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A METHODOLOGY AND ANALYSIS FOR COST-EFFECTIVE TRAINING IN THE AN/TSQ-73
MISSILE MINDEF

INTRODUCTION
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A training developer faces two fundamental problem areas in perform-
ing a cost and operational effectiveness analysis (COEA). The first is
to determine what will be taught, what training hardware is needed, and
where that hardware will be used. The second is to insure that the
method used optimizes the effectiveness of a given student population.
Effectiveness is defined as the change in performance from a pre-instruc-
tion level to a post-instruction criterion.

Training decisions must be made in real dollar terms, reflective of
differences in the training variables. The entire process from training
decisions through costing is a multivariate task involving many inter-
acting factors and a vacriety of potential methodologies. The usual task
of the researcher in developing a particular methodology consists of
selecting which approach to use and then validating whether or not the
final product does in fact represent a real improvement over alreagdy
existing procedures. In the real world this is a time~consuming and
expensive process. As an alternative, the opposite approach, the non-
empirical expert-judgement method, also falls short of ideal. The com-
promise approach presented in this paper systematizes the decision pro-
cesses for elements that are too expensive to validate, and combines them
with elements that can be validated. This approach is based on the idea
that improvemen. is almost always possible by systematizing the applica-
tion of the selected technique, whether that technique has been field
proven as optimal or not.
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At some point in the research effort it is essential to create real
training programs for weapon systems and to do a complete costing and
performance evaluation of each student population. This is needed not
only to validate the techniques for generating costable alternatives,
but also to determine what the interactions are between the types of
training programs and later pertormances. Without such empirical evalua-
tion, all methods would ultimately be reduced to educated guessing,
dependent totally on the ability of the analyst to predict transfer of
training. Even so such a full-scale test is an expensive and large-scals
2ffort which should be undertaken only with extensive advance planning
-0 assure that the results can be advantageously used in lateyr cost
estimations.
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Three goals were paramount in the selection of the approach presented
in this paper. The firsc goal is flexibility. An adequate technique
must be 1) capable of incorporating changes resulting from new research
information, 2) capable of handling managerial variables affecting local
and army-wide decisions, 3) able to adjust to different costing techniquec,
and 4)adaptive to a wide variety of conditions. As a second goal, the
technique must be easily described, quickly learned, and inexpensive.
Finally, the technique must interface smoothly with existing Training and
Doctrine Comnand (TRADOC) structure and be able to easily inccrporate new
peychological research relating to transfer of training, decision making,
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and utility theory. Costreffectiveness analysis depends in part on psy-
chulogical ressmarxch in task and skill analysis which categorizes the
cyitical fanctions that a training device must reflect. This reseaxch
alone wiil not predetermine what kind of ctraining system will ke chosen
bacause it constitutes only one dimension of a multidimenaional decision
dpace. With a multidimensional framework in mind, the training developer
muat select that particular conglomeration of hardware and courseware
materials which most effectively reflects the actual trainint needs of
the given weapon system. Thi. task i1z peither obvious nor subject to
easy solutions, and any methed that is proposed must make conscious trade-
offg among the possible training variables.
"The methodology presented in this paper visualires the problem of
cost etfectiveness in the following ways: Flrst, it assumes an average
lavel training dewaloper who may or may not be aware of the latest
psychological training options available to him ahd who may or may not
be aware of ali current managerial policies that affect his choices.
3acond, it assumea that TRAPOC and the training managor have policies
which thoy expect to see reflected in cost and operational effectiveness
analysis (COFA) decisions. Third, the CCEA analyst may ot may not have
access to a complete Train Up Study (TUS) from which to vefine his de-
cisions, Fourth, he is probably under time pressure to supply altaernate
programs as training input for one componeat of a complete COBA analysis,
Fifth, ho has a limited number of support personno).\
¥

These constraints imply that a decision procedure should contain
not only psychological variables but managerial and technological variables
48 well. hevertheless, an important point is that a COEA analyst does
nov have to explicitly consider all these factors himself but only assure
they are reaningfully roflected in the final deciston process. Thus,
the developer dows not have to consider each factor if the mechatism of
the decision rethod assures that thoy weigh in the final outcome., 1 &
methodology can be congtructed o as to structurally contain the inpli-
carions of apcevious decisions, they need not again be considered each time
a new analysis is performed. The work inwelved for cach case ix then only
the detarmination of which variables and policies are neowly applicvable,
In this way, an increased bunden falls onto the managevs bocause they
must clearl, formulate for the training Jdevsloper what policies are to be
implencnted and what their expected tmpact s to be.  But thizg "burden"
should be an advavrtage to the managoer in that 1t will as:sure that his
policies are enacted.

The crux of the problem then is how te develop methodology so that
{t links decison variables explicitly ta ~ogtable aspects of tratning
systems. In ovder to expiore this tssue in Cie wost realistic possible
context, the present methodolegical development was linked to an ongoing
CORA which was beivng conducted on t{ve air defense systens, one of which
waas the AN/TSQ-73 misxile minder.
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Nistinct bounds were placed on the scope of the information to be
used. First, only operations occurring in the AN/TSQ~73 van were con-
sidered. 'This was necessary because the results of operator actions
taken in any one parc of a complex system interact with all other areas.
In the case of the missile minder, this would have meant experimental
analysia ranging from remote maintenance facilities to ground/air commu-
nication netz. Such a massive context would have quickly blurred the
research focus, Second, two MOS categories provided student populations
for the 25{L) MOS which was costed in this paper. They were the 16J
(system operator) and 14G {command and control officer). The 25(L) MOS
is somewhat unusual in that it blends the training skills of a system
operator, computer operator, and maintenance man into a single MOS. Thus,
although the analysis was confined to costing this MOS and determining its
training requirements, the effort nonetheless encompassed a sufficiently
wide variety of skills and knowledge to insure a representative sample,
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In order to evaluate the immediate usefulnessz of the methodology,
it was decided that the effort would address the same formal requirements
that were stated in the full study directive for the training COEA,

The
COEA study directive included three basic training requirements, They
were:
1. Rank order alternate training programs by cost effectiveness
and 1ecommend a course of actioen for each alternative.
2, Determine what now training methods are applicable to each
alternative syston.
3.

Discover what test. are requited to detormine the effects of

different levels and techniques of training in the selected
system.

Within the limitations mentioned above, these objectives were auot in
this study as follows: First, rank-ordering, objective numbor 1,was
answered by creating a method to generate an alternate training proaram,
All of the five systems had at most one program, and funds were not
available to create hew trairing programs to serve as input into the COEA.
Thia was I1n part because no crain-up study was available when the pro-
Jonent was tasked with prodacing the study directive. Also, some of
the systems which were to be costed existed only on paper and actual
equipment was not available,

Onue a method for generating such an alter-
native program was produced,

1t still remained to cost the program in onder
to provide a comparison with appropriate portions of the existing system,
Ideally, this input should have considered every factor in the existing
program. Within the available COEA schedule, this was not possible,

As a result, the ARI input constirutes only an approximation to the cost
of training the 25(L) MOS.
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Objective number ¢ .28 addressed as a byproduct of objective number 1.
In the course of performing the training analysis, over 75 potential . £
training delivery methods were considered. Application of the methodo..ogy
reduced this set to 16 which were applicable for training the 25(L) MOS.
Their names are given in Table l. They sre described in Appendix A uuder
the listed paragraph number. For managec_ ial reasons, the full ser of I8
vas not costed but a reduced set was vosted and is included in Appendix C.

Table 1

TRAINING METHODS ACCEPTARLE FOR IMPLEMENTATION IN SELECTED TASKS OF
THE 25(L) MOS IN THE Q-73 MISSILE MINDER

Name of Concept Paragraph Number in Appendix A

I Case study folder 1

2 Flash cards 2

3 Performance aids 4

4 Reference texts S

5 Reference charts )

6 Self=-scoring exercises 7

7 Dial access-scheduled audio 9

8 Audio, active language lab 10

9 Radio system with responders 14
10 Filmstrip projection 16
11 Microform mapping 17 .
12 Microform with adjunct equipment 18 :
13 Dynamic mock-ups 19

14 Laboratory carrel 37 1 :
15 Branching teaching machine 51

16 CAT - PLATO 1V 64 j

17 ¢cM1 66

18 Manual simulation game 12

o eeTimes ik s ——— St g .




