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SUMMARY

PROBLEM

The purpose of this study was to develop, apply, and evaluate the
feasibility of a procedure for measuring the effects of technology on
human resources. Interest was centered on development of a tool For use
by system dedigners and manpower planners which would permit the specifi-
cation, in advance of system development, othe effects of.a technologi-,
cal innovation on the human resources required tlAnteract in the opera-

,tion and maintenance of the system.

APPROACH 11(

. .

; A totmativeloiecasting procdure kmo arii.a Design Option Decision
Tree (DODT) was employed to graphitally dep t the sequence of engineering
4ecisions.in complex weapon systems,,',' The t chnological design options
availagle at 'each of the decision points wer established for two Air Force ,

systems, Remotely Piloted Vehicle and Digital Avionics Information Systems.
With the DODT it as possible to silify the level of technology represented
among the options /into exampl of state -of- the - art,- incoming ori advanced
tedhnology.

zaphasis of this research effort has been directed toward a concentra-
tion 4 analysis of the Digital Avionics Information System (DAIS). This
emphasis served to dictate to a large degree the data sources available for
analysis. As a DAIS configured weapon systems does not presently exist in
the Ai Forte inventory,.mainienance personnel:ot the A-7 weapon syl,tem,
which roes include some digitalavionics, were selected as judgmental ex7
perts for the data source in 61.8 study. Judgmental. data were collected
_from the maintenance personnel on a series of selected human resource para-
meters. Judgmental data were collected as the analysis base for this effort.

Three classes of data were included in the analysis: first, human re-
source components; second, the hardware decision options; and third, selected
background and experience information on the technicians who served as the
source of the data.

The human resource components included in this'study were:

Worker Preference
Desirability of Written Procedural Manuals
Level of Skill Required
Difficulty Level of Tadk
Extent of Training Required
Environmental Effects on Maintenance
Amount of Time Required for Maintenance

The data collected were statistically analyzed with t-tests, analysis
of variance, multiple range test and correlation matrixes.



RESULTS.AND CONCLUSIONS
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the scientific realm of concern after the aecond world 'war The

/44RODUCTION-AND BACKGROUND

Historically man's'proOensity to"Predict the future can be

the probetic, Oreclelcof Delphi, through the fictionof Jules

On establishing future plans, both governmental and i

an upsurge of interest in forecasting change. (Clarke

,technique of, forecisting consisted in,the projections

documented-

Verne,-into

emphasis

ustriai, caused

1969). The initial,

by experts in

Rivenfield. This technique has given way to the development of more 'pre-,

cease methods less dependent upon individual genius and more dependent upon-

.scientific precepts.

-

1\

The emergence of the'disCipline of technological' forecasting in the

past decade is an,indieation of the requiiement to be able to estimate

futUresituationein:sorder to plan appropriately. While technological fore-

casting has usually addressed ihe.impact, of new technological concepts on

,-
11

hardwarC configuritione.and utilization,-it could also be used to4roject

Wean resource 'r quirements." fiv'the Armed Services and especially the Air
, i

Force, an, interest in linkfnf.technological advancements and' anpower

. .,1.
requirements can be found in the protege of building new weapon systems.

Through the Air PorCe System Program Offices (SPO's), the management of

the development.ii ,i new yeapon system is maintained. Within this manage-

sent system a formWprojection I made in terms of the personnel and training

required to operate and Maintain hc.system.

'A capability to relate the, iscipline of technological forecasting to

the more narfow concern of hums resource requirements for a weapon system

ittiftfue4Aviitni. .-4
A



appears to be

a methodology

technology on

fea able at this tine. By developing an amalgam of the two,

could'be_deVeloped to predict the impact of innovations in

methOdology w4u1d be of value to the

for anyone interested in determining
- ..'

newtechnology.

the human resource requirements for a given system. This

armed forces but:would:alio be useful

the impact upon hunag:tesources of a
r .

AT
From the recent past one of the major problems along lines has

been the concern with the effect of autom:SADaoldh human resources.
.1_ t.

The _post severe problem was encountered in the area of determining

the effects of increasing automation on human resource plrameters. In con-

sort with all human resource camponents reviewed, no workable method of

Oabification was found. Additionally, as strongly asserted by an authority

in the field, in spite of 20 years'study of the problem, a categorical state-

ment concerning the effect of automation on skill reqUiremente cannot be

nade.(deGreene,A974). This same author conclUded that, ". . . it will

probably be years before a predictive, or even an explanatory, theory of

technical-change
7
is'deveioped." The shortcomings of the present capability

in th(area of quantification, of technology impact on human resource components.

has been reported (Potter and Dieterly,'I974).,

In the search for a means of forecasting and assessing technology the

result was more positive. The recent literature supported the use of a norma-

tive approach to forecasting. Of the available normative techniques to fore-

casting, the conclusion was r ched that a modification of the relevance tree

approach (Cetron, 1969), known s a Design Option Decision Tree (DOD1);4(Askren



and Korkan, 1971) would provide a means of graphically depicting the sequence,
1

of engineering decisions required and the de ign optionsavailable at each of

the decisions points in a system design pro ens. The MDT is a method for

locating all decision points within a system. Thus, tho:3!depision point, with-

in a systeM which represent new technologies can be ideptified on the basis of

expert judgment and assigned a position within the tree, as well as graphic

reflection of those decision points which' de`pic4 proven hardware technology

options.

The goal of this research effort was the establishment of Methods or

techniques for determining and defining, in advance of system application, the

components of an incoming technology and.meaeuring the.effects of that tech--

nology on,human resourCe parameters. The impact and change on the operation

and maintenance of a system which incorporates such a technology was the

major consideration.

0

One of the most striking characteristics of technological forecasting is

-that theie is no standar4'method for determining what constitutes a "neiliech-

nology" In the literature a "new technology" may range from aiwrocess for

prodectingeome component' to the use of. a new coMponent. In this research

efiort,thisproblem was recognized but not solved. The new technology in this

effort was reduced totypes of'options made-at design decision points. Some of

the.options were not as innovative as others, therefore the new technology

introduced at the decision point varies considerable.

Pdints of amelected Design Option Decision Tree (DODT) were chosen to

represent the variance of the technology concerned. Th0 use of the DODT to

identify a set of decision points appeared to be a reasonable approach to con-

trolling the size of the new technology. At each decision point options are

available which range from previously used options to new options which intro-

duce the use of a new technology. The unit of new technology vaties across the

set of decision points selected but each decision_point has approximately equal

weight in the design process.

3
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INTRODUCTION TO HUMAN RESOURCE COMPONENT QUANTIFICATION EFFORTS

The dearth of established techniques for acceptable quantification:of

h man 'resource parameters in man/machine'systems became apparent in the
$ .

Ptter and.Dieterly (1974) review of recent literature. There is no method

thate-il'as been shown acceptable for the detailed prediction of the effects of
,

an incoming technology on the-human resources required to interact with that

technology. .

The goal underlying this human resource component quantification effort t

.was to develop unique scalar methods for measuring the effects of a specific

forecasted technology on Air Force human resources: In this study, as an interim

step toward achievement of\quantification of the effects of technology, judg-

mental data was colfectedto'serve as an analysis base. This data base was

used to seek insights for future directions to be followed in joining ob-

jective quantification procedures with the Design Option'Decision Tree

technique.

T selection of the specific human resource components for study was

.guided by 'two primary concerns., First, an ass7ssment of the ability to obtain

judgmental data from field personnel in operational units. With this selection

criterion, seven human resource components were chosen for use in a feasibility

demonstration of the quantification procedure proposed.

The human resource components viewed as amenable to data collection were:-

Worker. preference

Desirability of written procedural manuals

Level.of skill required

Difficulty level of task

Extent of training required

Environmental effects on maintenance

Amount of time required for taintenahce

The second area of concern was that the human resource components chosen

for study would allow meaningful questions_to be asked at each decision point

in the DODT to which they were applied.

4-

1.5



tipTyms OF QUANTIFICATION',,

.The term "quantification" can be regarded as being synonymous with

measu event, the act of 14i-ring ofthe members 16f two sets. This process

of tching an event to some scalar value implicitly'depends on knowledge

of t e appropriate Underlying relationship between the component and the

quantizing scheme:

The techniques for arriving at a definition of this relationship haVe

remained undefined fin. all exc pt the most gross s tements of association.

Thee gross association predictions are more of the type referred to by

Stevens (1957) as metathetic. In'essence, they deal only with nominal quan-
. .

tification (qualification), not with scalar expression-

With quantification defined as a process of matching the elements of ti:io

sets, a number of procedures for accomplishingthis matching task are possible.

In.this section, consideration will be giyen to the generic methods available

and the possibility ob,application of each to'the present task will be

discussed.

