ides , or minutes , etc . ,  per unit of courseware .

Columns 42-46 (5 column numeric f ield):  Initial preparation cost per course-

ware measure ($): The cost of producing a s ingle measure of maste r courseware .
Some typical values are provided in Table 13.

Columns 47 -50 (4 column numeric f ie ld) :  Copy cost per courseware measure (S):

The cost of copying a single measure of master coursewa re . Typical values are
again prov i ded i n Table 13 .

A- 12
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Columns 51-54 (4 column numeric f ie ld ) :  Packaging cost per unit: The cost - f

casset tes , reels , trays , etc . ,  per unit of courseware . Some typical values

are as fo l lows :
Sound on Slid~ Tray $30.00
Slide Tray - 40 sl ides , stra ight 2.50
Audiotape Cassette 2.00
Video Cassette Tape (30 minutes) 18.00
Video Cassette Tape (60 minutes ) 25.00
Loose - leaf Binder (3-12 ” , 3 00Telescoping Poles )

TABLE 13

TYPICAL COURSEWARE PROCUREMENT COSTS

Initial
Preparation Cost ! Copy Cost !

Courseware Courseware Measure Courseware Measu re
Measure Dol lars Dol lars

Printed Text Pages $1.50 - $4.50 .01
Soun d Slide Set (Color) Slides 50 - 1.00 .08
35rmi Color Slide (Text)  Slides 4 .50 - 9.00 .08
35mm Color Slide (Illustration) Slides 7.50 - 25 .00 .08
8mm Animated Sequence Seconds .40 - .85 -

Video Tape Minutes 1.00 - 2.00 -

Columns 55-57 (3 column numeric f ie ld) :  Annual revision rate (%): The per-

cen tage of ea ch cou rseware type ’ s actual presentation minutes which can be

expected to be revised annually due to changes in course content. These

changes in course content could be caused by such things as modifications to

mission equipment , a required upgrading of student capabilities , or an ef fort
to improve the utilization of course resources . The model assumes tha t after
the necessary revisions are made to the master , suff ic ient  copies w i l l  be made
of the revised portions (only) and integrated into the existing copies.

Columns 58-60 (3 column numeric f ie ld) :  Annual replacement rate ( ° ) :  The
percentage of each courseware type ’ s units which w i l l  need to be replaced
annually due to damage or norma l ag ing.
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Columns 61-64 (4 column numeric field): The number of lessons in the course

ut i l iz ing this cou rseware . Courseware descri pt ion need not limi t it to only

one lesson . For i ns tance , several programmed text lessons coul d be grou ped

into one data entry . If blank , value is set eq ual to one.

Columns 65 -67 (3 column numeric f ie ld) :  Number of simulta neous users per copy .

This entry is used for courseware that is used simultaneousl y by more than one

student , as in a four-man AV presentation . If blank , value is set equa l to one.

Format 6: Curriculum Manpower Inpu ts Card Limit = 75 - Curriculum personnel

determine training requirements and develop course written mate rial. Normally ,

attache d to the Curriculum Un i t of a train i ng departmen t, these personnel s hare th e

task of courseware development wi th the course ’ s instructors .

Columns 3-4 (2 column numeric f ield): Cours eware ID number: The number used
to identify the same courseware type in input format 5. A forma t 6 card w i l l
be deleted if its ID number does not have a match on a format 5 card , or if

its ID number duplicates that of another forma t 6 card .

Columns 5—9 (5 column numeric f ie ld):  Number of course hours : The number of
course hours taken up by a given courseware type . This number should be

coordinated wi th the number of lessons specif ied on card type 5 for this type
of material.

Columns 10-14 (5 column numeric f ie ld):  Number of curricul um manhours per
course hour: The number of in itial development curriculum manhours required
for each course hour. Generall y speaking, th is number is a function of the
te d c~ ‘~

y ~gent and the teaching format and is independent of the courseware type.
Typical va l ues are provided in Table 14.

Columns 15— 47 (3 co lumn numeric f ield): Percentage accom plished by instructors :
The percentage of curriculum development done by the instructors rather than

curriculum personnel .

