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FOREWORD

This study was initiated bv the Trainiug Research Division, Air
Force Human Resources Labccatory, Wright-Patterson Air Force Base,
Ohio, under Projact 1710, “"Human Factors in the Design of Training
Systems,” Task 1710-06, "Personnel, Training and Manning Factors in
the Conception and Design of Aerospace Systems." The research was
accomplished by the Human Factors Department, The Bunker-Ramo
Corporation, Caanoga Paxk, California, wunder Contract No. F33615-68-
C-13€7. Dr. David Meister was principal investigator, assisted by
Mr. Dennis J. Sullivan and Mrs. Dorothy L. Finley. Dr. ¥illiam B,
Askren, HRTR, was the investigzatcr for the Air Force Human Resources
Laboratory. The research sponsored by this contract was started on
1 April 1968 and was completed on 31 March 1969. This report was
submitted by the authors 30 June 1969,

The authors wish to acknowledge the support and encouragement
of M. T. Snyder, Chief, Perasonnel! and Training Fesearch Braich, and
Dr. G. A, Bckstrand, Chief, Training Research Division, Air Force
Human Regources Laboratory.

This technical report nas been reviewed anc¢ is approved.

Gordon A. Ecks.raaa, PaD,
Chief, Training Research Civision
Air force Humsn Resources Yaboratory
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ABSTRACT

The purpose of the study described in this report wes to investigate the
design engineer's concept of the relationship between system characteristics
ard varicus skill Gimensinnc. Fourtesn paper and pencil tests specifically
developed to examine these relacionships were administered to eight design
engineers during tic four-hour sessicns. Design characteristics significantly
selated to skill level are test poinis, internal compenents, checkout and
troubieshcoting procedures, type of test equipment required and go/no-go dis-
plays. Individual design concepts such as component repalr, etc., are also
significantly related to the amount of tra ning required. The ergineer's con-
cept of skill level is more performance-criented than that described by the
Air Force Specialty Ccde designations. It wus found that the engireer con-
ceptualizes maintenance skill in terms of kxnowledge, troubleshooting ability

and flexibility. A common denominatr of skill rarameters appears to be
troubleshooting abiiity.

mind to years of experience.

iii

Skill level appears nct to be related in the engireer's
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SUMMARY AND CONCLUSTIONS

PROBLEM

Previous studies indicate that design engineers have great difficulty
in understnading and utilizing Air Force descriptions of personnel skill.
As a result, their designs often do not reflect adequate consideration of
skill requirements. The present study sought to determine the understand-

ing that design engineers have of personnel skill, and how they relate it
to system design characteristics.

APPROACH

Fourteen paper and pencil tests specifically developed to examine these
relationships were administered to eight design engineers during two four-
hour sessions. A set of skiil parameters and design characteristics was
developed which hypothetically differentiateu highly skilled maintenance
personnel from those less skilled. Subjects were asked to categorize
sampie critical incidents illustrating thesec parameters and characteristics
in two ways: as (1) engineers conceptualize skill differences; and
(2) as engineers consider that skill would influerce their hardware design.

RESULTS

The engineer relates a number of design concepts and characterirtics
such as test points, internal components, checkout and tioubleshooting
procedurces, type of test equipment required to the skill level of the
maintenance technician. Individual design concepts are alsc significantiy
related to the amount of training required. The engine_r conceptualizes
maintenance skill in terms of knowledge of the system, troubleshooting
ability and fiexibility, with tne amoun” of troubleshootinrg ability emerg-
ing as the common denominator of the various skill levels studied. The
engineer's concept of skill level is more performance oriented than that
described by Air Force Specialty Code designations. Sikill level appears
not to be related ir the engineer's mind to years of experience.