For practical utility in objective-impact decisions on advanced systems,

the decision makers must have access to at least an o /dinal scale. The attri-

butes of such a scale represent the minimum requirement for defining'in advance

a "best design option." As

quantification.found in the

they are, for the most part.

indicated earlier in this paper, those methods of

current literature are of little applicability as

,representative of nominal quantification.
4

Ideally, to function in'tlhe area o trade-off analysis, the design

engineerrequires ss to a ratio sc le. While this is possible for certain

considerations-- g surface with z, ro'lift is conceivable--in the area of

human resources, few componentware/Capable of ratio scaling. Illustration

of this fact can be quickly provided by attempting to conceive the state,

represented by zero intellectual 4apability, or, more practically for this

5

'th
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piPer, fof zero mechanical aptitude' though the

infrequentlyLatisfied, trade -off studies are st

instance, the components of 'variables-- evaluated

Amr4ble Units, but individual conducting the

action' as if they W6re.

In an attempt to compensate ,Orthislack o

variables being treated, an attempt haa been mad

quantification. scheme for the seVen human tesour

the -set upon which judgmgntal infOrmation was co

abase for analysis. Details of this attempt will

section of this paper.

a
Of the methods of quantification available to the researcher, certain of

ideal of ratio scaling is

ill performed. In such an

are not quantified in tom-.

trade -off Study must take

f comparability across

e to develop a standardized

ce components included in

llected to serve as the data

be presented in the next

the more fundamental ones.can be rejected'forithe purposes of this study. The

methOd of average error, the method of limits; and the method of frequencies,

all fundamental psychophysical methods, are concerned with measuring or

'evaluating one stimulus., While they can be used in scaling, there Ls consider-

able inefficiency introduced iq the number of observation7' required. These

methods were therefore rejected for application. ,

The quantification methods discussed below arelenerally regarded as

being better suited to scalar applications than are th more.fundamental

psychophysical procedures: For each method, selecte advantages and reasons

for consideration or'rejectign:are given. /
First, the,method of paired] c parisons is perhaps the most popular of

7.,
1

the techniqueof.psychological sca ing. A reason for its popularity may well

lie in the fact that this procedure does not forte transitivity on the data
,,

(Torgerson,1958). However, the nature of the judgmental task in the present

l' effort was not amenable to the use of a decision Procedure about a pair of
$

stimuli presented for comparison.N Forithis reason, the method of paired

comparisons was eliminated from further consideration.

4 /

The method of rank order holds Certain attractions over the method of

paired. comparisons. It reduces sub ect time yet is equivalent to the method

/ 6
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of paired comparisont (Thurstone, 1931), However, like the method of paired

comparisons, this procedure also involves the judging of a number of stimuli

with reference t6 one another.. Thus, this method was not considered appro-

priate to the judgmental task in this study,

4

The methods of interval and ratio judgments require more rigidllassuMp-

dons than do the other psychological scaling techniques. The task asked of

the observer in this instance is to compare the size of the intervals between

stimuli rather than to` make direct judgments about the stimuli, themselves.
:Subsummed under this type of scaling is the method of equal- appearing,

intervals of Thurstone and Chave. Under this method it is possible to

directly apply an interval scale to the set of stimuli being evaluated. As

the nature of thspreeent measurement task is not to separate n number of

stimuli into a fixed number of locations separated by equal sense distances,

this method of scaling is also found to be inappropriate to the task.

Within the methods of interval and ratio judgment is included the: method

of constant sums. Under this scaling procedure,.the respondent is required

to assign numbers directly to the stimuli presented to him.' Here the re-

spondent is instructed to distribute among the stimuli presented to him a

total number of points, usually 100, so that the strength pfsensationof each

of the stimuli can be equated to the number of points assigned toit. In

this way the relationships between the stimuli can be evaluated. With this

procedure'the resulting judgments can be converted into a ratiolcale. This

method could have been used with the judgmental task in the present study,

however other considerations caused it to be rejected. A strong reason lead-

ing to rejection was the length of time which would have been required for

each respondent. The time availability of personnel of the 354th Avionics

Squadron (TAC), Myrtle Beach AFB, S.C., dictated the selection of a procedure

which would be the most productive in a minimal time. This method then was

also rejected as a vehicle for data collection in this study, primarilron

the basis of the time constraints.

The method of successive categories is a procedure of scaling which has

found popularity and broad general usefulness in scaling prdblems as it

7



does not'require'that the resPon ht beta

scale. It is particularly usef where;d

stable judgments with other me ods. A p

to classify into an, intery 1

fficulty is expected in obtain ng

ocedure subsumed under this

classification is the Likert t chnique frequently referred to as the met od

of summated ratings (Murphy d Likert, 1937; Edwards, 1957). Concern o

this method is with the syst tic variation oY respondents to he stimul

attributed to differences, in th4 subjects.

method is to scale the respondent

presented. This variation

The immediate purpose. of $h

]

The Likert .method of summated

uses a dta collection vehicle.

many. Foremost among them was the

ratings was the procedure se cted for

The (easons for this particula17 choice ware

relative speed of administration of such
0 [

a' scaling; procedure. Secondly, the simplicity of the instrument itself per-
%

mitted standardization across the humaih resource components selected for col-

leCtion of datao. Thirdly, the Likert technique typiCally shows higher

reliability than d *o other methods of scaling (Edwards,.1957).

On the negatilie side, Torgerson (1958) maintained that the use of,a

"subject-centered approach has not yet led, to any great extent, to the

development of scaling models." This comment is appreciated by the present

authors; however, it.isbeieved that the method of summated ratings,

coupled with the use of the Design Option Decision Tree, will permit

collection of baseline data leading to tFe development of predictive

equations which can make possible the specification of the effects. of a

technological advance on the personnel required to operate and maintain a

weapon systememploying that technology.

4

40

8
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PROCEDURE

The use of the DODT coupled with a modification of the method of

summated ratings appears to bean appropriate combination that would lead to

significant baseline data. Each decision point in a DODT reflects present

state-of-the-artaltepultivesaswellas-incomingtechnologicaladvancesand

predictable future technology. As an example, the choices concerning the

memory in the Digital AvionicsInformation System (DAIS) DODT to bg discussed

in a later section of this report contain well known options such as core,

disc, and tape. However, in addition to these choices there is also the

semiconductor and bubble which are considered at the present time to be in

the research and development stage. This type of technological spread among

the options is present to some extent at each decision point in the DOT and

is therefore, inherent in the estireDODT. The respondent is able to evaluate

these choices with respect to the questions asked based not only upon actual

experience,.but upon education and the inherent common interest of individuals

involved in the field of digital avionics. Therefore, this procedure should

elicit numerous resource component data of value as inputs to engineering

design decisions for the bystem.

Rather than attempt to quantize the entire DAIS DODT, it was decided to

utilize only selected design option decision points., This decision was

dictated by the time constraints on the study, in addition to the exploratory

nature of the task, i.e., the establishment and demonstration of the

feasibility of a method that would yield useful nuierical values.

Therefore, only eight decision points were selected for this study.

The rationale used in the selection process was to choose those decision

points in the system which portrayed a technical area with which the subjects

would be familiar by virtue of experience or training. Decision points were

seleCted,to reflect varying states of technology. For certain decision

points, well established technology was reflected by most of the available

options. For other points, the options heavily expressed either incoming'

advances in technology or predicted future techriblogical innovations but

included established technology.

20 9



A fur04 r strictiO(itposed in: selecting the de isiospoin05. as th t

the design opt ins at the points selected must lend hemselves to h an factor

type questio dealing with maintenance and troUk/eshooting,concept

1

The D. S has been described by classifying the system into fou ,ftinctional
y

*as referred to as core elements. These core elements are: proce sore,

system programming, memory, and remote terminal units. In s lecti he /

decision points and options for tudy, at,least one: decision point was seltOted

in each core element of DAIS.

The DODT's portraying he DAIS consisted of a series of five sheets of

decision options. (See AppendiXik for an,example). From these trees a sub-set

of decision points were selected: The decision pointa selected were taken

thioughout.the total set of to provide a representative sample of

decision options.

/".

Selecting at least one%decision point' in each core eleient permits a

preliminary demonstration of the effects on one or more human resource

parameters. of the selection of various alternatives as one processes
,

along a design path (see Figure r2).

10
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A fOrther restriction imposed in selecting the deOion points, was that

e design options alt the points-selected must lend themselves to human factor

-.type questions dealing.with maintenance and troubleshooting concepts.

.

The DAIS has been described by classifying

areas referred to as core elements. These core

system programminge memory, / and yetote terminal

decision.. points and options for study, at least

each core element of DAIS.

The DODT'S protrayiug the DAIS design are shown in Appendix A (SRL

Drawing Number 6810-02-2499, sheets 1 through 5). From these trees, the

decision points identified belm4 by means of drawing' number, sheet, and sheet

the system into four functional

eiementsjare: processors,

units. In selecting the

one decision point was selected

location,,were selected or ppl4ation of the quantizing scheme:

SRL Dwg. No.

SRL,Dwg. No.

SRL Dwg. No.

SRL Dwg. No.

SRL Dwg. No. 6810-02-2499

SRL. Dwg. No.6810-02-2499

6810-02-2499

6810-02-2499

SRL Dwg. No. 6810-02-2499 (She

RL Dwg. No. 6810-02-2499 (Shee

(Sh et 1.- D/7) "Information Processing

:

(0vera11 System)"

(Sh et

.