Training reguirement number 3 was highly gsneral and as a result, it
was difficult to provide specific answers. Once a COEA methodology is
accepted, the implications for validation tests will fall out directly.
Unti) validation tests are rur, all methods must rsly on the current
stato of tae art in transfer-of-training predictions and will have a
relatively high potential for error. In this paper, the question of
effectiveness depends on the correctness of the training concept selection
matrix., To the extent that the matrix predictg high transfer of training
choices, the method will be valid for coat effectiveness conclusions,

METHOD
The method used in this study is encompassed in six logical stages:

1. Limits on available transier-of-training technology were deter-
mined and sources of information for the analytic steps were identified,

2. The task environment for Q<73 operatorz was specified in terms

of variables which could he systematically paired to costable elements
of the training programs.

. 3. For each task in the {~73 van, three alternate methods for train-
ing that task were determinad. This required the creation of a decision
matrix linking the 75 potential training methods to 55 psychologiral
variables used to describe critical training characteristics of each task,

4. The large set of training device salections thus generated was
condensed into a smaller set of training systems which took into account
basic managerial and cost considerations not treated in the previous step.

5. FEach ccatablz ftem la this reduced program was then described in
dollar valnes along 37 variazbles reprnsenting seven general classes of
cost information.

6. A Navy costing program was modified for an Army IBM system 360
DCS (disk operating system) and run, The output provided a large variety
of calculated costing information that was used ly decision makers in
the training COEA.}

The author would like to thank Dr, Richard Braby of the Naval Training
and Evaluation Group (TAEG) for supplying a copy of the Training
Effectiveness, Cost Effectiveness Prediction Program (TECEF) and in
giving permission to repreoduce certain material from TAEG Report #1606,
I would also like to thank Specialist 5

5 Nadean Jones for her help in
processing task data and Mr. Bob Chalmers of the US Army Aly Defense

School (USAADS) for supplying cost figures used in this analysis,
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These stages will now be considered in yreater detail. Stage one
required extensive cocrdination with both USAADS and US Army TRADOC
Systems Analysis Activity (TRASANA) «nd was accomplished during the
period when the study plan was being developed. ARI conducted prelimi-
nary literature searches on a wide variety of sources. aAfter taking
in-o account availability, documentation, practicality, and specialized
Army needs, the Navy TECEPT costing approach was chosen as the best
potential starting point. This report is available on microfiche from
the Defense Documentction Center as AD-A0l2 859 (A Technique for Choosing
Cost-Effective Instructional Delivery Systems, R. Braby, J. M. Henry, and
W. F, Parrish).

Stage two required generation of a selection procedure that linked
available task analysis information to cost-able elements of the training
program. The approach used a 35 by 75 cell matrix. Along the y axis
were numbers corresponding to paragraph descriptions of psycholcgical
properties such as reinforcemer.t schedule, type of feedback, sensory
modality, and decision making. Along the x axis were 75 numbers corres-
ponding to potential training concepts which could be used to meet
psychological requirements for a given task. These included such items
as wicroform mapping, case study folders, CAI terminals, and branching

texts, The complete list of properties and training concepts is presented
in Appendix A.

The values for each cell in the matrix were developed as follows,
For each trelning concept, three independent raters aetermined whether
each of the 55 psychological variables could be duplicated by the
delivery concept. The degree to which each vaiziable could be applied
was broken down into three categories: applicable (A), partially appli-
cable (P), not applicable. The three ratings for each concept were then
logically collapsed across raters. For example, if the three ratings
for a given variable were A,A,P or A,A, blank, the cell vilue in the
overall matrix was coded as A. Similar rules were deveioped for each of
the logical combinations of rater choices. After all 75 concepts had been
evaluated in this fashion, the ratings were plotted in tabular form in
the macrix (Figure 1l). This matrix was then covered with a plastic sheet
$0 that it could be marked on and be reused by simply wiping the matrix

clean with a cloth. This was necessary so that stage three could be
implemented.

In the wmird stage, each of 219 tasks (defined by task description
sheets supplied by USAADS) was coded in terms of task applicability to
each of the 55 psychological variables. Thus, each task in the Q-73
system was redefined in terms of the same set of variables as those
used to define the training concepts. ‘This thea permitted the use of
the matrix as a selection device. For each task, the list of applicable
psycholeyical variables was marked in grease pencil along the y axis
of the plastic-covered matrix. This in effect defined a amuue subset
of the full matrix which applica to each task. For each of (. e 75
training cvoncepts, a column sum w.a: made by counting the number of A's
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which were applicable. These are marked at the pottom of each column in
the picture (Figure 2). Those three columns with the highest number of
applicable psychological variables were then chosen as the training con-
cepts most applicable for implementing that task. In case of ties, the
candidete with the largest number of partially applicable variables (P's)
was chosen. The top three concepts were then tabulated for each of the
219 tasks. ’

In the fourth stage, these lists were collapsed to facilitate reduc-
tion into a cost~able program. PFive basic criteria were used in this
aggregation:

1. Practicality for the Fort Bliss Air Defense School
2. logical areas of task type as defined by the school
3. Number of tasks which could be taught on a single device

4. The availability of information on the training concepts for
costing and transfer of training estimations

5. The approximate percentage of time occupied by each task.

Table 2 presents this reduced program. The training concepts are
described in detail in Appendix A. From this set, a final subset was
chosen for costing. Because of the unavallability of some cost data,
the final set was reduced considerably. Thus a large degree of avail-
able precislion in the technique was not used in the final stages. Three
romponents were costed for the alternate program:

1. Actual equipment used four percent of the 17-week training course.

2, Reference texts, classroom aids, and branching texts used 45.2
percent of the time.

3. Mock-ups with movable parts and selected maintenance functions
used 50.8 percent of the time.

In stage five, each mewber in this reduced set was costed by USAADS
in terms of the 37 variables shown in Appandix B, Some of this infor-
mation was imrediately available, some had to be inferrxed, and some was
classified and approximations substituted in their place.

In the final stage, the TECEPT costing program was nodified by ARI
to permit use of the Army 360 Management Informaticn Systems Office (MISQ)
at Fort Bliss. Output listings are provided in Appendix C. These listings
provide the ARI content input for the COEA study Jdirvectives. They ropre-
sont the estimated cost of one alternative training program for the 25(L)
MOS as it applies to tasks taking plave in the Q-73 van., Ihe L.isting showld
be interpreted in the following manner,

[+2]

S s,

o

e S R R AN MY

Sl A e

BETL St
i




# o
frn AR E. , ‘
R A N R e N o - T
ot -0 ¥ s TIREAT I L LRI A e
. 3 ,;." R . , B [ .w.nun:,uiwm\ «%MVMA% ﬁw‘\uﬂ%\zx YRR Giemae e c v e s g
g 2 s e AT L T T e , e B Al 3 Tt .
G ¥ g A S X5 K e . 7 g . .-
S 3 o A e R E e Y O . , ?
Vil g R e G A TR : bz
v e g PO ST 5 ~w,«,u$w&}Lm. Wt octes T et e ) e
v . SRR Aol Ry v . 3 EPRea
SRR P b P .n\mmm
A e e BT
k o TSR
: P
.
“
SmNg um P o
w > N0 ATXYI2y T Andrd
'
. - .
I e
EM AR N X T
Bl it
.
t -
¢ p4t
S
N S tut
2 et d T
. A NPT L
ol L PR
. BRI g
g M I
' PO S T TR S N A
B ST YT v
¢ .. R A v ¥
R 3 K f.m,.n
N ;v..f
N . %,
. %
e . N
PR |
pov 3
£ EAR
k. L7 R
vt
[
¥ .
T 1
. KEA
8, S s S .
;s \34% g pobs e s P iy oyt
RS N - o i W T3 S A o cher
BEEARE gt T N e i ey T TS e NSRS
a S S i S R R e o s ey o
R i A P I T A SR R S AL o SN .
T s e < i o R R A ST e
PN ! SVm.zr,.:.qu« o T £ g s X LR
e S R s :