Forma t 7: Hardware Procurement Inpu ts Ca rd Limit = 75 - The ‘rdel estirrates

four types of hardware costs: ( )  the cost of purchasing the inc ”ementa l number of J
uni ts required each year, inclu ding initial replacement part stocks: (2) credits for

any surplus i tems returned to the Stock Fund ; (3) the annual cost ~f replacing those

A- 14
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TABLE 14

INITIAL COURSEWARE DEVELOPMENT
MANHOURS PER CONVENTIONAL COURSE HOUR

Presentation Develo pment*
Media Manhours per Hour

Programmed Text SO - 70

Audio Visual 80 - 100

Computer Assisted Instruction 100 - 300
*If new ma terial is be ing written , without benefit of
notes from the old course , these numbers should be
increase d by about 40%.

un its worn out during the year; and (4) the annual cost of misec llaneous repair

parts.

Columns 3-4 (2 column numeric f ie ld):  Hardware ID number: Unique number for
each hardware type in range 1 through 99. A card w i l l  be deleted if its ID
n umber duplicates that of another card if its ID number fa l ls  outside the
prescribed range.

Column 5 (1 column numeric f ield):  Class:  Numeric hardware c lass code as
fol lows :

= media hardware (slide projectors , reel- to-reel projectors , tape
recorders , teach ing machines )

2 = special equipment (trainers , bailed aircraft)

3 = overhead hardware (chairs , desks )

Use of a code outs i de the range 1 through 3 w i ll resul t i n the dele ti on of th at
card .

Columns 6-35 (30 column alphanumeric field): Name of hardware type: User-

selected name for id ent i fyi ng each har dwa re type .

Col umns 36- 39 (4 column numeric field): The number of units of a given hard-

ware type which are avai lable to a course at its i nce ptio n , a t zero cost .

Columns 40-47 (8 column nume ric field): Procurement cost per unit (S).
Normall y, an AF planner will consult his own service ’ s su pp ly manual to
determine hardware unit costs.
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Column 48 (1 column numeric f ie ld) :  Credit Option: Option to obtain credit
for surplus equipment returned to Stock Fund (yes = 1; no = 0 or b lank) .  The
planner may obtain credit for surplus equipment returned to the Stock Fund

provided both the followin g conditions are met :

a. The unit cost does not exceed $1 ,000.
b. A demand exists elsewhere in the AF for the returned items .

The option should not be exercised if either the unit cost exceeds $1 ,000 or

if other AF demand does not ex is t .  In fact , if the planner enters a “1” for
an i tem costin g more than $1 ,000 , then the model automatically resets the

option designator va lue to “0. ” The p lanner should also enter a zero if any
surpluses generated in a given year are to be retained for increased demands
in subsequent years. The amount of the credit is 60% of the original purchase
price , the other 40~ assumed to go into rehabil i tat ion action so that the
equipment may again be sold at the full purchase price.

Col umns 49-51 (3 column numeric field ): Annua l attr i t ion rate (%): The per-
centa ge of hardware units which will need to be replaced each year. This value

can be approximated by multiplying the reciprocal of the estimated average life

(in years) by 100.

Column s 52- 57 (6 column numeric f ie ld):  Miscellaneous repair part cost per
unit per year ($): The annual cost of purchasing repair parts for a single
unit. In the absence of better data , a va l ue in the ran ge of 6 to lO~ of the

unit procurement cost should be used.

Columns 58—61 (4 column numeric f ield ): Number of lessons using this type of
hardware . More than one lesson may ut i l ize the same type of hardware (such as
an AV projector); this i tem allows the planner to specif y this fact.

Columns 62-64 (3 column numeric field ): The number of students who may simul-

taneously use hardware i tem. This is the number of students who are studying

the same lesson that may simultaneously use this hardw are devi ce.

Forma t 8: Hardware Maint enance Manpower Inputs Card Lim i t 75 - Hardware

maintenance personnel are responsib le for the preventive and correct ive maintenance

of course hardware. Media hardware maint enance is generall y the responsibility of

the Training Services Division (school-level), while all other types of hardware are
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usually serviced by the base Maintenance and Supply Group or a specialized mainte-

nance s qua d ron .

Col umns 3-4 (2 column numeric field): Hardwa re ID number: The number used to

identify the same hardware type in input format 7. A forma t 8 card will be

deleted if its ID number does not have a match on a format 7 card or if i ts

ID number dup l icates that of another forma t 8 card .

Columns 5-10 (6 column numeric f ie ld) :  Number of fai lures per hour of use:
The average number of time s a particular type of equipment can be expected to
fail for each hour of use.

Columns 11 -15 (5 col umn numeric field): Average time to repair per failure

(in hours). This value should include only that portion of downtime in which

maintenance personnel are act ively pursuing the repair act iv i ty .