1 - F/4) "Informs ion Processing
(0veral System)"

t 2 - E/9) "Informs len Processing
.(Proces ors)"

--B/6) "Informatpn,Processing
(ProcessOrs)"

"Informs ion Ptocessing
(System Programming)"

I

"Information Processing
(Memory)"

6810-02-2499

6810-02-2499

.(S11rE70.3 - D/12)

(Sheet,4 - F/13)

4

(Shee0 - D/17) "Information Processing
(Remote Terminal Unit)"

(Sheet 5 - D/10) "Information Processing
(Remote Terminal Unit) I I

...Selecting at least one decision.point in each core dement permits a

preliminary demonstration of the effects on one or more, human resource
o.

parameters of the selection of various alternatives as one processes along

a design path (see Figure 2, page 34).

411



A set'of seven questions was developed which could be posed.of all sighi I

decision points identified for data collection. Use of same set of

luestionejor each of the decision points. was intended to create a standardized

se in the technician for responses at each decision point. The decision

cants and their related design options were sseMbled in a booklet included

/
/
as Appendix B. The format of the booklet was esigned so.that the technician

being interviewed was able.tb observe the available design options while

answering the question's. Atikert -type scale was associated with each question

and the technician-w4 asked to position his response in the form of.a letter,

i.e.,. A, B etc., 'corresponding to the specific design options along, a con-

tinuum, essentially following the method of summated ratings. The results

later were quantized by translation into interval- scale points.

14 IA addition to the questions involving maintenance/troubleshooting at

the decision points, an information questionnaire was also included in the

booklet. This was done to allow weighting factors to be applied to the

collected data if necessary, taking into account such items as background,

training,, and experience of the technicians.

Since the present .study involves digital avionics, it was decided to

select an operational squadron in USAF Tactical Air Command (TAC) that'

utilized the A-7D'aircraft for interview to obtain tdata required, The

choice of aircraft was consistent with'the present DAIS activity at the Air

Force Avionics Laboratory which involves components of the A-7 aircraft.

After'a survey of TAC squadrons that use the A-7 aircraft, the 354th Avionics

Maintenance Squadron stationed at Myrtle Beach Air Force Base in South

Carplina was chosen, with the concurrence of the Air Force. he interview

eff';'rt was coridpcted from 5 through 9 August 1974.

The data that have been cpt1ected and quantized by the scheme mentioned

earlier have been compiled into a special form, an illustration of which ap-

pears in Appendix C, A total of 32 subjects were interviewed thereby

avoiding the use of small sample statistics during the analysis segment of

this study.

,12



;

In an attempt to standardiz,the data collection process, a written set
. .

of points to be covered was suppl d to the interviewers. These points were

verbalized to each. responlen, or group of respondents, on those times when

it was possibl,/to survey motkthan one technician at once.. Simplified

examples of the procedure were discussed to provide a more complete under-

stonding,6f.phe nikture of the taskithe respondents were being asked to

accomplish. A copy of the instructions,tO interviewers--is included as

Appendix D.

eV.

4
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The subjects interviewed in Ovis study,?32in number, varied contiderably

with respect to age, background, and experiences. However, as shown in

Tables 1 and 2, the majority of-the subjects were enliseed men whose age

was 25 or,beiow and whose grade was E3 or E4. The distribution Kiespondenti.

has a significant effect on segments of the analyses that are described

later. As would be expected, this.skewed- distribution is also observed

in investigatitg areas such 'as total number of years in military/Civilian

service, total years of .duty related experience., and the segment of the

paftst five years applicable the present duty assignment as Shown in .v

Table 3. However, ti may also 'be noted.that in addition to°enlisted men,

both officer and civil:)ervice personnel were also represented,in the total

sample thereby providini3 some subjects in the sample having a greater amount

of experience both in baCkground and age.

Subjects residOnses were-solicited on 168 decision option /human, resoufce

component combinations. The number of responses obtained for each Option

ranged from 32 to 16, with the median .number of responses at 31.

The standardized set of questions was posed for each of the eight separate

decision points in the survey...The co4e identification of each design option

isalisted in Table 4. These same codes.are'used to identify the dFision

options throughout the report.

;

For purposes .of analysis, each reapodse' was assigned a,numeeical value

along an eleven-point interval scale. Thus an integer value ranging from ,

0 through 10 was possible. Descriptive statistics (number responding mean

,response value, standard deviation, and range) are given in Tables 5 through

11 for each of the design optiond,and for each human resource copponent sampled.
. t

D

in interpreting Tables 5 through 11, the reader should-keep in mind that

renponses were made, as a result of comparing the options located at a single

decision point. Thus, for HRC 1 (Worker Preference) in Table 5, the"
'

statistics for decision point lA should be compared with deCision.point1B.

The comparison being made here is the worker piRference for troubleshooting

25



. or painxaltIng a system e ploxing a. singl multiplex data bus design as
t,

opposed-to a Tgittlite mu tipleX data, bus onfiguration: In this example,,:

a-Itigher mean responSef voring,.the sin e multiplex data bus. configuration

c"..) be,obserried.

4
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'TABLE MILITARY OR CIVILIAN RANK OF SUBJECTS IN MYRTLE BEACH AIR FORCE
3ASE SURVEY SAMPLE ..-

Category
2nd

E3. E4, E6 E7 Lt- GS11

USAF (Enlisted Men) 10 13 2

USAF (Officers)

Civil- SerVice

1

TABLE 2. AGE OF SUBJECTS 'IN MYRTLE BEACH AIR FORCE BASE SU

o.

Category

Age
20 and Above
Below 2125 26-30 314-35 36-40 40 Tota\

USAF (Enlisted Men)

USAF (Officers)

Civil Service

Total

6 16 1 4 27

1

1 1 4

6 16 5 2 32

16

- 7
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TABLE 4. LISTING OF DESIGN OPTIONS AND ASSOCIATED CODE DESIGNATORS-USED IN
MAINTENANCE SURVEY CONDUCTED AT MYRTLE BEACH AFB, S.C., AUGUST 1974.

CODE DESIGNATION IDENTIFICATION

lA
1B

Single Multiplex Data Bus System
Multiple Multiplex Data Bus System

2A Shielded-Twisted Line Pair Bus
2B Coax Bus .
2C Electro-optical Bus
2D Other types of Bus

3A Single Data Piocessor
3B Multiple. Data Procestor

4A No common processors'at LRU level
4B Some common processors at LRU level
4C All common processors at LRU level

5A Modular. StructureSoftware
5B Mixed Structure Software

. 5C Tightly Packed StruCture Software

6A' Core Memory
6B-4° Semiconductor Memory
6C Disc Memory
6D Tape Memory
6E Bubble Memory
6F Other -types of Memory

7A
7B

8A
`8B

4

Remote Terminal Ur4t Serving One System
Remote Terminal Unit Serving Several Systems

Custom Designed Signal Modification Hardware
Modular Design Signal Modification Hardware

29

18



TABLE 5. WORKER PREFERENCE (HRC-1) FOR DESIGN OPTIONS WITHIN-EACH DECISION
POINT SURVEYED, SAMPLE OF 32 TECHNICIANS, MYRTLE BEACH AFB, S.C.
AUGUST 1974

Dedision
and Option

Number
Responding

Mean
Response

Standard
Deviation Range

lA 31 6.387 2.611 10

1B 32 4.781 2.758 10

2A 30 4.767 2.872 10

2B 30 2.067 '2.235 8

2C 29 .6.414 2.356 9

2D 20 6.100 , 1.895 ZZ6 z

3A 32 6.125 2.724 10

3B 32 5.156 2.659 10

4A 30 3.233 3.127 10

4B 32 4.750 1,541 6

4C 32 7.531 2.250 8

5A 32 6.500 2.979 10
5B 32 5.219 1.900 9

5C 32 4.125- 2.678 -TO

6A 29 6.690 2.437 10
6B 29 5.404 2.205 9

6C 29 4.759 3.297 10
6D 28 4.750 2.836 10

27 4.444 2.793 10
6F 19 5.368 1.952 8

7A 32 ,--. 6.500 , 2.750 10
7B 32 4.750 2.449 a 10

8A 31 5.419 2.044 10
8B 31 6.804 1.856 6

19
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TABLE 6. DESIRABILITY F WRITTEN PROCEDURAL MANUALS (HRC-2) FOR DESIGN OPTIONS
- WITHIN EACH DECISION POINT SURVEYED, SAMPLE OF 32 TECHNICIANS, MYRTLE

BEACH AFB, S.C., AUGUST 1974

Decision Point
and Option

Number
Responding Respbnse

Standard
Deviation Range

1A 31 8.161 1.667 t ' 5

IB 32 9.000 1.118

2A 30 c 2:S00 2.154 6

2B 30 7.867 1.746 * 6
2C 29 8.517 1.632 . 6

2D - , 22 8.182 2.103 7

3A 3 2 /// 81.281 1.625 5
3B 322 81.93h 1.273 5

4A 31 8.065
---'
1,740 5

4B 32 8 A94 1:444, 5
4C / 31 '8.161 1.588 5

5A 31 8.258 1.502 5

5B 31 8.452 1.562 5_
5C 31 8.484 1.644 5

6A .29 8.414 1.498 5

6B 29 8.345 1.625 ' 5

29 _ 8.276 1.436 5
6D 28 8.179 1:649- 5

6E 26
t

8.577 1.472 5

6F 20 8.250 1.813 5

7A 32 8.000 1.750 8

7B 32 8.469 1.677 8

8A 31 8.677 1.228 5

8B 31 8.097 1.552 5

O

31
/
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TABLE 7. LEVEL OF SKILL REQUIRED 4HRC-3)*OR DESIGN OPTIONS WITHIN EACH.
DECISION POINT SURVEYED, SAMPLE OF 32 TECHNICIANS, MYRTLE BEACH
AFB, S.C., AUGUST 1974

Decision Point
and Option

Number Mean-. Standard
Responding Response Deviation Range

lA
1B

2A
2B

2C
2D.

