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PROBLEM ‘

A

The purpose of this study was to develop, apply, and evaluate the

e feasibility of a procedure for measuring the effects of technology on -
human rgsources. Interest was centered on development of a tool for use
by system designers and manpower planners which would permit the specifi-
cation, in advance of system development, of' the effects of ‘a technologi—~ =
cal innovation on the human resources required t";nteract in the Opera-
-tion and maintenance of the system.

.
o

APPROACH . ' .
P / ‘ * *. ' -
’ , A nommative’ forecasting procédure kno as. a Design Option Decision
Tree (DODT) was employed to graphically depict the sequence of engineering
P deciqions ‘In complex weapon systems.  The technological design options
dvailable at each of the decision points were established for two Air Force
systems, Remotely Piloted Vehicle and Digitall Avionics Information Systems.
With the DODT it yas possible to ssify the level of technology represented
among the Options into examplews”of "tate—of—the—art, -incoming o 'advanced
technology. . ‘ - ’ :

) -
: ¥Mmhasis of this research eff Tt has been directed toward a concentra-
tion on analysis of the Digital Avionics Information System (DAIS). This
. emphasis served to dictate to a large degree the data sources available for
"analysis. A8 a DAIS configured weapon systems does not présently exist in
the Aip Forte inventory, .maintenance personnel ‘on the A-7 weapon sygtenm,
which does include some digital .avionics, were selected as judgmental ex-

perts for the data source in this 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 clmsses 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 thisﬁstudy 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 Maintenance

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




-

RESULTS -AND CONCLUSIONS g T T

For 'the seven reBource components selected fot feapibility/fst:ixdy, thie e

survey yesults indicate that four of the components, i.e., iorker preference,
skill level required,/difficulty level of tdsk, and time réquired to maintain

- or troubleshoot impacted significantly id half px_more of the decisié,n ﬁoinj/,"'
option alternatives sampled. Further, the options av‘ailqbtq at three of thi .

decision points studies appeared to have the heaviest impact oit ithe “human

Tefource components under inves igation. - These decision pbints im‘?aét:i,‘ng on

foyr or more of the human res Urce/€omponents were: the fce of single onv

multiple multiplex data buses/for the-system; the common "of LRU. proces~ -

A

. > "" -
sors; and t:he/typ\e;, of SOle' e:/st:ruct:u \ -

v . e ‘ / .
The data served to support the conteption thaf 'teéﬁnﬁogilggl 5ices
de duriyxig the design prc cesg will have‘varying’ degrees of impa 7‘_“er\~hima,g;_
rgsource parameters. In additiop those technological choices which appedt T w-le
to have a strong impact ¢n h reuource!‘taramm:ers may impact only:
tain paraheters and not/on all parameters. The degree .of technolpgi;
Pact is dependent upon /the human resource parameter or set. of ' )
tergst, The methodo ogy ‘develpped in this study was gefier Ily Mcceptable
e XYespondents. It ovidec{o an initial step ix attempting to predigt
pact of new te¢hnology wpon human resource parameters by réducing\the
gn process to a series of decision points which could be judged by field
experienced technicians .,{’n erms of the human resource parameters seleci ed.

|

: o/
| . ,
\\ ) / .




PREFACE

 This study was inifi ed by the Advanced Systems Division, Air Force .
/‘ uman Resources Laborg rxﬁ Wright-Patterson Air Force Base® Ohio, under -
/ | /' + Project 7907, ConQitions of Effective Training and Transfer, Dr. Ross

Morgan, Project Scientist} Work-Unit 79070007, Determining Impact of New
Technology on Air Force Human Resources, Duncan L. Dieterly, Major,_uSAF.
Tapk Scientist. The -research was performed by Systems Research Lab

ii:ie s Inc., Dayton, Ohi¢, under Contract F33615-74-C-4019 with Dr.”Norman

Potter as!principal investigator, and Kenne h D. Korkan as associate
ncfipal inVestigatorq

authd wish/to acknowledge the gyidance and suppoft provided by
‘Dr, Wilziam B. Askren and Kenneth W. Potefipa pf the Persopnel and Training v
7, Requirements Branch, "Advanced Systems D isio in inigidl structuring of yd
x the research problem. . / ‘ P
. Appreciation is expressed to Ned H. Kearns a eorge W. Watts/ of
~—— stems Research Laboratories for tHeir capable istance in conducti
‘ heliield survéy at Myrtle Beach AF¥B, SC. pa / //9

Finally, aﬁ?reciation is extended to factidal Air Command for permis—-
slon to conduct the survey at Myrtle Beagh AFB,. SC, and edpecially to the
technicians of the 354th Avionics Maint nange Squadron who \participated as
subjects in the maintenance survey.v




T . . -, . : o S
INTRODUCTI {AND BACKGROUND . . . L] .. .. L] L] L] L] [ ] L] L] .. .8 L] L] L] L] L] .‘ l

INTRGDUCTION TO 'HUMAN RESOURCE-COMPONENT QUANTIFICATION EFFORTS W oo 4

THODS OF QUANTIFICATION C et e s e v el e s el B
. . ‘ ’ - -~ e "
o PROCEDURE L] a . . L] "v L] . L] L] L] L] l\. .. . ‘e . . ‘. l. L[] . “. e .0 L] L] e e L] 9 . /
S A8 . -
§E ULT‘S ) . : ."_.; ‘7 . . L] . . L] .V . L] L] L) o .‘ . * .-; L] L] . L] . V L] . ‘2 e . 14
[ 2N S0 i ‘/ ’ s . . i
I /D Sé‘ySSION ¢ o ‘d e o @ o ' e o ¢ o .0 .7 ,. .' ¢ o e o' e o o ¢ o @ LI 29
: i C NCLUSIONS ' : ')'o * . * e . o * e e e "' e ; * e . . ¢ o o o . : . ) . 36
L] L] . L] . L[] L] L] L] . L] . . . L] L] . L] L] e ‘s L] . L] . . . . 38
j -
/ ’

- INFORMATION PROCESSING DESIGN OPTION Ct ' ) .
DECISIONTREES g-ooooo.o,oo..ooo‘oo-ooo 39

TAC/AFNRL DESIGN 'OPTION DECISION TREE .
MAINTENANCE SURVEY BOOKLET L T T SO A % 3
. ‘\ .'

DATA RECORDING FORM LI ] . . . . . . .V L L] ' ] ' L] 0_\ LI I 54
. . g )5

INSTRUCTIONS TO INTERVIEWERS "¢ « « o « % o o o o o 279 +« 56" .

SUMMARY TABLE OF ANALYSIS OF VARIANCE'AND -
STUDENT-NEWMAN-KEULS TEST OF DIFFERENCES

BETWEEN MEANS FOR HUMAN RESOURCE COMPONENTS '

AND DECISION POINTS INDICATED « o[+ ¢ o v s o + "0 oo 60

SIGNIFICANT CORRELATIONS EXISTING BETWE

SPECIFIED DESIGN OPTIONS AND DESIGNATED ' o,
BACKGROUND INFORMATION ITEM + « « o « ¢ 5 o s o o s ¢ o« 15
!
\
J - -
(/‘ L 4 ’
R .



TABLE e

Beach Air Force Base Survey Sample ¢ « tie o e e

o

. ; Loo2 Age of. Subjects in\Myrtle Beach Air Force Base Survey ,'

. o 1 Military or Civiljan Rank of Subjects in Myrtle
Sample o,oooooo.oooboo.vooo)o(\d"otooo-l
|
\

Years of Military Civilian Service, Years of Duty Related
~" Experience, and erience in Past Five’ Years
* Applicable to Present Dyty “Assignment, for Subjects
in Myrtle ‘Beach Air Force Base Sample Survey:: .+ .+ o o e

Listing of "Design Options and Associated Code

Designators Used_in Maintenance ‘Survey Conducted

at Myrtle Beach ﬁFB S.Cey August 1974 « « & ¢« s o o o o

_J; : Worker Preference (HRC-1) for Design Options Within

. ° Each Decision Point Surveyed,, Sample of 32 Technicians, . -

: ’ " Myrtle Beach AFB s.C., August 1974 + o o o s ¢ o 0 0 o s
6 Desirability of Written Procedural Manuals (HRC-2)

" for 'Decision Options Within Each Decision Point

Surveyed, Sample of 32 ‘Technicians, Myrtle Beach '

AFB, S.C., August 1974 S T

. 7 } Level of Skill Required (HRC-3) forADesign Options
o T ~ Within Each Decision Point Surveyed Sample of
: . : 32° Technicians, Myrtle. Beach' AFB S. 9., August 1974 . . .

i 8 . Difficulty Level of Tagsk (HRC-4) for Design Ogtions
o ' Within Each Decision Point Surveyed, Sample o
; , 32 Technicians, Myrtle Beach AFB, S.C., August 1974 . . .

9 Extent of Training Required (HRC-5) for Design
Options Within Each Decision Point Surveyed,
Sample of 32 Technicians, Myrtle Beach AFB, S. C.,
v August 1974 o v o v ¢ v 0o e e et e e e e et e e e
\! 10 Environmental Effects on Maintenance and
Troubléshooting (HRC-6) for Design Options Within
- * Each Decision Point Surveyed, Sample of 32
Technicians, Myrtle Beach AFB, S. C., August 1974 . . . .

