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SUMMARY

Two performance cr i ter ion functions are developed and app lied to

a s imulated manpowe r training sys tem . The s imulated sys tem accepts in-

puts of varying quantity and qual i ty,  i t  contains mul t ip l e  training

events and may be operated such that each event has a probabilistic

outcome . The cumulative probability of success for an event is a

monotonically increasing function of time spent in that event and is

independent of the order of the events . As the amount of t ime in an

event is co nst r ai ned , the maximum achievable probabil i ty of success

within an event is lessened . The cost of operating the system is pre-

sented as a function of time, the probability of failure , the magnitude

and quality of input , and the number of instructor hours per time un i t .

• The performance cri terion for the simulated t raining system is in-

structor hours per graduate .

Two d i f f e r en t  training procedures are compared using the system

performance criterion of instructor hours per graduate. Within each

procedure general relationships between input quant i ty  and quality ,

output quantity, and cost of operation are developed , proven and

demonstrated .

A rule for optimally sequencing the events in one of the training

procedures is developed , proven and demonstrated . A general methodology

for achieving the least cost, constrained output from an input of given

size and quality is developed and demonstrated.

- :— L- ..

• _ _ •_ ~a_ —  • -• — —a ~_—• — -a-



~ 
— -

~~~~~~ 

— — - • -

~~~~~~~~

—-

~~~~ 

1

CHAPTER I

INTRODUCTiON AND GENERAL PROBLEM STATEMENT

Introduction

This thesis presents the development of a quantitative perfor-

mance criterion for a training system which accepts input of varying

quality and which contains multiple training events . The system may

be operated such that each event has a prob abilistic outcome . The

cumulative probabi l i ty  of success for an event is a monotonically

increasing function of time spent in that event . A decision rule is

developed for determining the most efficient sequence of the multiple

events . Some men have the capability to complete one or several of

the multiple events more quickly than others (12). It is shown that

if men are allowed to progress at their own speed through the training

system, the average training costs per man are reduced.

• The results of this research have broad potential application.

Although the solution methodology, criterion functions , lemmas, and

theorem developed in this research were directed toward an analysis

of a sequential training system, they are quite general in nature.

The general nature of these findings enhances their potential for

application to a large class of stochastic sys tems with s imilar

characteristics. Two di~~ ~&L training procedures are compared

using a common criterion measure, cost per unit output. Within each

procedure general relationships between input quality and quantity,

• • • ,---- ~~ -.- 4
• . I__.. — • — ~
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output quantity and the cost of operation are deve loped , proven and

demonstrated .

Although this research resulted in a more “cos t” effective

training system design and a training system model, the effort was

begun with the intention of describing how changes in the operating

environment affected the Basic Combat Training (BCT) system . The

relationships between the environment and the training system assumed

in the construction of the performance criterion functions were that

training performance was related to the quality of input and that

performance and quality were both measurable. One example, ECT ,

fits these assumptions . Input from the environment in the form of

men with individual aptitudes is related to the men ’s performance in

the BCT training system. Performance is defined to be the ability to

• learn general military subjects . Both a man ’s aptitude for and per-

formance in general military subjects have been quantitative ly measured .

These men, called “recruits” or “trainees” when input into BCT, vary in

• capability to perform well in BCT bec ause of their individual aptitudes .

The fluctuation of the general level of these aptitudes in input

populations has changed over time and as will be shown, has had an

impact on the BCT system. A study of the nature of this impact suggested

that the present procedure should be redesigned .

General Problem Statement

Generally stated , the research problem is to develop a training

procedur e which wil l  train men of highly diverse aptitudes in separate,

aptitude-oriented training tracks. Each track should be designed to

• —— c — - - ~~~- —~~~~~~~
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emphasize those learning methods most appropriate to each aptitude

group. The procedure should be designed so Lhat each man may move

through the training program as quickly as he is able. All men may

not successfu lly mast~r the training . Thus there must also be a method

in the procedure for releasing training failures . To develop such a

training procedure the following steps were taken:

1. The present system was examined and design weaknesses noted.

2. A system performance criterion was adopted (instructor hours
per graduate).

3. A new training system design was developed .

4. Criterion functions were developed for the present system
design and the proposed system design.

5. Both procedures were applied to a test training system under
a variety of operating conditions . Their modeled behaviors
were evaluated by the adopted system performance criterion.

6. The capabilities of the model of the proposed system were
extended to include a rule for optimally arranging the event
sequence in the training program.

The Example Environment

The United States Army requires that all enlisted men entering

the active duty ranks complete ECT. BCT is normally an eight-week

training program in which the novice soldier learns the basic skills

;tecessary to survive in the field under training and combat conditions

and how to live successfully in the Army community while in garrison.

A trainee is expected to meet minimum performance standards in three

major objective tests and in one subjective evaluation. The objective

tests are :



1 - Weapons qua L i  t i c  at ion , norma liv accomp i i  shed I u the fourth
week ci training .

2 . Physical read iness , norma l lv acconip 1 1 shed at  or near the end
of the eight-week training program .

3. Mi Iitarv subjects proficiency, norma l l v  accomp l ished at or
near the end of the eight—week training program (3)

The sub icc t ive evaluation , “The Commander ‘s Evaluation”, is a w r i t  ten

repor t of a man ’s overall performance in I’~CT as view~d by his training

unit commander (I).

Researchers have discovered a defini te relat ionship between an

individual’ s performance on the Armed Forces Qualification Test (AFQT) ,

his ahi lit~’ t e  learn , and his rate of l ea rn ing  general military sub-

jects (13) - The AFQT has also been found to he a reliab le predictor of

a man ’s performanc e in 1ICT as evaluated by h is peers and cadre (t~ . No

clear relationship between any measurement now taken as a man enters

• the Army and phys 1c~ 1 readiness per formance has been established

Evidence has been found by researchers , however , which suggests that

measurement devices do exist which are capable of predicting physical

• read iness performance over time . These measurement devices are simple

• in nature and appear to be suitab le for administration at a U.S. Army

• Reception Station (11 ,15,19,20). No correlation between a man ’s ability

with a rifle and any measurable aptitude has been found or suggested (8).

No correlation between the coianandcr ’s subjective evaluation and other

measurable aptitudes has been found or suggested (8).

The environment in which Basic Combat Training is conducted has

historically been a changing one, particular ly in the last few years .
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- the prob lems surrounding the instruction of very low and very
high academic abilities at the same time and in the same framework
have become a matter of acute interest in the past few years . Tra-
ditionally, military education systems , like civilian systems, have
used a curriculum providing standard blocks of material to students
of all aptitudes at the same time and pace. Attempts to individ-
ualize treatment took the form of delaying the promotion of slow
students and accelerating the progress of able students .

In an earlier era, when civilian school groupings were moderate ly
homogeneous after the seventh or eighth grade, this lockstep treat-
ment of time and material did not present an insuperable prob lem.
In recent decades , however, the extension of public schooling - and
military training - to a vast range of students brought serious
problems of communication and instruction from or related to the
principle of lockstep instruction. Students handicapped by low
ability , by difficulties itt communicating, or by culturally influ-
enced defic iencies have repeated work or have passed along from
grade to grade without really learning tool subjects that are
essential to learning in the typical occupational course or per-
forming in a job . At the same time highly able students have been
held back to the point of boredom and disinterest (18).

The Army draws its manpower resources from output of this single track

educational system and sets about training them in the same manner. As

Montague and Shove l point out, logistical and administrative considera-

tions have in the past dictated that the Army continue using the single

track system (18).

since mid-1966, however, the introduction of a large number of
men of lower aptitude from the draft and from enlistment has placed
considerable strain upon the traditional instructional system and
has reopened the question of how best to train men of such a wide
range of ability as those now going through the (U.S. Army) train-
ing centers (18).

Is dealing with a wide range of input capabilities really a significant

problem? In the most recent service history It has been. McFanrt in a

professional paper, “HuiuRRO Research on Project 100,000,” (16) points

out:

• • •~~~~~~~~ -.~-- -~ - • - —



6

• . . the Army trains a highly diverse population , varying over
time as the result of both the numbers of men needed and changes
in policies of enlis tment and induction standards . The decision
to lower Armed Forces Qualification Test (AFQT) standards has
resulted in a large training load characterized by a wide spread
of individual ability and background ranging from elementary school
to college graduate level (16).

Fox, et al., further point out:

Since 1950 the Armed Forces Qualification Test (AFQT) has been
used by the Armed Services to determine an individual’s eligibility
for military service . The AFQT, a written mental aptitude test,
is regarded as a general measure of trainability in military sub-
jects. A score falling at the tenth centile on the AFQT standardi-
zation distribution is the statutory minimum set by Congress for
acceptance into the military.

As the need f or manpower has varied over time, the Armed Services
have adjusted their mental standards for enlistment and induction.
Following the Korean conflict the mental standards were gradually
raised , but in October 1966, under Project 100,000, the Department
of Defense announced its decision to lower mental standards for
induction to the statutory minimum.

The decision to implement Project 100,000 is resulting in large
numbers of marginal aptitude trainees appearing in the Army train-
ing program. Indications are that marginal aptitude trainees
(defined by AFQT centile scores ranging from 10 to 20) will con-
stitute about 257. of the input to the Army training system. This
increase in the number of marginal trainees will be likely to
increase the difficulty of the training job, requiring more effort
on the part of Army instructors to bring these people--with their
typical histories of difficulty and frustration in school activities--
up to minimum acceptable levels.

Anticipated training problems are not, however, limited to the
training of marginal aptitude personnel. It has been common
practice in military instruction to have students of all aptitude
levels enter a course together, use the same instructional materials,
progress at the same rate, and leave the course together . The
instructor, in order to keep attrition rates at a minimum, orients
his instruction to the slower trainees. This forces, on the entire
class, a slowed pace that may well have an adverse effect upon the
motivation and achievement of the higher aptitude trainees . Train-
ing will inevitably be diluted In an effort to reach the increasing
numbers of low aptitude people; consequently, a marked loss in
motivation and achievement by higher aptitude trainees may result
as they become even more bored and restless than evidenced in the
past. Thus, the cos t to the Army of accepting large numbers of
men from the low end of the aptitude distribution may be twofold--
not only sheer difficulty in reaching those of marginal aptitude,
but also a negative impact upon higher level trainees .

• • - • • - -

• •• • __j _. __ •___ _.__. - _____



it would seem axiomatic that the Army cannot achieve a s tandard ,
qualif led training product by putting widely differing trainees
through a standard training mold. Iecause trainees differ ex-
tensively in aptitude, education, and motivation, differential
training may be necessary if they are to emerge with comparable
skill levels at the end of training (13).

The present procedure used in BCT places all trainees , regard less

of aptitude, together in groups of approximately 200. Each of these

groups (training companies) is provided a training cadre, billets , and

a training company commander . All  trainees in a training company spend

the same amount of time learning the same subjects (eight weeks). This

procedure was applied to a sample training system for which a quanti-

tative performance criterion function has been designed . An average

quality input of 200 men was trained in the simulated system. The cost

of training in terms of instructor hours per graduate was 13.7. As

will be shown later, 13.7 instructor hours per graduate is less than

optimally efficient.

It is apparent to those involved in studying ~CT that the rates

at which peop le with different  aptitudes (var iable input qualities)

master many of the skills of BCT vary significantly (13). The design

of the existing system does not easily permit the trainers to take

advantage of the variable aptitudes of the trainees .

The training procedure proposed in this thesis, contrastingly,

automatically differentiates between the learning rates of individuals .

The proposed procedure allows multiple aptitude tracks, variable in-

dividual training completion times, and variable sequencing of the

training events. The proposed procedure was applied to the same

sample training sys tem , under the same input conditions as used above

- 
___ k~_
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with the following results: The average cos t in instructor hours per

graduate was 5.70 for an increase in efficiency of eight less in-

structor hours per graduate . This represents a 58 percent increase

in the training system ’s eff iciency.

Changing the existing procedure for training recruits is not the

only, or necessarily the best, method for improving the training system ’s

abili ty to e f f ic ien t ly train men of different aptitude levels. This

does not alter the fact that the efficiency of the present system is

very strongly related to the rate of learning. But the rate at which

peop le learn is related to many factors in addition to an AFQT score,

some of which can be adjusted by the trainers . Examples of these

factors might be the modes or methods of presenting instruction to

different  ability groups , the effect of attitude and morale on per-

formance and the effects of incentive situations on performance . The

Human Resources Research Office , Division 3, Recruit Training, con-

tinually studies ways to improve trainee learning rates . Their s tudies

inc lude the effects of different methods of teaching general mili tary

subjects on learning rates (13,21,23) , the effects  of attitude and

morale on training performance, and the effects of ECT on trainee

attitude and morale (22).

Baker has developed an application of a Charnes-Stedry model

titled , “An Analytical Model of Worker Performance in Incentive

SituatIons” (4). Baker’s approach is to quantitatively predict

• worker goal statements based on five behavioral propositions when

one of the following conditions exists :

-

• ~~~~~~~~~

- 
• • - ---
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1. An external goal is sugges ted .

2. A peer group goal is suggested .

3. Two external goals are suggested .

4. The worker is learning.

There are, no doubt, many other adjustable factors which can be -
~~~

influenced by the trainers to improve the performance of individuals

in ECT.

The purpose of this thesis is not to prescribe the best teach-

thg methods, the best attitude and morale boos ters , or the best set of

peer or organizationally suggested goals. It is however, to show that,

given the present methods of instruction, morale , attitudes, and in-

centives, there does exist a system design for general military subjects

training which uses fewer instructor hours per graduate than that now

in use. Further , the model developed to predict the cost of running

the system and its expected output allows one to vary the learning

rates, the incremental cost in instructor hours, the input quantity

and quality and finally, to constrain the output while still predicting

costs and outputs . Optimal sequencing of the events in the system is

possible as each variable above is discretely changed.
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CHAPTER II

LITERATURE SEARCH

This l i terature search is directed toward two general areas of

investigation, the l i terature re levant to the present BCT sys tem des ign

and individual performance in it , and the literature relevant to optimal

event sequences in stochastic systems .