3A
3B

4A
4B
4C

jA
5B

5C

6A
6B

6C ''

6D

'6E
6F

7A

8A

...,,

7B

\ 8B

32 5.806 2.039
32 'A 7.438 2.091

/

31 5.006 2.570
31

,,..
5.839 2.554

30 , 6.733 2.175
20 5.950 2.061

32 6.437 1.676
32. 6.969 2.365

30 7.533 2.320
32 6.281 1.566 V a

32 4.656 3.068

32 5.906 2.650
32 6.437 1.853
32 7.469 2.150

29 5.655 2.656
28 \ 6.071 2.329
28 0.750 2.198

/

26 4.654 2.601
25 7.440 1.961
17 6.471 2.172

32 6.094 2.323
32 6.687 2.311

31 6.742 2.501
31 6.226- 1.698

9

8

9

6

9

10
6

10

10
10
9

10
9

9

10

5
9

9

S
7
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TABLE 8. DIFFICULTY LEVEL OF TASK (HRC -4) FOR DESIGN OPTIONS WITHIN EACH
DECISION POINT SURVEYED, SAMPLE OF 32 TECHNICIANS, MYRTLE BEACH
AFB, S.C., AUGUST 1974

Decision Point
and Option

Number Mean Staidard
Responding Response Deviation Range

lA
1B

2A
2B

31
31

31
31

4.419
6.613

5.419
5.903-0°'

..,

2.211
2.074

2.721
2.305

i' 2C 30 6.667 2.371
2D 19 6.158 2.230

3A 32 5.600 2.424
3B 32 6.813 2.083

4A 30 6.967 2.549
4B 32 5.906 1.377
4C 32 4.531 2.817

5A 32 5.563 2.680
, 5B

5C
32

32 t't
0.

6.281
7.187

1.441
2.480

6A 29 1.172 2.890
6B 28 -....-6.429 k g 2.412
6C 28 5.500 2.625
6D 27 5.111 2.643
6E 25 7.480 1.746.
6F 17 6.706 2.844

7A 32 5.344 2.313
7B 32 6.562 2.318

8A 31 6.774 2.210
8B 31 5.677 2.054

8

10
8

10

6

10

10

5

10

10'

9
10
10

5

10

9

9

9 1.

9

22
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TABLE 9. EXTENT OF TRAINING REQUIRED (HRC -5) FOR .DESIGN OPTIONS WITHIN EACH
DECISION POINT SURVEYED, SAhtE OF 32 TECHNICIANS, MYRTLE BEACH
AFB, S:C., AUGUST 1974

Decision Point
and Option

14'
1B

24
2B
2C

2D

3A
3B

4A
4B
4C

5A
5B
5C

6A.

6B ,
60,

6D

6E'

6F

7A
7B

8A
8B

Number
Responding

Mean
Response

Standard

Deviation Range

32 '6.219-, 2.058
32 6.969 1.992

30 4.833 2.911 10

30 5.333 2.547
28. 6.929 1.668 6

18 6.389 1.860

32 5.906 2.542 10

32 6.906 2.037 7

30 7.500 /2.655 10

32 6.031 1.447 6

32 4.062 2.657 10

32 5.969 2.038 10

32 6.156 1.641 7

32 6.813 2.674 10
-

4"---- 29 6410 2.479 .10

28 7.036. 2.442 9

28 5.893. 2.677 9

27 5.481 2.672 10

25 ,
' 7.520 2.100 7

17 6.824 3.091 10

32 5.875 1.798 8

32 6.531 2.106 9

31 7.065 1.684 5

31 5.774 1.963 9

34
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TABLE 10. ENVIRONMENTAL EFFECTS ON MAINTENANCE AND TROUBLESHOOTING (HRC-6)
FOR DESIGN OPTIONS WITHIN EACH DECISION ..0INT SURVEYED, SAMPLE
OF 32 TECHNICIANS, MYRTLE BEACH AFB, S.CI, AUGUST 1974

Decision Point
and Option

1A
1B

2A
2B
2C
2D rlr

Number Mean Standard
Responding Response Deviation Range

32 6.344 2.056
32 7.312 2.083

11

30 5.900 2.925 10
30 6.500 2.306 9

28 6.393 2.193 8

18 6.389 2.240 10

3A 32 16.406 2.691 10
3B 32 7.500 2.222 8

4A 30 7.600 2.525 10
4B 32 1.580 6

4C . 32 5.031 2.628 10

5A 32 6.312 2.284 10
5B 32 6.781 1.866 6

5C 32 7.281 2.695 ,4-4.--.10

6A .v
, 29

)
6.655 . 2.467 9

6B 28 7.214 2.242 9

-6C 28 :6.786 2.258 8

6D 27 6:741 , 2.351 9

6E 25 7.520 2.100 7

6F 16/ 7.181!`' 3.087 10

7A 32 6.156 2.539 9

7B 32 /6.969 2.365 9

8A 31 6.645 2.222 8

8B 31 6.323 2.234 8

. 35
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TABLE 11. T

1
/

REQUIRED FOR MIVTEINANCE OR TROUBLESHOOTING (HRC -7) FOR

D IGN OPTIONS WITHIN CH DECISION POINT' SURVEYED, SAMPLE

OF 32 TECHNICIANS, MYR E BEACH APB, .C., AUGUST 1974

DecisAon Point,
and Option

Ndmber
Respondin

J Mean
Usponse

Standard
Deviation Range

0

.

lA
S 32 4.938 .952 8

lB 32 6.844., 2.093 .9

2A 30 5.367 2.822 10

2B 30 5.767_ 2.629 9

2C 28 5.714 2.033 9

2D 18 5.833 2.192, 10

3A 32 5.531 2.436 10

3B 32 6.875 2.088

4A 30 7.367 2.858 10 0

4B 32 5.844 1.583 7

4C '32
1

4.156 2.635 10

5A 32 5.719 2.540 10

5B 32 6.562, 1.580 6

*, 5C 32 7.000 2.750

6A 29 5.586 2.312 10

6B 28 6.357- 2.423 9

6C 28 5.536 2.37 9

6D 27 4.963 2.617 10

6E. 25 7.440 1.982 7

6F '16 6.813 , 3.186 10

7A 32 5.469 2.634 9

7B 32 6.094' 2.416 10

'8A 31 6.613 2.120 9

8B, 31 5.645 2.336 .9
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In seeking to compare the pattern of response fqr the selected human ,

resource components at the decision points chosen from the DAIS-DODT, it

can be seen from Tables 5 through fl that the choice at four decision points

is limited to two options each. Thus, the hypothesis of no difference is

testable by means of a two-sample t-test. Based on the assumptions of equal

means and equal but unknown variances, this test was employed. The aCcept-
.

rdject decision at the 0.05 level of significan,e for each HRC/decision point

so tesied iA shown in Table 12. This analysis revealed that 11 cotparisons

out of 28 would be interpreted'as representing real differences in the human'

resource coonents involved. (The probability of such an occurrence is

computed to be P = 4.38x10-8.)

vo

, TABLE 12. ACCEPT-REJECT_DECISION FOR THE NULL HYPOTHESISt RESULTING FROM

AND DECISION POINTS SHOWN TOGETHER W TH THE
COMPUTATION OF TWO-SAMPLE t -TESTS F01 THE HUMAN RESOURCE COMPONENTS

PER CENT OF REJECTION
OF THE NULL HYPOTHESIS FOR EACH HUMAg RESOURCE COMPONENT

cision Pc4hts
7 Acr^-

(A,B) (A,B) )

Per Cent
Rejection

1

"2.

3

4

5

7

Ri A

R A

R

R R

A A

A A

R R

R

.A

A

R

A

A

A

'A

A

A..

R

A

A

75

25

25,

75.

25

0

50

''tDecision made at' the 0.05 level of sigOficance

6A. E Accept the null hypothesis; R 2 Reject the null hypothesis.