Format 9: Facil i ty Procurement In~~ts Card Limit = 25 - This card contains
inputs relating to the modif ication and construction of course fac i l i t ies .

Co lumns 3-4 (2 column numeric field): Facility ID number: Unique number for

each facility type in range 1 through 99. A card will be deleted if its ID

number duplicates that of another card or falls outside the prescribed range.

Columns 5-34 (30 column alphanumeric field): Name of facility type: User-

selected name for identifying each facility type .

Columns 35-38 (4 column numeric f ie ld):  Units avai lable “as is ” at s tar t  of

first year: The number of units of a given facility type which are available

to a course at its inception at zero cost.

Colu mns 39-45 (7 column numeric field): Construction cost per unit ($): The

cost of constructing or modifying a single facility unit.

NOTE : If unit requirements for a given facility type are assumed to be avail-

able at zero cost for all years under study , then the us er sho u ld en ter
a un it construction cost of zero .

Colu mns 46-49 (4 column n umeric field): The number of students who can simul-

taneousl y use the facility. An example is the number of students who can
simultaneousl y use a laboratory .
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Forma t 10: Facility Manpower Inputs Card Limi t = 2 5  - Faci l i ty maintenance
personnel are responsible for the ma intenance and repair (including custodial

serv ice) of course facilitie s .

Columns 3-4 (2 column numeric field): Facility ID number: The number used to

ident ify the same facility type in input format 9. A format 10 card will be

deleted if its ID number does not have a match on a format 9 card or if its ID

number dupli cates tha t of another format 10 car d.

Column s 5-10 (6 column numer ic field): Square feet per facility unit.

Columns 11-16 (6 column n umeric field): Maintenance manhours per square foot

per mon th .

Format 11: Training Administrative , Base Operating Support , and Medical

Manpower Inputs Card Limi t = 3 - This card contains inputs required for the den-

vation of train ing administrative , base operating support , and medical manpower.

Training administrative personnel perform training-related overhead functions

not otherwise accounte d for. This includes functions at the school-leve l

(Administrative Affairs Office), at the department leve l (Administrative Section ,

Requirements Unit , and Instruction and Measureme nt Unit), and at the branch leve l

(branch administration). It does not include the functions provided by the Training

Services Division or the Instructor Training Division (school level ) or the

Curriculum Unit (department level) , however .

Base operating support personnel perform the following base housekeeping and

serv ice functions : supply, transportation , secur ity police , material s taf f, comp-
troller , personnel staff, food , commissary, housing, laundry and dry cleaning,

recreation , education , transient aircraft main tenance , an d genera l (not course

specific) facilit y maintenance. Medical personnel provide medical and dental care

to militar y personnel .

Columns 3-4 (2 column numer ic field): Personnel Type : Numeric personnel type

code as follows :
13 = Training Administrat ive
14 = Base Operating Support

15 = Medical ]
A-l8
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Columns 5-6 (2 column numeric field): Set to 01.

Columns 7-11 (5 column numeric field): N umber of fixed manyears per course for

support services .

Columns 12—1 6 (5 column numeric field): Number of variable manyears per Type A

manyear for support services.

Columns 17- 21 (5 col umn numeric field): Number of variable manyears per Type B

manyear for support services.

Typical values for these parameters are show n below . Type 1~ manyears are the
sum of student , i nstructor , and curriculum personnel manyears . Type B manyears

are the mil it ary TDY student manyears .

FIXED MANYEARS VARIABLE MANYEARS VARIABLE MANYEARS
PER COURSE PER TYPE A MANY EAR PER TYPE B MANYEAR

Training Administrative 3 .05 --

Base Operating Support 0 .08 .035
Medical 0 .02 .005

Format 1 2: Computer Management System Inputs Card Limi t = 3  - The three hard-

w are i tems of the com puter mana gement system are :

CLASS ITEM
01 Mainframe (CPU and Main Memo ry )
02 Management Terminals
03 Auxi l iary  Storage

For each of th ese, the follow i ng data are en tered :
o Hardware class: as designated above

o Hardware name : user selecte d name
o Capacity of unit: for mainframe and management terminals , this is the

number of CMI transac ti ons per hour; for the aux i l iar y  storage it is the
number of student data sets (complete records of one student) that can be
stored .

o Year ly cost of unit: Total yearl y cost of the unit; if leased or purchased .
maintenance costs should be included .