\> 11 . Time Required for Maintenance or Troubleshooting
: (HRC-7) for Design Optiens Within Each Decision

o Point Surveyed, Sample of 32 Technicians, Myrtle
\ A Beach AF/B S C. ’ August 1974 e ® ® ® 8 ® ® 8 ® e 9 8 s 0

vi

10




" LIST OF TABLES “(cdntdnued)
| 1 T . o . T
TABLES - P
12 °  Acdept-Reject Decisions for‘the Null Hypothesis
) Resulting. from Computation of Two—Sample t-Tests

. a

for the Humpan Resource Componénts andDecision . sl .

. Points ho Together .with the Per’Cent .68 Rejection
of the/N ?;pbthesis for.Eth Human Resource .
" COlﬁp ent:- . ootqv--o.o uo‘«Jo".'.;--;
13 Accept—Reject Deciéion forithe Null Hypothesis‘ )
Resulting from Analysis ofﬁVariance of the rh+ R
_ Human Resource . Components and -Decision. Points R
" Shown Together with the Per Cent of Rejectiom : ‘..
of  the ‘Null Hypothesis' for Each Human” Reéource R
-Component « o ¢ 4 v tie v e e 6 4w e e et Cew e e

:]',4 e Complet: Accept:-Reject Matrix for t:he Seven Human.

y VA -,




Hiltoricelly man's probenlity to predict the future can be docunented

-the lcientific reeln of concern af:er ‘the second worldﬂwer. The enphnlil

-

on eqteblilhing-future plans, both govetnlentel and irdustrial, caused

"- an uplurge of intereet in forecelting chnnge. (Clarke 1969) The initiali,
tecbnique of . forecasting conlilted in. the projectionl e by expertl in a’
gtVen field Thil Qechnique hll given wny to the developnent of more pre-

T cile nethodl lell dependent upon indﬂvidunl geniul and more dependent upon-

T.,ucientific p:eceptl. : .’.:_ j ; ) : o

?fhe emergence of the‘diléinline of technological forecasting in the

past. decade 1is an indication of the requifement to be able to estimaté

celting has uluelly eddrelled the impact, of new technological concepts on
hetdvere°c9nfiguretionl and utilizebion. 4t could also be uled to“Project

himan - felouree geggiEN‘ emeirts.’’ In ‘the Armed Setvicel end elpecially the Air

.

N Farce, anqinterelt in 11nking~technological edvancenentl and -nnpower
1,1‘ A ‘!" N '). «

o7 requitenentl can- be iound 1n the proéell of buildin; new'ueepon systems.

o Through the Air Pogée Syltel Progrnl Officel (SP0's), thd -nnege-ent of

the developnengfof ;’ngv . weapon lyﬁten is maintained, Within this nlnege-

o! ment lylte- a ﬁornol~projection 14 made in terms of the perlbnnel and training .

tequired to operete and nnintain he lylte-.

o o ':tm o ‘ 3 \

A capabijity to relate the, ilcipline of technological forecasting to

frnp the prohetic, Orqcle‘bf Delphi through the fictionﬁof Juiel Verne, 1nto ‘

future lituationi in‘order to plan appropriatelya ¥hile technqlogice; fore-

-



x"

appeara to be feauﬁble at thie time By developing an amalgam of the tuo,

%

a methodology couldAbeideveloped to predict the impact of innovationa in

_ technology on the. human resource requirements for a given ayatem. This

methodology wduld be of value to the armed forces but’ would ‘also be useful
‘_ é“g’ ? . .

‘. L]

for anyone intereated i? determining the impact upon human resources of a

RCEP

newwtechnology, S reg

T $' . ﬁl~. : e : L : 4,?4 ’
. . L

Er '
4@,"7:“' From the recent,past one of the major problema along. theae lines haa
‘ \jr .

'.b h wihh t of h .
een. t e coapern Eﬁﬁt e effec of automa a’_;gnﬂdn uman resources

v ‘ - é ‘ ' e N .
el The.most severe problem was encountered in the area of determining
:the effecta of anreasing automation on human resource parametera. In con-~

. .sort with all’ human-reaource componenta reviewed, o workable method of N

‘ @ ¢
2 .

quanification vas found. -Additionally; as atrongly‘asserted‘by an'authority b
.in the field in spite of 20 yeara study of the problem, a categorical state-
ment concerning the effect of automation,on skill requirementa cannot be
' made (deGreene, l97h) This sam;‘author'concluded that, ". . . it will
fprobably be years before a predictive, or even an explanatory, theory of
tJtechnicar'change!ia‘developed " The ahortcomings of the present capability

in thE'area of quantification of technology impact on human resource components

haa been reported (Potter and Dieterly, 1974) o

>

d

In ‘the search for a means of forecasting and- asaeseing technology the
result was more positive. The recent literature supported the use of a norma-
tive approach to'forecaating. Of the available normative techniques to fore-

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

approach (Cetron, 1969), known 48 a Design Option Decision Tree (ﬁODTﬁg(Askren
Q N - L

_‘." . . N
< : .9




- and- Korksn, 1971) would provide a means of graphically depicting the sequence

_ introduced at the decision point varies considerable.

of -engineering decisions required snd the defign options*svsilable st each of

the decisions points in a system design pro‘ess. The DODT is a method for
locating all decision points within a system. Thus, those;dgpgsion points with— /):

in a systen which represent new technologiis can be idiptified on the basis of A
expert judgment and assigned a position within the tree, as well as graphic
reflection of those decision points uhich depicékproven hardware technology '

options. - ‘ , : o ‘ ; o . o

. . . 17
The goal of this research effort vas the estsblishment of methods or -

techniques for deternining and defining, in.sdvsnce ‘of systenm spplicstion, the

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

nology on human resource parameters. The 1mpact and change on the operation
and” maintenagfe of a system which incorporstes such a technology was the

major consideration. _

A 0-

One of the most striking charscteristics of technologicsl forecasting is ,,;;;

- that there is no standard method for determining what constitutes a "new tech—

nology. In the literature a "new technology" may range from a- Srocess for
producting some component to the use of. a new component. In this research

' ;v?effort, ‘this _problem was recognized but not solved The new technology in this

effort was reduced to’ types of options made at design decision points. Some of

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

Points of a'selected'Deslgn Option Decision Tree (DODT) were chosen to

reptesent the variance of the technology concetned. fhé 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 varies across the

set of decision points selected hut each decisiongpoint has approximately equsl
weight in the design process.’

3 ) o . » '



that*has been shown acceptable for the detailed prediction of the effects of B

. . ) R

INTRODUCTION TO HUMAN RESOURCE COMPONENT QUANFIFICATION EFFORTS

\* v . . A N . ) . ‘;}’:‘ -

/"/
The, dearth of established techniques for acceptable quantification of

' hzman ‘resource parameters in man/machine ‘systems became aPparent in the

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

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

v

- technology.

R

. : : ' 3 o :
The goal underlying this human resource component quantification effort{

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

forecasted technoIogy on Air Force human resourcesk

step

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

mental data was collected" to serve as an analysis base. This data base was

used

to seek ingights for future directions to be followed in joining ob—

Jective quantification procedures with the Design Option Decision Tree

technique.

guided
judgmental data from field personnel in operational units.

s

Tﬁe\s:lection of the specific human resource components for study was

wo primary concerns., First, an asspssment of the ability to obtain

In this study, ds an interim

With -this selection

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

demonstration of the quantification procedure proposed

4;'
i 3

The human resource components viewed 'as amenable to data collection werer

Worker .preference
VDesirability of written procedural manuals ' \
Level ‘of skill required |

pifficulty level of task
Extent of training required

Environmental effects on maintenance

Amount of time required for maintenance ’ N

!
~

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

for study would allew meaningful questions to be asked at each decision point

in the DODT to which they were applied.

4 -
15
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| METHODS OF QUANTIFICATION' .

. The term quantificatidn" can be regarded as being syn\nymous with
mea:jkement, the act of pairing of “the members %f two sets. This process
of

of the appropriate underlfing relationship between the component and the

V e -
- . B .

quan 1zing scheme

tching an event to s0me scalar value implicitly depends on knowledge

‘ : : ~
" The techniques for arriving at a definition of this relationship have

]

‘remained undefined for all exctpt the most grossé/;atements of association.

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

Stevens (1957) as metathetic I:)essence, they deal only with nominal quan-

th scalar expregsion-

L

" tification (qualification), not

4

d

s

With quantification defined as a process of ‘matching the elements of twb

wd

_sets, a number of procedures for accomplishing this matching ‘task are possible.
In-this section, consideration will be giyen to the generic methods available
and the possibility ofgapplication 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 7xdinal scale. The attri-~
butes of such a scale represent the ninimum requirement for defining'in advance

. a "best design option." As indicated garlier in this paper, those methods of

quantification found in the current literature are of little applicability 4s
3

¢

. "~ they are, for the most part,;reptesentative of nominal quantification.
. ' ‘ ; ;

/.
/
I
i, c

Idealiy, to function infthe}area of trade-off analysis, the design

engineer.requires ss to a %atio sc’le, While this is possible for certain

considerations—-4d ; g surface with zéro'1lift is conceivable--in the area of

human resources, few components are /capable of ratio scaling. Illustration‘
of this fact can be quickly providéd by dttempting to conceive the state

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




Lw: action as if they wére.

paper,‘Lf zero mechanical aptitude. Thouéh the ideal of ratio scaling is
infrequently gatisfied, trade-off studies are still performed In such an
insténce, the components of variables evaluated are not quantified»in com=
paréble units, but the individual conducting the trade—off stqdy must take
o : L N ' /

In an attempt to compensate fgr ‘this 1ack of comparability across
variables being treated, an attempt has been made to develop a standardized
quantification scheme for the seVen human Tesource components included in
the set upon which judgmental informatiom was collected to serve as the data
base for analysis. Details of this attempt will be presented in the next
_section of this paper. _ ' L .