The Present BCT System

Variable Input Capability

Basic Combat Training cons ists of training in four major subject

areas plus a two par t proficiency test .  These major subject areas and

• test are :

1. Command Information and Indoctrination (17 hours training
prescribed )

2. General Military Subjects (133 hours training prescribed).

3. Weapons Ins truction (94 hours training prescribed) .

4. Tactical Training (51 hours training prescribed).

5. Profic iency Testing (4 hours testing prescribed) .

During mobilizations , for such as Viet Nam , 12 more hours of training

are added (1) . A trainee can expect to spend 352 hours , 364 during

mobilizations, involved in formally scheduled activities during the

eigh t weeks of BCT . This usage of time accounts for approximately

50 percen t of the time available for training during BCT (8 weeks x

• 6 days /week x 18 hourø per day — 768 hours).

• L. -
• A ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Over 30 experienced training company commanders , interviewed by

this researcher during the period May 1967 to September 1967, at Fort

Polk , Louisiana, indicated that an additional 24 to 26 hours per week

were spent in unscheduled training . This was done in six of the eight

weeks of training. These unit commanders felt that the additional,

unscheduled training was necessary to raise their unit proficiency

test score average to a level desired by the training center or major

unit commander . One company commander commented that his unit spent

only 10 to 12 hours in remedial training each week. At this one

training center, then, a trainee could expect to spend 530 to 550 hours

during a 768 hour period involved in controlled activities of other than

his own choosing . This represents a 70 percent usage of all the hours

available in the eight week progrmm with no allowances for personal

activities except that Sundays were left free.

HumRRO’s Division 3 has also studied “Time Utilization during

Bas ic Combat Training ” (24) . They subdivided a trainee ’s day as

follows:

A - Scheduled Training .

B - Non-scheduled Activities Related to Training.

C - Non-scheduled Activities Not Directly Related to Training.

D - Sleep.

E - Personal Time.

F - Prescribed Non-Training Activities.

C - No Data.

HuinRRO found that from Monday to Friday a trainee had 9 hours and 23

minutes of uncontrolled time (Categories D, E, and C) per day. On

—•~~~~ 
- - -

~~
-

~~~~~~~~~
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Saturdays , D, E, and C amounted to 11 hours and 44 minutes (24). When[ weighed against 1152 total hours available for eight weeks, the HuxnRRO

study results show 60 percent of a trainee ’s time is controlled . This

s tudy was performed at Fort Ord , California.

The purpose of reviewing the amount of controlled time in BCT is

to acquaint the reader with  how filled a trainee’s schedule is already.

This, combined with the fact that all the trainees in one training

company operate on the same schedule (24), all beginning and ending

activities together, are important background facts for the following

discussions .

All men in BCT spend the same amount of time doing the same

things . Some of these “things” involve learning general military

subjects . If a man of high aptitude is capable of learning a subject

in less than the time scheduled , and researchers have found that some

men are (9,13), he must still spend the entire scheduled period learn-

ing that subject. Likewise , a man of low aptitude who cannot master

the subject in the allocated time period must either be dropped from

BCT or be trained beyond the allowable time by adding extra hours of

remedial training or by recycling him in the training program. As

the training week is so filled now, to add additional hours for

extensive remedial training to the present training program is highly

unlikely. Not only is the training week “saturated” now, one might

also suspect the trainee is rather “saturated” with the training

week.

What effect has variable trainee aptitudes had on BCT? BCT

has become, as Fox, et al., point out,

— ~~~ — L_ __ - - —-—&r —
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highly standard ized and pitched toward the leve l of the lowe r
aptitude recruit. Not only is it elaborate and redundant but con-
siderable effort is made - both in the formal training program and
in individual, supplemental , remedial training - to ensure that
almost all men meet graduation standards by passing the test. it
resembles the public education system in the strong tendency for
those who persevere in the system to graduate - witness the high
percentage of low AFQT (Armed Forces Qualification Test) subjects
who had completed high school (13).

Can these differences in aptitude be handled in the present BCT system?

Showe l and Taylor comment on this point .

For the most part , instruction in ATC ’s (Army Training Centers) is
conducted as a single track system with minimum standards for grad-
uation prescribed (21). Trainees enter together , receive the same
program of instruction, and are programmed to graduate together (23).

Taylor goes on to say that a serious problem encountered with the single

track approach is in trying to decide at which level of aptitude to gear

the training.

If it is at the low ability level, then the more capable are held
back with the resulting boredom, poor attitude , and low efficiency
of instruction. If instruction is generally geared to the upper
level, the situation produces many who are failures (unduly high
attrition rates) or many who are moved forward without mastering
the material (23).

It is evident that variable input aptitudes are having an impact

on the present BCT system. Some doubt has been raised as to the present

system’s ability to handle variable input qualities . The implication

seems to be that aptitude can be used to predict learning ability ,

learning ability to predict individual performance and collective

individual performances to predict the operation of the BCT system.

If this is true, introducing a large number of either high or low

aptitude trainees into the system would be expected to cause a re-

gearing of the level of instruction to the detriment of the other

aptitude levels in the system. If the relationship between aptitude

• 
- 

•

• • •
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and performance could be established , perhaps the relationshi p between

BCT and its environment can be quantified .

individual Aptitudes and Their Relationship to Performance

General Military Sub lects. Bayroff , et al., conducted one of

the earliest research efforts which attempted to relate scores on the

present AFQT, a general aptitude measurement device , with BCT perfor-

mance . They obtained AFQT scores from 498 men in their eighth week o

BCT. These individual APQT scores were correlated with a qualitative

BCT performance measure (peer and cadre ratings). A coefficient of

corre lation of .44 was achieved . This was interpreted as a significant

• correlation (6).

In 1969, a study was conduc ted by Fox, et al., in which AFQT

•
scores were correlated with objectively evaluated performance in

general military subjects . Fox, Taylor, and Caylor (13) conc lude the

following in the report on their study of aptitude levels and skill

acquisition in military training .

(1) Mental aptitude , as measured by the AFQT (Armed Forces
Qualif icat ion Test) , related consis tent ly to a variety of r

important psychometric and operational criteria , including:
(a) Performance on the Army ’s psychometric tests for classi-

fication and assignment .
(b) Scholastic achievement as indicated by scores on reading

and arithmetic tests, by school grade completed .
(c) Army basic training performance as shown on a wide

varie ty of tests of knowledge and skill in cognitive
and motor subject areas, and a measure of leadership
potential.

(2) Learning performance is directly related to aptitude levels.
This relationship holds across a variety of training tasks
which differ in complexity. This relationship is demonstrated

• by an array of response measures which show that:
(a) In some tasks, aptitude groups differ only in rate of

learning.
(b) In some tasks, aptitude groups differ in rate of learning

and in final level of performance.

• - -- ——•~~~~~ • —• . - -  ~~~~~—• ~~~~
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(c) In simple response tasks, aptitude groups differ in both
speed and accurac y of response.

(d) The time required to train low aptitude recruits and high
aptitude recruits of comparable levels differs substan-
tially.

(e) The learning performance of middle aptitude groups is more
similar to that of high aptitude groups than it is to low
aptitude groups .

(f) Performance variability relates inversely to aptitude
level. Not all recruits labe led as being of low aptitude
are slow learners on all tasks; on each task a few show
performance typical of the middle and high aptitude groups .

(g) The requirement for ins t ructor guidance and prompting is
related inversely to aptitude level (13).

To illustrate the variable ability to learn of people with high,

average, and low AFQT scores (aptitudes), Fox, et al., structured a

training/testing program of seven events by which a test group was

trained . The results of this experiment are summarized graphically at

Append ix A. Why were these seven events chosen? Generally, they

represent the range of complexity and type learning activities en-

countered in BCT (13). The events are described below .

• Event 1, “Simple and Choice Monitoring Tasks.” This type of t ask
is typical of a variety military tasks which require “ .

visual surveillance or watch keeping activity. (e.g. switchboard
operators, fire (artillery) control personnel, sentries)” (13).

Event 2, “Rifle Assembly.” This is a task specifically included
in BCT (13).

Event 3, “Rifle Disassembly.” This is a task specifically in-
• cluded in BCT (13).

Event 4, “Missile Preparation. . . . a fixed procedure task
which emphasizes learning a series of verbal responses.” (e.g.

• missile checkout procedures, engine trouble shooting, setting
fuses and preparing charges (demol.itions), and checking out
radios (13) .

Event 5 , “Military Symbols” (13). A multiple discrimination task.

Event 6, “Phonetic Alphabet” (13). A multiple discrimination task.
BCT examples of the miltiple discrimination task group are, “. - .
learning hand and arm signals, . . . part names, . . . weapon
nomenclature, and color coding” (13).

• •—
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Event 7, “Combat Plotting” (13). This task ~~quires that principles
be learned and then applied . The concepts of range and bearing had
to be learned and applied . This task represents the highest level
of complexity . “Similar tasks in BCT are map reading and rifle
sight adjustment” (13).

In an attempt to generalize individual characteristics versus

performance, Cothain presented an approach for establishing a relation-

ship between individual characteristics and losses from a training

system. His analysis was not performed on a basic training model but

during “ . . . three experiments using data on salesmen’s characteristics

and performance histories collected in retail stores . . .“ His ob-

jective was to , “ . . . evaluate the potential of multiple discriminant
analysis used in conjunction with simple correlation analysis as a

technique for selecting candidates for sales positions in retail firms”

(12). In his report , Cothazn demonstrates a methodology for correlating

selected individual characteristics with success in selling by using

historical data. The approach used by Cotham is generally the same

as that used by Fox , et al.

Clear ly, then, aptitude as measured by the AFQT is related to

learning performance . This relationship exists in a variety of tasks

typical of ECT as demonstrated by Fox, et al. Further , Fox, et al.,

demonstrate that the rates at which people of various aptitudes learn

are related to their aptitudes . Thus the speed at which one learns a

skill to some final performance level as well as the height of the

final performance level are functions of aptitude. Fox, et al., also

point out that low aptitude trainees require longer to train in some

tasks. All of these relationships greatly increase the probability

~~~~ - _ _ _ _
•
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of establishing a quantitative relationship between the variety of

aptitudes in an input population and the BCT system.

Physical Readiness. Is there a relationship between individual

aptitudes and physical readiness performance in BCT? There is no

literature which specifically examines physical training in BCT.

There are, however, some publications which indicate that such things

as physical preconditions exist and further that these preconditions

determine the rate of improvement during physical training and, ulti-

mately , the level of performance.

Major Kenneth Cooper, M.D., has, “ . . . evaluated , in one form
or another, more than 5,000 subjects. These included officers and air-

men, pilots and astronauts , athletes and non-athletes , the active and

the inactive, the healthy and the unhealthy, and men and women - both

in the field and in the laboratory” (11). His conc lusion is that

general fitness and cardiovascular efficiency are the same.

To begin, I will give you a simple field test to perform that
will establish your present physical condition . . . . The test
will place you in one of several basic categories of fitness, each
with its own graduated rate of progress . . . . if you have no
serious ailments , you should be in good condition within 16 weeks
at the most (11).

The evaluation or diagnostic test consists of running/walking as far as 1
:

a man can in 12 minutes. Present condition is a function of distance

over time.

The five categories of fitness as expressed by Cooper are:

I. (Very Poor). Less than one mile on the 12-minute test,
meaning your maximum oxygen consumption is less than 28 ml’s/min.

II. (Poor). Less than 1.25 miles and 34 ml’s/min . . . .
III. (Fair). Up to 1.5 miles and 42 mi’s/mm . . .

IV. (Good). More than 1.5 miles and 42 mI’s/mm . . .
V. (~ ccellent). Better than 1.75 miles and more than 52

mi’s/mm . . . (11) .

I - •~~~ -~~~~~~~~~~ - -  ~~~~~~~~~~~~ - • ~~~~~~~~~~~~~~
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The physical training programs reconmiended liv Cooper vary in Initial f
intensity and rate of increase in intensity as a function of an in-

dividu al’s starting category. For examp le , ~i man in the Ve r y Poor

category would walk one mile in about 13:00 minutes for the first

three weeks of a 16 week condit ioning program . By the end of lb weeks

he could be running two miles in 17:00 minutes.  A man whose s t a r t i n g

category was Fair would walk one mile in about 12:45 mInutes for the

first week , walk and run a mile during the second and third weeks in

ever decreasing t imes . This man could run two miles in 17:00 minutes

by the end ct the tenth week (11).

Cooper ’s interest in cardiovascular viiiciency and 02 uptake

(aerobic power) are not unique . These subjects are given a great deal

of attention b~ Astrand and Rodahi in their Textbook of Work Physiology

• (3). They also point out other t~~tors that migh t affec t physical per-

formance.

• . . the performance capacity (of an individual) is related to the
maximal oxygen uptake in exercises with large muscle groups rigorous-
ly involved for 1 minute or longer. No one can attain top results
in such exercises without a high degree of aerobic power. On the
other hand , a high power does not guarantee a good performanc e ,
since technique and psycho logical factors may have a mo di fy ing
influence in a posi t ive or negative direct ion (3) .

Phys ical f i tness  as measured through the Cooper test may not then

be the only aptitude that deserves measurement when attempting to pre-

dict physical performance . Brace supports this point and specifical ly

identifies some measurement techniques in the following coimnents :
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• . . there is a substantial relationship between motor learning
of the sport-skill type and athletic ability , and between such
motor learning and physical fitness as measured by physical per-
formance level tests . The relationship with ath letic ability,
however , is slightly closer than with physical fitness.

These findings substantiate those of previous studies in in-
dicating that learning of gross bodily motor skills of the sport-
skill type relates more closely to the qualities measured by tests
of running speed , jumping, and throwing than wi th  motor abi l i ty
tests (the Brace Test), or with other standardized tests proposed
as measures of motor learning (7).

To return briefly to aerobic power , Astrand, et al., indicate

that there is a st rong genetic connection to wh at one ’s maximal 02
uptake is.