CONCLUSIONS

Design concepts and characteristics are reiated in the engineer's mind
to different skill levels. GCiven a particular skill requirement, the
engineer will include in his design those characteristics that he considers
appropriate to that skill requirement. The engineer has a ccncept of skill
tevel which is mor2 cperationally and performance oriented than described by
tie Air Porce Specialty Code designaticns, with troubleshooting ability as
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the generalized factor underlying all levels of skill, 7This suggests that,
for the designer, skill level might meaningfully be defined as '"degree of
troubleshooting ability."” Individual design concepts are significantly
related in the engineer's mind to the amount of training required. A speci-
fication of the amount of training to be given to system persoannel will
therefore influence the type of design concept incorporated into new
equipment.

OPERATIONAL IMPLICATIONS

Manpower requirements included in procurement documents should be
phrased as explicit design requirements. The maximum number of personnel
who will operate and maintain the system and the highest skili level of
these personnel should be described. Skill level should be phrased in
performance terms, and the design implications of manpower requirements
should be explicitly stated as desired outputs of system design.

RESEARCH IMPLICATIONS

It is recommended that a "human resources data systern: development
handbook" be developed which would describe the various classes of equip-
ment aad their design characteristics, together with the manning/skill
dimensions required to operate and meintain that equipment, applicable
training data, ard characteristic task behaviors. Such a handbook could
be constructed by (1) developing a taxonomy of design concepts and character-
istics which differentiate various types of systems, (2) selecting opera-
tional systems in the Air Force which are representative of these classes,
(3) going to the air bases at which these systems are to be found, and
(4) performing an analysis of the task behaviors, skill parameters and
design-skill relatjonships demanded by these systems. Ths handbook could
then be provided to Air Force managers and design engineers so that, given
a8 requirement to develop a system of a given type, they could retrieve the
appropriate equipment design type and find the manning dimensions and
design relationships required for the new design.

vi
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SECTIOF 1

INTRODUCTION

A. NATURE OF THE PROBLEM

Manpower in system development and operation can be described in terms
of twec basic dimensions: number and skill level., The human regources
specialist seeks by means of various analyses and inputs to the system
development process to optimize the number and skill level of personnel
required to operate and maintain the system against such factors as aveil-
able human resources, training costs, personncl maintenance costs, human
contributions to system operations, etc. (Bckstrand, Askren, and Snyder,
1967; and Snyder and Askren, 1968).

To secure this desirable condision means that systems must be designed
so that they can be operated and msintained by the desired personnel force.
Although it would be desirable to accomplish this end simply by requiring
thst systems be designed in this way, it is impossible to do sc without
first describing to “‘he engireer the relationship between persounnel number
and skill level and the design characteristics which the eagineer incor-
porates in the new system.

That relationship operates in two ways: the imposition of a manpower
requirement may force the design engineer to congider alternative design
concepts; in the other direction, the manner in wvhich be designs his system
may require that certain numbers and types of personnel he suppiied to
operate and meintain that system. Thus one can loock at the personrel design
relationship in terms of the effect of perzonnel on design and the effects
of design on personnel.

In the first case it i necessary to know in advance what the imposi-
tion of a manpower requirement will mean to design, in order to avoid
constraining the engineer unreasonably. In the second case, in order to
predict the number and type of manpower tG support the new system, it is
necessary to determine the implications of various types of design for
the personnel who must be provided.

At the present time there exist no fime data concerning these personnel-
design relaticnships. Because it is difficult to predict the effects of &
manpower requirement on design, procurement. agencies have beer reluctant
to specify concrete, stringent manpower requirements in system procurement
documents. In consequence, since engineers tend to ignore generaiiy worded
requirements which lack concrete design implications, manpower regquirements
have in the past usually failed to bave any meaningful effect on design.

A previcus study by Meister, Sullivan and Askren, 1968, indicated that

engineers have great difficulty in translating Air Force skill designations (e.g.,
3, £, T-levels) into meaningful design teres. The concept of number of
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personnel is relativily 'iambiguous, bhecause it is uni-dimension:l anrd
quantitative. On the other hand, skill can be conceptualized in many
dimensions, such as intelligence, aptitude, senscrv capability. Three
questions thereiore arise:

{1) What dimensions are actually represented in the engineerfs concept
of skill? In order to impose skill requirements on engineers, It
is necessary to describe these ir terms of dimensions which are
meaningful to the engineer,

(2) How are these dimensions described in performance terms?