0f the methods of quantification adailable to the researcher, certain of
the more fundamental ones can be rejected for:the 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 is consider—’
able inefficiency introduced if the number of observation7'required. These

-methods were therefore rejected for applic?tion.& A :
. 4 .

’

The quantification'methods discussed below are.generally regarded as s
being better suited to scalar applications than are th more fundamental
psychophysical procedures. For each method, selected/ advantages and reasons

for consideration or’ rejectiﬁn ‘are given. -
/ .
. | , /o o

First, the method of paired cofparisons is perhaps the most popular of

the techniques of psychological scaling A reason for its popularity may well .

lie in the fact ﬁhat this procedure does not. force transitivity on the data
(Torgerson,‘l958) However, the nature of the judgmental task in the present
- effort was not amenable to the USF of a decision procedure about a pair of
stimuli presented for comparison.‘ For this reason, the method of paired
comparisons was eliminated from furthdé consideration. .

B /. &~

/
The method of rank order holds ¢ertain attractions over the method of

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

o
1




of paired comparisong (Thurstone, 1931). However, like the method of paired
comparisons, this  procedure also involves the judging of a number of stimuli
with reference to one another. . Thus, this method was not considered appro-
priateAto‘the judgmental task in this study.

v -

ry

¢ )
The methods of interval and ratio judgments require more rigid® assump-

tions 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 the. present measurement task is not to separate n number of
stiﬁuli:into a fixed number of 1ocation§“separated by equal sense distances,

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

Within the methods of interval and ratio judgment is included the method
of constant sums. Under this scaling procedure, the respondent ig 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, 80 that the strength of sensation of each
of the stimuli can be equated to ghe number of points assigned to-.it. In
this_way the nelationships betweeu the stimuli can be evaluated. With this
procedureﬁthe resulting judgments can be converted into a ratito-%cale. 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, primaril$ on -
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 problems as it



does not require that the respon’

scale. It is particularly usefu]

d Likert, 1937 Edwards, 1957). Concern of]

of summated ratings‘ﬁMurphy .
tic variation of'respondents to the stimul

this method is with the syst

presedted. This variation , attributkdjto differences»in the subjects.

- The“immediate purpose_ofi@h’,method_ie\to scale the respondenty.

The Likert method of summated ratings was the procedure seMected for
use: as a data collection vehicle. The easons for ‘this particulay choice were
many Fonemost among them was the relative speed of administration of such

~a' scaling procedure. 'Secondly, the simplicity of/the ifistrument itself per-.

lection of data, Thirdly, ‘the Likert
reliability than do other methods of scaling (Edwards, 1957). \
' &

mitted suandardization across the humat resource components selected for col-|.
echnique typiédlly shows higher

4

. ’ / . B
- On the negative 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 X

authors; however, it is be}ieved that the method of summated ratings,

coupled with the use of the Design Option Decision Tree, will permit
collection of baseline data leading to the 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 ( : 7

weapon system. employing that technology.:




N - ' - PROCEDURE

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

summated ratings appears to be‘an appropriate combination\that would lead to

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

state-of—the—art alternatives as well as incoming technological advances and

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

memory in the Digital Avionics Information System (DAIS) DODT to be 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 som%‘extent at each decision point in the DODT and
is therefore inherent in the entire DODT. 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
des}gn decisions for the Bystem. -

“

b

Rather than attempt t:hquantize 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 us%ful numerical valueés.

Therefore, only eight decision pointsfwere selected for this study.
The rationale used 1in 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
se1ected.to reflect varying states of technology. For certain deciafon
points, well established technology was reflected by most of the available
options. For other points, the optionsrheavily expressed either incoming- ,

advances in technology or predicted future technvlogical innovations but

included established technolggy.

] | | 2.09} | -
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The DAIS has been described by classifying the system into fou ;unctional

“

lecting e //

decision points and options for tudy’ at .least omne:decision point was se;ebted
in each core element of DAIS. //s ‘ ‘ '

9ﬁeas referred to as core elements. These core elements are: J procek sors —

system programming, memory, and remote terminal units. In s

3

_The DODT's portraying“-the DAIS consYsted of a series of five gheets of
decision options; (See Appendixlﬂ’for an .example). From these trees a sub-set
of decision points were selected The decision pointis selected were taken'
throughout. the total set of tyees to provide a representative sample “of

decision options. . L. /

v

. . // " '
Selecting at least one /decision point’ in each core element permits a

preliminary'demonstration of the effécts on one or more human resource .

: parameters of the selection of various alterhatives as one processes

along a design path (see Figure 2). ‘ ) .

10
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® 7 A further restriction imposed/?n selecting the deciy ion points was that '’

///zﬁe design options ?t the points selected must lend themselves to. human factor

7 o type questions dealing with maintenance and troubleshooting concepts. \ ’

~ - v o . , '
\' )\, . " » K a)‘ ‘ ' ;"
Thé DAIS Has been desoribed by classifying the system into four functional

s

areas referred to as core elements ' These core elements.: are "processors,
system programming; memory,,and remote terminal units. In selecting the /“

decision points and options for study, at least one decision point was selected "-,

' each cére element of DAIS ‘ . } /
: , .

: The DODT's protraying the DAIS design are shown in Appendix A (SRL '
. ~ Drawipg Number 6810-02-2499, sheets 1 through 5). From these trees, the

decision points identified below; by means of drawing number, sheet, and sheet
location, were selectedsfor éﬂ,li ation of the quantizing scheme:

D/7) "Information Processing’
(Overall System)"

.

SRL Dwg. No. 6810-02-2499 (Shzet 1

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

et 1 - F/4) "Information Processing
‘ - (Overall System)"
SRL Dwg. No. 6810-02-2499 (Sheet 2 - E/9) "Information Processing -
‘ « (Processors)” .
RL Dwg. No. 6810-02-2499 (Sheet 2 --B/6) "Informatfion Processing .
\ . (Processprs)" :
SRL Dwg. No. 6810-02-2499 (sneshus - D/12) "Informafion Prdcessing |
> T , (System| Programming)" - v
SRL Dwg. No. 6810-02-2499 (Sheeﬂ 4 - F/13) "Information Processing
‘ . 3 ¥ (Memory)"
S SRL Dwg. No. 6810-02-2499 (Sheet\S - D/17) "Informauion Processing ! /
- _ | (RemotelTerminal Unit)" 2
' -

SRL Dwg. No. 6810-02-2499 (Sheet 5 - D/10) "Information Processing
’ : ’ (Remote Terminal Unit)"

LE . ' C : ‘ ) i

.

., \
;;Selecting at least one decision.point in each core %lement permits a
preliminary demonstration of the effects on one oOr more)human resgoutrce

parameters of ‘the selection of various alternatives as one processes along

a design path (see Figure 2, page 3;). y
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A set’ of seven questions was developed which cou1d be posed of all eighk
decision points identified for data collection. Use of the same set of .
questions for each of the decision‘points was intended to create\a,standardized
se/ in the technician for responses at each decision point. The decision
p/ints and their related design options were dssembled in a booklet included '
)/ as Appendix b The format of ghé booklet ' was esigned so that tﬂe techniciaj// y
being interviewed was abﬂe to observe the available design options while . s
answering the questions. A‘&ikert—type scale was assoclated with each question
and the technician 'was asked to position his response in the form of. a lettér,
i.e., A, B, .etc., horresponding to the specific design option; along a con-
tinuum, essentially following the method of summated ratings. The results A
.later were quantized by translation into interval scale points. . -

. . » 'iy_ﬁ\ |
\ In 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, R

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 tngdata 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 airxcraft, the 354th Avionics
Maintenance Squadron stationed at Myrtle Beach Air Force Base in South

Carglina was choaen, with the concurrence of the Air Force. The interview
' 4,

.,

i

The data that have been cgflected and quantized by the scﬁeme mentioned

ef?o%t was conducted from 5 through 9 August 1974.

earlier have been compiled into a special form, an illustration of which ap-
pears in Appendix C, A total of 32 subjects weré interviewed thereby -

avoiding the use of small sample statistics during the analysis segment of
this study.