Colu mns 3-5 (one column f ie ld) :  Hardware c lass .

Columns_6-35 (30 column alphanumeric field ): Name of hardware device.
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Columns 36-40 (5 column numeric f ie ld):  Capacity of unit.

Col umns 41-46 (5 column numeric field): Yearly cost of unit.

Format 13: Optional Officer/Airman/Civilian Distributior. Overrides - This card

provides the planner the option of overriding stored officer/airman/civilian distri-

but ion percentages. It is one of two input formats on which blanks and zeroes are

d i fferenti ated. Thus , the planner needs to make entries only in th e fields of those
personnel types whose distribution he wishes to override ; the other fields should be

left blank. If the overri de values for a given personnel type do not total 100,

then the model reinstates the stored values . The stored values are as follows :

Officer Airman Civilian
0/ 4’
/0 /0

Curriculum 0 63 37

Hardwa re Maintenance 2 72 26

Facilit y Maintenance 0 100 0

Training Administrat ive 6 39 55

Base Operating Support 2 64 34

Medical 20 80 0

Columns 3-11 (three 3-column numeric fields): Curr iculum manpower officer!

airma n/civilian distribution.

Columns 12-20 (three 3-column numeric fields): Hardware maintenance manpower

officer/airman/civilian distribution.

Columns 21—29 (three 3-column numeric fields): Facility maintenance manpower

officer/airman/civilian distribution.

Columns 30-38 (three 3-column numeric fields): Training administrative man-

power officer/airman/civilian distribution.

Col umns 39-47 (three 3-column numeric fields): Base operating support manpower

officer/airman/civil Ian distribution.

Columns 48-56 (three 3-col umn numer ic fields): Medical manpower officer/airman!

civilian distribution.

ii
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Format 14: Optional Mi scel laneous Overrides - This card allows the planner to

override miscellaneous time and cost factors which have been stored as part of the

program. It is the second of two input formats on which blanks and zeroes are

differentiated. Thus , as befo re, th e p lanner nee ds to make entries onl y i n th e
fields of those factors which he w ishes to override ; the other f ields should be left
b lank . The stored values are as follows :

Avai lab le Productive Manhours/Month
Har dware Ma i ntenance Personnel 121

All  other Personnel Types 142
Avera ge Number of Training Days per Month 21.7

Classroom Training Hours per Student per Day 7
Mi scellaneous Supp ly Cost per Manyear ($) 1 1 2
PCS Cost per Move ($)

Officer 879
Airman 224
C iv i l i an  879

TDY Expense ($)
One —Way Transportatio n 85
Destination per Diem

Offi cer 11

Airman 4
Civ i li an 2 1

Columns 3-10 (two 3-column numeric fields): Available productive manhours per

mon th . Most AF tra i nin g personnel have 1 42 hours per mon th ava i la b le to per-
form productive work (174 assi gned hours less 32 hours for lea ve , medi cal ,
training, an d organizational duties). Hardware maintenance personnel , however ,

must spend part of that 142 hours waiting for parts and tools. This waiting

time is estimated at 15Y of available hours , thus reducing hardware maintenance

ava i la ble produc ti ve manhours per mon th to 1 21 .

Column s 11-1 4 (4 column numeric field): Average n umber of training days per

month.

Columns 15-18 (4 col umn numeric field): Classroom training hours per student

per day. This value should coincide with the value listed on Worksheet 1.
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Columns 19-23 (5 column numeric field) : Mi scellaneous supply cost per student

per manyear: The cost of personnel supplies (food , clothing, etc.) and general

office supplies (paper, pencils , forms, etc.) per manyear (students and

permanent party).

Columns 24-35 (three 4—column numeric fields): PCS (Permanent Chan ge of

Station) cost per move ($): Includes transportation of personnel and depen-

dents; sh ipment and/or storage of household goods; and mileage per diem and

subsistence allowance while in travel status .

Columns 36-39 (4 column numeric field) : Average TDY one-way transportation

cost ($): Average cost of transportat ion and travel per diem to or from

technical training center.

Columns 40-48 (three 3-column numeric fields): TDY destination per diem (S):

Average student cash entitlement whi le at technical t raining centers , after

deductions for quarters and messing (when available) .

Format 15: Optional Pay and Allowance Overrides - This card permi ts the planner

to overri de the stored pay and allowance factors. The stored values are listed in

Figure 10.