23 IR RS TR e R A S AT
NIRRT
PRSI P o0
x AR

R ook

PR

o :
\ . Tty T %% 1 0°LL-0°%L sisel
aouelsTsse A10sTAxadns juswaleueuw 33IS H
6° 1T *v ¢ 0°€L~0°TL juawodrusm IOUBUIIUTEN 9
V/N 81 “I1 0°0.~£9 suwviload pyex PIJETNWIS JO UOTIRIDUIY 4
. A 61 ‘81 L1 2°99~%9 SUOFJIFPUOS Tensnun Iapun uorleaady I
: ‘ VANA : % ‘61T ‘L1 ‘81 0°€9-9°%¢
E°EE-0°TIE °‘1°0€ 4
B . vy ‘61 ‘1§ S°¥E-0°%E ‘€°0€-T°0€ 1
suoyjexrado IOUBUIIUIBH (
£ "9 ‘y ‘61 €°62-1°LZ z
: L . 81 ‘v ‘61 01°92-81 1
L . - suojjexodo arosuoo Leydsig 9
q 1°2 , 61 v ‘9 $Zi-0°21 - £
7, 7°1 81 ‘81 €T ‘0r-€°¢ z
% - 9° 7 ‘61 ELI-%T ‘11 ‘TL~-1°L !
uorjzeidepe 93T8 ¥ GOTIBZFTVTIITUT WI3ISLg g
) . 4 ZL ‘6% ‘ST ‘61 C*°9-0°1 Juswaderdwo g 39pac yoiew walsls Vv
. wxmnH,Ou PR30A9(Q WY 98IN0) sIaquny siaqmunN ysel SAVVSN K3y zaquny jyse] pue Taqe] vVIAY
N ‘T€301 30 =3wjuadaag papunoy 3dasuo) Buruyei]
”A -(SOW (1)SZ 943 Buy3sod> uy 9sn 103 WOF3IVITIE 3docuod Bururexl gL-DSL/NY)
. JAAHS NOILOATAS WVEOORd aIONATY
S z 31991
L
, s
w




N R e ANE TSR
SRR oK Py

Firet, aach of the threée cowpousnts of the training program for the
C5(L) MOS are listed sequentially in the same format. A header ta
presented showlng what concept has been costed, followed by a perceintage
value which shows the approximate awmownt of -the 17-week-time period to
be spent usiug the contepts This 1& Followed by u llst of costing
variables shown both in life eyele form and in overall values. 'ogethey,
they comprise thé fuput data to the program. This listing ta followad by
simtlar layout for the caleulated tnformation for that component. 'Mhe
tnput/output cyele (s vepeated for each component. Bacause costing
experts nay desire to weigh sach component®s dollar use on a basis other
than time, the costed data for each cowponent i treated as though b
constituted the entive l7-woek programs This also facilitates variable

comparisons between different compovents because each is then coated on
the same basis.

Pollowing the component information ig a single page ghowing all three
components simultaneously and thely dollay costs on elght key decislon
variables, After this sheet are a series of twenty additional variables
which could be considered. ‘Thede variables are all tabulated wnder a
gingle column labeled wethod 1. the method corvesponds to an additional
feature of the program which was not used. It ia possible that a cesting
expert may be interestad {n var{able interactions wndey differant gets of
assumptions. Because only ohe get of assumptions was uged in this exer=
clse, only one costing method iz represgented in the table. Az many as
eight sets ave possible,

It ghould be stressed that thiz {iput de not intended as a final pro=
duet but rather as an illustration of the conerete application of the
methodology to a recurring reguirement in COBA's. It i antielpated that
USAADS peorsonnel fnvolved in future COBA'd can tse this technique az one
way of providing cogted alternatives for TRADOC COBA requivenents., In
its present state, the costing portion of the methodology is veady fov
fomediate application, subject to acceptance of the variable definitions
in Appendix B, Refinement of the task analytic portioh of the wethodology
{8 ongoing and will also be cowputer implesented,

AN BXAMPLE:D  "GENERA'TE A STTR ADANTRD TALg

To {llugtrate the dmplementation of this procedure, ah example of
how one task sheet was coded is glven below. Pigure 3 shows a typlcal
task sheet supplied by USAADS, ‘The average task shect includes four
gources of information. 1t considers skills, attitudes, and knowledyes
as well as gecondary data~<such as veferenced to wote detafled descripe
tions of the tasks, the approximate amount of tine spent {n pevforming
the task, and the relation the task has to simflar jobs {n the Q=73
gystem. Table 3 shows how this particulary task sheet waz evaluated., it
{8 presented in terws of the task appropriate wembetrs of the 5% paycholoy«
ical variables shownh in Appendix A. ‘These selected variables were taen
warked on the selection matrix by rows (ee PFigure 2}, Next, ecach column
wag summed by adding the cell values for each applicable psychological
variable. The three largest suwms were then chosen., ‘They corrvegponded to
the three delivery system colume numk arg begt suited For this pavticulay
task. ‘They were:

\1
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R R L . - Concept -Number of Applicable
owml B Concept.Name, . » Number . . Variables Summéd:
5 LN ':;, " . ) ;" Q,‘.)Aﬂ "}44 ,‘ :J“_? i * Y - ) . 5 S b .
SEEE Migroforn. with: information mapping 18 #» 9 -
: and: adjihct -equipment o ‘ :
© Motk-up§, pariels: and dynamic . -~ 19 ’ 11
- “.demonstiators ‘ ;
E?< ' ‘Sinal1l¥scale podels and static i 20 ' 8
& " mock=ups m | ’ v )
§ ~ This cperation was repeated for all task sheets in the 25(L) MOS.
’ Because this resulted in 219 sets of possible costing selections, it was

netessary te collapse these alternatives into smaller sets for detailed
consideration by costing experxts. This reduction followed the procedures
set forth earlier and resulted in the program shown in Table 2. The
reduction produted ten cohcopts as ¢andidates for different components

6f the training program. They are described in Appendix A by number.

From thasé ten, the final program was reduced to the three actually listed
because of ¢ost information availability and managerial requirements be-
yond the gontrol of ARI.
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i — i i i pesinn —
o YAEWDATL o 1L AN/TSQ=73. System Opevator/Repuirman ™
-+ JOb TASKDATA » - NI, pupien L N—
(YRADOC &eg 2I0:100:) . s - .
) : foave . -
: — 2 13 Mey 19U - '
YAIK ; s
{System tnttialization (aoftvare) : s - -
SULYWSR ) _ T —— -
Ganevate a site adapted tape, ‘ .

D8 CONDITIONS

Standaxrd job task condition level 1,

Incunbant uses DIX 9=1430-631=14, chapter 4, DIl 9-1425+630+12,

105 e VANDARD

(F) eustisnco 0 oxmives 1 weueo
DTY 9=1430~651-19, para 4-16 and 4-18, and tadle &4-14,

An experianced man can parform this task f{n 5 minutes or less,

TUPPORTING SKILLE AND KHOWLEDOKS

SOl. Be able to use the keyboard printer unit to enter computer codes and program
formats,

S0¢. DBe able to, physically wount and diswmount program tapes on magnetic tape unit
Qnu).

503, Be able to logically wmount and dismount tapes on wmagnetic tape unit (MTU).

S04, Be able to read keyboard priater unit output to determine succeeding actions
requived,

SOS, Be abla to take actions spacffiud dy tha computer printout and enter required
daca via the keyboard printer unit.

$06. Be adble to recognize fault detection codes on the ADP status and control panel,
S$07, Be able to discriminate between normal and abnormal program entxry printout irdi=-
cations,

S08. Be able to identify the master tape from a site adapted tape.

®Wl. Know when master program changes are necessary for site adaptation.
K02, Know when to initiate off-line initialization procedurs for entering site-
adapted data.

Vo e A S LAY i W € St e Fr T ey

ATVIYVOKS

P

1.  Be aware that when mounting a eape.‘carc pust bo taken mot to pinch fingars
betveen tape cavtridge snd the magnetic;tepe unit,

2. Da sware that nowmal indications changa vouvy rapidly on the ADP, !

Figuve ¥, Typteal task data shect

s




Table 3

SELECTED PSYCHOLOGICAL VARIABLES AND USAGE RATIONALE

AN/TSQ<73 Syatem Operator/Repairman

Y

“PASK: System Sofeware Initializatfon e
#8.3 on USAADS Takk list for the 25(L) NOS S

The aysuwptions during each selection are presented in the following
forsst: First, the oumber of the psychological characteristic and

. Jdesoription given in Appendix Aj second, a title identifier; third,
the cholen rationale,

§. Visua} Alphanumeric ~ selected because task involves:

a. Usage of alphanuueric elements on computer keyhoard
by Computer codes and formata
e Fault detection codes and indicators

4, Yisual Objecta = selected because a real 3-D object may be used aa
the training device. Yor example, the keybosyd printer may ba needed.

€, Visunl Stil) - zelected because task involves usage of:

& DMT
b, Computer printout

10. Black and White Visual Fiald - aelected becmuse task involves usage

‘ofi

a+ Elements on keyboard
ke  Computer printout
Co DMT

13+ Exact Scale (one-to-one mock-~upa) - selected because such objecta may
be ed a3 actual training devicas.

14, Proportional Scale - selected becaugse such dovices may be used for:

- el
g raa

A« Briefings
b« Damonsatrations

i ¢« Actual trainipg devices
,mé}§ ds  Reaviewing and testing
fov &
B 18. Tactile Cues - (signals received through the sense of touch) -

Al

aelected of its ussfulness in learning to operate the computer keybhoard.