(3) What are the implications of these skill dimensions for design (ie,
what design characteristics are most appropriate for different leveis
of skilled personnel)?

The previous study by Meister et al., 1968 recommended further
investigation into the skill problem., The study described in this report
was an initial effort £o specify the relationship bLetween personnel
characteristics (basically skill) and equipment desigr characzeristics,
as this relationship is viewed by the engineers vho rust translate per-
sonnel characteristics into design conceptse.

PURPCSE OF THE STUDY

The <verall purpose of the study was to investigate the relationship
between skili dimensions and equipment design chesacheristices. Suck a
relationship, however, has many facets, each of which must be examined
closeiy. For example, the nature of the engineer's reaction to a
personne. skill recuirement depends on how he conceptunlizes that re-
quirement; in other words, how he defines to himself what skill means.
it is therefore necessary to determine what skill dimensions are considered
by engineers to differentiate different levelc of maintenance technician
skiils.

In order to explore how skill requirements affect design, it is
necessary first to determine ihe different ways in which the engineer
tends to design. This means that it is necessary to determine the rarge
of design concepts which can be affected by the skill requirement,

The relationship between design and skill can be understood only in
terms of how engineers view specific design characteristics and concepts
to be related tc the various skill dimensicns and skill levels, Design
too has many facets. What aspects of design are related to what aspects
of skill? This too mmust be investigated.

Just as skiil may bave & number of different dimensions, so too it
probably has a mmber of ¢if. ent levels., Obviously the nmature of the
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engineer's veaction to skill will ve determined in part by the numbevr of
3kill levels Le can differertiate. If, for example, he ccrsiders skiil
t¢c have onlr two levels (i.e., skilled-unskilled}, the range of his desigxn
responses to & skill requirement will be correspondingly reduced.

Drta describing skilli ars ordinarily presented to engineers in a
variety of interactive ways. in the form of specific reauiremerts {e.g.,
"desigr so that equipment can be cperated and maintained b; 3-level per-
sonnel™); in the form cf personnel descriptions {e.g., Quantitative and
Qualitative Fers<nnel Requirements Information); in the form of analyses
such as tasx descriptions ard time-line anslyses; in the form of avail-
ability statements (e.g., "highly trained personpel from the X system will
ve made availsbie tc operate and maintain the new systex”)}; in terms of
anticipated training time and costs. It s therefore pecessary to deter-
mine wnich of these tvpes of skill descriptions are most readily utilized
by engireers and in particular at what stage of system develiomrent they
are most useful.

Sirce sxi'l is no*t the only design parameter considered by engineers
in makins design decisions, it is important to determine the ignting
they assign %o skili in relation to other parameters.

S8kill! is ordinarily viewed »y behavioral scientists as relateéd in
some way to the amount of experience thet personnel have had in the same
or reiasted technical specialty. It is therefore essential to determine

vhether the engineer egquates various levels of skill with different
amounts of experience.

I¢ & relationship exists between personnel and design characteristics,
it seems reasonablie to assume that various design characieristics wilil
nave different implications for the amount ¢f -“raining needed by personnel
to achieve proficiency in maintaining equipment with these design char-

srwzristics.

The present otudy can therefore be more effectivelvy described by &

series of questwons which the study sought to answer. These are summarized
as foilcws:

{1) wnet design charecteristics aad design concepts are considered
by engineers to be reiated to skill dimensions and skill levels?

{

ny

) How many independent design concepts cen be differentiated by
engineers?

{3) What pr.ority do engineers apply to design parameters {including
skill and other human resources data) in making design tradeoffs?

How are design concepts related in the engineer's opinion to
amount of training required by these design concepts?