«

o




Q

"Appendix D.

| ‘ » ‘ "
In an attempt to standardize the data collection process, a written set

of points to be covered was supplied to the interviewers. These points were

verbalized to'each respon ent, or group of respondents, on those times when
P P

it was possiblerto survey mofe than one technician at once. . Simplified

examples of the procedure were discu9sed to provide .a more complete under- )

" stegndin of he nature of the task the respondents were being asked to
| .ot ¢

accomplish A copy of the instructions to’ intervieWers/is included as

Ly

- & . " J"'".& o . “

v




The subjects interviewed in this study,f32_in number, varied considerably. -

[T

with respect to age, background, and experiencel -However, as shown in

Tables 1 and 2, ‘the majority of- the 8ubjects were enlisted men whose age

was 25 or below and whose grade was E3 or E4, The- distribution.pf re8pondents
has a significant effect on segments of the analyses that ate described

later. As would berexpected, this_skewed—distribution is also observed

in investigatihg ‘areas such as total number of years in milita%y/divilian '
service, total years of . dgty related experience“ @nd the segment of the

Iy

past five years applicable to the present duty assignment ‘as stiown in: v
able 3. However, it may also be noted that in addition to” enlisted men, -
both officer and civil serVice pérsonnel were ‘also repre8ented in the total

“ Bample thereby providing gome, sibjects in the sample having a greater amount

S : L e
& g of experience both in background and age. .

| s

Subjects responses werd\solicited ‘on 168 decision option/human resoufce
component combinations. ~ The number of responses obtained for each Option VY
ranged from 32 to 16, with the median number of responses at 31. S ‘

The standardized gset of questiOns was posed for each of the eight separate
" decision points in the survey. .The coﬂe identification of each design option
isflisted in Table 4. These same codes.are used to identify the decision

options throughout the report

For purposes .of analysis, each response was assigned a numefical 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 § through
11 for each of the design optiong and for each human resource component sampleq.
In interpreting Tables 5 through 11, the reader should'heep in mind %hat
responses wére maderas a result ofocomparing the options located at a'single
decision point. Thus, for HRC 1 (Worker Preference) in Table 5, the !
statistics for decision point 1A should be compared with decision point 1B.

The comparison being made here is the worker preference for troubleshooting

!
}
i
{
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|
"TABLE 1. MILITARY OR CIVIL’IAN RANK OF SUBJECTS IN MYRTLE BEACH AIR FORCE . |
‘ e BASE SURVEY SAMPLE - - _ , 7 o ‘
\

|

|

F

P8

_Category - E3 . E4_. __ E6, - .E1 Lt- . ° GSI11_
'USAF (Enlisted Men) 10~ - 13° = ‘2 - 2

-
-~

" USAF (Officers)

€ivil Serviee . . . . .o i Ty

P :
, N K & . \ REN
: . 4 - .

o ' - _ Age o
o , © 20 and y - - Above .
- Category Below _ 21-25 26-30 31+35 36-40 ° 40 Tota)

 USAF (Enlisted Men) 6 - 16 1 5 27,
~ USAF (0fficers) 1 S 1

~

" civil serviee - -1 ~ 1 2 4

Total 6 16 3 5 0 2 32

16 : .
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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.

L

. CODE DESiGNATION - IDENTIFICATION

1A ) » Single Multiplex Data Bus System
1B ' Multiple’Multiplex Data Bus System .

2A o Sh1e1ded—Tw1sted Line Pair Bus o ‘ _
2B Coax Bus : - I
2C¢ . Electro-optical Bus ‘
2D o Other types of Bus
34 - v  Single Data Processor =
3B . N Multiple Data Processor o ‘ o
4A , No common processors at LRU level
4B S , Some common processors at LRU level \
4C - - All common processors at LRU level
SA. ‘ h Modular Structure Software
5B : s - 'Mixed Structure Software
5C : ' Tightly Packed Structure Software :
6A Core Memory
6B <= . Semiconductor Memory

~ 6C _ Disc Memory - : . '
6D . : C Tape Memory SR C q
6E Bubble Memory ' ‘
6F ‘- Other .types of Memory A

. ' \

7A . Remote Terminal Un@t Serving One System :
7B a4 Remote Terminal Unit Serving Several Systems:

¢8A . ' : ' Custom Designed Signal Modification Hardware
8B * Modular Design Signal Modification Hardware

. .

29




AUGUST 1974

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

Decision Point’ Number Mean Standard

and Option *  Responding Response Deviation Range
1A 31 6.387 C2.611 10

1B . 32 4.781 - ' 2.758 10

2A 30 4.767 2.872 10

2B 30 2.067 '2.235 8

2C 29 16,414 2.356 9

2D 20 6.100 < 71,895 6

[ . . ,/'/
o 3A 32 6.125 12,724 10
3B - 32 5.156 2.659 10

4A 30 3.233 o 3.127 10

4B 32 4.750 1.561 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 10

. 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 '2:83 0 10 -
6E___ 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 o 10

8A 31 5.419 2.044 10

8B 31 6.804 1.856 6
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TABLE 6. DESIRABILITY &‘[;RITTEN PROCEDURAL MANUALS (HRC-Z) FOR’ DESIGN OPTIONS
‘ ‘ /WITHIN EACH DECISION POINT SURVEYED, SAMPLE OF 32 TECHNICIANS - MYRTLE

e BEACH AFB, S.C., AUGUST 1974 |
// l
Decision Point Number Standard _ el
- and Option Responding Response Deviation - - Range "~ |
< 1A 31 . 8.161 1.667 | 5
1B - 32 9.000 1.118 5
24 30 600 2.154 6
2B 30 7.867 1.746 4 4 6 )
-2 29 - -7 8,517 1.632 . 6 |
2D 22 8.182 2.103 7
3a 2,/ 8.2% 1.625 5 T
3B 32 8l 1.273 5.
. . : /T’/ o o P e
4A 31 ~ 8.065 1.740 5
4B 32 ' 8,094 17444 5
4C 31 8.161 1.588 5
; 5A 31 - 8.258 1.502 5
“% 5B 31 8.452 1.562 5.
i 5¢ 31 8.484 1.644 5
. 6A 29 7 8.414 1.498 5 |
6B 29 8.345 1.625 5
60N 29 _ - 8.276 1.436 5.
6D 28 8,179 . 1.649 5 A
6E 26, 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 §
U 8 31 8.677 1.228 . . 5 . -
- 8B 31 8.097 1.552 5 .
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TABLE 7. LEVEL OF SKILL REQUIRED §HRC-3)AFOR DESIGN OPTIONS WITHIN EACH.
DECISION POINT SURVEYED, SAMPLE OF 32 TECHNICIANS, MYRTLE BEACH v
AFB, 5.C., AUGUST 1974

o

Decision Point Number Mean: . Standard

and Option , ,Responding Response .DeviationA Range
1A | a2 5.806 - 2.039 ‘/g//]-
1B . 32 \ 7.438 2.091
- } 24 } 31 - 5.008 2.570 9
. 28 . 5.839 2.554 9
DR 2c _ 30 ey 6.733 2.175 8
ot 2D o 20 % 5.950 2.061 9
) 3A - Y R © 6.437  1.676 6
3B r - 32 6.969 2,365 9
4A 30 7.533 2.320 10
4B 32 © 6.281 1.566 ' 6
4C 32 . 4.656 3.068 10
5A L3  5.906 2.650 10
5B - 32 6.437 1.853 10
5C 32 7.469 2.150 9
6A ) 29  5.655 2.656 10
_ - 6B 28 \ . 6.071 2329 9
- . - 6C ¥ 28 3750 . 2.1987 9
- _ 6D 26 4,654 2.601 10
: 6E 25 7.440 1.961 5
6F : 17 6.471 2.172 9
7A 32 6.094 ' 2.323 9
7B \ : 32 6.687 2.311 9
. rd - . ]
v \ 8A , 31 . 6.742 2.501
i BB ‘ . N .2 ° b . i
L 3; 6.226 1.698 7
. /{ g :
/ . - <,
T Q& (
2 -
/ \""*\~ , -‘. .
/-- “\%
| 3z :
- SN =
| . 21
// - ] S
. 4% / /". ! (




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

Decision Point Number ©= - Mean ’ Stagdard
and Option ' Responding Response Deviation

1A, ' 31 - 4,419 .2.211
1B o 31 © 6.613 2.074

2A 31 ' 5.419 : 2.721
2B Bk » 5903~ 2.305
2C- ' . . 30 6-667‘ . 2-371‘
2D 19 - . 6.158 . 2.230

3A s 32 5.600 " 2.424
3B - 32 6.813 2.083

4A | 30 6.967  2.549
4B o 32 5.906 1.377
4c : | 32 4.531  2.817

“5A . : 32 5.563 2.680
5B 32 6.281 . 1.441
5C o -.32 . 7.187 2.480

6A . 29 ’ .172 2.890
6B 28 el . 429 42,412
6C . 28 - 5.500 2.625
6D 27 ' 5.111 : 2.643
6E 25 T 7.480 ' 1.746
6F _ ' 17 6.706 . 2.844

7A - 32 5.364 2,313
7B 32 6.562 2.318

8A N VI 6.774 2.210
88 . R 5.677 2.054




TABLE 9.