-+
AR

Sk

19, Internal Stimulus -~ selected because of internal sensations falt
when error ia made (example: when wrong key is punched on keyboard
printar, it ia sensed).

22, Multiple Choice - selected because this task involvea decision
naking.

27. Manipulative Acts - selectod becauss this rask involves:

a. Mounting and dismounting tapes
be Operating keyboard
¢ Turning awitches on and off

30, Yrocedural Manipulative Acts - selected becauze sequeatial ateps
are juvolved in the operation of this task.

32, 35, & 39. Feedback ~ selected because fault and pormal indicators
provide trainee with immediate and continuous content feedback.

45, Automatic Sequencing and Pacing - selected becauae:

&, trainee must remain alert
bs trainee must remain at the threshold level of his ability to

learn

48. Dynamic Modeling (simulation model) - selected because stavlated
models may be ugsed for:

a. Practical exercises
b, Tralalng and testing devices
¢+ Illustrating and reviewing

4%, Fixed Study Position (location) - selected as relevant because
equipment for such a task is usually in a fixed location.




APPEMDIX A

PSYCHOLOGICAL VARIABLES AND TRAINING CONCEPTS

Included in this section are the psychological variables numbered
1-55 followed by the training concepts labeled 1-75. Thus if the
sample program sheat calls for concept 19, it is referencing a dynamic
mock-up including pancls and demonstrators. If the example task
references variable 16, it is referring to an audio property having

the capability of full frequency reproduction.

A-1
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that can be made to move, as with an animated transparency or simple
panel with switches that move. ‘

e e e . — . :;* ”g;,:;x
;
t
PSYCHOLOGICAL VARIABLES % -

_ i
g STIMULUS CAPATTLITIES \
s
=i Visual Form ’
E?i 1. Visyal Alphanumeri¢ - words, numbers and other symbols presented graph- ’
:gfk feally.
E@f 2. Visuwal Pictorial, Mane - a two-dimensional image, a representation is ‘
@3 the form of a photograph or drawing. ] P
ot ! e R
b 3. Viguai Line Construction, Plane - a two-dimensional figure made of % N s3§%%§
- lines, such as a mathomatical curve or graph, @yigJ
Pl 4, Visual Qbject, olid - a three~dimensional image or reality that is ;@;ypégg R
. viewad from exterior perspectives. £ SRR
. e SOl
o SR TR
M 5. Visual Environment - a three-dimensional image or reality tnat is SRR
N viewed Irom inside.
'gj Visual Movement
i
ég 6., Visual Still - a static visual field, as with a still photograph, draw-
‘%‘ ing or printed page.
\%‘ 7. Visual Limited Movement - a basically static visual field with elements
8

P
Z

.
SChot

8, Visual Full Movement - a visual field in which all elements can move,
as with a motion picture, flight simulator, or operational aircraft,

9. Visual Cyclic Movement - a visual field which moves through a fixed
sequence and then repeats the sequence in a repetitive manner, as with

a film loop.

Vigsual Spectrum

k0. Black and White ~ a visual field composed of either black or white
elements, as with the printed page or line drawings.

A1, §ray Scale -~ a visusl fiald cowposed of black, white and continuous
gradationg of gray, as with a black and white photograph or television

picture.
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Visual Spectrum (continued) b

12, Color - a visual field composed of various segments=of the visual
spectrum, as with color television or motion pictures.

Scale

13. Exact Scale - actual visual field or a one-to-one replication of that
field as with a full-sized mock-up, simulator, or operational system.

14, Proportional Scale - a representation of reality in other than full
scale, such as a scaled model map or photograph.

r
Eianns o

ru——
g
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N

Audio .

o

15. Voice Sound Range - a limited quality of sound which enables spoken é}

words to be used as the medium of communications, but not suited to §

more demanding tasks, such as music or sound recognition exercises. M

N

16, Full Sound Range - a quality of sound reproduction that contains all g%

the significant elements of the sound and is suited to the demanding %%

task of sound recognition exercises. i

17. Ambient Sounds -a complex sound environment with sounds emanating from Fg

various sources and from various directions, including background "

noise and task significant sounds. »
Other

18, Tactile Cues - signals received through the sense of touch, including N

sensations related to texture, size or shape. "

19, Internal Stimulus Motion Cues - the sensations felt by a person when
he moves his arm, leg, fingers, etc, :

20. External Stimulus Motion Cues - cthe sensations felt by a person when
he Is moved by some outside force in such a way that his body experi-
ences roll, pitch, yaw, heave, sway and/or surge.

TRAINEE RESPONSE MODES B

21. Covert Response = a response which the trainee creates in his mind but
does not express in an observable manner,

22, Multiple Choice ~ a respunse mode in which a trainee selects a response
from a limited set of responses.

A-3
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TRAINEE RESPONSE MODES (continued)

25, Pre-programmed Verbal Performance - a response mode in which a trainee
creates a short answer to a question having a limited set of correct
answers.

24, Free-Stvle Written lerformance -.a response mode in which a trainee 4
writes a response in his owa wirds. T

25. Decision Indicator - a verbal or perceptual motor response in which the
trainee indicates that he has made a divergent type decision.

26. Voice Performance - a response mode in which a trainee speaks, including
conversation.

27. Fine lovement Manipulative Acts - a response mode ir which a trainee
makes discreet and small wovements of diaig, switches, keys or mekes
sensitive adjustments to iustruments. Act way involve use of small
instruments.

28, Broad Movement Manipulative Acts ~ a re:ponse mode in which a trainee
makes large movements of levers or wheels on large pieces of equipment
or by the use of hand held tools.

29, Tracking - a response mode in which a trainece continuously controls h
constantly changing system, such as steering an automobile or holding a
compass bearing in steering a ship.

(ST APRIE PN £

30. Procedural Manipulative Acts - a response wode in which a trainee per-
forms the sequence of steps in 2 procedure, such as in the carrying out
of the items on the checklist for pre-flighting an aireraft'or turning
on a vadar system,

(.
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INFORMATION FEEDBACK LOGIC

Form of Feedback

31. Incrinsic Feedback - information the trainee veceives from his own
internal wovements or from proprioceptive stimulation.

\
32, Action Feedback - externally displayed cues inherent in the task, in-
luding such forms as instrument indications and the display ox answers
to questions as in linear programmed instruction. g

33.  Augmented Feodback - inmediate presentation of information to the trainee
on how the vesults of hla pertormance conform to some critc:ion or an
objective refereunce.
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Form

of Feedback (continued)

34.

Reconstruction Feedback ~ critical analysis or evaluation of trainee

performance, usually at the completion of an exercise or a significant
block of instruction.

Content of Feedback

35.

36.

37.

38.

Time

Correct Riusponse Data - an indication of correct response is provided

the trainee either immediately after he responds or automatically in
the event he does not respond within a specified time.

Score Date - the trainee receives quantitative information about his

performance (such as amount, percent and rate date).

Diagnostic Data - the trainee is informed of inadequate performance,

its cause, and prescribed remedial actions,

System Performance Data - the trainee observes changes in the state of
a system as a consequence of his actions in the system.

Schedule for Feedback

39.

40,

41.

Immediate - feedback provided in continuity with a trainee's action,
either continuously as accrued or at the conclusion of each student
response,

Fixed - feedback provided to the trainee at prescribed times, such as
at the end of an exercise or at timed iniervals.

Variable - feedback provided to a trainee according to a variable
schedule which may change as a function of stage of training or level
of performance. This includes the provision for intermittent presenta-
tions to permit probabilistic schedules of reinforcement.

EVENT SEQUENCE LOGIC

42,

630

b4,

Linear - a fixed sequence of instructional events, as in linear pro-
grammed instruction and motion pictures.

Cyclic -~ a special case of linear sequence in whichk a limited sqgment
of a linear program is repeated continuously throughout a period of
time, as with a film loop.

Branching - a sequencing of instructional events with the trainee
routed to appropriate advanced or remedial material based upon his
answers to diagnostic questions imbedded at intervals in the material.
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47,

48,

EVENT SEQUENCE LOGIC (continued)

Automated (Machine) Adsptive - an automatic sequercing and pacing of

events designed to keep a trainee at the threshold level of his ability
to learn at all times,

Instructor Sclected Sequence - the ovdering of events by the instructor,

such as in a lecture-recitation period in the traditional classroom or
in tutoring.

Trainee~Initiated Inquiry - the selection, sequencing and pacing of
learning events by the trainece.

Dynamic Modeling - system programming in the form of a simulation model

which enables the trainee to exercise the model and observe the cor-
responding effects.,

INSTRUCTIONAL SETTING

&9‘

50.

51.