1

II

, ,

I I.

p



It

r The remaining Osion points, four in number, all contaiitedmo.4 than

two options.. For h s reason, a multiple range statistic was sele/te4 to

allOW.theLassess t of all poss'ble compar sons between the7opqons at each
-

,

decision point. The results o these. com risons are presented in the table

included as p

/
ndix E to.th s repo: po included in. his table is an

analysis of variance for t etoptions of ach decision point. .The F-ratio is
. .

, used here afy-an overall estl of the 11 hypothesis (01 = 02 = ... = Ok)

prior to probing the nature of-the ifferences between the treatment means.

Shown in Table 12-is the .ac epi-reject decision pat ern for the DAIS

deci
,--

s?On points studied which c ntained more

the 28 comparisons.shown in th Wtable wo d

differences in the human reso ce comport nts

TABLE.13. ACCEPT-REJECT DECISION FOR
ANALYSIS.OF VARIANCE OF TH
POZNIC-SHOWN.TOGETHERAITITH
HYPOTHESIS FOR EACH HUMAN

HRC

3

4

5

6

7

2

than two/ ptions. Fifteen of

be accepted as (.eitenting real,

involved,

L HYPOTHESISE' RESULTIOROM
RESOURCE COMPONENTS DECISION_

PER CENT OF REJECTION/ F THE NULL \f.

SOUREE.COMPONENT

D ision Po is

5

A,B,C)(A,B,C,Dj (t,B,C)

A

A

A.

R

A

A

R

A

R

R'

R

R

R

A

R

R

A

A

R

6

'(A4B,CO,E,F

R

A

R

R

A

A

A

(Decision made at 0.05 level of significance.

5A E. Accept the null hypothesis; R = Reject the null hypothesis.

Pet Cent/
Rejection-'

100

0

75

75

50

25

5

27'

Q

4



Atte P/to seek insights into underlying relationships existing

var iables studied, correlation matrices for each of the human re-
ce cOMlionents against items of background infortation were computed. The

.

able 'in which the correlation matrices are shown in abbreviated fotm ate

VPcoin in Appendbr:F. FOr ease of readiOthe table, a-value is entered
,,,/ /

(only for those, variables achieving a correlation significant the 0.05
level or better. This presentation makes /is readily apparent that of a

gt
pOssible 1176 correlatiobs, only 77 achieved significance.

2839
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D ,ISCUSSION

ti,

Thd purpose of this study was to apply, and evaluate tLh

feasibility of a procedure formeadurint'the effects. of techno y on human

resources. Interest was ce leered on development of a too, for use by stem,/

designers and manpower plan ets which would permit We specification, in2

advance of system developmdnt, of the effects of technological inn atioa-

on the 'human resources required to interact 'with the technology in'o0 ration
. .

and maintenance of the syetem.

Three classes of data have been included,in the study: First, :even

human resource components selected to demonstrate the feasibility of associ-

Aing human resource components with hardware detision options;'seco d,

hardware decision options at el ht decision points in the. pc. ceptual
,

:iv

digial-aviosica-info atiOn system selected, by representat es of h 41.r //.
y, ,,. .:,..;

.1- Vott;ie; iiruttbiird;:-selecrtd-biKkgroubaOd.._04&ibb6e-tiifoim ef:61Trt tbyiltbi= .

/ , 4
. r

/nicians..who serve as the source ok the data. /
7'
/ ,

/'
/

F.

We data collected have been analyzed through tests bf the

hyPothesis involving. analysis of variance and t-tp4s, throug

rOge teat procedure6 to4atudy patteias of differences?'a

lation techniques iqestigating.relaelonships with select

multiple

hrough cor

backgr

For the seven humaa-resource components-selected.for fees 1.9.tY study ..

'D

the survey, results indicate that four of the components, i.e . gorker .

.

preference, skill level require difficulty level of, -tea dotime re
/

to'maintain or troubleshoot we significantly impacted 4n half or more /6f

the'decision poik/o"on alternatives sampled, Further,..the optioai ayail-

able at three of the decision points studied appeared to have th,./beaviest

impaction the human resource components under investigation. Tiese decision

pointsimpacting on four or more of the human resource components were:

the choice of single or multiple multiplex data buses for the system; the

comMonality of LRU pr essors; and the type of software structure. Table 14

shows the combined t- est and F-ratio accept-reject matrix for the seven HRCs

and eight decision points.

29 4
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TABLE 1 .`.COMPLETE ACCEPT-REJECT MATRIX FOR-THE SEVEN HUMWRgsouRm.
COMPONENTS AND THE EIGHT DECISION.POINTS SURVEYED: IN'THE DAIS7DODI
SURVEY.

1

2

3

4

5

6

7

Dec Points t'-

'2) 3-- '4 5 6

Per' 'cent

Rejection

R R A R R It,

R A A A k A A

R. A A R R "A A

R A R R R R

AR A R A A A

A A A R A A. A.
R -A R R A R A

88

12

50

75

= 38

12

50.

t Decision POints 1, 3, ,anc18 compared by mednampf t-tests;
decision, points 2, i:nnd 6, by F-ratios.-

Reflected below for the fourAIRC's most heavily impacted are th4)

Alegiin options producing the impact. .Included in parenthesis is the number_

of the decision point and the. letter designation of-the option.

Worker preference:.

Singleimultiple1c.data bus (MDB) (14):

E,lectro/eptieal bus (2C)'

Common peripheral 'processors. (4C)

Modular software structure (5A)

Core.memory in CPU (6A)

.RTU seririUg'only onessUbsystem (7A).

Modular signal modification equipment (8B)-

44'

Lower Skill Levels

$ingle MDB (1A)

CoMmon peripheral poFessors (4C)

Modular software structure (5A)

Tape mdtiory.-ODY



LeaSt.Difficult Task Options:

Single MDB (1A)

tingle central processor (3A)

Common peripheral proCeSsors (4C)

Modular software , (5A),

Either core or tape memory (6A) (6D)

RTU serving.onesubsystem ,(7A)

Viz 4

Least Maintenance Time Required for

Single MDB (10

Single central processor. (3A)

Common. peripheral processors (4C)

Modular tware (5A)

In addition to the human factor considerations., it is interesting to note

the engineering implications of these choices as well. For example, consider

the choices related to-the memory type shown in Figure 1. As noted earlier,

in discussing,the four HRCs (Worker preference, lower skill leve16, least
. 0

difficult task, and least maintenance time),, there appeared to be a signifi-N*

cant HRC impact in considering either tape or core memory. This tends to

indicate that there is a direct relationship between the degtee of engineering

sophistication and the level of demand on the:human factors elements, i.e.,

as the system becomes more complex Sndoet the impact on human factors: From

an engineering standpoint, it may be more convenient to utilize some other

"memory such as disc or semiconductor because of packaging, power requirements,

etc., whereas from a human factors standpoint, the logical choice would be

core or tape. Herein lies the contradiltion between the engineering-choice

and the Choice dictated by consideration of the human factors elements.

However, without a procedure to evaluate such a.tradeoff, the, impact of human

factors cannot be considered in the design phase of the system since the

design engineer would have the dotal responsibility for the design choice.

It must be pointed out,however, that consideration of human factors has in

effect long-term engineering implications in that once a system is designed,

it must be maintained and kept in an operational status. Therefore, initially

there may appear to be"a contradiction between engineering implications and

human factors,but in effect the two approaches are compatible.

42
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TYPE (MEMORY)

CORE

SEMICONDUCTOR

bisc

TAPE

BUBBLE

OTHER

Figurel. Various Types 'Of Mem.ories to be Considered in Digital Avionics
Information Systems.
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.

'Using asegMent of the DAIS-DODT as an example Of aasignme otderived:

'human resource component values at the deeision:point options, an:-.illustra-

-tion:of the decision trales possible and of the utility of the too. to system
)

deSigders and Manpower planners can be provided. In Figure 2,d it event pats'
..-. . .

life through a segment of the DODT. The-paths are held stable--except
Ci

far prdgregs:thrOugh ee of,-the decision p intsitudied,

It is possible to progress through the design tree with a.,goal of

minimizing the impact on the human resource coMpOnentm (HRC) associated with

each point.. For examplei following this Philosophy for threejniman resource

'Components (skill levels required, difficulty of Maintenance or trouble-

shooting, and timereqdire4 to maintain or troubleshoot)would result in
,

following the path coded "1".through the tree. The total HRC ;pact Score

for this path is 33.3. If the worst case had'been Observed at each decision

point for each of th0 ERCs then the attained score would be 90. Next con-

sider the path marked'un .This path depicts a System where ,at

decision points the options representing advanced technology are selected.

The HRC Impact Score in this instance is 53.2. Thus the separate design

philosophies through this segment of the DAIS-DODT result in scores of 33.3

and 53.2. Both of.these compare against the worst case score of 90 as well

as against each other. Thus, the value of a trade study at theeie points

weighting. available or obtainable human resources against technological re-

quirements of a proposal system can be defined and accomplished by a system

designer or other planners concerned with Air Force human resources. In

these:examples, the system segment,could be designed to conserve anyone or

all of thefthree human resource components.