L4

)

EXTENT OF TRAINING REQUIRED (HRC-5) FOR.DESIGN OPTIONS WITHIN EACH

DECISION POINT SURVEYED, S
- AFB, S.C., AUGUST 1974

LE OF 32 TECHNICIANS, MYRTLE BEACH

Decision Point Number Mean . Stan'dqrd "
and Option Responding Response Deviation Range
1A - 32 ©6.219 % 2.058 | 8
1B 32  6.969 1.992 8
24 30 4.833 2,911 - 10
2B 30 5.333 2.547 9 .
2c 28. —  6.929 " 1.668 X 6
2D 18 6.389 . 1.860 - SRR | )
3A 32 5.906 . . 2.542 " 10
3B 32 6.906 2.037 7
4A 30 7.500 ///2.655 10
4B 32 6.031 1.447 6
4C ;o 32 4.062 2.657 .10
5A 32 5.969 2.038 10
5B 32 6.156 1.641 7 .
5C 7/4%\ 32 6.813 2.674 10
. 6A © =29 .- 6.30 " 2.479 100D %
6B, o .- - -28 /-7,036 C o 2.442 9
. 6C - 28 5.893. 2,677 9
6D 27 ' 5.481 2.672 10
. 6E 25 - *.7.520 ° . 2.100 7
6F 17 6.824 - 3,091 10
A 32 5.875 1.798 8
7B 32 6.531 2.106 9
8A : 31 7.065 1.684 5
8B | - 31 5.774 . 1.963 9




N . / | _ N : .
TABLE 10. ENVIRONMENTAL EFFECTS ON MAINTENANCE AND TROUBLESHOOTING (HRC-6)
: FOR DESIGN OPTIONS WITHIN EACH DECISION POINT SURVEYED, SAMPLE
OF 32 TECHNICIANS, MYRTLE BEACH AFB, S.C¢, AUGUST 1974

Decision Point - Number Mean - * Standard
and Option ..+ . Responding ‘Responsge Deviation -

el

14 - 32 © 6,344 2.056

1B 32 7.312 2.083
o

2A 30 5.900 2,925

2B 30 6.500 2.306

2C . 28 © 6.393 2.193

2D - 18 6.389 2,240

3A ' 32 %7 16.406 2.691

3B 32 7.500 2,222
4A : 30 \\\\;\L\;_Z;gpo 2.525
4B : 32 - 5437 1.580
4C ' 32 . \ 5.031 2.628

5A N . 6.312 2.284
5B : 2 6.781 1.866
¢ 32, 7.281 -« 4 2.695-

6A , - : 29 6.655 - 2.467.
6B - .28 T 7,214 2.242
.6C . . 28 t 52}786" . 2,258
6D 27 {761 ./ & 2.351
. 6E 25 7.520 -~ 2,100
6F : 16/ 7.187” 3.087

M - 67156 2.539
7B - 2./ 6969 2.365
8A o9 7 eews 2,222
8B | T 6.323 2.234
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TABLE 11. TIME REQUIRED FOR MXNENTENANCE OR TROUBLESHOOTING (HRC-7) FOR
ng IGN OPTIONS WITHIN EACH DECISION POINT SURVEYED, SAMPLE
of 32 TECHNICIANS, MYRTLE BEACH AFB, §.C., AUGUST 1974
, : ] > .
Decision Point- Number Mean Standard
and Option /. ' _Resporldin . Rgsponse ~ Deviation R_agige
‘1A Y 32 - 4.938 1.952 : 8 .
- 1B . 32 . 6,844 © 2,093 9 .
2A : 30 5,367 2.822 .10
2B 30 : 5.767 2.629 9
2¢ 28 5.714 2.033 9
2D 18 - 5.833 2,192, 10
s 32 | ., 553 "2.436 10
3B 32 | 6.875. 2,088 . N\,
4A 30 7.367 . 2.858 10
4B 32 | 5.844 1.583 7
4C , : 32 6.156 . 2,635 10
5A » 32 5,719 2.540 10
5B o 32 6.562, . 1.580 . -6
eSS - . . . 3. . ..7.000" 2.750.-. v 1
R T | 29 5.586 . 2.312 . 10
n 6B = 28 6.357 24237 Y
6C o ' 28 5,536 - 2,337 9
" 6D.. 27 : 4.963 2.617 .10
6E. o 25 - 7.440 1.982 7
, 6F .16 6.813 -~ - 3,186 Cho10
7A ‘ 32 5.469 2,634 L9
7B B 32 6.094° 2,416 . 10
I ‘8 3 | 6.613 S 2320 . 9
. 8B, o3 5.645 - 2,336 .9
¢ ' 'm i . ‘ /
v "
‘7
4 | ‘
- . N . 1 o
‘ . 4 / [
. . 36' . l / - \ )|
o ~ [ . // . ! ‘\
/ e
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In seeking to compare the pattern of response for the selected human .

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

K can be seen from Tables 5 through hisd 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—
téJect decision at the 0.05 level of significan e for each HRC/decision point
80 tested is shown in Table 12. This analysis revealed that 11 comparisons
out of 28 Would be interpreted‘as representing real differences in the human
resource copgonents involved. (The probability of such an occurrence is
computed’ to be P = 4,38x1078.)

. . o s
. ) ) - w

. TABLE 12. ACGEPT-REJECT. DECISION FOR THE NULL HYPOTHESIST RESULTING FROM .
COMPUTATION OF TWO-SAMPLE t-TESTS FOR THE HUMAN RESOURCE COMPONENTS
- AND DECISION POINTS SHOWN TOGETHER WITH THE PER CENT OF REJECTION
OF THE NULL HYPOTHESIS FOR EACH HUMAN RESGURCE COMPONENT' .

-y T Yy X T rr o~y W T v rxrx—

cisio:?\s z\. T
5
.,_f\ >J ﬁ 7 7/}8” Per Cent’

_(A,B) - (A B) - . (A,B) - (AYQQ " Rejection .

T '///;T

75
25
25
s
25
o

.A/ | 50

,”'*Decision made at' the 0.05 level of signﬁficance.
5A = Accept the null hypothesis; R = Rf.(ject the null hypothesis. -
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The remaining eeision points, four in number, all contained moée than
two options.: Foreuhis reason, a multiple range statistic was sele#ted to
‘as t of all possible compazisons between the options at each

138

isons are presented in the table

béndix E to thyb repod. 50 included in this table is an
' ? optipns'o ‘kach decision point. . The F—ratio is
111 hypothesis (01 é I Ok)

" ~ used here ag'an overall est of the

'Y Shown in Table 13is the .acdept-reject decision pé;térn for the DAIS

decision points studied which c¢gntained more than twa/ ptions. Fifteen of ///

the 28 comparisons shown in th s/table would be acceptgd as Efesenting real - e

-

S di ferences in the human resource compon nts 1nvolved. _ 4

. e P
1 HYPOTHESYST RESULTING FROM 7
RESOURCE COMPONENT DECJSION_ -
PER CENT OF RE;E(;TIQN/O/AMT)HE NLL N /
3£SOURCE COMPONENT }
y ,

/TABLE.13. ACCEPT-REJECT DECISION FOR
""" ANALYSIS .OF VARIARCE OF TH
— . POINTS .SHOWN. TOGETHER-WITH
/ 'HYPOTHESIS FOR EACH HUMAN
5° 6 Per Cent” -

HRG T A | k
: " : a , R -don-" &
T - (A,B,C,DY - (X,B,C) A,B,C) (4;B,C,D,E,F) k\\cjection
7 ‘ 4 ’

100
0
75
75
50 -
25
o .50

4

»
. 04
- e . * »
A .

fpecision made at 0.05 level of significance.

e
\xc\u:.x.\uvml-'-
W W™ Rom = >R
>k > X W P> W

SA = Accept the null hypothesis, R £ Reject the null hYPchesis.




a at;/mp//to seek insights into underlying relationships existing -
e/yar bles studied, correlatiOn matrices for each of the human re-

te cdﬁ/onents against items of: background information were computed. The

3; t/s’in which the correlation matrices are shown in abbreviated fofm are
co

ined in Appendix-F For ease of readi.g?%he table, a ‘value is entered
oﬁly for those variables achieving a correlatiOn significant at the 0. 05
level or better. This presentation makes/is readily apparent that of a o
' possible 1176 correlations, only 77 achieved significance. '

-




........

advance of system development of the effects oj/g/technological inn

.;digi#al avionics info%matiOn syStem selected by fepre8entat es of the Air ,//‘

lation techniques iﬁﬂestigating relationships with seIect d backgr

-able at three of the decision points stuydied appeared to have th%/heaviest

LA D T 3 CHNEE EaSacER v A 2

Lo . : DISCUSSION .. 4 o /! ¥ //

L ] .
N * . oY
. .

N
N

.feasibility of a procedure for meaéuring the effects of t:chngl y on (human
!esOurces Interest was cezéered on development of a too, for use by
designers and manpower planners which would permit thé specificatiOn,

on the human reSOurces required to interact w{th the technology in’ op| ration

and maintenance of the syBtem. . _ : 4 \
Three classes of data have been included ,in the study' Firgt,
human resource compgnents selected to demOnstrate the feasibility of associ-f

a&ing human resource c0mponents with hardware deéisiOn options, seco d, the

Eorde and. third sselected backgrotmd d“d experience in‘form ticm rL th)e“ té%lhr—
s

/.

/hicians who setve ag the sOurce of the data. .. ‘///

e .o~ PSP R

- ?‘C - - . . T - . . ‘ R A
Thé data collected have been analyzed through tests of the 1]
hypothesis involving analysis of variance and t- tg/;s, throug’ mulqiple

raﬁge test procedures to* study patterns of differences, an hrough cor

préference, skill level require difficulty level of tas,,jgg
to’ maintain or troubleshoot weﬁzsignificantly impacted “n half or movc/bf

the decision poi t/opt n alternatives sampled. Further, the Optioyé ayail-
impact on the human reésource compOnents under investigation. cse decisiOn
points impacting on four or more of the human resource componentb were:

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

commOnality of LRU prjfessors; and the type of software structure. Table 14

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

and eight decision points.




s

- - TABLE 14.° COMPLETE ACCEPT-REJECT MATRIX FOR THE SEVEN HUMAN RESOURCE

COMPONENTS AND THE EIGHT DECISION. ‘POINTS SURVEYED IN THE DAIS-DODT’

SURVEY S . . . oo -
S ﬁRC'_ S ‘.I‘)ecisionl’ointsf'?"_rrq | rPer“aent
‘ v 1.1 " 3 45 6 7. 8 | Rejection
1 ‘R R A R R R R R 88
~ | R A é"“A A A A A 1z
3 R A A R R "R A A 50
{ 4 |'®R a R ®r.R R RA| 15
"5 A 'R A R A A A R [ 38
6 A A A R A A A A} 12
7 R - A R ,,3_ A R__A f[A 50
i f Decision Points 1, 3, 7 and 8 compared by meanshof t tests, 7
_ decision points 2, 4, 5, -and 6, by F—ratios.‘ C e

‘°\..