Columns 3-4 (2 col umn n umeric fields) : Personnel designator: Numeric personnel

designator co de as fol lo ws:

= Officer
2 =  Airma n

3 = Civilian - GS

4 = Civilian - WB

5 = Non-DoD

Use of a code outside the range 1 through 5 will result in the deletion of that
card .

Colum ns 5— 6 (2 column numeric f ield):  Paygrade : Standard U.S. Government
numeric paygrade codes. Card deletion will occur if the paygra de entered is

not within the range of permiss ible paygrades for that personnel desi qnator or
if the personnel designator /paygrade combination duplicates that of another

card .
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Personnel Designator Permi ssible Paygrade Range
Off icer  0 or blank , 1 - 10
A i rman 0 or b lan k, 1-9

C i v i l i a n  — GS 0 or blan k, 1- 18
Civ i l ian — WB 0 or blank , 1-14 

-

Non -DoD 0 or blank , 1 -20

Columns 7-11 (5 column numeric f ie ld):  Annual pay and al lowance facto r ( $ ) :

Annual pay and allowances per manyear.

Format 16: Lesson Descriptor Cards Card Limit = 75 - This card is used to

descr ib e each lesson i n the new self- pace d course . Th ir teen descr ipt ors are nee ded
for each lesson . These variables are described in paragraph 4.2.2 of the report.

Columns 3-5 (3 column numeric field): Lesson ID number; a sequencing number

ass i gned by the planner . This is used only for convenience in arrang ing the

lessons . It i s not used i n the computations.

Columns 6-25 (20 column alphanume ric field): Lesson name ; user selected name

for lesson .

Columns 26-30 (5 column num eric field): The number of lecture /di~~ussion

minutes in the conventiona l course (CLD M). Taken directly from the P01.

Columns ~~-35 (5 column numeric field): The number of demonstration/perform-

ance-co gnitive minutes in the conventional course lesson (CDPMC). Taken directly

from the P01.

Columns 36-40 (5 column numeric field): The number of minutes of memory

con tent in the lesson (MEM). Prov ided by the course developer.

Columns 41-45 (5 column n umeric field): The nume rical rating from 0 to 5 of
the simplicity or complexity of the memory content in the lesson (MSC).

Prov i ded by the course developer.

column s 46-50 (5 column numeric field): The number of self-check items in the

sel f-paced course lesson (SCKC). A design variable.

Columns 51-55 (5 column numeric field): The number of minutes of psychomotor

task content in the lesson (Pu). Provided by the course developer.
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Columns 56 -60 (5 column numeric f ie ld) :  The number of programmed instruction !

au di ov i sual mi nutes i n the conven ti ona l course lesson (CPIAV II) . Taken directly
from the P01.

Columns 61-65 (5 column numeric field): The number of demonstration/perfor mance—

psychomotor minutes in the conventional course lesso ii (CDPMP). Taken directly

from the P01.

Col umns 66-70 (5 column numeric field): The n umerical rating from 0 to 5 of

the simplicity or complexity of the psychomotor content in the lesson (PMSC).

Provided by the course deve loper.

Columns 71-75 (5 column numeric field): The number of minutes of cognitive

content in the lesson (COG). Provided by the course developer.

Columns 76 —80 (5 column numeric field): The number of outside assignment

m inutes in the conventional course (COUTM). Taken directly from the P01.

Format 99: Termination Card - No entries other than the “99” in columns 1 and
2 need be made.

Computer Program Output Description

The output from the computer program is illustrated in this section through the

use of an example run from the program. Since much of the output format remains as

it was designed by Rand for the MODCOM Program , we have summarized their descriptions

as in r7ODlA: The Cost Model (Hess & Kantar , 1976). The user of the model will note