B
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w.at skill dimensions are considered by eungineers to differen-
tiate different levels of maintenance technician skill?

Pl
N
N

Datel
Y
Namet

How many levels of skill can e diflererntiated by engineers?

What is the relmtionship in the engineer's mind between skill
level end years Of experience?

-
-3
—r

The ultimete purpose of toe present study, which wes that alsc of the
previous one, is to derive from tre controllied lesting of engineers certain
personnei-design reiztionships whie: would enable the Air Force to write
more effective procurement requirementes. It is assumed that if, instead
of general, non-enforcesble manpower provisions, explicit design-relevant
statements of personnel needs can be incerporated in procurement requira-
ments, more satisfactory systems will be developed.
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SECTION I1

TEST™ METHODOLOGY

GETTRAL STRATEGY

The overall research strategy involved selecting a group of highly
experienced design engineers and presenting them with. a series cf
specially develcoped tests which examined eac!. of tne quesiions aescribed
in tne previous section.

As part of another study, reported in Meister, Sullivan, Pinley, and
Askren, 1909, these subjects had been required, immedistely prior to
entering the test situation described in this report, to perfom the con-
ceptual (paper) design of a missile subsystem. Since the inputs provided
in tiis design simulation included the equipment and ERD inputs ncrmally
provided in system development, and since they were required to make
highiy explicit design decisions, subjects wer= familiar with the types
of personnel inputs and design problems they were asked to examine in
the present test series. Since the earlier HRD inputs were specific to
the design problem presented in the previous study, whereas the test
inputs for vhe present study were generalized to all design, sudbjects

were not influenced in any particular respomse direction by the earlier
irnputs.

1t appeare’ feasible to apply a job analysis technique to the inves-
tigation. A set of skill parameters and design characteristics ~ as large
as one could reasonably conceptualize - was devoloped whicn hypotnetically
differentiated highly skilled maintenarce perscnnel from those less skilled
(e.g., apprentices). Sample critical incidents illustrating these para-
meters were developed. Design engineers were asked to categorize these
incidents and parameters in twc ways: as (1) they conceptuniized skill

ifferences and (2) as they considered that skill would influence their
hardware design.

All of the tes: items were administered as paper and pencil tests and
given tc subjects individually in two four-hour sessior-. The items with-
in a given session were presented in a random onder tc comrensate for
serial and fatigue effects. Although these were formal tests, they were
also used a&s a springboard for detailed discussions between the investi-
gators and the cubjects. The genersl vrocedure was to administer the
individual test ard then follow it up by & discussion with the subject
concerning the nature and reason for his responses, before gning on t0 the

rext test. This permitted more meaningful interpretation of the subjects'
responses.
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SUBJECTS

The eight engineers who made up the subject population for this study
were selected from the test engineering department of the Marquardt Cor-
poraticn, Van Nuys, California. Ergince.: were selected from this compeny
because the previous study (Meister et al, 1969) had r2quired the selection
of personnel skilled in the design of test equipuent used to check out
mlssiles and missile-related equipment.

An analysis of the education and experierce background of the subjects
is presented in Table I. The average amount of experience is 15.7 years,
with no subject having less than 8. It can be said therefore chat all
subjects were highly experienced. Moreover, they are essentiaily equiva-
lent i. terms of relevant experience to those of an earlier study {Meister
et al., 1968), in which the mean experience level was 17.3 years.

TEST DESCRIPTICKR

The following tests were develcoped to examine each of the study ques-
tions asked in Section I. Testis are listed in Table II and described in
terms of each of the questions they sougnt to investigate. The tests
themselves ard the instructions given subjects are presentad &s part of
the Results section (I1TI).

l. What design cheracteristics and design concepis are considered by
engineers %o be related to skill dimencions and skill levels?