. . e o ..

Reflected beloW'for the four HRCs most heavily impacted are théa

design options producing the impact. Included in parenthesis is the number

: f‘ of the decision point and the letter designation of the option
WOrker Preference’ ' : ‘
T (A Single‘multiplex .data bus (MDB) (lA)
Electro/dptical bus (2¢) -
Common ‘peripheral processors.(4é)
‘Modular software structure“v(SA)‘”b _
_ Core .memory in CPU (6A) ) '.'; T
h L ) . RTU serxing only one subsystem (7A)
‘ Modular signal modification equipment»(SB)s
oo T o ’
‘Lower Skill Levels: = '
‘Single MDB (1A) R
ACommon peripheral processors 4c)
Modnlar‘software,structure (5A) W
Tapevmeﬁory;;(6b)” \ ' o

- - a

oo




LeaSt?Digficult Task Options:
. single MDB (1A)
singlehcentral;processor (34)
thommon pexipheral proceSsors (4C)
.Modular software (5A)
Either core or tape memory (6A) (6D)
‘RTU serving orie subsystem (7A) " _
. i Nﬁ i;"’
Least Maintenance Time Required for}h S : T
' Single MDB (1A) L |
Single central processor. (3A)
Common peripheral processors ¢4C) L
Modular eeftware _(SA) ) '

In addition to- the human factorconsiderations,it is interesting to note
the engineering implications of these choices as well For example, consider
the choices related to,the memory type shown 1n_Figure 1. As noted earlier,

in discussingnthe four HRCs (worker preference, lower skill levels, least

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

cant HRC impact in considering either tape or core memory. This tends to
indicate that there is a direct relationship between the degree of engineering
sophistication and the level of demand on the. human factors elements, i.e.,
as the system becomes wore complex so does the impact on human factors. From
an engineering standpoint, it may be more.convenient to utilize some other

’memoryvsuch as disc or semiconductor because of packaging, power requirements;
etc., whereas from a human\factors standpoint, the logical choice would be

A core or tape. Heréin lies the contradiqtion 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 pliase of the system since the.
‘design engineer would have'the’total responsibility‘for the design choice.

.i 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

o 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

* o
!
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- 'CORE - "

- SEMICONDUCTOR
- . pisc ,
] TYPE (MEMORY) — C

TAPE

) BUBBLE . -

: } !
OTHER | :

Figure 1

. \’ . N ' .
Various Types “of Mem'ories to be Considered in Digital Avionics
Information Systems.
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Using a segment of the DAIS—DODT as an example of assignme '1of derived' : ﬁfi.'f g‘ _f

“human' resource component values at the deeision point options, an: 11lustra- "l“' ‘ ’_T_'rf‘?*

SNV B——

tion'of the~decision trages possible and of the utility of the tiii to system

desigﬂers and manpower planners can be provided. In Figure 2, d erent paths

SaverodE phrough a segment ‘of the DODT %%Theepaths are held stabIE‘Except; - e
far progress through ("ee of- 1:he decision P ints stud1e¢ o~ N ,:;_/ -
e /q — . ' .
i 4. e . . N

—

. It is possible to progress through ‘the design tree with a-goal of .
minimizing the impact ‘on the human resource components,(HRC) associated with
‘each point. For example, following this philosophy for threefhuman resource' .
components (skill levels required difficulty of mainténance or trauble- ; o L
shooting, and time required to maintain or troubleshoot)would result in . .
following the path coded "l" through the tree. The total HRC Impact Scofe ‘

. for. this path is- 33 3. If the worst case had been observed at- each decision . T
- point for each of the '3 HRCs then the attained score would be 90. Next con"' , )
: sider the path marked*"2". This path depicts a system where ,at all S '~. S e

decision points the options representing advanced technology arve selected

'The HRG, 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 thé worst case score of 90 as well

as agains* each other. Thus, the value of a trade study at these 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 ‘Alr Force human resources. In

these . examples, the system segment could be designed to conserve any-one or \

- all of thelthree human resource components. i7\>‘

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 insightfresulting from inspection of these data 1is 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 .
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‘respondents as being more difficult to maintain and troublephoot, to require
more training,. and to have mainteénance and troubleshooting activities more
-adversely 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 young@r ages. Projections of the age composition

of the mailntenance force in’the time-frame for which an incoming system would
be in the operational inventory and systematic selection of a sample repre-
sentativ; of this»composition would permit more accurate specification of

.technology impact on humanlresources of specific.innovations and would . _
provide a meaningful tool for engineering design and personnel actfon decisions

"in the early conceptual stages of system.design.




CONCLUSIONS e
The primary. goal of this study effortfwas to develQp techniques for
" determining and defining the components of new technology and for measuring
the effects of that technology on the Air Force human resources required to
interact with 4t. The intended purpos of such a tgéchnique 1s for prediction,

at a very early time,of changes in tecdhnical manpover requirements from the

perspective of changing technology.

. . ’ .
The. existing literature suppof{id ‘the use gﬁ a normative technique for

forecasting and assessing technology. A normative approach known .as a Design . *
L Option Decision Tree (DODT) was seleéted as the vehicle for locating tech- |
l nology within a proposed -gystem. ‘ T

. The problem of quantizing the impact: of projected technological innova-
tions “on human resources was not resolved through a review of the literature.

" No satisfactory technique was found to be in existence.

AJ An adaptation of the summated rating technique was perfo med and a set
of standardized questions developed to allow the collection o judgmental T "
data which could be translated into quantized statements conc rning predicted i

pact “of technological advances on selected human resource c mponents . |
ot ; o .

The human resource component values resulting from this process dere AR
"assigned to decision alternatives at three decision points ‘in a selected seg- .

}, ment of the DAIS-DODT. This segmen? was used as an illustratidn of the '

utility of the procedure to system designers and personnel planhers in ‘the
identification of ‘human resource component trade studies requir d for certain
desired design outcomes The advantage of the proposed procedure lies in
-7 the fact that it would' permit detailed identification of human r source com-
. ponent trade studies far in: advance of hardwaré design decisions, Thus, the
;tnade study results could serve as input data for influencing a hardware A

design decision ' <

EEBJ!;' \ . | 49 . o ;M ' v . .




The results obtained from application of this methodology ari/ﬁelt to}
demonstrate its feasibflity and appear to- encourage continuedl/
the procedure” to result in Ehe development of predictive,equ P 6narwhich are -

i
ement of

“no longer dependent uﬁon the collection of judgmental data /’ //

| / s
“ ; ;i
o
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APPENDIX A-
INFORMATION PROCESSING

DESIGN OPTION DECISION TREE
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APPENDIX B

- TAC/AFHRL DESIGN OPTION DECISION

} o
TREE MAINTENANCE SURVEY BOOKLET




¢

\
’

schematic on the left side and

NOTE: . The survey booklet was set up wiﬁh the

the questions on the rightfside; so that the respondent would .answer qﬁestions

with schematic present.  For, purpdses of cost savings only one ekample of the

quéstions is shown. All schematics are provided;

+
¢
L
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* TAC/AFHRL DESIGN OPTION DECISION ' E S e

TREE MAINTENANCE SURVEY _;f
MYRTLE BEACH AFB, SC

Digital Avionics
Information Processing Systems
(AUGUST 1974) '

43




1.. How would you feel about working on eachIchoiceZ’- _
i R : < , . R
| | '

3.

5.

DESIGN OPTION DECISION "TREE
MAINTENANCE SURVEY QUESTIONNAIRE

Strongly o One is as Good .. Strongly
Opposed , : as Another A ;

How much would a written procedural manual help with maintaining‘
or troubleshooting each choice?

I . . r'_ '..- 7, ’, N . H

Strongly, * _ Neither Hinder s Strongly'f
Hinder L Nor Help . . Help
. .
Indicate the amount of skill needed to maintain or troubleshoot
each choice. / Yy o .
' | < : |— - i
Very - e - Average ' . Most

Little

How difficult~would be'the task of maintaiu;ng or troubleshooting
each. choice? ‘ o o
Very ' o ~ Average b Very
‘Easy - , . Difficult

"q

‘"How much training is necessary to maintain or troubleshoot o

each choice?

. _ . 1 : |
= | . —]
Very | Average v Great
Little ‘ Amount . : Amount

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

‘ : [ " [
|‘ . | , - |
" Little ° - Average . . Strong

Difficulty Difficulty ° Difficulty

How time consuming do you feel maintaining or troubleshooting each

choice would be? .