52,

550

\ -0

Individual Trainee at Fixed Location - a fixed study position for

individualized instruction, such as in a achool with carrels or CAI.
terrinals.

Individual Trainees with Simultaneous Instruction at Many locations -

any site that can be used with a telecomminication mode of instructiom,
as with scheduled radio or broadcast television.

Individual Trainee with Independent Instruction at Any Location - ¢y

site that can be used by a student for independent study as with books
or programmed instruction texts.

Small Croup - a meeting site accommodating up to 15 people, enabling

simall group dynamics to function; both leaderless and leader-directed
groups; a small classroom,

Large Group at Single Location - a meeting site for more than 15 people,
such as a large classroom or auditorium,

Large Groups at Dispersed Locations -~ two or more group mecting sites
that can be linked with communication equipment for a common traiuning

program, as with two~way closed circuit TV between classrooms at two
different schools.

Toam Setting ~ a single site that 1s equipped to enable & group of

individuals to perform as a teawm, as in a weapon system simulator orv
operational system.
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TRAINING CONCEPTS

Print Moterials

1.

2.

Case Study Folder - A folder of detailed background information on
a problem requiring a decision or plen of action; to be read by the
trainee prior to his (1) making a decision on how to resolve the
issue and (2) participating in a critique on various solutions.

Flash Cards - A set of cards designed to be used by an instructor in
front of a group of c¢rainees to drili the group in the recall of
memory type information.

Printed Materials - Handouts - Handouts ave a class of printed

materials issued to a student for his use and retention to augment
regutar instructional materials. They are usually instructor pre-
pared, machine copied materials of one or two pages highlighting
specific topics or updating existing materials.

Printed Materiais - Performance Aids - Performance aids are a class

of printed materiala that afd in job performance by providing data
that should not be committed to memory. They include checklist
routines, conversion tables, equipment test tolerance matrices and
the like.

Printed Materials - Reference Books - Reference books are a class of
printed materials used to identify certain facts or for background
infomation such as dictionaries, encyclopedias or technical publica-
tions.

Printed Materials - Reference Charts - Reference charts are a class
of printed material pictorially displaying data used to identify
certain facts or for background information. Included are data
charts, schematic diagrams, topographiczl waps and the like.

Printed Materials - Self-Scoring Exercises - Self-scoring materials
in:lude exercises and quizzes used in conjunction with standard
curriculum, or programmed instruction. The class includes electro-
graphic or mark sense materials scored by keys or computer, punch
wavk and other mechanicel score indicating equipments, chemically
scored materials, etc., that have the capability of providing near

immediate studeat fuedback without the use of prolonged scoring
procedurer,

Dicl Access Information Retrieval System - Random Audio - Dial access
information retrieval is an electronic system for distributiag audio
(aod/or visual) materials and programs which are stored in a location

A=7
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remote from where they are dialed and received. Random audio means K ;
that audio materials are retrievable at any time by electronically e

triggering a tape duplicating machine that makes a student copy from 1
a macter tape within the library.

9. Dial Access Information Retrieval System ~ Scheduled Audio - Scheduled
audio means that audio materials may be Jialed at any time, but once a
program hdas begun, subsequent users must join the program in progress.

10.

Language Laboratory ~ Avdio, Active - Compare Mode - An audio presenta-
tional device that distributes audlo information via a control console
to student stations equipped with headsets, microphone for counsole/
instructor-student inter-communication, and & tape recorder. Student
may interact with taped instructional material, rewind and play back

or store responses. Student responses muy be monitored or recorded
at console.

11.

Language Laboratory ~ Audio Pasgive Mode - An audio presentational
device that distributes audio information from a control console to
student stations equipped with headsets. Audio source may be a phono-
graph record, a taped recording, or a motion picture sound track.

12, Physiological Trainer (Hostile Environment) Auditory =~ A training
device designed to place controlled stress on the human hearing system Vit
through use of a physiologically and/or psychologicaily adverse sound Lt

‘y
environment, to enable a trainee to learn to function in this adverse
environment.
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13. Radio System - AM/FM - A passive audio system consisting of a broad- |

cast studio, transmitting station, and student radio receivers. The

system uses designated AM/FM frequency bands for information trans- ]
mission,

*

u
w
3

IR N
k4

iy edavs I

et o s B W2

.

14,

e

Radio System with Responders - A multi-channel two-way radio communica-
tion system that operates within UHF or VHF-FM frequency bands limiting

broadcast ranges. Network mav be open or use encoding/decoding tech-
niques or vesponders for individual channel privacy.

15.

Teleplione Conference System ~ A relephone system witiv switching matrix

capability that allows multiple station two-way audio communication at
two or more remote locations.

IR P A
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Visual Ouly Systems

PN

16. Filmstrip Projection System - A single frame projector or attachment
thereto that will accept a filmstrip format and project the fiim
images upon a viewing screen. See: Sound Filmstrip Projection System.

17.

Microform with information Mapping - Microimagery, such as microfilm,
used as a wedium of instruction with the additional requivement that
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18.

19.

20.

21,

22.

23.

24,

25.

each block of information be clearly identified as introductionm,
overview, test, review questions, index and other discrete titles,

and that each type of information be positioned in a standard
location within the medium format.

Microform with information Mapping and Adjunct Equipment - The
theoretical configuration of a training system to support indi-
vidualized instruction composed of microimagery in an information
map format, a microform reader, and a piece of auxiliary equipment,
such as a mock-up, which is the subject of the instruction.

Mock-ups, Panels, and Demonstrators - Dynamic - A visual training
aid that allows an instructor to demonstrate manipulative princi-
ple, movement in time or space, steps of a procedure, linear
effect within systems or changes in condition of equipment or
systems through one or more operating phases.

Models and Static Mock-ups - Small Scale - A three-dimensional
training aid built to scale and representing operational equipment.
It may be a solid or cutaway model capable of disassembly by which
spatial and/or sequential relationships are represented. Also

included are layout models, recognition model sets, and terrain or
topographical models.

Mock-ups, Panels and Demonstrators - Static - A training aid used
to demonstrate relative shape, size, composition or function of an
object or system by a visual-cognitive process performed by the
trainee. Such non-moving, real or "scaled" aids include cutaway
models, diagrams, blow-apart hardware displays, etc.

Slide Projector System - 2" x 2" - A class of single frame picture
projectors that will accept a standard 2" x 2" slide and project
the contained image upon a viewing screen.

Printed Material - Workbook - Workbooks are a class of printed
material used to augment or replace instructional texts by pro-

viding a mix of text information and practice exercises within a
single book or manual.

Printed Material - Textbook - Textbooks are a class of printed
material dealing with a subject of study, intended for use at a

specified level of instruction and used as a principal source of
organized information.

Programmed Text - Branching - A printed text containing frames of
information and multiple choice questions concerning the informa-
tion, organized in such-a way that the trainee's choice of response
directs him to remedial frames or advanced material, as appro-
priate. The material is carefully sequenced, tested and revised
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29,

to ensure that a spegific student population will achieve stated
behavioral objectives with a predetermined level of success.

Programmed Text - Branching with Adjunct Material/Eguigmen - A

form of program in which additional materials such as drawings,

catalogues, or equipment are used with the regular branching pro~
grammed text.

Programmed Text - Linear - A printed text containing a fixed
sequence of small frames of information usually in the form of
questions requiring the trainee to construct a simple written
response, which is immediately evaluated. The material is care~-
fully sequenced, tested, and revised to ensure that a specific
student population will achieve stated behaviorai objectives with
a predetermined level of success.

Programmed Text - Linear with Adjunct Material/E 61 ment - A form
of program in which additional material such as drawings, cata-

logues, or equipmert are used with the regular linear programmed
text,

Study Card Sets = A deck or decks of cards designed t: present
training information to an individual student.

Audio Only Systems

30.

31.

2.

33.

34,

A-10

Audio Disc Playback System - An audio system that uses a record

player and sound recorded on a disc (record) that may be played
vack by a listener.

Audio Tape System - An audio system that uses a tape recorder/
reproducer to record sound on magnetic tape that may be played
back upon request by a listener.

Simulation - Paper - The representation of selected dynamic
characteristics of a system through the use of charts, tables,
static photographs, drawings, and lists of performance character-
istics under specified conditions. This information is presented
in such a way that the trainee can study the initial performance
of the eystem, change inputs to or elements within the system and
note changes in the performance of the system.

Teaching Machine ~ Linear, Still Visual - An individualized instruc-
tion system composed of a fixed linear sequence of small step pro-
grammed instruction frames (still) and a manually controlled device
to display the information.