It  is in any cas e quite obvious that the great maximal aerobic
power which is characteristic for the top ath lete in endurance
largely depend s on organic advantages which are endowed . Thus
a person with a maximal oxygen uptake of 45 ml/ (kg)(min) cannot,
under any circumstances , no matter how much he trains , attain a
maximal oxygen uptake of 80 ml/(kg)(mmn) (3).

Astrand and Rodah l do, however, go on to indicate that by training , one

may approach his maximal 02 uptake , lower his heart rate during vigorous

activity and generally improve the degree of efficiency with which his

body uses the 02 taken in thereby improving his overall performance

capability for gross work (3).

No research was discovered which presented a relationship

between trainee attributes or aptitudes and performance in physical

readiness training . Research results were found which indicate that

a population can be subdivided into physical ability groups by means

of simple, easily administered tests (11,15,19,20). It is al~o known

that physical training activities must be milder initially and progress

slower for the initially less fit individual. If sufficient time is

available and if a man has no physiological defects he can achieve a

- i  • • • • • - - • • ••
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high degree of fitness regard less of his starting condition . The less

fit initially , the longer the training program must be (11). These

findings suggest that there are measurable individual abilities which

are related to progress in physical fitness training . It has not been 
-

•

empirically established , however, that there is any relationship between

the Physical Combat Proficiency Test (PCPT) performance and individual

fitness. Thus no attempt is made by the author to include physical

performance measures in the criterion functions for BCT.

Rifle Marksmanship. No study or research was found which

describes or suggests a relationship between individual weapons train-

ing in BCT and any personal aptitude .

Summary. The only relationship then that has been clearly and

quantitatively established between individual aptitudes and performance

is that developed by Fox, et al., in the study of performance in general

military subjects (13). This relationship will be used to develop a

performance criterion for the BCT system, model the present system ,

redesign the present system , and model the redesigned system.

The aptitude- Performance Relationship

The relationship between AFQT scores and the ability to learn

general military subjects is a very important one to the establishment

of a system performance criterion. Not only were Fox, et al., able to

specify the learning rates by ~FQT group for a variety of skills , they

also collected data reflecting the number of instructor assists (prompts)

by ability group required to assist the trainees in passing performance

tests (See Appendix A) (13). These pieces of information allowed this

researcher to develop a measure for the test system of the expected cost,

-
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in terms of instructor hours, of training a man in a particular subject

or event. This capability then allowed the calculation of the cost of

training many men in different ability groups in six of the seven events

used by Fox , et al., (13). The cumulative probabilities of success pre-

sented by Fox, et al., further allow the calculation of the expected

output, given a particular input, for the test training system. These

probabilities are presented graphically in Appendix A and in tabular

form in Appendix D.

The combination of the ability to calculate the cumulative cost

of training a given input in instructor hours and the expected output

in numbers of trainees led quite logically to the selection of a system

performance criterion of instructor hours per graduate. It was also

decided at this point that six of the sample events used by Fox , et al.,

would constitute a test training system. (Only six of the seven events

developed by Fox , et al., are used in the test system. Frequency of

prompt data was not collected by Fox, et al., for one of the events,

consequently that event could not be used in the test system) (13).

This test or simulated system is used to demonstrate management appli-

cations of the model of the present BCT training procedure and the

model of the redesigned BCT training procedure.

The Redesign of the Present BCT Training Procedure

Fox, et al., suggest that the relationship of performance with

aptitude,

is a consistent and powerful one with important implications
for the efficient conduct of training . . . . The efficient train-
ing of men at all aptitude levels will  depend on (a) the recognition
of individual difference in aptitude, and (b) the design of the in-
structional programs that are compatible with the individual differ-
ences in learning rate and final performance capability (13) .

—~~-~ --•-~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ - - ~ — ,— --• •~~~~~~~~~ -~~~
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Of primary interest to this researcher is , “ . . . the des ign of instruc-

tional programs that arc compatible wi th  individual differences .” The

implications of the work by Fox, et al., are thought to be that a

multiple track, variable training completion time procedure should

be adopted for BCT.

In the 1965 IlumRRO Technical Report 32 , Cline, et al.., presented

an “Evaluation of Four-Week and Eight-Week Basic Training for Men of

Various Intelligence Levels” (9). The conclusions, recommendations ,

and implications of this study are:

(1) A four week basic training program for high-aptitude
men has been demonstrated to be as effective as the current eight-
week program in the areas of military information and certain per-
formance tests , when a specific teaching aid (the Prevue-Review) is
introduced . With respect to average score on rifle marksmanship
and physical fitness , the high-aptitude four-week companies were
for practical. purposes as efficient as the regular eight-week
companies.

(2) Trainees at all levels of aptitude learn as much military
information in four weeks (when the Prevue-Review technique is used
in their training) as is normally learned in eight weeks by men of
comparable intelligence. On performance tes ts , men of middle and
low aptitude do benefit by the full eight weeks of training, al-
though the high-aptitude men apparently make only minor gains in
the additional time .

(3) With respect to rifle marksmanship and physical fitness,
the additional four weeks’ training in the traditional course yields

• somewhat better performance at all levels ot intelligence (although
as noted above, in some cases these differences are so small as to
have little practical significance) .

b. These results imply that , with some changes of emphasis within
• the curriculum and the introduction of certain aids to learning , a

basic training program of less than eight weeks might be feasible,
particularly for higher-aptitude personnel. It would appear that
new methods of instruction could be effectively emp loyed , especially
for general subject areas, and that greater emphasis on performance-
type activities such as weapons familiarization and physical con-
ditioning might be desirable.

c. With regard to the greater proportion of trainees, it has not
been established that a shorter training period would be practicable
in all subject areas. However, this study has given indications of
the direction of change, in curriculum emphasis and instructional
technique, which could be expected to contribute to this end .

• - -- ~~~~~~~~~~~~~ - -  ~~~~~~~~~~~~~~~~~~~~ ~~~~~ - —-~~~~--~~ • • • • -~~~~ 
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d. The effectiveness of the results obtained in a shortened
training program suggest that it should also be possible to turn
out an even better-trained soldier in the eight-week program if
certain modifications in curriculum and instructional techniques
were exploited .

e. Consideration should be given to research on two alternative
training programs:

(1) A short course which would train inductees to the present
level of skill and knowledge (probably geared to men of high or
midd le aptitude). While the need for accelerated training would
be greatest under conditions of full mobilization , the prob lems
of maximum utilization of peace-time draftees might lead the Army
to consider training revisions which would speed up integration
of parts of the inductee population into the Army ’s working force ,
the TO&E units .
(2) A standard- length course which would afford better and

more intensive t ra ining than does the current  progr am. The
findings strongly suggest that training as now conducted is - •

geared for the lower-apt i tude  soldier  and that the more able
man is not making full use of his capacities .

Depending on future conditions , either or both programs might be
chosen by the Army for operational p ..poses (9).

The conclusions and reconinendations of Cline , et at. , support the

findings of Fox , et al. .

The findings of both the FOX and the Cl ine  s tudies suggest that

the effectiveness of the present BCT training system might be improved

if training, in length and manner of presentation , could he varied to

best suit the aptitude of the man being trained . A major portion of

the remainder of this thesis is dedicated to the development and analysis

of a BCT training procedure which allows the trainee to proceed through

the training program at a pace commensurate with his individual aptitude

for learning general mil i tary  subjects .

The Multiple Event Optimal Sequence Rule

• A training procedure is des igned and mode led which is though t to

• be a procedure of greater efficiency than that now in use . The model

is adapted to a computer program and tested f or d i f f e ren t  inputs and

________________ - ~~~~~~~~~~
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event sequences. The efficiency of the new design is influenced by 
4

rearrangements in the sequence of the six events in the tes t system.

The question arises as to which ordering of the events would provide

the most eff icient  arrangement. An investigation of the literature

is conducted .
-I - -

Mitten in providing “An Analytical Solution to the Least Cost

Testing Sequence Problem,” develops an optimal sequencing rule for a

series of 11 different tes ts, each with a probability of rejection R1
and a cos t C~ .

That is , 1. For each tes t j ,  compute the ratio C j / R . ;  2 . Run
the tes t with the smallest value for the above rati~ first, theone with the second smalles t ratio second , . . ., and the tes t
with the largest ratio last (17).

Conway, et al., develop a shortest process time rule under the

condition of weighted measures of performance. They order jobs opti-

mally such that the job with the greatest flow time to weighted measure

ratio is first in the sequencing. They argue and prove that ordering

by this rule minimizes the job sequencing time (10).

Baker, in an application of Mitten ’s work, develope4 a rule for

selecting the optimal search sequence for a “user” in search of a

source to satisfy his need . Each source has a related cost of access-

ing it (Ch) and a probability that the user ’s need will be satisfied

~~~ 
Generally, the rule says that one must first form the set of

ratios of the probability of failing to satisfy the user’s need for

each source to its corresponding cost of access (Ph/Ch). These ratios

are then ordered from greatest to least (P
h/Ch

� Ph+l/Ch+l). The

sources should then be ordered in a corresponding order. Baker

• ~~~~~~~

• _ 1  •
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demonstrates that this rule guarantees an optimal source accessing

sequence (5).

Baker ’s optimal sequencing rule turns out to be the inverse of

that developed by Mitten (Ph/Ch 
� Ph+l/Ch+l versus C~/R~~

< C~ /R~~ j >i).

The sequencing rule developed by Conway, et al., is analagous to those

presented by Baker and Mitten. If one replaces cost by service time and t
relative or weighted importance by probability of success , the Conway ,

et al., rule very closely resemb les that presented by Mitten. Although

each of the above developments supports the conc lusions of the other

two , the deve lopment presented by Baker was that used by this researcher.

Although none of the above rules was directly applicab le to the proposed

training sys tem model , the development presented by Baker served as a

guide to the eventual development of a decision rule uniquely appli-

cable to the presented model.
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CHAPTER 111

THE PROPC~ED PROCEDURE AND THE TEST BCT SYSTEM

The Proposed BCT Procedure

The proposed training system is a multi-ability-trac k, variab le-

complet ion-t ime one . The procedural rules are:

(1) Divide the input population in three ability or aptitude

groups based on their performance on the AFQ Test. These groups are

identified as H1: high aptitude , H2: average aptitude , and H3: low

aptitude . t
(2) Begin training each abi l i ty  group in a training program de-

s igned to emphasize those learning methods mos t appropriate for eac h

group. Generally, this implies a higher inst ructo r to student density

and slower rates of learning for the less apt trainees .

(3) As quickly as a man reaches the criterion skill level in an

event (or subject) move him to the next event in the training program.

(4) When a man has successfully completed all events in the

training program , he is outpu t from the training system.

(5) If a man is incapable of satisfactorily mastering an event

after a reasonable number of attempts, he is dropped from the training

system as a failure. He does not move from one track to the next. The

three training tracks are operated independently.

The following assumptions are made:

(1) Each training event consists of a set learning period

followed by a test. A man completes a “trial” when he has received

_ _  _ _ _ _  
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the instruction in the learning period and has been tes ted . If he

f ails the test , a man repeats the entire trial.

(2) There is no dependency between events. That is , the pro-

bability of success for an event is independent of the event ’s order

in the training sequence.

(3) To reach criterion level performance for a given event, a

man need only pass one trial test. He then moves to the next event in

the sequence .

(4) The term “a reasonable number of trials” mentioned in the

paragraph above is construed to mean, based on the research done by

Fox, Taylor, and Cay lor (13), that further trials would be highly

unlikely to produce success on the part of the tested trainee.

(5) For purposes of comparing the present and the proposed

procedures, no trainee is lost under either procedure from the test

system for administrative reasons . Such losses would occur in an

equally likely number under either procedure as input populations are

identical for the test system regard less of the operating procedure

used. ~camples of administrative losses are: punitive discharges ,

discharges for hardship reasons and desertions.

(6) The adminis trat ive , non- training costs of running the BCT

system under either procedure are equal. This assumption is not at

all based on fact or reasonable conjecture. The third procedural

rule generates a highly likely source of increased administrative

costs. Imagine 200 trainees moving at 200 different paces through a

training program. As each trainee finishes event one, he is trans-

ported 15 mi les to participate in event two. Compare that with the

- 
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present method of all 200 trainees simultaneously completing event one,

being transported simultaneously to event two and beginning event two

together . The administrative costs of the procedure proposed in this

example would be significantly greatEr than the cost of the present

method . A closer investigation of the proposed procedure , however ,

reveals that men will not be moving through the training program at

200 different paces . The average expected output from each trial ,

given an average quality input, is nine men in the high aptitude track,

14 men in the average aptitude track, and two men in the low aptitude

track. Thus trainees can be expected to comp lete events in small

groups . These small groups could be transported together in a common

carrier to the next event as in the present procedure . Consider , how-

ever, an arrangement of the training events similar to exhibits or

booths in a county fair. A trainee group, operating by the proposed

procedure, completes event one then moves down the midway to event two.

The quicker they proceed from events one to two, the quicker they are

likely to finish ECT. If a man finishes early perhaps he could then be

sent home on leave or take more advanced training . The administrative

costs of this last example might be quite low as the trainee is left

to administer himself. Before deciding conc lusively, however, which

procedure is more cost efficient, some administrative methods for

handling the trainees under the proposed procedure must be developed

and quantitatively compared with the existing methods.

The Test System

The mock ECT system used to test the present and the proposed

training procedures is that presented in Chapter 2. Six of the seven

L - .
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events used by Fox , et al., comprise the six event test general military

subjects training system. The six adopted events are: 
S

1. Rifle Assembly

2. Rifle Disassemb ly

3. Missile Preparation

4. Military Symbols

5. Phonetic Alphabet

6. Combat Plotting

As previously stated , learning rates for each event for the high ,

average, and low aptitude groups have been established . These learning

rates were used to calculate the cumulative probability of success for

each trial in each event (See Appendices A and D). The frequency of

prompts by instructors was also recorded by Fox, et al., for each

aptitude group in each event. These prompt frequency data were used

in the calculation of the cost coefficients for each event (See

Appendix E). Fox, et al., held the modes of instruction constant

within a given event . The modes generally favored the less able

trainee. The gearing of instructional modes to the low aptitude

trainee is typical of the BCT system (13, 16). The format used by

Fox, et al., within a training event consisted of a repetitive cycle

of instruction-testing (a trial) with the emphasis on making each

cycle as similar as possible (13).

Sununa~iy

The development of a new BCT training procedure and the adoption

of a simulated test system representative of general military subjects

_ _ _ _ _ _  --~~~~~~~~ _ _ _ _  • . • • • ••
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learning in BCT provide the elements necessary to compare the present

and proposed training procedure . To make a simulated quantitat ive

comparison of the two procedures using the test system data, it was

necessary to develop mathematical representations of each procedure .

This development is the subject of the next chapter.

—S
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CHAPTER IV

MODELS AND METHODOLOGY

The Deve lopment of the Criterion Functions
For the Present and Proposed Procedures

The relationships which determine the expected output , the cost

of operation and the efficiency of the simulated training system operated

by the present and the proposed procedures are quite general in nature .

The general nature of these criterion functions and the methodologies

for constraining input and output and optimally ordering the training

event sequence enhance their potential for broad app lication.

The Present Procedure

Men are trained in a series of subjects (events) and then given

a performance test at the end of the entire training program . The

number of men being trained remains constant throughout the training

program . Men are lost from the system only at the fina l tests .

Graphically:

Final Tests

Input Mi 
_____ 

Mi 
~~~~ F

~~~~~~~~~2i~~~~~~~~~~~~~~
I

Mo

C1 + C2 + . . .  + Ck + . . .  + C

Losses (l-P) N
1

Figure 1. The Present Procedure . 
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To tal cos t = M1 E Ck = C. System eff ic iency = El = ~~
— . Symboli-

k—l o
cally , the criterion measures for the present procedure may be repre-

sented as f ol lows :

n
Total cost, C = M1 E Ck as above. (1)

k l

Expected output, M0 M
1
P

nH M T~~~~ C
C 

________System Efficiency Index, El = 
~~~~