In order to structure this question the investigators differentiated
betveen design characteristics and design ccrcepts in the folilowing way.
Design charccteristics are relatively Jetailed aspects of design, such as
the size of access spaces, or the placement of related controls and dis-
plays. Design concerts are combirations cf Gesign characteristics which
describe the way in which individual equipment characteristics interrelate.
For example, modular packaging {a design concept) might include access
space, test point locsrtion and arranrement, and ievel of required trouble-
shooting (each of whi:h is a design characteristic). Engineers design
equipmert in terms of design concepts, such as level of automation, and
the design characteristics relevant to those concepts fall out of the ccn-
cepts; however, maintenance men respond directly to the individual design
characteristics.

Skill dimensions are different weys in which an individual's skill
{at any level) can be manifested, e.g., in response speed, or accuracy.
Skill levels represent varying amoun‘s of skill.

Iz Test € (Skill vs. Design Characteristics Test) subjects indicated

whether the inclusicn of various types of characteristics could be affected
by the requirement to use an uvnskilled man as operator Or maintainer.
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TABLE I

SUBJECT EDUCATION AND EXPERIENCE

Gubject

Education

BSEE
BSEE
BS
MSEE
BSEE
BSEE
BSEE
BS

Years of Experience

12
11
17
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TABIE 11

LIST OF TESTS AIMINISTERED TO SUBJECTS

Test Title Relevant Study Questicn
A Skill Dimensions "
B Skil!l Importance 1
C Skill vs. Design Characteristics 3
D Design Tradeoff Priorities 6
B-1 Skill vs. Experience Level T
E-2 Skill vs. Autcmation 3
E-3 Skill vs, Design Concepts 3
F Design Iadependence 2
G Design Suitability 3
H Skill Ranking 1
I Design vs. Treining 3
J Skill Tevel Differences L
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In Test E-2 (Skill vs. Automation Test) subjects were asked to indicate
how they viewed the relationship between level of automation and skiil level.

Aoy

In Test E-3 (Skill vs. Design Concepts Test) and Test G {Design 3uit-
ability Test) subjects indicated whether a limited number of basic design
concepts (as different®ated from the moclecular equipment characteristics
of test C) were relate. more to skilled than to unskilled personnel.

2, How many independent design concepts can be differentiated by engineers?

In order to relate design characteristies to skill levels, it is neces-
sary first to establish what the engineer considers to be independent (i.e.,
homogereous, non-interactive) design concepts. In test F (Design Independence
Test) subjects were given fourteen design concepts and asked to determine
vhich of these are related or independent.

3. What priority do engineers assign to design parameters ( incl.ding HRD
inputs) in making design tredeoffs?

This question had been asked in previous studies (Meister and Sullivan,
1967, and Meister et al., 1968). It was considered desirable to determine
vhether the present subjects utilized the same design tradeoff orientation.
in Test D (Design Tradeoff Priorities Test) subjects were asked to rank
twelve design parameters in terms of importance to design decisions.

Lk, what skill dimensions are considered by engineers to differentiate
different levels of mainteuance technician sk111?

Test A (Skill Dimensions Test) presented a series of statements describ-
) ing how maintenance technicians perform. Each statement was an incident
: descriptive of a skill dimension. Subjects were asked to categorize each
statement as characteristic of a skilled or unskilled man. Those statements
: on which significant agreement aiong subjects could be reached would pre-
sumably describe the effective parameters of masintenance skill as defined

by the designer. The foilowing tests, dealing with the same question, were
also presented:

; In Test B (Skill Importance Test) subjects indicated the contribution
. of eech of nineteen skill dimensions to maintenance skill on a 5 point
scale.

In Test H (Skill Ranking Test) subjects were 23ked t¢ rank the nineteen
skill dimensions of Test B in terms of their impo:tance to overall skill.

P A T

€

5. How many levels of skill can be differentieted by engineers?

!
e W epears 2

The Air Force generally utilizes a three-step skill level continuum
3 (3, 5, T-level) which lacks correlated performance descrintors. It was
considered possible that a finer skill level continuum, phrased in terms
4 of characteristic maintenance performance, could be utilized more readi:y
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by engineers. The purpose of Test J {Skill Level Differences Test) was
to determine whether subject agreement could be reached on the steps
within that expanded skill continuum. Subjects were given a 10 woint
scale of skill level end asked to assign each point %o a continuumn rang-
ing from completely unskilled to completely skilled.