Teaching Machine - Branching, St1l1 Visual - An individualized
instruction system composed of large step multiple chwice programmed
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instruction frames (still) and a manually controlled device to
select, sequence and display program frames in an order dependent
upon the trainee's last vesponse.

Audio-Visual Systems

35.

36.

37.

k1.8

39.

l‘°|

41,

Audio Tape with Printed Material ~ An audio system that uses a tape
recorder/reproducer to record sound on magnetic tape that may be
played back upon request., Printed materials such as texts, work-
sheets, PI, schematics, test materials, etec., used with audio tapes
offer a variety of training applications.

Carrel - AV Equipped = A small enclosure or alcove incorporating a
desk used for individual studies, supplied with audio and visual
materials and supporting equipment.

Carrel - Laboratovy - A small enclosure or alcove incorporating a
desk, to be used by one or two trainees and equipped with a set of
special tools and material for carrying out a hands-on learning
event, It wmay includue audio-visval systems.

Dial Acceas Information Retrieval System - Scheduled Audio/Video -
Dial access information retrieval is an elactronic system for dis-
tributing audio and visual materials and programs which are stored
in a location remote frow where they are dialed and received.
Schedulod audio/video means that presentations are retrievable at
any time except that once a program has begun, subsequent users
wmust join the program in progress.

Filmstrip Projection System with Audio - A sound filmstrip projector
represents a famlly of audlo-visual devices using single frame
visua® filmstrips with sound on magnetic tape or records. Visuals
and sound may be manually or automatically synchronized. Commercial
equipment options include frout or rear screen projection, remote
and stop action capability, and cartridge loading models.

Filmstrip Projection System with Audio and Adjunct Equipment ~ A
systam for presenting information via a filmstrip projector and
synchronized audio tape and special equipment that is the subject
of study. The use of adjunct equipment with the AV media provides

the capability for a variety of "hands-on" training tasks to be
performed.

Instructional Kit with Instructor - A teaching kit designed for

specific subject area {nstructicnal support. Kit allows the instruc-
tor to usc a varied or multi-level teaching approach to instruction
by including appropriate visual aids, audio tapes, models, charts,
demonstrators, reference and test wmaterials.

A-1}




42,

43,

4,

45,

46.

47,

48.

49,

50.

(A=12

[P

Instructional Kits for Trainees - A modular package of materials
for studentsa that contains all materials required for a segment of
instruction. Kit may contain programmed instruction, audio-visual

waterials, tools, materials, typical samples, reference materials
and testiag materials as appropriate.

Motion Picture Projection System - Commercial, 16MM and fuper 8MM
Films - A motion picture projection systew implying the use of pro-
fessionally prepared l6wm or S~Bum scund wotion picture fiims for

training.. Appropriate lémam or 5-Bma projector and projection screen
ate included.

Motion Picture Projection System - Low Budget 16MM and Super 8MM
Films - A motion picture projection system iwplying the use of
locally produced sound motion picture films for training. Such
films are acceptatle for training, but often lack the professional
quality of commercial films. Appropriate lémm or S-8mm projector
and projection actﬁon are included.

Microform with Information Mapping, and Atdio - The theoretical
configuration of a training system to support individualised instruc=
tion composed of microimagery in an information map format, a micro-

form reader, an audic tape in a cassette and an audio cassette play-
back unit,

Overhead Projection System with Instructor = A system consisting of
a horizontal stage projector designed to use a vertical ‘throw for
focusing an enlarged transparency image upon a projection scraen.
An operator is normally required to change the transpavency and
furnish verbal coummentary.

Sound Slide Projection System - A wystew for presenting information

by means of an audio tape and a series of synchronized projected
visual alides.

\

Student Rnapodie System ~ AV Supported ~ A student feedback response
sygtem using programmed audio and/or visual presentations. It con-
sists of four major components: control console with response
readouts, student responders,.audio visual devices, and a programmer.
Options include paper tape readouts and computer fnterface terminals,

Teaching Machine - Branching, Still Visual with Audio - An indi-
vidualized i{nstruction system composed of large step multiple choice
programmed instruction frawes (still) with synchronized sound and a
panually controlled device to select, sequence and display program
frames In an order dependent upon the trainee's last response.

Teaching Machine = Branching, Still and Motion Visual with Audio -
An fndividual{ized inatruction system composed of large step wultiple
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51.

52,

33,

54,

55.

36,

57.

choice programmed instruction frames (still and motion) with syn-
chronized sound and a manually controlled device to select,
sequence and ‘display program frames in an order dependent upon
the trainee's last response.

Teaching Machine - Branching, with Adjunct Equipment - An indi-

vidualized instruction system composed of large step multiple
choice programmed instruction frames (still or motion with or
without audio) with a manually controlled device to select
sequence and display program frames in an order dependent upon the
trainen's last response. Associated with this equipment is a
second piece of equipment, such as a mock<up, which is the subject
of instruction and is operated according to instructions from the
basic teaching machine.

Teaching Machine = Linear, Still Visual with Audio - An indi-
vidualized instruction system comrosod of a fixed linear sequence
of small step programmed instruction frames (still and motion)
with synchronized audio, and a manually controlled device to dis-
play the audio and visual information.

Teleconference System - A telecoumunication system that allows
audio and visual two-way communication between two or more remote
locations.

Television - Cable (CATV) = A hybrid CCTV system offering gselective,

., multiple channel, encoded programming to cable network patrons. A

typical system consists of a signal receiving antenna system for
the master station and relay of amplified signal channels via areca
substations to system subscribers. Programming may also be gener-
ated and transmitted between substations offering multiple options
for conference or training. Programs are encoded for privacy and
control of viewing audience.

Television - Cartridge (CTV) - A cartridge television system. (CTV)
congists of packaged video tape programs, video recorder, playback
and display units, and control equipment offering high selectivity
and availability for individualized programning. Program cartridges
may be prerecorded, locally produced, or recorded off-the-air.

Television - Closed Circuit (CCTV) Without Feedback - GCTV without
feedback is an electronic transmission system for images and sound
using a coaxial cable distribution system. System design includes
one or more studios or control rooms, a signal distribution center,
and signal distribution cables terminating in reception arcas
equipped with receiver/monitors. Off air, live or video taped pro-
grams may be used.

Television - CC™V with Feedback - CCIV with feedback is the trans-
wission of a iive pregentation with audio feedback via microphone

A-13
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59.

60‘

61.

or telephone in each receiving classroom. .Live instructor is

required in studeut—xnstrucCQr-CCTV loop to activate the feedback
rode.

Television ~ Non-Magneiic Video Disc Svstem - -An experime.cal form
of television, similar in function to cartridge television, in
which the program is encoded on a thin plastic disc, distributed to
users where it is rotated at hlgh revolutions per minute on a
player which reads the data and sends program signals into. the

antenna terminals of a standard color television receiver.. Random
access capability.

Tolevision - Open Broadeast - Open broadcast television is the
electronic transmission of images with accompanying sound from a
single channel VHF and UHF station and shorter range wmultiple
channel 2500 MHZ systems.

Teclavision - Portable Video Tape System - A low cost video tape
recording and playback system which is self-contained and portable.
Typical systems consist of one or two mobile vidicon cameras, a
small scan video tape recorder and a monitor receiver, Immediate

area programming and open broadcast reception and recording is
standaxd.

Television - Video Disc with Adjunct Equipment - A theoretical con-
figuration of a video disc system in which random access capadil-
ities are used by a trainee in retrieving step-by-step procedures

and diagnostic routines as an aid in performing these operations on
a piece of equipment.

CAT/CML

62.

63,

64,

65,

Computar Assisted Instruction (CAI) - A form of individualized
instruction that employs digital computer technology to manage and
display information to a student, accept student responses, provide
knowledge of ragults, and select subsequent learning event.

Computer Assisted Iastruction - PLATO IV Basic Configuration - An
individualized computer based.teaching system being developed by
the University of Illinois at Urbana-Champaign, and includes up to

4096 terminals, a communication network, a central computer and
the author language TUTOR.

Computer Assisted Instruction - PLATO IV, Basic Configuration and
Audio - System includes basic configuration of PLATO IV plus a
random. access audio playback system.

Computer Assisted Instruction - PLATO IV, Basic Configuration with

AGUACT i Y = TRE wies tae dasic terminal with externally
connected auxiiialy equipment.
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66.

67.

68.

69.

0.

71.

72.

‘Computer Assisted Instruction

a. PLATO IV Configuration with adjunct equipment and audio-terminal
device with externally coanected auxiliary equipment including
random access audio playback system.

b. TICCIT - A CAI system designed by Mitre Corporation which allows
the stucent to manage his own instruction. 1In this type of
system, the computer pcocesses information about student achieve-
ment from on- or off-line terminals and directs the student to a
sequence of off-line training modules suited to the student's
style of learning and level of achievement.