- 
, therefore (2)

0 M~P

~~ Ck
• E l= k

~~ . (3)
P

In the above equations, the unidentified variables and sub-

scripts are:

k = event index, k 1, 2, . . ., n.

i aptitude track index, i = 1, 2, . . .,  s.

= input in the ~th aptitude track.

$
M = Total input = 1 MI 

i=l

Ck 
= Cost of training one man in event k.

P = Probability of success of passing all the final tests.

rhe Proposed Procedure

Men are trained and tested a trial at a time within an event.

There is a probability of success associated with each trial level

within each event within each aptitude group, 
~ijk’ 

where ,

- - Si • •

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~
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i aptitude level index, i = 1 , 2, . . ., s.
j = trial level, that is the number of trials completed ,

j 1, 2, . . . , a.

k = event index , k = 1, 2, . . .,  n .

As j, the number of trials completed within an event increases, the value

of increases monotonically . The maximum probability of success

possib le for any event within an aptitude track is a function of the

highest number of trials to be run in that event. There are multiple

trials within an event, multiple events within an aptitude track and

multiple aptitude tracks within the system. Training is conducted

within independently operating aptitude tracks , which assumes that men

can be categorized by aptitude group . Men pass after each trial , but

fail only after the last trial within an event is completed . The most

significant distinc~ ion between the proposed procedure and the present

one is that in the proposed training procedure men who pass a trial

test within any event are finished training in that event. They pro-

ceed directly to the next event regardless of whether their fellow

• trainees have passed the same trial test, whereas in the present

procedure the men all move to each event from the preceding one in

a group. A schematic representation of a single aptitude track for

the proposed procedure is presented in Figure 2.

The criterion measure for this procedure contains the following

variables and their subscripts . The subscripts are:

i — the aptitude track (i 1, 2, . . .,  a ) .

j = cumulative number of tr ia ls (j 1, 2, . . ., aik).
• k — the event identifier (k — 1, 2 , . . ., n ) .

• —~a~
_________ ~~~~~~~~~~~~~~~~ A —-------- ~~~~~~~~~~~~~~~~~~~~~~ 

--
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The variables are :

~i•k 
= the cumulative probability of success for a man in the ith

~ aptitude group after j trials in event k of the test sys-
tem.

Mi 
= number of men input into the ~th aptitude track.

a
~k 

= the maximum number of trials allowed for men of aptitude
track i in the kt~

1 event.

C ik Cost (instructor hours per man pe~ trial) for training a
man of aptitude track i in the ktu event for one trial.

An incremental training cos t is incurred each time a man is trained and

tested (completes a trial) . This cost continues to accumulate until

the man reaches the es tabl ished perfor mance cr iter ion or until he is

dropped from the program as a failure at the end of an event. These

incremental cos ts vary between aptitude groups and events but remain

cofl8tant between trials within an event and aptitude track. Given an

aptitude level, i, in any event, k, the expected cost of training per-

sonne l in the ~th trial is equal to the cost per trial per man times

the number of men being trained in that trial. The cost per man per

trial for aptitude level I in the kth event is known, Cik. The ex-

pected number of men being trained in the ~th trial is equal to the

expected number of men starting that event minus the expected number

of men who have reached the r.riterion in the preceding j-l trials.

That is Mjjk 
= 

~~ik 
- 

~i,j-l,k 
Mik). The number of men, Mik, input

from event k-i for aptitude level i to event k is equal to the ax-

pec ted output from the preceding k-i events. That is:

k-i
M4~~EM 4 ‘~ ~ia n

~~n’i ik

t
____~~~~~~~~~~~~~~~ -~~~~~~~ •~--- • • - -

.

•- • i~~~~~~~——~~~~~~~~~ -- •~~~ -—-_---•~~~~ —~----~~~~~~~ —• • - -_ • _—-_ -- - -



36

The cost of a single event , k, then is the sum of all  the tr ia l

costs in that event for all s aptitude groups .

S k-l a
k

Ck 
i~ l 

Mi Cik 
~~~ 

~~~~~~~~ 
(1 - 

~~~~ ~4)

The cost of all a events in the test system may be shown as

C = 

i~ l k~ l 
M1 Cik 2:0 ~ia~~L 

(I  - 

~ijk~ 
(5)

subject to j, an integer, M~ 
� 0, and 0 � 

~ijk ~

The expected output of the system is the sum for all aptitude

tracks of the product of the terminal cumulative probabilities of

success for all the events in a given aptitude track times the original

input of the given track. That is:

— E M1 ~ ~ijk where j  ark . (6)
i—i k—i

To operate the new system under the constraint of a minimal

feasible total output without regard to quality of output, this

additional constraint must be added :

5 n 
*n [P

1 L M1] 
� M , the desired output. (7)

~~ L—i a
U 0

_ -~~~~ • ~~~~~~~ -— 5— 

5— •_ _ _~~~ S k - - _-~~~~~~-. -~~ — ---.~ -‘——



37

If a particular quality mix of output is desired such constraints

as follows may be added :

n
~ ~ k~ 

� M * , (8)
k—I rark r r

-J

the desired output for the r th aptitude level. The efficiency ind ex

of the proposed system is

C Total Cos t
= 
Expected Output (9)

El = average cost per graduate for all aptitude tracks . The El for

any given aptitude track, I r , may be expressed as

a

EIr = Mr 
k—i 

Crk L
E
O ~

rar~
L 
~~~ 

(1 - 
~Ijk~ 

(10)

EIr~ then, is independent of input within any given aptitude track and

EIr — average cost per graduate in the rth aptitude track. The total

average cost of training a given output may be expressed as

8 n
E E I M ‘~~~ i k

El — 
i;l ~ k—i alk 

(11)

E M P  k
1—1 ~ ialk

_ _ _  

4
_ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _  1~~~-.~~ --
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n 
*where Mi ~ ~~~ k Mik l  alk

An Analysis of the Present Proc edure

The efficiency of the system operated by the present procedure

as evaluated by equation (3) appears to be independent of the total

input, M1
. A closer examination reveals that is not true , however .

The event cost coefficients, Ck, are a function of the input by aptitude

leve l and the event cos t by aptitude level:

E CikMi

i—i i

t
P is a known constant. Then to improve the efficiency, Mitt El, for the

present system, E Ck must be minimized in equation (3).k= I
Lenina I:

(1) If 0 � C ik < 1, for all I , k , then any integer reduction in

M = E M~ causes an increase in CI 
~~~~~~ 

k
(ii) If Cik

> 1, for all i, k, then an integer reduction in

H”. = E M causes a decrease in C
.4. i—l i

(iii) If Cik 
— 1, for all i, k, then a reduction in input has no

effec t on Ck.

Proof:

(I)  Given,

— 
C lkMI + C2k~~ + • + C M r + • ÷ 

(12)k 

- -- —- ---- —A _____ ~~~~~~ _—.~~. •
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and C ik < 1, for all i. Suppose: Mr is reduced by ~M .

= 
C lkMl + CZkM2 + . . . + C k (M - ~ M) + . . . + CskM

k M1 ÷ M2 + . . . + Mr 
- 

~M + . • . + M (13)
r s

= 
C 1kM 1 + CZkM2 + . • + C~~M + . • . + CskM - C k ~

Mrk M1 + M2 + • . . + Mr + . . + N - 
~M 

(14)

E C ikMi 
- C k t~M

Ck 
= where Crk < l~ (15)

E M~~~~~ M
i=l ~ r

Theref ore C~ > Ck•

(ii) From equation (15), if C
k 

> 1

C H - C ’  t~Mi k i  rk r
k a

N - t~Mr

and, therefore, C’ > C •k k

k

L ~~~~~~~~~~~~~~~~ •~~~ ~~~~~~~~~~~~~~~~~~~ 
- — -

~~~~~~~~~ 
- 

~
— - 

~~
- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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(iii) From equations (14) and (12),

C M  -(C 1) AM M . - A Mik i rk r .~~~~~~~~ r 
= 1 (16)k M

i 
- AM TMi ~~r 

‘

where M1 > AM , and

S
E C N . E Mik~~.

Ck s M =
~~j~~

= l
~~ (i2)

z i
i—i

Therefore C~ = C~ .

Len*~a 2. Let A M
0 be a desired reduction in expected output

and this will be attained by reducing input in one track. Then, in

order to achieve the minimum increase or maximum decrease in C~ , re-

duce input in the highest cost aptitude track.

Proof. Suppose AM can be realized by reducing input to any

one track.

C
k 

= ~~~ 
ikMi C ikMi ~ 

C2k~~ ÷ .. . + CskM 
(
~~)

i—i i

•1Suppose input is reduced in track s , that is , N8 is changed to
- A M 5) .  Then

- -- -~~~~ -~~~ L ~~~~~~~~~~~~~~~~~~~~~~~~~~~ -J _1 -

~
~-
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~~~ 

C~~M~ - C k (A M5)
C~ ~~ 

- . (16)
E M -  AMI si—I

( i) Suppose all Cik < 1. By Lennna I (1), C~~> Ck. Since the

reduc tion in the denominator depends only on AM , the amount of re- -j

duction, the change in the denominator is independent of the aptitude

level. Thus , to minimize (C~ - Ck),  Csk must be as large as possible ,

that is as close to one as possible.

(ii) Suppose all C ik
> 1. By Lemma 1 (ii), Ck

> C~ . Since the

reduction in the denominator depends only on AM 5 , the amount of re-

duction, the change in the denominator is independent of the aptitude

level. Thus to maximize (C
k 

- C~ ) > 0, Csk must be as large as possible.

(iii) Suppose all Cik 1. By Lemma 1 (iii), Ck 
= C~~. Thus

changing the denominator by AM , the amount of the reduction , changes

the numerator by AM.
~ 
also. Consequently Ck C~ for all AM < N .

It follows by the same reasoning that if AM
0 c annot be achieved

by continued input reductions In the highest cost track, continued

reductions in input must be made in the next highest cost track.

Lemma 3. If the cost coefficients can be ordered such that

• Csk ~ Cs_lk ~ C$_2k • . . 
~ 

C2~ ~ 
Cik, and the ordering holds for all

k, then if reductions are desired , the minimum cost will result if the

reductions are always made in the highest cost aptitude track.

Proof. G iven

- ~~~~~~~~~~~~~ — - -  _ — - -  • - -~~ -- 
_ 

~~~~~~~~~~~~~~~~~~~~~
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a S

~~~M ~~~Cn . 1 iki— i k—i
C = E C  and C ~~C . . . ~~~ C

k—i k n sk s-lk 1k
M1i=l

then it follows that

n n n
C ~~~~~~C . . . � E C  ~~~~~~k l  1k 

k—i 
2k 

k—i 
rk 

k—i sk

Suppose we wish to make an input reduction of AM in some aptitude

track. The change would result in a reduction in cost as follows.

n a n
N ~~C + . . . + ( N -A M) ~~~C + . . . + M C1 1k r rk s sk

C ’ = C = k— i k l  k 1

kI,Il k s
A M

1=1 (17)

n
( I )  If C 

k
< 1, then it fo l lows by Lemma 2 ( 1) ,  C < C ’.

k—I r n
Choosing the track in which E Crk is as large as poss ible , namely
n k— i
E Csk , minimizes the increase in cost, mm (C’ - C ) .
k—i n

( ii) If C 
k 

>1, then it follows by Lemma 2 (ii), C ’ < C.
• k—i r

Choos ing the track in which c 
k 

is as large as possible , name ly
n k_ i r
E C k’ maximizes the decrease in cost , max (C- C ’).

• k.’l 8 a
• (iii) Likewise by Lemma 2 (iii) when E Crk = 1, C’ — C for any

k l
change in M1.

k — •~~ __—• _ ~~~---- — —--- -- — _5_ _ _
~ 

- -  —- — - - -5 -- -  i— - - ~~.4 ~~~~~~
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An Analysis of the Proposed Procedure

The nature of the proposed procedure gives rise to some in-

triguing and very general conclusions.

Optimal Event Order

Theorem 1: If the events in any given aptitude track are

ordered by the following procedure, the cost of training any given

input is minimized .

(i) For each event k, compute the ratio

1 - P  -
•akk

a
ik

Ck (1 - 

~jk~ 
(18)

j—O ‘i
(ii) P lace the event with the largest value for the above ratio

first, the one with the second largest ratio value second , . . ., and
the event with the smallest ratio last.

Proof: Let C~ be the cost of any sequence for the ~
th aptitude

track. The cost of operating all aptitude tracks, C5 
= 

~ C~ . But
i= 1

each aptitude track operates independently (Rule ~~~, Chapter 3, page 27).

If Mm C~ C~ , 1 = 1, 2, . . •, s, then it follows that

S

C* — Mitt C = E c* (19)
i_l i

Therefore, if Mitt C~ can be f ound for each i , then C~ may be calculated

directly. The following development shows how C~ may be found . (Note :

- ~~~~~~~~~~~~

- - ~~~ - -  -~~~~~— - - 5— - - - _5 _~~~~~_~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_

~~ ~~~~~~~~~~~~~~~~
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C~ is replaced by C* for notational ease. That is , a par ticu lar aptitude

track, 1, has been selected . Likewise the subscript i and E notation
i—i

are deleted from equation (4) in the following discussion). Suppose

one sequence called s has a minimum cost of operation , C*, and another

sequence, s ’ , exists which is feasible and has a cost C~ , not a minimum.