that some small rounding errors occur in the totals.

~~~~put 1 (Figure A-li - This is an exact echo of the inpu t data. Car d columns
are shown on the top of the page so any misalignment of data or input is apparent.

Ou tput la (no figure ) - This section contains error mess .~ges relating to data

tha t were foun d to be outs id e the specif i ed range , or from duplicate cards . Fatal

errors , such as no lesson descriptors or the omission of the end of data card

(Format 99) will also appear here .

Output 2 (Figure A-2 - This output lists the values assigne d to each variable

in the lesson descriptor set. Only those lessons which have passed the tests for

acceptable range appea r here .
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O u t p U t 3 ( . F Ure A~~J - This table l is ts  the comp uted time to complete each
lesson for students with various student variable values . Times are shown i’~ hours .

Total course time for each time student is s hown , as we ll as the weighted average
time to compelte the course , and the percentage t imesavi ng ( i f  TPOI is g iven ) .

Output 4 (Figure ~~~ - This output lists the personnel distributio ns and cost

factors stored as part of the model . These may be overridden by inputting data

(Formats 14 -16 ).

~put 5, Graduat Summa ry (Figure A-5) - Output 5 is a time—phased summary of
Active Duty Force , Gua rd an d Reserve , other DoD and Non-Dod graduates. The numbers

refl ect only those students who actually graduate in that year. For example , if the

course durat i on we re grea ter than one year , then no graduates would appear in year 1.

The “in progress ’ col umn i ndi ca tes the num ber of s tudents who entere d in years 4 an d
5 but who will not graduate until years 6 or 7. All Air Force students except those

assigned to the Air ‘\lational Guard and the Air Force Reserve are terme d Active Duty

Force. Guar d an d Rese rve refers onl y to A i r Force Guar d an d Reserve studen ts.

Students assigned to DoD agencies other than the AF , such as the Army and Navy

(including their Guard and Reserve components) are classif ied as other DoD. Fin all y ,

students from non -DoD agencies , including fore ign governments (e .g . ,  Mi l i tary
Assistance Program), are termed Non -DoD. .4

Output 6, Manpower Summa ry (Figure ~~~ - Output 6 is a two part , time - phased

sun~iiary of student and base permanent party manyears. Part 1 is a functiona l break-

down cover i ng all course personn el wh ile Part 2 i s a PCS/TDY break down li mit ed to

AF personnel

Part 1

Total Student Load: Tota l student rnanyears.
Ins tructors i nclu de all academ i c , remedi al an d s pec i al re q u i remen ts i nst ruc tors

as wel l  as course mon ito rs an d su perv i sors .

Curriculum Personnel determine training requirements and develop course written
materials. Normally attached to the Curricula of a training department , these
personnel share the tas k of courseware de velo pment w ith the cou rse ’ s ir,structors .

Hardware Ma i n tenance Personne l are res pons ib le for the prevent i ve and co rrec-
tive maintenance of course hardwa re . Medi a hardware maintenance is qenerally the
responsibility of the Traini ng Services Division (school level), while all other
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types of hardware are usually serviced by the base Maintenance and Supply Group or a

special ized maintenance squadron.
Faci l i t ies Maintenance Personnel are responsible for the ma i ntenance an d re pa i r

(including custodial service ) of course-related facilities .
Training Administrative Personnel perform training-related over head funct i ons

not otherwise accounted for. This includes functions at the school leve l (Admini-
strative Division , Training Evaluation Division , Operations Divisio n , and Foreign

Military Affairs Office), at the department level (Administrative Sec ti on, Requi re-
ments Unit , and Instruction and Measurement Unit), and at the branch leve l (branch
administration). It does not include the functions provided by the Training Service
Division or the Instructor Training Di vision (school level ) or the Curr i cula Uni t

(department level ) , however.
Base Operating Support (BOS ) personnel perform the fol lowing base housekee ping

and service functions: supply , transportation, security police , material staff ,
comptroller , personnel staff , food , coriiilissary , housing , laundry and dry cleaning ,
recreation , education , transient aircraft maintenance , and genera l (not course
specific) facility maintenance.

Medical Personnel provide medical and denta l ca re to milita ry personne l.
Total Base Permanent Party represents those personnel assi gned to a base for

the purpose of performing duty in the furtherance of the mission of that base. Thus ,
students are excluded from this total.

Total Course Manyears represents total student load plus total base permanent
party . j
Part 2

Active Duty Force PCS Student Load: The number of PCS * manyears accrued by
Active Duty Force students. Pipeline students are always assumed to be PCS wh i le
lateral and upgrade students are PCS only if the course duration is 20 weeks or more .

Base Permanent Party 
- AF Only : Total base permanen t party less non-AF instruc-