Computer Simulation

a. On-Line - A trainee station equipped with a computer terminal
in which the trainee operates in direct interface with the com-
puter as part of the program loop. By his inputs, the trainee
determines his allowable performance parametere and discerns
the effect of his inputs upon the system being simulated.

b. Off-Line - A trainee station equipped with a computer terminal
enabling a trainee to selcct a computer simulation program,
enter his own variables (batch processing) and run the simula-
tion to determine the performance of the simulated system under
a variety of conditions.

Game - Computer Supported Simulation -~ Any contest, governed by
rules, between teams or ind.viduals, where the contest is a dynamic
model of some real system, and a computer is used in performing some
of the calculations necessary for the operation of the model as in
computer supported war gaming.

Game - Manual Simulation ~ Any contest between teams or individual
players, governed by rules, where the contest is a dynamic model of
some real system, and is played without the aid of a computer.,

Logic Trainers - A class of trainers tlat synthetically allow elec-
tronic, mechauical, fluid or gaseous conceptual system logic training
without the use of actual hardware.

Game - Computer Simulation, Solitaire, with Visual Display - Any
contest, governed by rules, between a single player and a computer
with visual attachments where the contest is a dynamic model of
some real world system or event.

Operational Equipment

a. With Monnais = A unit of operational equipment being used for
instructional or training purposes witn is supporting technical

A-15
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T documentation such as operator's guides, maintenance manuals §ode

T j and ‘parts lists. May be an electronic black box, rifle, or ’ ‘ -

truck.

b. Real Environment - An operatinnal system used for training such
as ap aireraft, ship or track vehicle. Part task, full task,
sub-tean, team or multi-team training may be conducted in ccune-
junction with or independent of noxmal operatiomns.
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¢. Syathetically Stimulated - An operational system that is used
for training by interfacing input equipments in the form of
tapes, black boxes, or computers. Such input equipments
prosent programmed data to the operational system allowing it .
to be used for fraining or evaluative purposes. May be used AL
for part task, full task, sub-team, multi-team training or
combinations thereof.
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73. Physiological Truiner (Hostile Environment) Visual - A training
device designed to place controlled stress on the human visual
system, through the use of physiologically and/or psychologically f“?‘
adverse os low threshold visual aignals, to enable a trainee to
learn to function in this adversa environment.
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74. Physiological Trainer (Hostile Enviroamert) Surfase and Internal

Senses = A broad category oi training devices designed to provide
the cutaneous, kinestlietic and olfactory sensors with physiologi-
cally and/or psychologically adverse signal<, to enable a trainee

to function in adverse pressure, temperature, pain or disorientating
motion envivonments.

5. Procedura Trainer

a. Basic - Training hardware designed for basic training, familiari-
zation or transition type procedure training for normal, alter-
nate and emergency operation of operatiomal hardware., Trainer
systems respond with a lesser degree of fidelity of performance
than is required for simulators. May be used for various com-

binations of part task, full task, sub-team, team or wmulti-team
training.

b, Adjunct Displays and Logic = Training hardware designed for
basic training, familiarization or transition type procedure
training for normal, alterrate and emergency operation of
operational hardware. Trainer systems respond appropriately to
trainee inputs but to a lesser degree of fidelity of performance
than is required for simulstors. ay be used for various com~
binations of part task, fuil task, sub-team, team o multi-team
training. Adjunct dispiays «ua logics mey include scoring
attachments, adaptive control, automatic demonstrations, enhanced
displays, auismated briefing and cdebriefing capability, automatic
coaching, remedial exercise prescriptions or follow-on assignments.
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APPENDIX B

The variable descriptions and equation 1cgic used in the

Navy costing program taken from TAEG Report Number 16 by
permission of the author.

Because the costed data in appendix three utilizes a large number of
eriab?es, it was believed important to provide the reader with suffi-
cient information to specify exactly what calculations were included
in each result. Since the calculations are nested logically, this can
only be dong through a complete variable and equation description of
the costing rationale. The relevant information is thus reproduced
intact from TAEG Report 16 for use by Army costing personnel who may

require indepth insight, should the program be used for future COEA's."
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TAEG Report Na. 18

The input variebles are classified {nto seven classes as follows:

personneY, (5) students, (6) supplies, and (7) miscellaneous. A

an
4

2! facilities, (2) equipment, (3) {nstructional materia) development,
4

defiaition of cach varfable follows:

1. Facilities
7ACOST Total costs of faciiities acquisition
and redturdishing uhich are necessavy
Tor {wpienaniation,
LCFFA Expectad yoars of 1ifa of FACOST assets,
€2s5QrT(1) The cnnuat cost of operation and maintenance
of Tacilities nue square foot (includes
operation, muiavcncnce, janitorial service,
utilitdos, ete.y.  Inciude tha annual
opportunily costis of focilities where applicable.
SQFTIN Tota: squaira faet required for each {nstructor.
SQFTST Tetal squara oot raquired per student position,
SQFTAM Total square feot required for administrative
overhead.
2. Equipment
eQclse The cost of equipmant necessary for {mplementae
tion (that which is not dependent ¢ the pumber
of student positions). Do not include equipment g
which {s uniquely associated with student 3
positions (f.e., costs {ncludad in variable i
EQIMPC).
LOFEQS The expected years of 1ife of uquipment included !
in EQCISP. g
CAQSP(1) Total cost of cquipment to be acquired in cach £
year of planning period following implementation. f»
Include cost of equipment which represents g -
expansfon or cddition to the program plus H
replacement costs for that equipment included y
fn EQCISP, ‘
LOFEQ(1) The expected yrars of 1ife of equipment which ’

B-2

has been tncludad fa CAQSP(1).

R S 5 % % < s N
) T E g s S AT e T AL Sk o B
RN 4 A & S
Laf ) STV IR ANAD 5 £ o
w 5 2 i B BN TS 3 RS A i T .
A 2 {2300 R W P S ORI SR D o R L M zaua

-«

oy 7
‘e M b
e AR

.
T
e
A2
vl
T f‘z{
s
N
<
a';’{,:
4
R
?
¥
v
®
&
*
:

i
e

'..w" g e ok R g R e T o
A A R s B i s ™

,
Rl

e e
b

4
o ssishrenaie s ESEIEH

E—




oHFEQ(T)

EQIMPC

LOFEQ

comT (1)

TSPOSD

UIMD

UIFDYR(1)

Instructional Material Developmant e

TAEG Report No. 13

Total annual operstion and maintenance cost of
fixed equipment; i.e., the operation and maintee
rance cost of ecuipmant not uniquely related to
student positiins. Gd costs of equipment
{nciudey o vaoiLote EQSiS? «nd CAQSP(I). .

Tha cozi of Qquizmaat (ar student position)
which must 7 wochred for fmplementation. 0o
not include couipment which {s not uniquely
ralated $o stucint positions (f.e., do not
{nclude equizment costs {acludad {n var{able
EQCisP),

A etk

E2

+

vr
(i

The expacted yeons of 14fe of student position
equipment; 1.¢., ccuinmant {ncluded in EQIMPC,
Annual opercticn, muintenance, end replacement
costs of ecuinnany cisectated with each student
positicn i eich yaar of the planning period;
1.e., the CoM costs of equipment included in
variable EQIMPC cnd the replacement costs of
any student position related equipment.

The percentage of piannad operating time the " %
student positicn cquipment s nonfunctional o
because of unplanned contingencies; {.e., i
enuipment failure, .weather, etc. (percentage of i
down time equals one minys the percentage IS
avaflability). O

=7

The percentage of time spent in the training
medium (for the nonrecycled student) for which

unfque hours of {nstructional material must be .
developed.

P
Sa koY

et

PHEY

¢

The number of urique hcurs of new instructional
material to be developed in each year of the
planning peried. (The model assumes that any
materiel developed and refiected in this variable
is unique to tha course and will be fully
depreciated at tha end of the planning period.)
This variable ¢ou: not {ncluda any updating of
original course material.
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4. Personne)
INTSPO

SALINR

5. SupMes
SUPPLY

6. Students
GRAD(I)

STUDSL

$TCST

STCsTe
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TAEG Report Xo. 16

Update fictor for instructional material,

Percentage of the original ‘development of

instructional material expended each year to
- - maintain the courseware,

The percentage of the original development cost

of the: {nstructicaal material which rematns at
the end“of the p‘!axmt’ng ‘period.

Avérage cost of cevglepi‘ng the master copy for
one hour of fnstrustion {1.e., the per unit
{nstructional material dovelopment costs).