The results obtained from the correlational relationships between the

design options and the items of background information surveyed are

disappointing on the basis of numbers of significant correlations Obtained.

This phase_ of the analysis must be regarded as producing negative results.

One possible insight resulting from inspection of these data is the sug-

gestion that a changing relationship in worker response to different tech-

nological solutions on the basis of increases in age and experience might

be operating. As an example, the single multiple data bus, significantly

favored by the overall group of respondents, is viewed by the older

33

44



4,5.5/5.5.

esegsmo

7.0/5.0/5.111

N voint
polectssos

III COKNOL Mtn.
Mt 'KCVOS! WOK-
AO,Ra micassea 110

st4:::.t s
c toniansgs
La

0

sus contosi.

p

CaPASILITT
111110CUrrall

PROCCKOR

TIRPOOCCIUNN
NNNINNCATIOMS

PROCISINba
NYNNME

Ca*ASILITT
allOCIATID 11TH'
sous noctssons

CAP/MLITT
aSslICIATKI NIIM
ALL PINCES111011

NO PINKS/KR
O 10011T sly SC
ncughme IN PLIGHT

swa snoccsasoi
NaT.RC

B ROM= IN PLIANT

All PROCISION
K NORIIS NAr K
IIILOKin IN PLIANT

A

KO/C/ITIO bus
CONTROL
1,1111CCSSON

Ms CONTROL PANT
-.AP oRATilwROClit

Mew sall

NO ilaCK-1,La

ocincattn. sactus

SUR
SKI 111, IN ACt
NuLTAPURPOSC
rialCISSOR

l7 SCORN
UIT

ti

N SACK u

--®

. KIM

Ina NON

ROCIIUP ION 100C.7

P ROMO* KwORICS
now.sti.o.ossi.c

t
11105.1P FOR a...L
Km IKLOKAIS.0
P ROCCSION Kia0111111

AUTOMATIC

LYS CONTROL AND/00
WI I KI LOCITID
IR PROCISsOR LRU

WS CONTROL AND /OR
S US TTTTT LoCATIII
IS laPallail LAU isit

sonsunnwnc

NAVAL

IN
TO P

MO

111141

41111PIOT

COMMONALITY

7.5/7.0/7.4

Lau LLLLL

NNW PONKEIIINK
ARC CO MM

111.3/5.9/5.0

INNS

4.7/4.5/4.2

HIS Mau LIMA

ALL sonscssiens
1 ARE COMM ,

NONE

W IC COMMON
CONK* INK

N NN PlIKINTO4l OF
CIIINNU COUPIRMINTS

Figure 2. Segment of the Design
Demonstrate Decision T

LIG



NO SACK.uO

KOICATell SUS
coNTOOL
POOttillION

IIIMCATED MCA-40

C
CASIAIULIT.
ASSOCiATte wins
lot IVIOC1111101

OACVUP IN
SISLTIulIPOSIL

INS COSMO./ INTIM -
We CUNCTIM4
IN MC luscesSbn Lou

*US MOSIT0A NOME

tAAluLtIr
ASSOCIATILO WITH
Save OPOCISSOSS

CAAAIIILi
ASSOCIATE/ KITH
KL Porecassons

SMOOT' Sus CONTPOL
/ MITIPIACt LPU

z -

ISM ,
IT

SOle PlIOCISSOI
N tvaitte, MAT St,
MOAN.° ill !KNOT

AUTOMATIC

At L'IVINICISS11.
MAY Se

' emote IN CLISST

PTAK / I
IN

Meter

VIA MIS

A A Ali tIMITIHM. AM//M
WS 1 MMMMM Kt LCCATIO
II INTOCISSO0 LIU

O W- CONTROL ASS /041
!US IMIIIII/C[ LOCATES
IS SIIPAPATI 111U (I

Ma
TO Mein

MUM Walla

late [NAIL!

MLR tlSA0]=

MS SILIC11011101MATIMI

7.517.017A
SOW POICSSIIMOS
MO MOM n

ALL PalletOSIMIS
Mt elNIPM111

COMMONS WV

---116/11 LOU LIIVIL SINE COMM
CONINAINTS

plea PCICINTAIN Of F_

Figure 2. Segment of the,Design Option Decision Tree Used to
Demonstrate Decision Tradeaand Utility.of Format.

34



0041; um! 4111111
AS NA COAT

sus rola

IN sapient
IRON

WS

cision Tree Used to.
Utility of Format.

\ 7
1.1 7

.



respondents as being sore difficult to maintain and troublephoot, to Cequire

more training, and to haVe maintenance and troubleshooting activities more

edverSely affected by extremes in the environment. However, additional

supportive evidence would be necessary to establish an acceptable level of

confidence in such a statement.
.

Unfortunately, the age distribution of the survey respondents was, not

under experimental control and, as reflected in Table 2, wAs heavily skewed

in the direction of the younger ages. Projections of the age composition

of the maintenance force in /the time-frame for which an incoming system would

be in the operational inventory and systematic selection of .a sample repre-

sentative of this composition would permit more accurate specification of

technology impact on human resources of specific.innovations and would

provide a meaningful tool for engineering design and personnel action decisions

in the early conceptual stages of system.design.

V



CONCLUSIONS

The primary. goal of this study effort}was to develly techniques or

determining"end defining the components of new technology and for measuring

the effects of that technologyon the Air Force human resources required. to

interact with it. The intended purpos of such a t chnique is for prediction,

at a very early time, of changes in to hnical mane er requirements from the

perspective of changing technology.

The existing literature suppo ted the use f a normative technique for

forecasting and assessing technology, A normative approach knownops a Design

Option Decision Tree (DODT) was selegted as the Vehicle for locating tech-

nology within a proposed system.

The problem of quantizing the impaciofyrolegted technological innova-,,

tions'n human resources was not resolved through .a review of the literature.

No satisfactory technique was found to be in existence.

An adaptation of the summated rating technique was perfo med and a set

of standardized questions developed to allow the collection o judgmental

data which could be translated into quantized statements conc rning predicted

pagtOf technological advances on selected human resource c mponents.
s

The human resource component values resulting from this process 4eie

assigned to decision alternatives at three decision points'in a selected seg-
.

ment of the DAIS-DODT, This segment was used as an illustratiOn of the

utility of the procedure to system designers and personnel planhers inthe

identifigption Of human resource component.trade studies requir d for certain

desired desighoutcomes. .The advantage of the'proposed procedu lies in

-' the fact that it wduld'permit detailed identification of human r source com-

ponent trade studies far ingadvance of hardware design decisions. Thus, the

trade study results could serve as'input data for influencing a hardware

design decision. 4

s
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71J :( ,,
The results obtained from application of this methodology ar elt to

demonstrate its feas4.bility OA appear to encourage continued nement of

the procedure to result in ihe development of predictive equ which are
. .

16

no longer dependent ution the collection of judgmental data a

fi

V
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b

APPENDIX B
o-

TAC/AFHRL DESIGN OPTION DECISION

TREE MAINTENANCE SURVEY BOOKLET

O



o."

o'

NOTE: The survey booklet was set up with the sebematic on the left side and

the queitions on the right side; so that the respondent Would_answer questions

with schematic present. For, purpOses of cost salangs only One example Of the

questions is shown. All schematics are provided.

O
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O

TAC/AFHRL DESIGN OPTION DECISION

PTREE MAINTENANCE SURVEY

MYRTLE BEACH AFB, SC

4:6

1

Digital Avionics
Information Processing Systems

(AUGUST 1974)
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DESIGN OPTION DECISION'TREE
MAINTENANCE SURVEY QUESTIONNAIRE

9

HOW would you feel about working on each choice?.-

Strongly
Opposed

One is as Good
as Andther

Strongly
Favor

How iuch.would a written prOCedural manual help with maintaining
Or troubleshooting each choice?

I -I-

Strongly. _Neither Hinder
Hinder Nor Help

Strongly
Help

3. Indicate the amount of skill needea to maintain or troubleshoot
each, choice.

Very
Little

Average Most

. How difficult, would be,the task of maintaining or troubleshooting
each.choice? ryI1

Very Average I Very
Easy Difficult

5. How much training is necessary to maintain or troubleshoot
each choice ?'

I I

Very Average Great
Little Amount Amount

6.. How difficult would it be to maintain or. troubleshoot each choice
inextreme environments?

Little ' Average . Strong
Difficulty Difficulty Difficulty

7. How time consuming do you feel maintaining or troubleshooting each
choice would be?

Very Average
Little

44 60.

Great
Amount



AUTOSYNCHRO,N

SEPARATE CLOCK B

4

-SINGLE
MDB
SYST.EM
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MULTIPLE
MDB
SYSTEM
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S1 f!1 BUS

PARALLEL B\USES

4

46

SHIELDED
TWISTED
LINE PAIR

COAX
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I.

SOFTWARE

1
A

.

MODULAR
STRUCTURE

,3

.

. MIXED
STRUCTURE
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TIGHTLY PACKED
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CORE

SEMICONDUCTOR

DISC

TAPE
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OTHER



a

LOCATED IN
SEPARATE LRU.