Further suppose that the only difference between these two sequences is

that the h and h + 1 events are reversed in the feasible, nonoptimal

sequence . It may be concluded that

C* ~ C , or C* - C , ~~ 0 . (20)
S S 5 S

Substituting equation (1) into equation (7) and expanding yields :

M[C1
P (1 - P~1) + . . . + Ch ~~ ~a n  

- P~~) (2 1)

+ Ch+l 
r

1 ~a n  ~%h ~~~~~ 
- 

~j,h+i~ 
+ • •

i_ i aL a1
+ C1 ‘

~ 
“a ~ 

(1. - P~ ) J - M ~ (1 - p + . . .
n 1  a j0 j O

~ 

~~~~~ -— —~~~~~~ —~~~~ -~~~-~~~~~~~~~ 

—-— — ——5- -

~~~~~ 
—-5— —~.- 4PdL..~~i~ ~~~~



h-I a~~ 1 h-i ab
+ C~ .f1 n I  ~a n  ~a~~ 1h+l 

~~~ 
(I - 

~j , h+i~ 
+ Ch n l  ~a~n ~~~ 

(1 - 

~jh~ 
+ f

1-I a1

+ c1 ~ 
E (I - p~ )] � 0, where P = 1

n—i n j =O
5)

Performing the indicated operations and dividing both sides by the
h—i

common terms M and i~ P yields :
n 1  a n

5h+l
[Ch (1 - 

~~~~ 
, h~ 

+ C~~1 ~~%h~ ~~~ 

- 

~
‘jh~ ‘ 

- (22)-

a
h+i 

a
h

[Ch÷l 
(I - 

~j ,h+l~ 
+ Ch (Pah+l ,h+l) 

~—~; 
(1 - 

~jh~~ ~ O~

which may be further reduced to

ah+l
Ch

(i - 

~a~~ 1,h+J? 
—~~ 

(1 - “jh~ ~ C~~ 1(l - 

~%h) 
~~~ 

(I - p~ h+l~ 
(23)

- f r

— - — - — c—- -- - ~~~~~~~~~~~~~ — ~~~~~~~ L~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~



Dividing both s ides of equation (10) by (1 - 
~‘ )(1 - ~

‘ h~ 
gives

%+1t
~~

1

a 

CCh 
- 1’j h~ h+l 

~~~~ 
.I,h+l~ or, (24)

(1 - “%h~ 
(1 - ~~~~~

(1 p 1 p
n.h a. ,h+l

ii . tt+1 (25)

Ch (1 — P~~1) C1~~1 
~~~~~~~ 

(1 - P~~1~~1)

Constraining Output

Lemma 4.

(1) Given an optimally ordered event sequence in all aptitude

tracks and 1 ‘-~ El1 El2 . . . El , where E l
1 

— average cost per

graduate of the 1th aptitude group, the greatest increase in ~fif-

ciency,  Max AEl , may be achieved by reducing the number o men output

in the 5
th aptitude track.

(ii) Given an optimally ordered event sequence in all aptitude

tracks and El
1 ~ El 2 ~~ El3 • . . El ‘~ 1, whe re El

1 
— average cost

per graduate of the 1
th 

aptitude group, the least decrease in effi-

ciency, Mm AE11, may be achieved by reducing the number of men

th 
-

•

output in the s aptitude track .

(iii) Given an optimally ordered event sequence in al l  aptitude

tracks and El 1 — El2 — . . . • El 8 — 1, where El 1 — average cos t per

5;

____ ~~~~~~~~~~~~~~~~~~~~~~~ _____ ________ • ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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graduate of the i
th aptitude group, no change in El is possible by

decreasing or increasing input .

Proof.

(1) Using equation (7) and substituting El1 
for C

ik 
and M~ for

Mi 
in equation (16) yie lds

S

~~E1 M * - E  ANi i  5 S

El ’ = - < El where (26)

~ M *- AM
• i—l

i S

I

El M~ + . . . + El M* - El AM
El ’ — 

S S S S (27)

~ 

M~ 
- AM

~

EI M t +. . .+EI M* - EI AM
and El — ~ ~ ~ by Lenuna 1 (ii). (28)

M* - AMi s-I
i—I

(ii) Us ing equation (7) and substi tut ing El 1 for C ik and Mt for

N1 in equation (15) yields

S

E EI M * -E  AM
—1 ~~ ~ 5

El’ — El where (26)

Y M* - A M
i—i I a

‘L 

— - • ~~~~~• ~~~-~~~~-- ~~~~~~~~~~~~~~~~~~~ • - - -—
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El M~ + . . . + El M* - El AM
El ’ — 

1 8 5  8 S 
, (27)

E M* - AM
i—i i S

El M + . . . + El M* - El AM
and El = 

Mt 
- AM5, 1  

5 s-i s-i Thus AM5_ 1 — AM5 , (28)

by Lemma 1 (i) .

(iii) Using equation (7) and substituting El
1 

for Cik and Mt for

in equation (17) yields El’ = i and El = 1 for any A M .

It foilows by the same reasoning that if AM0 cannot be achieved

by continued input reductions in the highest cost track, continued re-

ductions in input must be made in the next highest cost track. Output

may be reduced in the 5th aptitude track by reducing input into the

~
th track or , reducing the probability of success in the 5th aptitude

track by reducing the number of training trials.

The Reduction of Input Method

n 
Input into the 8th track shouid be reduced such that

N 
~ 

~~~~ k 
= M~ is satisfied (from equation (5)). A one unit re-8 k—i aik n

duction in input will result in a change of ‘~ ~~ k units of
i_i aik

output with a total cost of

a

C5 
— (M9-l) 

k l  
Crk 

~~ 
“rar~ € 

~~o 
(1 - 

~
‘ijk~

(from equation (6)).

— , ——•-~~ - 

- • - - - - • -~~ • _ _ _ _ _ _ _ _  •
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The Reduction of the Probability of Success in the sth Aptitude Track

The probabilities of success in one or all events may be regu-

lated by varying the number of trials completed . As the number of trials

decreases the probability of success decreases in any event. The prob-

abilities of success should be regulated such that equation (5) is

satisfied as nearly as possible. A weakness exists in this procedure. 5)

It is a result of the fact the 
~ik 

are not continuous functions of the

number of trials completed . That is the 
~ik 

are not Continuous over

the r ange (0, 1). Consequently,  the ideal adjustment of 
~Sk necessary

to satisfy M~* = M5 ~Si ~S2 
~
‘
Sn 

precisely may not be

possible.

A reduction in the number of trials in a given event will:

(i) Reduce the cost of training within that event.

(2) Reduce the output from that event which reduces the input
to the next event and, consequently, the cost of training
in all succeeding events.

(3) Change the value of the ordering ratio, equation (14),
such that the events must be reordered to retain an
optimal sequence.

The following method of reducing trials to constrain output produces

the least cost outcome.

(1) Determine the maximum sys tem output (M0) when unconstrained
(equation (3)).

(2) If N0 >M~, the des ired output, then go to step 4.

(3) If M0<M ~, the quantity or the quality of the input must be
upgraded .

(4) Select all the combinations in the sth aptitude level
s-I n

which satisfy M~ — M~ 
- C E N1 

if 

~
‘ik ~ ~~~~~ equations

i—l k— i
(3) and (4)).

~~~~~~~~~~~~~~~~~~~ 
~~ L.. 5~~~-. — ~~~~~~~~~~~~~~ 
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s-i n
(5) if N < E M1 ‘~ 

~ik’ then make further outpu t reductions
i—i k—i

by this procedure in the S- l~~ track .

(6) Reorder the event sequence for each (1’s . k)  combination by
the optimal sequence rule (equation (14)). The optimally
ordered 

~~~~~ 
combinations constitute the constrained

output strategies .

(7) Calculate the expected cos t , expected output and El (equations
(2), (3), and (6)) for each strategy.

(8) Select the most eff icient strategy .

Cos t Constraints

A procedure similar to that used to constrain output by the trial

reduction method may be used to constrain training costs . This pro-

cedure is:

(1) Determine the cost of the maximal , optimally order sys tem
output (C*) .

(2) Let C0 = desired training costs. If C0 < C* then select
those 

~ik 
combinations in the most costly aptitude track

(e.g. 1 2) which satisfy

s n k-i aikc — c - E E M C  i t P  
2 E (l - P  )

~ ° i—i k—i i 1k 1—0 ia11 ~~~~ 
ijk

where

a

C — M5 k—i 
Cak 

k-i 

sa111 
~~~ 

(1 - 
~sjk~

subject to j, an integer , M~ ~ 0 and 0 
~ ~ik 

~

(3) Proceed as before in steps 3, 4 and 5 of the reduced input
procedure.

• I - - •1 ~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~
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Summary

The development of the coat criterion functions and the ex-

pected output equations provide the measurement devices necessary to

compare the two training procedures by the system performance criterion

of instructor hours per graduate . The lemmas establish the relation- 5)

ships between input quality and quantity and cos t per unit of output.

This information together with the optimal order sequence rule for the

proposed procedure provide some guarantee that should the El’s for the

two procedures be compared , it is possible to compare best to best.

Such a compar ison and appl ications of Lemmas 1, 2, 3 and 4 and Theorem

1 are the subject of the next chapter.

_ 
I
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CHAPT ER V

APPLICATIONS TO A SIMULATED TRAINING SYS TEM

In this chapter, applications of the criterion functions, the

lemmas, and the theorem developed in Chapter IV are made to a simulated

training system. The sensitivity of the efficiency index (El) to

changes in training procedure, ordering of the training events, input

quality , and output quantity are examined .

It was found that the El of the simulated training sys tem is

sensitive to changes in training procedure. Specifically,  the present

training procedure uses more ins truc tor hours per graduate than does

the proposed procedure , given the estimated cost coefficients developed

in Appendix E. It was also found that the simulated system El is sen-

sitive to changes in certain operating conditions when training is con-

ducted by either the present or proposed procedures . A reduction in

the quality of input reduces efficiency, but an increase in the quality

of input increases the sys tem ’s efficiency when total output remains

constant (Lemmas 3 (i) and 4 (i)). The test system El is also sensitive

to efforts to constrain output. If output is constrained by reducing

input to the lowest aptitude (highes t cost) track, El decreases

(improves) under the proposed procedure (Lemma 4 (i)) but under the

present procedure the El increases (worsens; Lemma 1 (iii)). Con-

straining input is the only output control available under the present

procedure. Two methods of constraining output, given the proposed

proc edure , are demonstrated . The first, Opt ion 1, reduces output H



by reducing input. The second, Option 2, reduces output by reducing

the probability of success for one or several events . The probability

of success in a given event is reduced by reducing the number of trials

in that event. Both options result in a decrease in El when the output

reductions are made in the highest cost tracka (Lemma 4 ( i ) ).

The simulated system El is sensitive to changes in the event f .

order when operating under the proposed proc edure. Arr anging the events

by use of the optimal event sequence rule (Theorem 1) produces the best

El for both constrained and unconstrained output conditions.

In the following sections, empirical evidence is presented in

support of the conclusions jus t summarized .

El of the Tes t System - Present Procedure Versus Prqposed
Procedure for Average. gigh and Low Quality Inputs

An average quality input (40 high aptitude, 120 average aptitude,

and 40 low aptitude men) was used initially f or both procedures. The

cost coefficients were estimated as explained in Appendix E. The calcu-

lation of the cost of operating the test system by the presen t proced ure

was accomplished f i r s t ;  equation (1) was used . The cost was found to

be 2753.8 instructor hours. Next the expected outpu t for the present

procedure was calculated using the equation M0 = M.1P.

An explanation of the value of P used in the calculation of ex-

pected output Is relevant at this point. It has been historically

established (8, 14) that 98 percent of the trainees entering basic

• training successfully graduate. If the empirical evidence presented

by Fox , et al., is used to calculate P, P — .79 for an average quality

input, P — .84 for a high quality input, and P .57 for a low quality

a. 
- 

- ~~~~~~
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input . P = .98 is perhaps the result of some synergetic effect in the

training system. It is conjectured that were the proposed procedure

introduced into the real training environment that a similar synergism

wou ld take p lace.

It is not possible to calculate the El for both procedures using

both the historical P = .98 and the empirical P .79. El is a function

of cost and probability of failure for both procedures . The cost calcu-

lation for the proposed procedure is a function of the learning rates,

the number of trials, the trial costs, and the expected output from

the preceding event. Learning rates for the test system events which

would correspond to a terminal probability of success of .98 are not

known. Therefore , it is impossible to calculate the training costs

which are necessary to calculate an El for the test system operated by

the proposed procedure . The calculation of an El under the present

procedure using both the historical and the empirical probabilities

of success is possible, however. The results of a sample calculation

are given below.