)

Instmior-ta-student position ratio.

Average annua) salary and benefits
for one instructor,

Average cost of expendable supplies per student
while in the training medium,

The number of students who must be trained for
each year of the planning period; f.e., the
number who wust complete the program and gradvate

Average cnnun‘ulary and benefits for one
student. -

Average student travel costs to and from school.
Do not include any travel done as part of the
course. . .

Average student travel costs which are incurred
as part of the course. Do not include any
costs to and from school.

7. Miscellaneous

The number of years in the planning period.
(Ir setting the plannina period, guidance can
be found tn SECKAVINST §000.14A, pages 7 & 8,)
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TAEG Report No. 8

.

The attrition rate, The soréehtage of
students who enrdll 1n the program but never
complete the training.

The discount rate {I¢ navcant cccording to
BoD Imsiruction 70+34940 .

The time in woals tha student position is
avaitlable por yoar,

Tha-average time in valks speat in the tratning
wmedivm for the nonresysicd student.

The average hours par wack the student spends
fa the madium, '

‘Recycle rate oquals Uie poveentage of students
enrolling in the training wio will repeat some
part of the program.

Average recycle tima {n waaks equals the
average amount of tine & student spends in
repeating sny end all s of Ltha course.

THe porcentage of sdudond nositions above the
computed number which &2 30 be acquirad to
provide for fluctuattons in studant inputs
through the systen,

The followtng variadles are computed by the modal from the above
input data:

% Facllittes
TSCFT

FCOST(1)

2.  Soytpmont
NSPR(1)

Total square faet of Facilities required:
TSQFT=(SQFTST){PSR)+{INvSPOY{PSP } {SQFTIN)+SQFTANR,

Total cost of facilitics for cach year of
the planning erigc:

FCOST()=(TSQrT){CPssTT{i))

Numbar.of student positions required for the
system: ’

B=5

e e
IR 3
&7 et

e, g e RSN

R »\f;li ~
o w3k

e

AL

R
Ny
i

e
-
F oy I
el
o, 5




HNSP

PSP

EAQC

TAEQC(1)

RVEQ

RVEQ2

B-6

TAEG Report to. 16

NSPR{I )= ((SMRRRC{ L oSTUTHI{T) )/ (WSCHOR) /(1 -YSOPSD)

Mean mumber of student nositions for planning
pariod:

i
\§P= ,;%NS?R(E: “e
ta

-
Plonnad numbar ¢ olueont sositions:
PSP=MNSP(ESPY{1mSa),

Equipment ccquisiiion costs necessaly for
implamentatica:

EAQCI=(EQINPEI(PSP)N{ 3e:3?).,

&

Total canual oporaticn, meintonance and equipment

scquisition costs Vo cacn yoar of the planning
period:

TAEQC(1 )= (CAQSP (1~ {SUANT{1))(PSP)HOMFEQ(T).

Anngal depractaticn of studant posttion equip-
mant:

€3 = (EQINPC)(PSR)/WOFEQ.

Internal cemputew vordcdla indicating. the years
of life remaining {n cquisment at end of plan-
ning period,

Remafning velue ol svudeny .osition equipment
et ¢nd of ploaming pertod:

RVEQ=(R}(E3).
Remaining value &7 squisment purchased in each

vear of pidnaing SoMea = Tor all
(LOFEQ(I? “N)o Ot

[
RVEQ2-£§}(L0?EO(2)-X} w (CAQSP(I)/LOFER(L)).
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NSPR{ I )= ( (SMHRRCL 1 JvSTUDINI{T )}/ {WSCHOP) /{1 -YSOPSD) o

HNSP uga? nunbar of siudent pasitions for planning
pariods

L8]

e
o

Erery R A S ST PR o e v e ezt MRy A
B R e R S s 2 %
S B SAAR

&
AL ﬁ RSPR{TI/N,

g PSP Plannad numbor oF sludend positions: :
PSPaRNSP+(£SP) (152},
r EAQCL Equipment ccquisiiion costs necessaly for SR
' implementation: oy
' EAQCI=(EQIHPC} (PSP )+{33315P), S
TAEQE(T) Total cnnudl oparaticn, meintonance and equipment
tequisition costs Yo cich your of the planning Ny
pariod: hasd
i
TAEGC(1)=(CRQSP (5 +{STPNT{ 1)) (PSP)+OMFEQ(T). o
€ Annual dopractaticn of studant posttion equip- o
ments ok
Ey (EQINPC){PSP)/L0FER, ’;%3
- ,1%?5
R Internal computec voricbla indicating. the years AR
of life remaining {n cquipment at end of plan- o
ning pertod. v i %
ST )
RVEQ Rematning velue off studont Losition equipment f ~«§
&t end of pionming partod: g
RVEQ=(R)(E3).
RVEQ2 Remaining velve ¢

e 0¥ equipnent purchased in each
yaar of planning nomied (» for all

(LOFEQ(I) «N) G

1

) 5
[P OTS W]

£

N
RVEQZ'{::‘,“(LO SQ(iY=N] ¥ (CAQSP{I)/LOFER(L)). Z
i
}
}H
H
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TAEG Repor®. No. 18

MSIN Average annual student inputs required to provide 1
the number of gradustes specified {n each year:

N
Msm-ﬁwo(n/n.

STUOMM(!) Total time required in training for all students
in each year of planning period to train the
required number of students (to specified
objectives) utilizing the media set under
considaration (exclude recycle time):

STUDHN( T )= (TLENGH) (STUD(T) ){1-.5(ARATE)).

SMWRRC(I) Total time required for recycling for all
students in each year of planning pertod:

SMWRRC( 1 )= (RCRATE) (STUD(1) ) (ARCYTM).

G

ey L. - Lo, B
st b o Ao 2 S gy S NAUE AT AL ey U St o S AR B

A0R(1) Average nurber of students on board for each i
yaar: {
AOB(1)=(SMIRRC(E)*STUDMM(1))/WSCHOP,

MOS Mean number of students on board for entire i

planning period:

m-lﬁl AOB(1)/N.

A e

TRAVEL Total annual travel costs for all students:
TRAVEL=(AASIN) (STCSTY )+(STCST2) (AASIN) !
(‘-0.5 MTE)O ’

SSALRY(1) Total costs of student, salary and benefits for
a1l students for each year of planning period:

SSALRY(I )= ((SMWRRC(1)+STUDMN(1))/52){STUDSL ). ¢
6. Supplies "
SUPPY(1) Total cost of student supplies for each year

in planning perfod: ‘3
SUPPY(T )= (STLO( 1)) (SUPPLY). |




7. Miscellaneous

UDACST(1)

RVAS

PYALUE

CINY

ANCSP

ACSP

TAEG Repor No. 16

Total nondiscounted costs for aqach yoar
in planning period:

UDACST(3 )»FCOST(1)+TAEQC(T)+AIMMC(T)
+CINSTR{ I QSUPPY 1)
+SSALRY(I +TRAVEL.

Total nondiscounted cost of altomative:

Ny }'f.‘ UDACST(1)+FACOST+EAQCI4ACIMD
. nvns/(vome)"

Remaining value of equipment and instrustional
material at end of planning period:

RVAS=RVEQ+RVIMRVFA
Prasent value {(cost) of alternatives

PVALUE® 2'. ((UCACST(1)(2+DRATE))/,

(2140RATE) )¢ FACR TAEAQCL4ACIND]
- [RvAs/ (1. 0+0RAY i

Average discounted costs por student position:
C4=PVALUE/PSP

Inftial system acquisition costs for
factlities, equipment, and instructional
material development:

CINT=FACOST+EQACI+ACIMD,

Average annual nondiscounted costs
per student position,

ANCSPeH, / (1) (PSP)

Average annual discounted costs per
student position:

ADCSP=PYALUE/ (N) (PSP)

R~C

S R e

ACKrera

ACK
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ACSP

TAEG Report lo. 16

Inttia) system acquisition costs for
facilities, equipment, and instructinnal
material development per student position?
ACSP=CINT/PSP,

Uniform annual costs:

N
UACPYAL 20DRATE)/ (2(1s0RATE) )]
us/‘:f,‘ﬁo M (2(1oRaTE) )]

A

,\
5E
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APPENDIX C

The césted components of an alternate program for training the 25(L)
MOS in tne AN/TSQ-73 missile minder. Components are costed on the
basis of a 17-week, 35-hour per week class period. A totgl cost for
the program could be calculated as the sum of the component costs
multiplied by their percentage of use given at the top of each com-
ponent listing. Full details of all calculations are given in
appendix two. Input data from USAADS is Tisted for each component

on average and life cycle basis for a 20-year costing period,

-1
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