1

RT,U SERVING
ONE SUBSYSTEM

a

RTU SERVING
SEVERAL SUBSYSTEMS
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SIGNAL'
MODIE,,ICATION
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DESIGN OPTION DEOISION::TREE MAINTENANCE SURVEY

igkSONNEL BACKGROUND INFORMATION QUESTIONNAIRE

, juiweName

1. Organization

5.4. Duty AFSU'i

'6. Job Title i

Gi

f, 'Number of calendar months in present aSsigntent.

8, -Total years of ,duty related experience

,//

9.. Types of aircraft worked-on and syStem. worked: on in ..0sOkairtraft.
....

10.. Total number of years in military service

11, List technical service Schools-aitende4:'

12. In what specialty'do you feel best qualified?

13. What is highest school grade completed?

, 14. How many:of"the pas five years are applicable to present ditty

assignment?

(ig



APPENDIX C

DATA RECORDING FORM
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APPENDIX D

INSTRUCTIONS TO INTERVIEWERS
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Q.

OUTLINE-

TOPICS TO BE DISCUSSED WITH SURVEY RESPONDENTS

Both the, periods of a ai1ability of reSpondents-aTid the numbers available

at a given time are subject toyariation. Fot-thisreasOn, rather than pro-

vide a verbatim script of instructions to'respondents, an outline of the topics

which phould,be covered is ptovided. It is important that respondents under-,

stand exactly the nature of the -,task being asked of them. For this reason, be

certain that all queStions are answered to the groups' satisfaction before

proceeding.

CL

Topics
O

1. Survey IntrOduction.

A. Name of SAL interviewers

B. Identification of sponsor

C. Reason for being there

-- to collect data'relatitig to digital avionics

D. Purpose for" collecting data

-- to att4chmeaningful numbers to decision alternatives related

to digital avionics
,

. r

-- trying to develop a procedure which will permit Air Force

systemdesigners to take into consideration the effects of

certain design decisions on maintenance and'troubleshooting

so that, for example, a system can be depigned for ease of

maintenance where possible.

E. Why Myrtle teach AFB

A77 experience (digital equipment). (Avionics Laboratory at

WPAFB using A.-7 avionics as base line for DAIS development)

2. DODT (DAIS) Presentation and Explanation

A. Explain what the task is

B. Emphasize this is to be done only for 8 decision points NOT

entire tree



3. Intended Use forPMyrtle Beach AFBHUrvey Information

A. Seeking to attachmeaniOgful numbers to,various decisions
related to weapon system

B. Trying tocget information which will allow consideration Of

the human maintenance and operation problems of a system.

ExaMple:
A Cost $30,000

Troubleshoot
Time: 100 hrs

Cost S-35,000

Troubleshoot
Time: 10 hrs

Procedure to be follow
.4

A. Ask for any questions on what has been said

B. Pass out Survey

C.' Go over examples A and B Below

A

How would you feel about working on each

Strongly One as good Strongly

Opposed as another Favor

58



A
Color TV.'

Monitor

Iq so.

B&W TV
Monitor

ow difficultAmuld be the task of minimizing
0
each cfrOice

Very Avetage Very
Easy 'Difficulty

D. Ask for questions on procedure to be followed.

Instruct technicians to proceed Kith the survey,

F. Be sure to indicate that questions may be asked.at any point On

the procedure to be followed.

t,

59
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APPENDIX E.

SUMMARY (BLE OF ANALYSIS (IF
VARIANCE AND STUDENT-NEWMAN-KEULS
TEST OF DIFFERENCES BETWEEN MEANS
FOR HUMAN RESOURCE COMPONENTS AND
DECISION POINTS INDICATED

'76
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TABLE . SUMMARY TABLE F ANALYSIS Ot VARIANCE AND STUDENT-NEWAAN-KEULS
TEST OF DIF NCES BETWEEN MEANS FOR HUMAN RESOURCE COMPONE
AND DECISION OINTS INDICATED

uman Resource Comeonrat 1

------- -- __.

Decision Point 2

.
--.-- A-- ,

ANOVA?
---

Source S df MS

Options 86.28 43.14

Ex0p. Error , .57.31 .184 6
r

. Total 643.59 .. 86

S-N-K -

Order

Option,

1

B

ANOVA

Sburce

Options

Exp. Error

Total

S-N-K

Order

Opt

A

Bb

C

21

t.

3

C

Decision Point 4

69**

48*

- -

F

6.50**

SS
4

df . MS F

273.49 . 2 136..74 23.13**
,,

514.30 87 5.91,

787.79 89

4

2 .3

B C

49*

61

717

127**

78 **

e



ANOVA,

Source

pptions

Exp. Error

Order

Option .

C

B

11"

ANOVA

//ittion

ource

Exp. Error

Total

S.4.1 -K

Order

Option

1

C

C

B

2

32

' 1

, SS

.

Decision Point 6.

MS

112.51
;

28.13 3.66*

960.88 125

1073.99 129 .

.

1 2 3 ,, 4 5`.

,E C B A' ..,

8 11 25 68**
t.

3 17 60* .

-- 14 57*

,1 43*

4



Q

1

.

ANOVA

Source

.,'Options-

Exp Frk or

Y.

Order

Option

A

B

C

ANOVA

Sourc

man7Res our ce Component 2

// Decision Point
9/

2

SS

p

MS

10.09

293i 72

303.82

.2

84

-1' 86

;5.05

3.50

Op on

Error

, Total.

S-N-K

Orde

Opt

;,7 A

C .

Decision Point 4'

1.44

SS df MS

0.42 2 '0.21

234.47 87 2.10

234. g9, 89

,w 2 .

.=A B.

,

2,,

4

4

63

79.

5

3

9

9
V

J.

O



ANOVA

SS df,Spurce

OPtion 0:93 2

Exp,. irror

Total

229.35

230.28

90,

.92

S-N-K

Order 1 2

Option 'A B

A 6

B

C

ANOVA

'SS

ra

Decision Point 6

SourCe

Option 3.89 4

Exp. Error 3537.28 120

Total 3541.17 124
"u<

,S-N-K*
1

Order. 2 5'
.,.'

Option, C B

D 3 4

C 1

B

A4

E

64

LAY

MS

0.46-

2.55

/
Ns/

GP

4 5

A. E_

.7 13

'4 10

3 9

- 6



ANOVA

Source

Option °

.
Exp. Error..

Total

S-N-K
D.

Order.

ticision,Point 2

SS MS'

- 15.29 2

546.53 87
V

561.82 4 89

Option .

B

O._

./

,

7.64

6.78

ri

ANOVA

Source
,

SS

Option, 120.87

Exp. Error // .63

Total. /i20.50

S-N-K

Order 1 2

Option C B,

C 47*

A

Decision Point 4

df

I 89

-

'28

24.

OW 4=0

F

1.22:

np

I,

ms //

60.43 . 7

6.89



. Decision P

ANOVA

Source

Option

Exp. Error

Total

SS

40:40 0 V f 3.89*

19

522.96

a

S-N-K

Order

ANOVA

Source

Option

Exp.

otal

S-N-K

Order

Option

D

B

E

65**

47*

41*

38*

Vrape,4ft



ANOVA

Human Resource Component 4

`Decision Point. 2 .

Source SS , df /MS F

Option 23.49 2 11.74 1.82. ,

Exp. Error 561.50 87 6.45

. Total 584.99 89

I

S-N-K

Or &r

'1.0ption

A

B:

C

ANOVA

Source

Option

Exp. Error

Total

S-N-K !

Order

Option

C

SS

81.67

486.73

.568.40

.Decision,,Point 4

3

C

37

24

MS

40.§4

5.59

F

7.30**

C

2

B

35

B

1=6

. Q -



Decision Point 5

ANpVA-

SS df MS FSource

Option ;42.44 2 21.22 ' 4.00*

"Exp. Error 493'.22 93 5.30

Total 535.66 95

Order 1 2 3

Option A B C ,

A , 23 :52*

B 29

C

ANOVA

SOutce

Option

'Exp.-.Error
0

Total'

S-N-IC

Orden

Decision Point 6

SS df MS

95.47 4 23.87

636.00 115 " 5.53

731.47 11?' ,-; ,

2 '3

Opt*

A

C

E

A C

2 4

2

Gr?

84
68

4

B E/.

20 57**

18 55**

.16 53**

37*



o'4

S

Human Resource Com oneit 5

Decision Point 2

ANOVA

Source SS df

Option- 68.64 2

Exp. Error 523.68 81

Total 592.32 83

S-N-K

Order 1 2

MS

34.32

6.47

Option A . B C

A -- 13 59**

B. 46*

p

5.31**

ANOVA /

SS

'11/Decisi9 Point 4

/ -"Idf MS

1,3

FSource

Option 184442' 2 92.21 16.53**

Exp. Error i.8.37 87 5.58

Total 669.79 89

S-N-K

Order 1 2 3

Option C B

C

B

A

io

58** 1(0:-
-- 47*

69

O



Decision Point 5

ANOVA

SS df MS FSource

Option' 12.56 2 6.28 1.30

Exp. Error
. .