6. What is the relationship in the engineer's mind between skill level
and years of experience?

Skill level and experience would seem to be somehow related. It was
considered possible tha* some gquantitative relationship might be estab-
lished between these two variables. In Test E-1 (Skill vs. Experience
Level Test) subjects were asked to assign four levels of skill to a time
scale ranging from zero years experience to 10 years experience.

7. How are design concepts related in the engineer's opinion to the
amount of training required by these design concepts?

A relationship between design concepts and amount of training has
commonly been assumed in most manpower planning, but the nature of the
relationship has not been investigated, at least quantitatively. This
question was an attempt to scale design ccncepts in terms of amount of
required training.

In Test I {Design vs. Training Test) the design concepts studies in
Test F (Design Independence Test) were given to subjects with instructions
to rank each concept in terms of the amount of treining that concept
would apprear to require.
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SECTION III

RESULTS AND CONCLUSIONS

SUMMARY
The following conclusions were derived frem this study.

1. Engineers consider (at the .00l level of agreement) that the
following design characteristics are most appropriste for skilled per-
sonnel: gquantitative displays; special purpose test equipment; trouble-

shooting down to the circuit level; component repair required; on-site
maintenance and calibration.

2. Engzineers consider (at the .COl level of agreement) that the
following design characteristics are most appropriate for unskilied per-
sonnel: gc/no-go displays, step by step procedures; throw away msinten-
ance concept; aud subgystem as opposed to compornent checks.

3. The following design attributes are considered to be essentially
independent (i.e., unrelated to other design approaches); unit packaging;
individusl packaging; circuit level trcubleshooting; redundancy; manual
control; end scale type information. Apperently the genersl deaign concept

of automatic vs. manual equimment can be broken down into the above pera-
meters.

4, The following design concepts are significantly related (in the
engineers' mind) %o skilled perscnnel: manual control; multi-purpose
equipment; circult level troubleshooting.

. The amount of training required for operation/maintenance of eaquip-
ment varies as a function of design attributes, ranging from those requi--
ing most training: circuit level troubleshooting, multi-purpose equipment
and scale type displays, to those requiring least tralning: sell-check
capability; special purpose equimmeni; and go/no-gc informaticn.

6. Engineers heve a much more precise concept of what constitutes
skilied maintenance behavicr than they bave of unskilled behavior, based

on the consistency of their responses to skilled vs. unskilled character-
istics.

7. All eight subjects agreed that the parsmeters wiijoh they conceive
of as differentiating skilied from unskil.=d maintenance personrel are:

Characteristics of

Charazteristics of
Skilled Personnel

Unskilied Personnel

Knowledge Accurasy (lack o)
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Characteristics of Characteristics of
Skilled Personnel Unskilled Personnel

Problem-solving Kiowledge {lack of)
(troublieshooting ability)
Flexibility Problem solving (lack of

ability to troubleshoot)

8. The following parameters, in decreasing order of importance, are
considered to contribute most to skilled performance: integration of
information, knowledge, accuracy, problem solving, training, use of instru-
ments, flexibility, stress perfourmsnce, visual capacity sand resporsibility.

9. Wben subjects were asked tc rank crder the nineteen skill para-

meters in terms of relative importance, seven of the len paraneters noted
in (8) above were included, the only exceptions being: use of instruments;

stress performance; and visual capacity.

10. Engineers consider that skill is less important for deteruining
design characteristics than equipment performance capability, equipment
reliability, cost, maintainsbility and producibility.

11, There is no comsictency in engineers' estimates of the amount
of time required for an individual to achieve various skill levels. No
sigaificance is attached by the design engineer to time on the job as an

isolated descriptor of .kill.