The expected output of the present procedure was calculated

using the historical P = .98 and the empirical P = .79 for average

quality input. The respective expected outputs were 196 graduates and

158.38 graduates with corresponding El’s of 13.8 instructor hours per

graduate and 17.3 instructor hours per graduate . The El for the pro-

posed procedure was 5.7 instructor hours per graduate as calculated by

the computer program presented in Appendix B.

High Quality Input

In a like manner , the presen t and proposed procedures were

— A ala..- t —- ~.-~.—  —— -~~ ----.~
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compared when a high quality input (120 high , 40 average, and 40 low

aptitude men) w as introduced to the simulated system. The results were

that the present procedure generated El ’s of 12.21 and 15.1 instructor

hours per graduate versus an El of 4 .27  instructor  hours per graduate

for the proposed procedure .

Low Quality lnp~~

Both procedures were also used to “train” a low quality input.

The low quality input consisted of 40 high , 40 average, and 120 low

aptitude men .- The El’s were 18.86 and 32.6 instructor hours per

graduate for the present procedure versus 10.22 for the proposed pro-

cedure .

It was conc luded from these experiments that the proposed pro-

cedure is more efficient than the present procedure given high , normal,

and low quality inputs . It was also concluded that decreases in input

quality decrease the test system ’s efficiency regard less of the pro-

cedure used .

Table 1. El for the Present and the Proposed Procedures
Under a Variety of Input Conditions

• Input Aptitude Present Procedure Proposed Procedure

• Grads Cost El1 El~ Grads Cost El2

High 196 2393.6 12.2 15.1 167.98 717 .38 4.27
Average 196 2753.8 13.8 17.3 158.38 903.57 5.70
Low 196 3696.5 18.9 32.6 113.55 1160.0 10.22

• —- - -~~—~
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- -
~~~~~-- -~ 

-_____
~~~.*



~~~~
-

~
- 

~~~~w~_ • •-

56

El of the Tes t System Operated by Both Procedures When
Output Is Constrained by Constraining Input

As mentioned in the preceding section , the probability of success

in the BCT system under the present procedure , regard less of input

qual i ty ,  is .98. The factors that cause P = .98 have not been identi-

fied . Consequently , it is not known how to regulate these factors which

affect the probability of success. Since the value of P could not be

regulated to reduce the expected output from the simulated system

operated by the present procedu re , input was reduced . As input in the

low quality group was reduced , the El of the simulated system showed

decreases in efficiency under the present procedure . As input was re-

duced in the low quality group under the proposed procedure , efficiency

increased . It was found that when input in the low quali ty group was

reduced the present procedure was less eff ic ient  than the proposed

procedure.

The conditions established for comparing the present and pro-

posed procedure included :

(I) The proposed procedure events would be opt imall y orde red .
(Theorem 1)

(2) One hundred fifty trainee graduates were desired .

(3) Output would be constrained by reductions in input in the
most eff icient manner . (Lemmas 1 (1) and 4 ( i ) ) .

(4) The input available consists of 200 men; 40 high aptitude ,
120 average aptitude, and 40 low aptitude.

A relevant question for both procedures is, “How much must input

be reduced in the low quality track to achieve the desired output?” For

the present procedure the answer is straightforward . Suppose M0, the

expected maximum possible output, is greater than )1~ , the desired output.

• • -
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1

It is known that PM
1 M and that P is a constant  (P = .98). It is

also known that M1 
= M1 + M2 + M3. Therefore , M 3 input mus t b~ re-

duced such that the following constraint is satisfied : P(M1 + M2 + M~) =

M~ (Lemma 2 (i)).

The procedure is not too dissimilar for the proposed procedure

once the trial leve ls have been set. Using equation (6) and letting

k:l ~ijk 
= ~~ i=l ,2,3, M = M 1P 1 + M2P2 + M3P3. Suppose M , the ex- I

pec ted maximum output, is greater than M~ , the desi red output . Then

the cons traint = M3P3 must be sat isfied whe re M~ is determined by

equation (8): M* = M* - M1 P, +M ,P.,.3 o
The following empirical results were obtained :

Table 2. Constrained Inputs

Present Procedure Proposed Procedure
(P = .98)

Input 154 174

40 40

M2 114 120

0 14

Desired Output 150 150
Actual Output 150.92 150.1

N 1 39.2 40

N2 111.72 105.6

0 4.5

Total Cost 1716.57 704.86
El 15 .057 4.70

____________________________________________ i--- 
--
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When the above results were compared to the unconstrained input

results , it was observed that the proposed procedure becomes more eff i-

cient as low aptitude input is reduced (Lemma 4 (i))• The present system

becomes less eff ic ient  under the same conditions (Lemma 1 ( i ) ) .  The

proposed system is more efficient (3.2 times as efficient) than the

present system when input is constrained under the stated conditions .

El of the Test System Operated by the Proposed Procedure
When Output is Constrained by Reducing Training Trials

Suppose the option to reduce input is not allowed while the system

is being operated by the proposed procedure . If reductions in input

cannot be made and output must be constrained , reductions in the number

of trials in any or all aptitude groups reduces the cumulative proba-

bility of success. The reduction of the probability of success in turn

reduces the expected output of the system. To do this in a systematic

manner, the procedure presented in Chapter IV , page 46 , was used.

A sample results summary is presented from the outcomes for a

strategy from each ability group. The events by title and number in

the following tables are

Rifle Assembly - I

Rif le Disassembly - 2

Missile Preparation - 3

Military Symbols - 4

Phonetic Alphabet - 5

Combat Plotting - 6

IIDI LILJ
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Table 3 . Reduc t iflns In h igh Qual ity it~tip Output

Apt! tude Event ~ (k) Tr ia ls  P k 0t~t 1)L1t Cumu 1 ~it I v ’  El
Level (in order) Comp leted Cost

2 8 .9
1 :3 1.0

:i .3 . 0
I I 1.0

1) .3 1.0
7 1.0 3b 73. 17 2 . 0 .32 ’)

1 13 .88
2 15 1.0
5 4 1.0

2 4 7 1.0
() 7 1.0
3 8 1. 0 105 . ( 59/, . 22 4 . 94

() 9 .76
4 i i  .78
1 13 .80

3 2 15 .90
7 •%

3 14 .78 12 .78 8%.l5 23.bl

•1
Total 154 .38 8%. 1’~ 5.8()
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Tab le 4. Reductions in Average Quality Croup Output

Aptitude Events (k) Trials 
~jk 

Output Ctuuulative El
Level (i) (in order) Completed Cost

5 3 1.0
2 12 1.0

• 4 3 1.0
1 1 9 1.0

6 3 1.0
3 7 1.0 40 80.59 2.015

1 13 .88
3 7 .94
2 15 1.0

2 5 4 1.0
4 7 1.0
6 7 1.0 99.26 591.98 5.16

6 9 .76
4 11 .78

• 1 13 .80
3 2 15 .90

5 7 .96
3 14 .78 12.78 893.91 23. 63

Total 152 .05 893.91 5.88

I 

. . ~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~-—— --~~~~~~~~ 
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Table 5. Reductions in Low Quality Group Output

Aptitude Events (k) Trials 
~ik 

Output Cumulative El
Level (in order) Completed Cost

5 3 1.0
2 12 1.0
4 3 1.0
1 9 1.0
6 3 1.0
3 7 1.0 40 80.59 2.015

1 13 .88
2 15 1.0
5 4 1.0

2 4 7 1.0
6 7 1.0
3 8 1.0 105.6 601.64 4.94

6 9 .76
4 11 .78
1 13 .80

- 

- - 

3 2 15 .90
3 7 .28
5 7 .96 4.37 705.76 23.83

Total 149.97 705.76 4.71

• —--~~~~~~~~ -~~~~~ ______ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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The results of the preceding exercises indicate that the most efficient

attempt to constrain output was made by reducing the number of trials

and consequently the output in the low aptitude group (Lemma 4). All

possible 
~3k 

combinations for reductions in the low aptitude track

(strategies) were used to calculate the El ’s for the test system. For

the particular data, the strategy which called for a reduction from 14

to 7 trials in event 5 with a corresponding change in P35 from .96 to

.28 proved to be the most efficient . The final result of this strategy,

shown in Table 5, was an El of 4.71 instructor hours per graduate cost

with 149.97 expected graduates .

The trial reduction method of constraining output does have some

weaknesses, but it does provide the BCT manager with a mechanism for

controlling output in addition to reducing input. This method is not

as efficient as the input reduction method in the examples Jus t pre-

sented , however . The reason is that the trial reduction method trains

the unreduced input for a few trials before they are failed out of the

training system. Comparing the best results by the trial reduction

method and the best results previously presented for the input reduction

• method illustrates this point. For example:

Method
Input Reduction Trial Reduction

Input 174 200.00

Graduates 150.1 149.97

El 4.7 inst. hrs . 4.71 inst. hrs .
grad . grad.

The difference of .01 instructor hours per graduate is attributable to

the expense of training the 26 additional men in the input stream for

- -  - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~
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those few trials before they failed out of the training system. This

conclusion cannot be generalized . It is a particular outcome for the

data used .

El of Test System Operated by the Proposed Procedure
When Event Orders Are Changed

The efficiency of the test system was greatly influenced by the

order of the training events in the test system. The observation of

this fact is what originally provided the motivation for the development

of an optimal sequence rule . The outcomes of three nonoptimally and

one optimally arranged (by Theorem 1) event sequences are summarized

below. For this analysis an average quality input of 200 men (40 high

aptitude, 120 average aptitude, and 40 low aptitude men) was used ;

outputs were not constrained .

Applications of the optimal sequence rule were also made to con-

strained output cases and variable input quality cases. Those results

are not summarized in this section. They have already been presented

in this chapter in Tables 1 through 5.

Summary

The findings from the preceding applications lend empirical

support to the more general conclusions of Chapter IV. Particular ly,

applications of Lemmas 1, 2, 3, and 4 and Theorem I were demonstrated .

• Although no general lemma or theorem was developed which conc luded that

the present procedure is less efficient than the proposed procedure,

the empirical findings demonstrate that is true for the particular

s imulated tra ining sys tem used to compare them.

1 
_  _ _  _ _ _  
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Table 6. Various Event Orderings

I ;

El
Cost (Inst. Hrs.
(Inst. Hrs.) Graduates Per Grad) Apt Trk: Event Order

(Nonoptimal) -‘

1065.19 158.38 6.73 1: 1, 2, 3, 4, 5, 6
• 2: 1, 2, 3, 4, 5, 6
• 3: 1, 2, 3, 4, 5, 6

(Nonoptimal)
t 1207.92 158.38 7.63 1: 1, 2, 3, 4, 5, 6

2: 1, 2, 3, 4, 5, 6
3: 3, 1, 2, 4, 6, 5

(Nonoptimal)
1251.67 158.38 7.92 1: 1, 2, 3, 4, 5, 6

2: 3, 1, 2, 4, 5, 6
3: 3, 1, 2, 4, 5, 6

(Optimal)
903.57 158.38 5.70 1: Any order

2: 1, 2, 3, 4, 5, 6
3: 6, 4, 1, 2, 5, 3

• —~ -- ~~~~~~~~~ -~
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In addition to lending empirical support to the referenced lemmas

and theorem, these applications were presented so that the reader might

get some notion of the uses that management could make of the informa-

t ion provided by the criterion functions and constraint equations

deve loped for both training procedures . The uses demonstrated are not

all inclusive. Such an application as comparing the El ’s of two differ-

ent training units, given like inputs, thereby giving a relative measure

of the effectiveness of the trainers or their methods of training might

be desirable. There are perhaps others also. H

It is not intended that the instructor hours per trainee graduate

calculated for the test system in any way reflect the number of in- —

structor hours per graduate now spent in BCT. The cost coefficients

developed in Appendix E are merely estimates of the actual instructor 
- •

hours that would be spent in similar types of subjects in BCT for each

different aptitude group. As a consequence, the direc t comparison of

the simulated training system with actual BCT is not possible .

• •-,~~ .__~__ — --~~ - .- ——- —• .~~—--
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

Conclusions

This study has developed a quantitative performance criterion

for a manpower training system. Rules for minimizing the costs of

training men in the simulated training system under a variety of con-

straint conditions have been developed , proven, and demonstrated .

The assumptions under which the proposed procedure and its

underlying model were developed are:

(1) Men can be categorized into aptitude groups by the Armed
Forces Qualification Test. Once categorized they remain
in a group.

(2) Sl ower, less-apt trainees require more instructors and more
time to learn a subject than do higher aptitude men.

(3) There is no probabilistic dependency between events. The
probability of success for an event is independent of the
event order in the event sequence .

(4) Men are not recycled between events .

(5) As quickly as a man successfully completes a trial test in
any event, he proceeds to the next event in the sequence .

(6) A trial is a uniform time period of instruction-testing for
all aptitude groups . Instructors are of equal capability
and use identical teaching methods within an event.

(7) Men do not repeat trials in an event indefinitely. A
maximum permissible number of trials is established for
each event. Beyond this maximum no increase in the
cumulative probability of success occurs.

(8) Instructor costs accrue only when men are training . Idle
instructors have zero cost.

_ _  ~~~~~ . ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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There are three general results of this thesis . They are

presented in the order of their development.

The development of a quantifiable performance criterion for a

training system generated the criterion function for the simulated

system.

The deve lopment of Theor em 1, which used the criterion function

f or the proposed procedure, represents an extension of the work done

by Mitten. The concept of optimally ordering stochastic events when

the cost of an (inspection) event sequence is dependent upon cost and

the probability of failure for each event was first presented by Mitten

around 1960 (17). In the case presented by Mitten, the probability of

failure and the cost for each event were known and these two values

were independent. In the case presented by the author, the probability

of failure for a given event and the cost of the event are both functions

of the number of trials (attempts to succeed) within an event. As the

number of trials increases, the cumulative probability of failure de-

creases aad the event cost increases. Independent multiple event

tracks are also dealt with by the author.