448.06 93 4.82

Total 460.62 95

' S -N -K

Order 2 3

Option C

A 6 27

B 21

C

41

ANOVA

SS

Decision Point 6

df MS FSource

Option 53.22 4 13.30 2.41

Exp. Error 634.75 115 5.52

Total 687.97 119

S-N-K.

Order 1 2 3 . 4 5

Option D C A B E

D 8 17 27 46*

C 9 19 38

A 10 29

B
.

-- 19

E

76

86



ANOVA
7

Source `.y

Option

Exp. Error

Total

S-N-K

Order

Option

A

csAr-
,/

C.

' Human. Resource. Component 6

.DeCisiOn Point 2

\

SS df 16.

1, 6.00 2 3.90

545.32 81 6.73

551.32 83

1 2 3

A B C.

ANOVA

Source SS

Option 106.87

Exp. Error 480.03

Total 586.90

S -N -K.

Order

Option

C

B

A

12 ' 18

6

Decision Point 4

df MS

2 53.43

87 5.52

89

C

9.68**

43*: 00**

/37*

'`V

o



Decision Point 5

ANOVA

SS df MS FSource'

Option 15.02 2 7.51 1%37

Exp. Error 510.81 93 -s 5.49

Totg1 525.83 95

S-N-K

/Order 1 2 3

Option A B C

A 15 31

B 16

---w

ANOVA

x: Source

Decision Point 6

SS df

Option

Exp, Error

Total

S-N-K

Order

Option

A

C

D

B
o

E

10.13 4

576.46 115

566.59 119

1

MS

2.53

5.01

F

t.

/'



Human Resource. Component 7-

Decision Boint 2

ANOVA

Source SS df - MS

Option 2.00 2

Exp. Error 555.29 81

Total 557.29 83

S -N -K

7, Order 2

1.00

.6.86

Op ion

B

ANOVA

Source

Optibp

Exp. Error

Total

/
S-N-K

Order

Option

C

B

A

A B

8 :10

- 2

Decision Point 4

SS df MS

F

F

"It

eD

160.07 2 80.03 13.20**

527.53 87 6.06

687.60 89

1 2 3 a
B A

49* 98**
4

89
.73 /

/

49*



O

ANOVA

So4rce SS

Option 27.15

Exp. Error 528.34

Total 555.49

S-N4'

Order

Option

A

1

Decision Point 5

df

2

93

95

MS_

2.39.13.57

5.68

B

C. - _ 27

- _

ANOVA

SS

Decision Point 6

dfSource

Option 88.58 4

Exp. Error 574.08 115

Total 662.67 119

S-N-K

Order 1 2 3

Option D C A

D'

lit
,
C

l'!OA

11 18

7

B

1'

3

C

41.

14

MS

22.15

4.99

e.

4.44*

4 '5

B, E

31 60**

20 49*

13 42*

-- 29

*le Denotes taiistical Significance at the/0.01 level or better.

.* Denotes S tist Significanceat the 0015 level or better.

90
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APPENDIX F

SIGNIFICANT,CORBELATIONS EXISTING
BETWEEN SPECIETED RESIGN
OPTIONS AND DESIGNATED

BACKGROUND INFORMATION ITEM

4

75

0

91



A

o

TABLE F-1.: SIGNIFICANT CORRELATIONS EXISTING BETWEEN SPECIFIE DESIGN

OPTIONS AND ITEMS OF BACKGROUND INEL)RMATION INDICA D FOR

THE HUMAN RESOURCE COMPONENT - WORK PREFERENCE0S CE'OF

32 MAINTENANCE TECHNICIANS, 354th AVIONICS SQUAbROI,
MYRTLE,BEACH, SOUTH CAROLIi4A,'AUGUST 1974

Background Information
Yrs. Yrs

Rank Age Asgn .Xiter Sys; - Sch

4

Last 5
Yrs Exp

1B 0.398 0.468' 0.407'

4A

4B -0.374'

4C 0.357 0.582

5B,
P

6B

6C- 0.462 z

-0.437

8A -0.376'

0.536

-0.450 -0.416

6. 39 2

3

0.355

TABLE F-2.,SIGNIFICANT CORRELATIONS EXISTING BETWEEN,SPECIFIED DESIGN

OPTIONS AND ITEMS -O INFORMATION INDLCATED FOR
THE HUMAN RESOURCeCOMPONENT - WRITTEN PROCEDURES, SAMPLE
OF 32 MAINTENANCE TECHNICIANS, 354th AVIONICS SQUA6RON,

MYRTLE,BEACH,-SOUTH CAROLINA, AUGUST 1974

Background Information.'

t
.

.
. Yrs Yrs Last 5'

Rank Age. Asgn .Xper. Sys Sch Ym ,Exp

6A 0.460.

6B 0.486 ,

6C 0.433

8A

8B

0.406

0.367

76
92-

A

9.411 ;,



9 .TABLE F-3. SIGNIFICANT CORRELATIONS EXISTING BETWEEN SPECIFIED DESIGN'
OPTIONS AND ITEMS OF CKGROUND INFORMATION INDICATED FOR
THE' HUMAN RESOURCE CO ONENT - SKILL REQUIRED, SAMUOF
32 MAINTENANCE TECHNICIANS, 354th AVIONICS SQUADRONt
MYRTLE BEACH, SOUTH C cup, AUGUST *1974

Back round nformation . .

7 . Yrs Yrs Last 5'
Rank Age Asgn Xper' Sys Sch Yrs Expo

1B 0.393

2B Q 0.393

3A

4B
1

t 0.356

6A

6B . -40:524

0.365

-0.407

TABLE F-4.

O

SIGNIFICANT CORRELATIONS EXISTING BETWEEN SPECIFIED DESIGN
OPTIONS AND ITEMS OFBACKGROUND INFORMATION.INDICATED FOR
THE HUMAN RESOURCE COMPONENT - DIFFICULTY, SAMPLE,OF 32
MAINTENANCE TECHNIdIANS, 354th AVIONrCS SQUADRON,MYRTLE)1EA
SOUTH CAROLINA, AUGUST 1974,

.

Background Information.

Yrs
Rank Age Asgn .4er Sys

".

lA 0.451 0.503- 0.378 0.4

2A

2B

3A'

1313,

/
5U /0.375

r/

Yrs Las
Sch Yrs Exp'

0.362

6A / )/

6i -p.508

0.413 a

0:392

0.484

0.373

0.486

.436

0:47.4



a

o

"<b

TABLE F-5. SIGNIFICANT CORRELATIONS EXISTING BETWEEN SIECIFIE' DESIGN
OPTIONS -AND ITEms OF BACKGROUND INFORMATION. INDICATED. FOR
THE HUMAN RESOURCE COMPONENT- TRAINING REQUIRED, SOPLE OE
32 MAINTENANCE TECHNICIANS, 1154th AVIONICS SQUADRON,. '.

"MYRTLE BEACH, SOUTH CAROLINA, AUGUST 1974' ,

° .

'Background Information .

Yrs, _ Yrgi 'Last 5,',,

Rank -.Age . gsgn Xper Svs .q 8Sch Yrs ExP/

1B

3A
eV

A

U.412

0.392

5B 0.369' 9/.:386; 0.458

6A

8A

0.458
o

0.438

TABLE F -6. .SIGNIFIdANT CORRELATIONS EXISTING BETWEEN SPECIFIED DESIGN
OPTIONS AND ITEMSIWBACKGFUND INFORMATION INDICATED FORD
THE HUMAN RESOURCE COMPONENT - EXTREME'ENVIRONMWS,'SAMPLE
0F.32 MAINTENANCE'TWpftIANS, 354th AVIONICS SQUADRON,
MYRTLE BEACH'i?S0UTHHCAROLINA:. AU .GUS 1974 '

.
/./
i:

0'0

background Information
es

, ,,
Y (, Yrs

4

Rank '6 Age ,G ,Asgn ,' )(per . Svs ',' Sch

Lk 0.356 0.401

2B 0.385

3A

5A

B ),

411

0%399 .` , 0;428

0.349

0.426

6A '0.412

;68-- -0.450
,

/ 60

8A

8B

0

O

78'



TABLE,Y-7: .:SIGNIFICANT.CORRELATIOWHXISTtNG BE EN SPECIFIED DESIGN
OPTIONS AND ITEMS 'OF ISACkGRO XD INF TION INDICATED FOR
THE HUMAN RESO CE COMPONE TIME 4EQUIRED, SAMPLE OF 32
MANTENANCE'TE IANSi, 54th AVIONICS SQUADRON, MYRTLE BEACH,
SOUTH :CAROLI ,- A4.974

Background Information
re

Age:. /Asap Xper Sys
Yrs
'Soh

at.

2A
o .386

6B

6D -0.531 -0:446
d,

,8A

o

0

6,

0

.s' r

,

ft

oo

'7D.505 -0.538

-0.515

-0.462

.a

a
e.

.4