1 L |
I 7 i |
Very o -~  Average _— Great
Little o : Amount

“ 60 o
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DESIGN OPTION DECISION ’JZREE MAINTENANCE stmvmr « S | (

Co0 Pﬁ!SONNEL BACKGROUND INFORMATIQN QUESTIONNAIRE

H .
i

Zzil;, Name __ - ft“\.;:lég e 2. ;Réﬂk' - 2

3‘-\,°r’8a“i““°‘~‘? %

N . . - o
- - - n
. . i .

I
S*DutyAFSC} S R
i

4.;”

6. Job Title

:>17« Number of calendar months in present assignment U

8. Total years of duty related experience ' . o R

o S

‘ J.
9. Types of aircragt worked on and system worked on in each aircraft.

10. Total numher of years in military service -v“; ' . .

Il, List technical service schools attended

. . i . . \ . . - @ L
12, Inm what specialty 'do you feel best qualified? LI

B

:-13. What is highest school grade completed? . |

vy

: l4. How many of the pas¥~five years are applicable to present dﬁty

assignment? __ . _ . - — ol

RN S : -




: .o |
J | ‘
. [ ?
APPENDIX C
. DATA RECORDING FORM
o . 4 3
° : 'a‘ . o .
- -
. |
{
v » - A
- s, 2 :
é-? 4 .
\
. e e
+ 4 *
3% »
—_—
' .

hn




e
< 3
. 7
s »
- L]
. —
<
e
unorty  Jeaxp aduioay 313311 Kaay
| — |
i"q prnoa asjoyd . 4
. . 4oea Suyiooysaiquoas 3o nc-:.«eu:«a! 103y nok op u_:l:n—_nn ATT3 Mol \¥]
Katnarazva Katnat3sta [SICEIFFRL]
Buoaag N aJuadav uqua.u_._
[ [
n-u—-.—!ou«:ﬂ. %ﬂ.-hdﬁg uy
. SIJ04D YIEI J0OYSATqNO1I 30 UFFIUTTE 03 Iq IF PINGA IIBITIJIP AOj -4
/ UNOWY jwazn - aunogy IJeaaay 312377 L2907
| “ " " :
. ' iaofoyd yowa
I00YSITqNOII 10 ujwIujCE 03 AIwssadIu s} Fuyurural yonw-moy | ¢
ATN2T33T0 A3 aBuaaay Aswy Laap
- | — | .
. 1991042 wowa |
Suyl00ysaTqnoal 3o BujujrIuTYR JO NWDI AYd aq PIOOA ITNATFIIP mopt |[Sy
IOl aduzoay 313377 Adap
| =} |
*92j0yd youd o
J00YEITQNOI] 30 UIPIUIWR O3 DANPIIU [N JO Junocwe Y3 Ajeaypuy | °¢
dyay ) drop oN 22putH 1
A1%uo0238 . AIPUTHE IIYITIN X1%uoaas 5 v
| — - | | v w.(/
. tI2701d Yora u:§3=2u ao —~
" Supuymaniem yata diay .:_.::.i Teanpodoad v3IIT3A @ pinoa ysnm Aok >
loam3l aaqiouy se pasoddg
£1%3voa3s poon sw ¥} aup A{%uoaas
1 1
- ! 1957045 yws uo Suypxnioa anoge 1933 nok prooa moy | -y ) .
i P wha
8lv|s|v]4]3|[alo|alv]ala|v]o]e|v]a|v[a]olas|v|a]v .
T * 1183N0
8 -| & -9 S v, - | = 2 | L | SNolis3
. 3
« [ M : ) » > o, -
g2 | &2 § g m B 3 - .
.:M . m = ¢ w m a . =
- g & = B g 5 2 -
: m B 3~1 u . . - 3 - m . 4 -
- oim
X B 2% 2 - e m g
1 , 2
=, ~ " ! m . had
. - a *
: . A EE] - °
4 : I @
\* ; —
mm.mm Q = o u ] .VV ﬂm y .
EE512. 8, .m_munmm mmmm,mnnmn g = mnmmm N .
4] M nm weomO o= (=] : ] mm ; .
e AFERE P g7, 83 9¢E |g3gx ; wE |38 B R
SRR g SERAE LR T o -
I 2 |0 88 LY fadyg L
v A m m d 2 g m m m “ ﬂ [}
Y " * m m a r m - o Al
w g g g : !
¥ . . m k)
M . . :
. - 3 . < -~ H*
. H £ —VYH ~
v ¥ { - B
: . Vg f F s m
. g . / LK
¥ <
2
£



Ty i ' 0

\  APPENDIX D R .

~ INSTRUCTIONS TO INTERVIEWERS




TOPICS TO BE DISCUSSED WITH SURVEY RESPONDENTS . S

. Both the>periods of a ailability of respondents and the numbers available ,
at a given time are subject to variation.l For this reason, "rather than pro-
:' vide a verbatim script of instructions to respondents, an outline of the topics

‘which should be covered is provided 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

o

proceeding. ' ‘
Topics - ; : . D T . .
1. ' Survey Introduction’ ; "’ .
A. Name of SRL interviewers -/ ' . . .
_ B, Identification of sponsor o ;h; ;
C. Reason for being there o )
— to collect data’ relatimg to digital avionics ' . >
v D. Purpose for collecting data o
I | —-'to attach meaningful numbers to decision alternatives related

to digital avionics

S— trying to develop a prbcedure which will permit Air Force
system, designers to take into consideration the effects of
certain -design decisions on maintenance and‘tro&bleshooting
so that,for example,a system can be designed for eage of
maintenance where possible. ' : - .

E. Why Myrtle Beach AFB - . - } K

— A-7 experience (digital equipment) / (Avionics Laboratory at

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

2. DODT (DAIS) Presentation and Explanation . \
X A, Explain what the task is . .
cié - B. Emphasize this is to be ‘done only for 8 decision points NOT oo :

entire tree ; ' ‘ .. . = .




e s
]

3. Intended Use forﬂM&rtle\Egach AFB Survey Infofmation

A. Seeking to attach meaRﬁngu1 numbers to‘various decisions
related to wehpon system

B. Trying to-get information which will allow consideration of

the human maiﬁtenance and'opgratiOn problems of a system.

Example: = -

Cost $30,000
‘Troubleshoot
Time: 100 hrs

Cost 535,000
Troubleshoot
Time: 10 hrs

A

,
4. Procedure to be fg}low
A. Ask for any questions on what has been said
‘B. . Pags out -survey ’

C.  Go over examples A and B Below

A
\A

' . : Tv ] »
:j Radio

B

a

How would you feel about working on each

— | e
D I 23

Strongly One as good Strongly
Opposed . as another - Favor




]

u:rzi?

.

Color TV. N
Monitor : .

~B&W TV - [
Monitor |+ . -

r
w3
1

4

) . J\". ) ' . (
ow difficult would be the task of minimizing each c#nﬁice
¢ 1
I i . l : . |
B—— —&
| b *
'+ Very Avetage Very
Easy © Difficulty Diffic\%t .

Ask for questions on procedure to be followed.

Instruct technicians to proceed with the survey. ’I

¢ r . |
Be sure to indicate that questions may be asked.at any. point on

1

the procedure to be followad. . ) i

59
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o

. SUMMARY TABLE OF ANALYSIS OF YARIANCE AND STUDENT—NEWHAN—KEU
TEST OF DIF#ERENCES BETWEEN MEANS FOR HUMAN RESOURCE COMPONE
AND DECISION qOINTs INDICATED . . _ . ,

2

. 4.
l/uman Resource Component 1
. o 7

\\\\\\\ . / Decision Poiﬁt 2
- o 4 . A
ANOVA. - S

SOurce

Options , - ke.zs T~
" Efp. Error #57.51 -84 ‘
. N , /
Total 643.59 .. 86 ™

4 . . - K
[ 3 ’

{1) Decision Point 4

Sburce . ss df .  Ms R
Options 273.49 .2 136.74 - 23.13%%
Exp. Error = |. 514.30 87 . 5.91,

~ Total 787.79 . 89 .

14
o

" Order ]
; : T -
Option | A B c
. 4 ‘




- . "(V/ | S
- : o Decigfon Point 5 _
S : /

ANOVA BEEERRl AP0 B |
\*ASource'A 7 = »%fﬁ - daf - /

Option | 83%%9// 2,

: oE-Xp. Error 631.94 e 93 .

. To&fl 715.63 95 :

A U . o

g
rt
-
o)
&

A d

"

‘ A Lo Decisiot: Point 6,

.88 . . df
' optien . - 112.51 4"
. 7 Exp. Error = 960.88 125

Total = 1073.99 ‘ 129

ource

.../1

. Order 1 ’ 2




.

/ ,'/l

: .H,%a'nfResource ‘Component 2

. S
Decision Point 2

‘e *

,ns\our.cé - ___SS§ df
"..t"'()pt:i:,ons ' - 10.09 . .2
(,/Exp.”/r/'zzn"/or 293,72 . 84

Total. ' 303.82

1.
.
Y

S-N-K

e
Ve

‘ Decision Point 4 .

»

L _-df

| 2
234,47 ., 1, 87 .,

' 234.49. /{/ )




PR .
N

o - *
.

' R A
' //2z;ciéion Poin

t5

ok | ;
.§gn:ce ] SS  - _df ! MS F * Q-

0,93
229,35 .
230.28

.Oﬁtion '
Exp. E}por
Tb;al

2
90 .
92

ANOVA

Sou;ée 4

Opéion AN 3.89 -

3537028
'3541.17

Exp. Error’

Total

ey
.