The development of the most efficient manner by which aptitude

track output reductions can be made if reduced output is desired from

the simulated training system (Lemma 4) provides a general solution

to the constrained output problem for the proposed procedure.

The results of this thesis applicable to Bas ic Combat Training

in the United States Army and research on it are now presented .

The proposed procedure cou ld represen t a 58 percent savings

in BCT instructor costs. The proposed procedure must be field tested

I
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before the true savings or losses can be determined accurately,

however.

The development of the generalized relationships (Lemmas 1, 2,

and 3) between input quality and quantity and the cost of operation

of the simulated training system provide insight to the expected

behavior of BCT were it operated by the proposed procedure .

The methodology for using the relationship between aptitude and

performance presented by Fox, et al., permitted the development of a

performance criterion and criterion functions for the test system.

The developed criterion functions allow the comparison of the present

and other training procedures for the simulated training system. The

criterion measures may be compared under a variety of input and output
.-

conditions.

Recommendations

The application of the criterion functions to the simulated

training system should be extended . The analytical extension of this

study might examine the reaction of the system to continuous or phased

inputs so that an optimal input flow or cycle may be determined for

various input qualities. Decision criteria such as minimum instructor

idle time and minimum trainee time in the system are appropriate for

this analysis. The analytical extension of this s tudy should also in-

clude the extension of Theorem 1. Theorem I treats only the case where

the events in the system are independent. Some preliminary work has

been done by Conway, et al., (10) which may serve as a guide to the

extension of Theorem 1 to include a rule for optimally sequencing the

events when inter-event dependencies exist.

• ___
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Consideration should be given to other ways of improving the

system ’s efficiency . What are the effects of morale , attitude , modes

of training, and incentive situations on the rates of learning for

the various aptitude groups? Further , by what means might output be

increased beyond the maximum expected output? Must individual per-

forinance criteria levels be lowered or will better training methods

yield the desired output?

Applications of the model of the proposed procedure in addition

to those presented here might inc lude predicting physical and marksman-

ship performance . A comparison of the effects of various training

modes and attitude conditions may also be possible . The potential

for app lication of the proposed proced ure is not necessarily limited

to BCT . Any sequential training system might be made more efficient

by adopting a similar procedure.

It is reconsuended that the U.S. Army field test the proposed

procedure to evaluate its actual efficiency and to develop more

realistic cost coefficients. If the proposed procedure withstands

application in field tests, the potential 58 percent savings in

training costs per man would be significant in these times of limited

budget.

• 
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APPENDIX A

LEARNING CURVES AND PROMPT FREQUE NCI ES

lot.,

Trials

Figure 3. Rif le  Assembly : Cumulative Percentage
of Subjects Reaching Criterion Per Trial (13).

• • ~_,.w_I_ .~~~ ~~~~~~~



I 

____ __________ 

--- -.- •- -

_ _ _ _  -

•

71

—‘ F

- 

- :

2: . 

.
.
~~~~~~~~~~~~~~ 

4 ~ 1~ t~i I~ 1
1
3 14 15

Trials

Figure 4. Ri f le  Disassembly: Cumulative Percentage
of Subjects Reaching Criterion Per Trial (13).
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Figure 5. Missile Task: Cumulative Percentage of
Subjects Reaching Criterion Per Trial (13).
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Figure 7. Phonetic Equivalents : Cumulative Percentage
of Subjects Reaching Criterion Per Trial (13).
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Table 7. Mean Prompt Frequencies (13)

Event 1 
Aptitude Group

1. Rifle Assembly 6.4 11.3 16.6
2. Rifle Disassembly 5.4 9.2 12.2
3. Missile Task 22.9 42.9 133.0
4. Military Symbols* 1.7 3.3 6.2
5. Phonetic Equivalents* 1.9 2.1 4.0
6. Combat Plotting* 1.3 1.7 5.2

*Based on one prompt per trial.

L 
- L --—. 

- 
- - _____ 

-



I

- 

77

APPENDIX B

COMPUTER PROGRAM FOR THE CALCULATION

OF TEST SYSTEM EFFICIENCY
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00 LOU 1* C RLDUCT ION OF MAX FLOW TOWARD A GIVEN TOTAL OUTPUT
00101 2. DIMENSION M ( 3 ) . C ( 3 .6,18),P(3 ,15,6,16) ,FVA L(3,6 .18)
00103 .5* INTEGER TMI3 ,6,18),M
QO luW “S RLAI. MVAL,EFIND,P
0105 be DATA M (1) ,M (2) ,M (3)/’e0,leO ,120/

(10111 0* D. 100 R:1,j8
001114 7. Un 100 K:1.6
(10117 de j r) 100 1:1.3
u01~ 2 9* R~.A UI5,j)IP(I..j,K.R).J:I.15)
00130 10’ 1 FORMAT( 15 (Fle .2))
00131 11’ lO t’ CONTINUE
001.35 12. L)() 101 R:1,18
00140 1.3* 00 IUI 1:1,3

• 0011,3 jIe * REA O (b.2)IC (I.K,R),K :1,6)
• (10151 15. .. FUHMAT (6 (F6.4.2X))

00152 lee 101 CONTINUE
(10155 17. J~ 56 R:j,j5

• 001o0 Ids 5t R A0 (b,3)( (TM(I.k .R),I:1,3),K 1 .FI)
00172 19* 3 FORMA T (12 ,j713 )
0017.5 2o5 4’~ITE (E,.21)
00175 21* 2 1 F’),(MAT (21X .’EXPECTEV EVENT C(IMI )LA TIVE CuMu LATIvE’
0017e 2~ * s~ ITE (~~,2O)
002u0 2.5. 2. FORMA T (12X, ’LV CNT OUTP U T  crt c -r oUJTP(IT Ce ,ST’)
(102u1 214* 7 J’~ 202 R :1,18
002u 14 2~. rCsT=u
(10205 20* MdAL :O
00200 27* D~ 201 1:1,3
t.0211 2U* JUMMY:r (I)
(10212 29* SVAL U
OQati 30* 00 200 K 1sb
00210 31* T~):0
00217 32. ECST:0
(a0220 33* N.I:IN(j,K,R) A

00221 314. D I  199 J:1.N.
00221, .55. CST:C (I.KpR). (UU ,4~ y_ T0)00225 30* r O : O L i I 4 ’. y *p ( I , . J , K . P )
00220 37. CCST:ECST+CST

- • 
(10227 3d. -.o 4 lTt (b, 15) ECST,.J.T0
002.31, 39* ILl ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~00235 1,0’ tY’ ~41.
00240 4~~s i~ JA(. ( Z.K,R):Ijtj).’rA~y *p( I.,J,K.P)
002141 43. 1) MM Y :IVAL (I.K,p ,
00242 II.. TC~,T:TCST,ECST(i02~ 3 95. .r)XTtIh ,11) 1.x.EVAL (X.K. q),CST,rrST ,.J
(10253 140* 1~ F.)~tM A T(4X, ‘ 1 ’ .12’5X’ ‘K:’ .1p.2x.ra .2,3~ ,F~ .,,I4x,Fp .2)• 10254 47* 2w- CUl~TI Nt E

• 0025e I~ j 4 SVA L :EVAL (I.b,N)
00257 49* Wl~~IT~~~(~~~.1l4 ) SVA L
OOZ&~ 5(1* 1’. FDH MAIII4 OX ,F8.p)

- • 002e3 51. M~ AL:MVA L+ SVAL00264 52* 201 CoNT INUE
OO2be 53* EFIND:TCST ,MVAL• 0O2~ 7 514* W’II TELt,13) M( 1).~’t2 ),M(3). MVA L ,rFTND ,P

• 00277 55. 13 FOR MAT (/,5x, ,Max 0UTPUT, GIVEN e( 1 1 • ,13 ,IX, .N(2): ‘,13,1X. ’N(3):
00277 56* 1’,I3.1~~,’IS: ‘.F8.2,SX .’EFFT CTFNC Y TNDFX ‘.FA .2.’INST HoS,TpP’r ’.,
00277 57. 1/,bOX , ’R: ‘.12)
OO3u u 50* 20.- C’ NTlN( E
U03O~ 59*

END OF COMPILAT ION : NO D IAGNO STICS.
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— .4 — _ _ _ __ _  — .4 ~~~ .4 .4 .4  .4 .4 .4 ~~~~~ — . 4 . 4 . 4 . 4  . 4 . 4 . 4  . 4 . 4 . 4 . 4~~~~.4.4
~~aa 0.0.0.~~~~~~~c~~~~~0.ao. 0.Qft o a a~~~e.eL~~~0.e 0.aQ ~~e a a ~~~aaI-.4~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 1 1 - I. 

~~~~~~~~~~~-.4)-.4~ - .4 .4 I~ . 4 -~~-I- l- F-

IA-
>
— (¼ C (¼ 5 0’• I- I-- 0 0 If) 0 -. It)
_IC F) In F- 0 0.4 .4 0.1 01 0

114
OA 

0
0

.4 0. 0
S

30
U

c • ~~f), c c  ‘.,O., c g S .~~~oj 0C\i co 0 0 F 4 0 1 0C U 5 . 3t)J 0 F -  0 A ~- 0 0 0 S 0 .
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eceos i  er-~~~~p~P- p- 0 0 0  P P P - V e e* e I )
£ . 0 . 0~~~~~si c I14wI o a - c . 4  C C 0 C~~~L . 0 L W, * S W)
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~
.p. e- fr~~ ~~~~~~~~ -5- 5-~~~~ )- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-144 F)* I n’D,- . - ‘s i* .0 p~~~oe.. si~~*. 4 . 4 . 4 . 4 . 4
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APPENDIX C

COMPUTER PROGRAM FOR THE CALCULATION OF THE

OPTIMAL SEQUENCE ORDERING RATI(~
-A
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U~~.~~~ l.O5’) Ii . #) 1Q O~~~~~~~F ) O a  Z O.a a — — a a 
~~~ 0 W a a — a + a 0 a

Z Z U S .4 .4 011) .-~ Sf l —  ..*XO..4 -4 11 r 4 Q  ,.q .4 )(
~~O a l l  ll Cl~~.W ll OS I~~W a5 f l~~ I I)  I IZ W  •~~~W

‘DIfl O flS--Z  f l 4 - Z 4 -a  0 f l Z l — 4 ’ — Zo Z  0 0 —~~~ .-I0—- .~~ P4 I*J~~ a f l h I O l .4 ..( t.*~~~~ p4

~ W ..J ~~~~ ZC- c%I O~~ I- i- Z (V N c.jø.w, 0. 5- — C- Z C-
a.z~~ .

~~~~z drzz~~~~N ~ ZZ I I 5 . 4 ZZ O
‘-‘ L a J O O I IJ O O O ’l J O O’ r O ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~I!) (~ XCL U 0 XLL 0 Z a 0 0  ~~(fl0 (flQ 0

• — .4

~~~~~~~ .fl ~~ 0 ~ -4 41)
5.. 0~~~ O~~~ 0 0CM

-4 .4
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~XQTMAP Uo17—0S/ 18..17:4u
STA,4T 0102.33. PNOG SIZE(I/LH:3837/2398

APT LEVEL EVE~JT NO OF TRIALS ~~~ OF PROB ORDERING RA TT O
1 1 1 .40 7,200
1 2 1.18 3,609
1 1 3 2.18 •000
1 1 4 3.18 .000
1 1 5 4.18 ,000
1 1 6 5.18 •000
1 1 7 6.18 ,000
1 1. 8 7.18 .000
1 1 9 8.18 •000
1 1 10 9.18 •000
1 1 11 10.18 •000
1 1 12 11.18 .000

1 13 12.18 ,000
1 1 14 13.18 .000
1 1 15 14 .18 ,000
1. 2 1 .48 10.616

2 2 1,28 5, 760
1 2 3 2.28 .000
1 2 4 3.28 .000
1 2 5 ‘4 .28 .000
1 2 6 5.28 .000
.1 2 7 6.28 .000
1 2 8 7.28 .000
1 2 9 8.28 .000
1 2 10 9.28 ,000
1 2 11 10.29 ,000
1 2 12 11.28 .000
1 2 13 12,28 •000
1 2 14 13.29 .000
1 2 15 14.28 .000
1 3 1 .00 40.000
1. 3 2 .04 75.264
1 3 3 .20 94.ORO
1. 3 4 .44 t08.224

• 3 5 .84 99,840
1. 3 6 1.48 65.048
1 3 7 2.28 37,760
1 3 8 3.24 7.616
1 3 9 ‘4.24 ,0~ O
1 3 10 5.24 •000
1 3 11 6.24 .000
1 3 12 7,24 ,000
.1 3 13 8.24 ,000
1 3 114 9.24 .000
1 3 15 10.24 ,000
1 ‘4 1 .7’. 1.352

‘4 2 1.66 .544
1 4 3 2.66 .000
1 ‘4 4 3.66 ,0C10
I. ‘4 5 ‘4.66 ,000
1 1 6 5.66 ,000
1 14 7 6.66 •0fl1)
.1 4 6 7 ,66 .000

• -— ~~~~S
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1 ‘4 9 8.66 •000
1 ‘4 10 9.66 •000
1 ‘4 11 10,96 ,000
1 4 12 11.66 .000
1 4 23 12.66 •000
1. ‘4 1.4 13.66 •000
1 4 15 14.66 .000
1 5 1 .00 50, 000
1 5 2 .32 57,120
1 5 3 1.00 32.000
1 5 4 1.80 22. 000
1 5 5 2.76 4,490
1 5 6 3,72 4,560
1. 5 7 ‘4.72 ,000
1 5 8 5.72 ,000
1 5 9 6,72 .000
1. 5 10 ~~~~£ 5 11 8.72 .000
1 5 12 9.72 ,000
1 5 13 10.72 ,000
1 5 14 11.72 .000
1 5 15 12,72 .000
1 6 1 .00 2.500
1 6 2 .32 2 ,856
1 6 3 1,00 1.600
1 6 4 1,80 1,100
1 6 5 2.76 ,224
1. 6 6 3.72 .228
1 6 7 ‘4.72 ,000
1 6 8 5,72 ,000
1 6 9 6.72 •000
1 6 ~o 7.72 ,000
1 6 11 8,72 ,000
1. 6 12 