tors. Specifi c program elements charged are :

Specialized Training

A i r Force Instructors
Curricul um Personnel

Hardware Maintenance Personnel

Train ing Administrativ e Personnel

*permanent Change of Station means the reassignment of a military person from one
permanent duty station to another . A-26
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Hospitals

Medi cal Pe rsonnel ass ig ne d to hos pit als
Real Property Maintenance Act iv i t ies

Fac ilities Maintenance Personnel (course-related)

Fac ility- related portion of BOS Personnel (genera l base housekeeping)

Base Opera ti ons
BOS Personnel (except facility-related portion)

Medical Personnel assigned to dispensaries

Act ive  Duty Force TDY Student Load: Number of TDY* manyears accrued by Active

Duty Force students including Program 8 TDY students . Pipeline students are never

TDY wh ile lateral and upgra de students are TDY only if the course duration is less

than 20 weeks. They may be assigned to any program element in Air Force Programs
1-4 and 6-10.

Guard and Reserve Student Load: Number of manyears (PCS and TDY ) accrued by

Air Force Guard and Reserve students . All Guard and Reserve manyears are charged
to Program 5.

Total A i r Force Manyears: The sum of total Pro g ram 8 nianyears , Act ive Duty
Force TDY s tudent manyears , and Guard/Reserve student manyears .

Output 7, Courseware , Hardware, and Facility Requirements (Fi gur~~~~fl - Output 7

is a s ummary of key courseware , har dware , and facility input s and computer require-

ments .

Output 8, Functional Cost Summary (Figure A-~~ 
- Output 8 is a breakdown of total

course cos ts by func ti on .

Inv&tmen t Costs

Courseware Procurement includes four separate costs:  (1) the in itial cost of
producing the master from which all subsequent copies will be made ; (2) the cost of

reproducing and packaging the required number of copies; (3) the annual cost of

rev ision due to change in course content; and (4) the annual cost of replacement due
to loss , damage , and norma l wearout. It does not include the cost of courseware

**Tempora ry Duty means duty at a location other than the permanent duty station at
wh i ch a member performs temporaril y under orders w hi c h p rovi de ei ther reass ignm en t
to the old permanent station or assignment to a new permanent station.
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development such as script writ ing and editing , which is accoun ted for within
curriculum manpower pay and allowances .

Hardware Procurement embraces the following cost elements : ( 1) the cost of
purchasing the incremental number of units required each year , including initial

replacement part stocks; (2) credits for any surplus items returned to the Stock
Fund; and (3) the annual cost of replacing those units worn out during the year.
The annual cost of replenishment , repair parts is accounted for elsewhe re . Negative
numbers indicate a dominance of Stock Fun d credits .

Facility Construction represents the total cost of constructi ng and /or modify-
ing facilities required for course uce.

Operatin g Costs

Pay and Al lowances provides for all officer , airman , and civilian pay and

allowances. The elements accounted for are as follows :

Offi cers Ai rmen Ci v ilian

Basic Pay Basic Pay Basic Pay
Special Pay Special Pay Life Insurance
Basic Allowance for Proficiency Pay Health Benefi ts
Quarters Reenlistment Bonus Termi nal Leave
Basic Allowance for Basic Allowance for Quarters Wo rkman ’ s Compensat i on

Uniform Allowance Clothing Al l owance Civ il ian Retirement

Family Separation Separation Payments Overtime
Allowance Social Securi ty Tax - Employer ’ s
Separation Payments Contribution

Social Security Tax -

Emp loyer ’s Contribution

PCS Costs include the expenses incident to the permanent change of station of
students and instructo rs : transportation of personnel and dependents; shipment and/
or storage of household goods ; and mi leage per diem and subsistence allowances while
in travel status.

TOY Costs include coninercial transportation , car rental , mileage allowances and

tools , per diem , and incidental expenses incurred by students in authorized travel
status.
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Instructor Tra in in~ is composed of instructor education tra ining costs (the
cost of the six-week iistructor pre requisite cours e on education princi ples ) and

initial factory training costs (the cost of providi ng the initial instructor cadre

with necessary specialized equipment or system trai ning).

Mi scellaneous Opera ti ng Cos ts cons i s ts of three di s tinct elements :

1 . Computer Service Charges: Any computer expenses incurred as a result

of using computer based instruction.

2. Har dware Rep len ish ment Repair Parts: The cos t of purc has i ng
miscellaneous nardware repair parts .

3. Miscellaneous Supplies : The cost of personnel supplies (food , clothing,

etc.) an d general office supplies (paper , pencils , forms , etc .).

The p lanner shoul d caref ully i ns pect each type of ou tp ut to assure h i msel f
that the answers are reasonable. Areas where large costs appear may focus further

planning effort to reducing these costs.
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