[
.. S=-N-K* .
Order.

v

- Option - D

;b
- j;{ '
VAR
S \
\
' // '

s "/ -

13
10

(RN SN S IS




SOui:ce" - E » SS
option . ° ‘s 15,29
" "Exp. Error.. 546.53

' Total ' 561.82

ANOVA '
Source S 'S8

. %tic.m‘ e /1?0.. 87
Exp. Error / - 599.63

Total - 720,50




. ANOVA - /
/-

Option_‘///

Source

" ' Exp. Error
Total

Orderv ) : (
W B .
. ‘e
’ 65%%
47% ‘ 1
‘ 41*%

38*%

-




* ‘Human Resourée Component 4

;begision Point 2

w."? ' . y -
v . . o — . B -

. ANOVA

L Source ° 3v" 5 Swaj L __df L MS R _
.- optiom ¢ 2349 D07 2 11.74‘5? 1,824

x., Exp. Error .?;f561ﬁ56 ':?’- 81 6.45 -

» } ". .. SN “ o " . _ . .

- .
‘ - . ~

Order = " " 1 2 y 3
’S_pﬁié;' - . A S B ¢ '<~
A R, o S T  ._ 37
co o L I

CANvVA T T h e | T,

" Sourte "j’  ‘;7‘SS _‘Jf o df ] ' ' ]
. oOption 81.67 i 2. . 40,84 ~ 7.30%%.
L Exp{-Error . 486.73 ';'. 87 + . 5.59

1 - b . . “ .
. Y - N LN e -

. ‘Total ~  ¢568.40: “x . 89 Y C T e,

4




) Decision Point 5

ANpVAT L , | , _

“  Source . ., Ss _____df M F
Option 42044 Co2 T 21220 - 4.00%
‘Exp. Error 493%22 . 93 - 5.30 '

Total ' 535.66 - 95 |

S=N-K o
Order 1 ’ 3
Option A B C

. A - 23 52%

(8 s - ‘
. B - - 29
C b —
b .
Decision Point 6 -
ANOvA | - | .
Source . ss : df MS ‘ F
Option o 95.47 4 . 23.87 ( 4.32%4
' Exp. Error 636.00 . 115 °_ 5.53 Y '
it . a - . . . )
Total’ 731.47 1y v S B
- 3 ‘ . o ;

SN ‘ !

S-N-K - - )

Order. 1, 2 3. N s
g@@j a £ - A c. - E/.
S (- 2 - 4 20 57%%
A < - 2 8 55%%

3 . ﬂ l -
° ¢ - 16 53%%
B ® § -- 37%

; . ) ’ 4 ? B .
. .

¢ . . - ¢ -

/e “ 84 -

e 68 ”/ - G




Human Resource Comhonent 5

. . Decision Point 2

£d

Source > 8S s __ MS i
~ option . 68.64 )  34.32 5.31%%
Exp. Error 523.68 81  6.47 4
Total 592.32 83 ‘
Oxder 1 ) - 3 .
‘ bption o C
A - 13 59%*
B - 4_6*
c , -
. o, ;/. /.
T s o
o ‘ Deciéj. }A/Point 34_
 ANOVA - o | |
Source SS - / ~af , . M . . F
Option 184,42 2 .. 9221 16.53%% .
Exp. Error 485,37 81 . 5.58 '
Total = 669.79 89 |
S_'.E,',E‘ \ / / ) ‘ .
Order 2 3
Option B A
;oo - . 58 105%%
B _— 47%
A . -
/ /oy < )
J 85 : :
\ 69 -
9 u

}'\.



" Decision Point 5

ss ___df
12.56 2

448,06 93
460.62 95

Decision Point 6

ANOVA
 Source - : gS _df
Option 53.22 4
Exp. Error 634.75
Total = . 687.97

S-N-K. .

Order

thion‘
D




Source

SS

df

S FTA N i ’ ‘1 . o E
R e, L S
B /f\‘\Lﬁf-‘Humah ReébqueiﬁmeOnent 6 & ¥
v DN LR L : ’
’ ST Decision Point 2
ﬂQY.? \ \ : ’ .
' Sourcel ss 7 af ' I
Option 2 > 6.00 o g' 3.00 . '%h,.égf/,/
. Exp. Error 545.32 81 6.73 - . -
L  Total 551.32 83 T |
' S-N-K N . .
Order 1 _ o i
Option . B
, L A - 12 = 18 vy
B - 6
.t e -
. : \ ’
Decision ?o(?t 4
ANOVA " -

option

i

" Exp. Error
Total

106.87
480.03

586,90

-2
., 87
\ 89

. ! \
i . S_N_K o 7
‘ Order ol 2
. . Option c B i
- c - Coax (] o
| *
; B} - g
; A / S
” . ; . “1-; l .ﬂj s:% ) |
' RER A a
‘ : . RN S
.2 s : s
’ ° a ,! ' //
. ‘ )
b . . » e . > c‘_.
/ n q o Ao )
N . . N ) « . "(% . . . .
s v .




ANOVA

Decision Point 5

. Orde:

Source * SS ’ df MS YE
option . 15.02 - . 2 7.51. 1.37
AExp._Erfor‘ 510.81 ’ 93 5.49 ..
. Total 525.83 95 _
S-N-K
/Order 1
Option A !
A - 15 -
B — i6
c -
Decision Point 6 ,
ANOVA
'/ Source s __df Ms F
" option 10.13 4 2.53
Exp. Error 576.46 115 5.01
Total 586.59 . 119

Option \
: 1
A ..

‘




~

. ./ | )
Human Resource Component 7 . e
Decision Boih‘t 2
7 ANOVA
/ - Source Ss df - S J__F
‘Option 2,00 2 1.00 2 '
Exp. Error 555.29 81 . £6.86. .
Total 557.29 8 ST
S—N-K/ i
P Oraer 1 - \ : | 1__,
Opgion A B
, | - 10 .
. . 7,
B > g
. ' ‘ Deciéion Point 4 '
( ANOVA
SN Source SS df M5 . __F
. Option 160.07 - 2 80.03 13.20%+
Exp. Error ' 527.53 87 ‘ 6.06
’ Total 687.60 89
M : '
: / S-N-K
. Order 1 2 3 0
e Option " ARG B A
' / C - ':_ 49% 98k
" sl - 49 P
N Y T '
S - - ~ / :
: 1 / - /
L o 89 - ﬂ L ¢




y ’ . Degision Point 5

. vNova . | - -
L‘ . Source . . SS.'E”., a .. ‘ s VF R
a option 27.15 2 - 13.57 2.39
Exp. Error  528.34 93 5.68
Total = 555.49 .95 / |
' ' Order 1 / , 2 3 ’ )
: Option i\ _A .. B C .
A SR 27 41° o - "
B L - 14 '
¢ ' -
ff : ‘ o s " Decision Point 6 ' f
) ANovA . . _ {\“, |
. Source ’ Ss df MS ° - F -
 option 88.58 . - 4 | 22.15 - O bb4k ‘
" Exp. Error . 574.08 15 4.99 ' s
Total 662.67 119 . , , « f
/ //I ' 5
. SR o
Order . 1 2 3 '5 .
Option - D c E ,
D’ ‘ - 11 - 18 - 31 60%* .
. .c v ’ - 720 49k
WA, f/"' - 13 " 42w
~.f* B | ~ , — 29
. g , —
** Denotes taﬂistical Significance at the/O 01 level or better. '

- * Denotes s tistZAaKSignificance -at the 0 /05 level or better.




APPENDIX F
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: ~ SIGNIFICANT.CORRELATIONS EXISTING .= Y
L ’ . BETWEEN SPECIETED DESIGN S
*  OPTTONS AND DESIGNATED * ’ : f'
BACKGROUND INFORMATION ITEM oo



TABLE F-1l.

°

SIGNIFICANT CORRELATIONS EXISTING BETWEEN SPECIFIE DESIGN ) a -

- OPTIONS AND ITEMS OF BACKGROUND INEDRMATION INDICATED FOR
THE HUMAN RESOURCE COMPONENT - WORK PREFERENCE S LE -OF
¢ 32 MAINTENANCE TECHNICIANS 354th AVIONICS SQUADRO
MYRTLE .BEACH, SOUTH CAROLINA AUGUST 1974 §?
- » Background Lnformation ; i N
e - . Yrs Yrs - Last 5
~ Rank Age ////ngn vaer Svg * - Sch Yrs Exp
1B 0.398  0.468 - 0.407 ", | |
. b .
4A° N .
! . . . .
4B ;474' -0.374 .
. ' w e // - \ -/ .,- R /
4¢ 0.357- - 0.582 ' ’ . 0.355
e : ‘ 0392
A - ) p:
| " 0.536 |
» ' : . '
' -0.450 -0.416
-0.376" : oo I

. - SIGNIFICANT CORRELATIONS EXISTING BETWEEN ,SPECIFIED DESIGN

MYRTLE BEACTH, SOUTH CAROLINA, AUGUST 1974

.

OPTIONS AND ITEMS 0}3‘ BACKGROUND INFORMATION INDICATED FOR~
THE HUMAN RESOURCE *COMPONENT - WRITTEN PROCEDURES, SAMPLE
OF 32 MAINTENANCE TECHNICIANS, 354th AVIONICS SQUADRON
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