~~~~ ,000
6 13 10.72 ,000

3. b 1’. 11.72 • 000
1 6 15 12 ,72 ,000
2 1 1 .00 1o.onn
2 1 2 .00 20,000
2 1 3 .04 28,416
2 1 14 .114 34,740
2 1 5 .32 38,376
2 1 6 .77 28,765
2 1 7 1,31 26,17’.
2 1 8 2.01 17,970
2 1 9 2.78 14,306
2 1 10 3,59 12,179
2 1 11 4,48 7,172
2 1 12 5.43 3,2~52 1 13 6,38 3,310
2 1 14 7,33 3,3~’52 1 35 8.33 ,000
2 2 1 .214 6,795
2 2 2 .98 3,120
2 2 3 1,88 1,318
2 2 4 2.98 .000
2 2 5 3.8~i ,000
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2 2 6 ‘4.88 ,000
2 2 7 5,89 ,000

2 8 6.98 .000
2 2 9 7.89 ,000
2 2 10 8,89 ,000
2 2 11 9 ,89 ,000
2 2 12 10.88 •000
2 2 13 11.88 •000
2 2 14 12. 88 ,000
2 2 15 13.88 .000

3 1 .10 28,9’9
2 3 2 .48 33,657
2 3 3 1,10 2S,7~

6
3 4 1.89 16,6~72 3 5 2,79 9,6~02 3 6 3.72 3,257

2 3 7 ‘4.72 ,000
3 8 5.72 •flOfl
3 9 6.72 •fl00

2 3 10 7,72 ,000
2 3 11 8.72 ,000
2 3 ‘2 9.72 ,000

• 2 3 ~3 10,72 •000
2 3 ~4 11.72 •010

3 .5 12.72 •fl1)0
4 1 ,614 2,672

• 4 2 1.42 2.631
2 4 3 2.39 .511
2 ‘4 4 3,34 .544
2 4 5 4.30 .577

4 6 5 . 30  . 000
‘4 7 6,30 ,000

2 4 8 7 ,30 ,000
2 ‘4 9 8.30 ,0002 

~4 10 9.30 ,000
2 4 11 10,30 ,000

4 12 11.30 ,000
2 4 13 12.30
2 4 14 13.30 .000
2 4 15 14.30 ,flfl f l

5 1 .~ 0 39,462
5 2 .08 67,938

2 5 3 .24 89,169
2 5 4 .68 71,508
2 5 5 1.36 44,800
2 5 6 2 .08 - 

42,215
2 5 7 3,02 9. 185
2 5 8 4.Op ,000

5 9 5,02 ,000
5 10 6,02 ,000

2 5 11 7.02 .000
2 5 12 8.02 0 000
2 5 13 9 ,02 ,000
4 5 14 10,02 .000
2 5 15 11,02 ,000
2 6 1 .00 1,639

6 2 .08 2,896

-- — - ___________________ — • • 
~~~~~~~~~~~
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6 3 .24
2 6 4 .68 3,048
2 6 5 1,36 1,910
2 6 6 2.08 1,799
2 6 7 3,0 2 .391
2 b 8 4,02 .000
2 b 9 5.02 ,000
2 6 1.0 6,02 •000
2 6 11 7,02 ,000
2 6 12 8,np ,000
2 6 13 9.02 ,000
4 6 14 10.02 ,000
2 b 15 11,02 ,000
3 1 1 .00 12,500
5 3. 2 ,0*4 23,5~0.3 1 3 .16 31,240
3 1 ‘4 ,454 32,040
.3 1 5 .94 25,375
.3 1 6 1.54 22.300
.3 1 7 2.18 21,690
.5 1 8 2.90 17,850
3 1 9 3.66 16.020

1. 10 ‘4.’42 16,7’40
.3 1 11 5.20 15,950
.5 1 12 5,98 16,595
.5 1 13 6.76 17,160
.5 1 14 7.54 17.765
3 1 3.5 8,32 18,370
3 2 1 .00 10,949
.3 2 2 •OQ 21,978
3 2 3 .0 0 32 ,967
3 2 ‘4 .04 41,776
.3 5 .fl8 51,903
.3 2 6 . 24  53,1(,9
.5 2 7 .~49 54.493
.5 2 8 ,~~6 57 ,284
.3 2 9 1.16 5l,6~2.5 2 2 0  1.64 ‘47 .771
3 2 11 2 ,24 38 ,505
3 2 12 3,flQ 23 ,736
.3 2 13 3.8n 2fl ,2~ 0
.5 2 ~4 4,6o 20.699
3 2 15 5.40 21.099
3 3 1 ,Ofl 6,6f~7.3 3 2 ,fl~ 13,3~33 3 3 .00 20,000

3 4 ,On 26.667
.3 3 5 .0’. 31,744
.5 3 6 .20 32,480
.3 3 7 .50 30.333
.5 3 8 1.00 23,333
.3 3 9 1.60 19,733
.3 3 10 2.28 16,469
3 3 11 3.12 9~ 4fl9
.3 3 12 3.96 9 ,576
.5 3 13 ‘e ,8~ 9.747
.5 .3 34 5,~~ 9,917

• . -~~
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.5 3 15 6,54 5,640
3 4 1 .00 8,850
3 4 2 .22 12,287
3 4 3 .68 11,087
3 4 4 1.40 6,442
3 4 5 2.20 4,956
3 4 6 3.08 3,101
3 4 7 4.04 1,048
.3 4 8 5,00 1,062

9 5.96 1,076
3 4 10 6.92 1.090

4 11 7,88 1,104
3 4 12 8.84 1,119
3 4 13 9.80 1.133
3 4 14 10.76 1,147
3 4 15 11,72 1.161
3 5 1 .00 18.868
3 5 2 .00 37,736
.5 5 3 .00 56,604
3 5 4 .04 71,728
.5 5 5 .12 84,709
.5 5 6 .28 90,657

5 7 .56 87,487
.3 5 8 .96 79,698
3 5 9 1,40 80,302
3 5 10 1.88 79,668
3 5 11 2,48 64,302
.3 5 12 3.16 53,374
.3 5 13 3,88 48.181
3 5 14 4,66 38,770
3 5 15 5,44 39,6833 6 1 .00 .7943 6 2 .00 1,587
3 6 3 .00 2.381
.3 6 4 .04 3,017
3 6 5 .12 3,563
.5 6 6 .28 3,813
.5 6 7 .56 3,680
3 6 8 •96 3,352
3 6 9 1.40 3,378
3 6 3.0 1.88 3,351
3 6 11 2,48 2,705
3 6 3.2 3,16 2,245
3 6 13 3.88 2.027
3 6 14 4,66 1,631
3 6 15 5,4i~ 1,669

________  —~~~~~~~~~~~~ ____ ~~ -
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APPENDIX D

Table 8. Cumulative Probabilities

Cumulative Probability By
Aptitude Group (i)

Event (k) Trials (i) 
~2jk ~3jk

1 0 0 0
2 .04 0 0
3 .16 0 0
4 .24 0 .04
5 .40 0 .04
6 .64 .28 .16
7 .80 .48 .24
8 .96 .56 .28
9 1.0 .68 .40
10 1.0 .72 .48
11 1.0 .80 .60
12 1.0 .84 .76
13 1.0 .88 .80
14 1.0 .88 .80
15 1.0 .88 .80

1 0 0 0
2 .04 0 0
3 .20 .04 0
4 .20 .10 0

2 5 .32 .18 .04
6 .74 .45 .16
7 .78 .54 .30
8 .90 .70 .50
9 .94 .77 .60
10 .94 .81 .68
11 .94 .89 .84
12 1.0 .95 .84
13 1.0 .95 .84
14 1.0 .95 .84
15 1.0 1.0 .90

L — -
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Table 8. Cumulative Probabilities
(Continued)

Cumulative Probability By
Aptitude Group (i)

Event (k) Trials (J) 
~2jk ~3Jk

1 0 0 0
2 .32 .08 0
3 .68 .16 0
4 .80 .44 .04

3 5 .96 .68 .08
6 .96 .72 .16
7 1.0 .94 .28
8 1.0 1.0 .40
9 1.0 1.0 .44
10 1.0 1.0 .48
11 1.0 1.0 .60
12 1.0 1.0 .68
13 1.0 1.0 .72
14 1.0 1.0 .78
15 1.0 1.0 .78

1 .48 .10 0
2 .80 .38 .04
3 1.0 .62 .12
4 1.0 .78 .28

4 5 1.0 .88 .50
6 1.0 .96 .60
7 1.0 1.0 .64
8 1.0 1.0 .72
9 1.0 1.0 .76
10 1.0 1.0 .76
11 1.0 1.0 .78
12 1.0 1.0 .78
13 1.0 1.0 .78
14 1.0 1.0 .78
15 1.0 1.0 .78
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Table 8. Cumulative Probabilities
(Continued)

Cumulative Probability By
Aptitude Group (i)

Event (k) Trials (J) 
~1jk 

1’2jk 
~3jk

1 .40 .24 0
2 .78 .74 .22
3 1.0 .90 .46 H4 1.0 1.0 .725 5 1.0 1.0 .80
6 1.0 1.0 .88
7 1.0 1.0 .96
8 1.0 1.0 .96
9 1.0 1.0 .96
10 1.0 1.0 .96

1 .74 .64 .08
2 .92 .78 .26
3 1.0 .96 .42
4 1.0 .96 .546 5 1.0 .96 .68
6 1.0 1.0 .72
7 1.0 1.0 .72
8 1.0 1.0 .72
9 1.0 1.0 .7610 1.0 1.0 .76

(Note: Table 8 Data was deve loped from Figures 3 through 8, Annex A.)

L .
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APPENDIX E

CALCULATI0I~ OF COST COEFFiCiENTS

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
tCost Coefficients for the Proposed Procedure
H

The cost coefficients are estimates of the number of instructor

hours per student required to conduct a trial in each event for each of

three aptitude groups . it was left to the author s experience to esti-

mate the number of hours and the number of instructors required to con-

duct a trial in each event. (Both of these estimates were made based

on the description of the nature of each event by Fox, et al., (13)

and eight years military experience in training men and being trained

in skills similar to those found in the six test events.) The corn-

bination of these two estimates provided an estimated , normative number

of instructor hours per trial for each event regardless of aptitude

track.

in the test system Fox , et al., kept a record of the number of

prompts by ability group required to assist a trainee in the performance

test for each event. A prompt was defined to be any assistance offered

by an instructor to a trainee during a trainee performance test (13).

The prompt data were used to establish a relative frequency of need

for instructor assistance by the trainees. This plus the normative

estimate of the number of instructor hours per trial for each event

were used to calculate the cost coefficients for each aptitude track

in each event. The frequency of prompts for the high ability group,

I
____ ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — -~~~~~

-
~~



92

was used as the norm frequency of prompts in each event . All

frequencies were compared to f
1 for each event as f ollows:

f
1, for all events.

I

9.2r2 ~~~~~~~ — 1.7, for k 2 as an example.
1

13 12.2
T r3 

—
~~--~~ — 2.26, for k 2 as an example.

1 H

The relative frequency multiplier (r1) was then multiplied by the

estimated number of hours per trial, kik, and the estimated in-

structors per 100 students, tk , to establish the cost in instructor

hours per trainee trial for each ability group in each event.

Tha t is Cik r .klktk. Dimensionally ,

= r ~hours) (instructors) instructor hours
ik I (trial) (trainees (100)) trainee trial

For examp le : C22 = (l.7)(l hour/trial) 
0

~~~~t~~~~tOI)~~~ .085 ins t hrs/

trial.

Cost Coefficients For the Present Procedure

The coa t of training one man to graduation is equal to the sum

of the costs of training him in each event. The cost of training him

• in any event is equal to the number of units of training time spent in

each event t imes the cos t of each unit .  Using the cos t coefficients

deve loped for the proposed procedure in conjunction with var iable

• quality inputs, 14~~ the cost per man per training time unit for each

I - ~~~~~~~~
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3
• event was calculated . Ck Y C~~M1 . For example :

1—1
3
r M
i—l

.4 ins t hr .61 inst hr 1.26 ins t hr
— trial (40 men) + trial (120 men) + trial (40 menlC3 — 

40 men + 120 men + 40 men

.698 ins t hrs 
. The C deve loped by this procedure were then usedman tr ial  k

directly in equation (1) to calculate total training costs . Cos t

coefficients for the present and proposed procedures are presented in

t abular form in Tab les 9 through 11.

Table 9. Instructor Hours/Trainee Trial for the Proposed Procedure

I

For Cost Coefficients
Event (k) By Aptitude (i) Per Trainee Trial

1 2 3

1 .050 
- 

. 100 .150
2 .050 .085 .113
3 .400 .610 1.26
4 .025 .0485 .091
5 .025 .028 .053
6 .020 .026 .080

L • ••~~~~~~~~~~~~~~~~~~ , • • • ~~~~~~ — -
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Table 10. Instructor Hours/Trainee Trial for the Present ProcedureWith Average Qual ity Input

For Event (k) Cos t Coefficient per Trainee Trial (Ck)

1 .10
2 .0836
3 .698
4 .0523
5 .0324
6 .0360

Table 11. instructor Hours/Trainee Trial for the Present Procedure
With High Quality Input

For Event (k) Cost Coefficient per Trainee Trial (C
k)

1 .0800
2 .0696
3 .6140
4 .0429
5 .0312
6 .0332

L 
——



Table 12. Instructor Hours/Trainee Trial for the Present Procedure
With Low Quality Input

For Event (k) Cost Coefficients per Trainee Trial (C
k)

1 .12
2 .0948
3 .958
4 .0693
5 .0424
6 .0572

. 
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