12. Engineers claim to be capable of differentiating {(at the .00l
level of significance) ten levels of prrsonnel skill.

12
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DETAILED RESULTS

The following questions wer2 answered in the skill investigation
study., Following a statement of the question a description (with sub-
ject instructions) of zach test is given, followed by a statistical
analysis of the results and the conclusions derived from the results.

1. What desigr characteristics and design concepts are considered by
engincers to be related to skilled dimensions and skill levels?

Tests C, E-2, E-3, and G are directed toward answering this question.

TEST C
SKILL VS, DESIGN CHARACTERISTICS TEST

Test Description and Instructions

In this test we wished to determine how vhe engineer relates the
skill charanteristics of the personnel who are going to operate and
maintain his equipment to the characteristics of that equipment.

Subjects were presented with two lists of characteristics: one
describing the personnel wbo would be respoasible for operation and
maintenance of the system and the second describing the characteristics
of that cquipment. Originally it was planned to have the subiects con-
sider each personnel characteristic (based on the nineteen parameters,
which would have made nineteen characteristics) individually against
each equipment characteristic. However. the number of comparisons
required quickly exnausted the subjects and it became necessary to
collazse the individual personnei charaszieristics into three which de-
scribed (1} a relatively low skilled, (2) not too intelligent, (3) in-
experienced individual. Subjects then judged whether or not a partic-
ular design characteristic would be affected by the requirement to use
this type cf man as operator or maintainer.

"One of the things we want to find out is how the engineer relates
the skill characteristics of the people who are going to operate and
maintain equipment to the characteristics of the equipmert he is design-

ing. This assumes, oi course, that he designs his equipment to it as
rrich as possidble the characteristics oif its users.

"Imagine then that you are designing the electronic subsystem of a
missile or 2 maintenance ground equipment and that vou have a description
of the people who will have to use and maintain the equipment. Thase
indiy iduals can be summed up in three phrases: (1) relatively low skilled;
(2) not tco intelligent; (3) inexperienced. These characteristics are
constraints on your design, because you are designing for relatively
unskilled personnel. We want you to match these personnel characteris-
tics to the characteristics of the equipment you ar. designing, for
example, the weight or the dimersions of the equipment.

13
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"We will function something like this. I want you to go through the
list of design characteristics on your answer sheet. As you do so, ask
yourself whether you could somehow modify the design of that equipment
characteristic to make it easier for this unskilled technician tc do his
job better.

"Just as an example, one cf the equipment characteristics listed is
“type of displays - quantitative or go/no-go'. You might feel that if
the technician is relatively unskilled he might not be able to assim-
ilate any more informstion than that provided in go/no-go displays; so
you would desigrn your equipment to have go/no-go displavs. You want to
ask yourself the same question for each of the design characteristics
iisted on your answer sheet. That sheet ccntains three answers you can
give to the question: no effect; slight effect; major effect. 1If there
is no possible way in which the design characteristic could bhe modified
to fit thesc personael characteristics, you would check the box labeled
"no efrect". If the design characteristic could be modified, but only
slightly, you would check the box labeled, "slight effect". If the
design characteristic could be affected significantly bv the skill char-
acteristic, you would check the box labeled, "major effect'. 1Is that
clear?

"Now study tnhe list of equipment characteristics. If you have any
questions at any time about what you are supposed to do or what each of
these characteristics means. let me knov. You may wish to comment on
your answer; please do so. Take as much time as you feel you need.”

Conclusions and Interpretations

To analyze the results of test C the x¢ one~sample test (Siegel,
1956) was used. In effect this s -tistical test irndicates the amount of
agreement among subjects in relating skill as a design comstraint to
particular design characteristics.

An examination of Table I1I(a), which presents the frequencies of
subject choices, together with interpretative comments, reveals that
the following design characteristics are significantly related to lack
of skill: arrangement of internal components, tvpe of test eguipment
required, type of information displays, type cof troubleshooting symptoms
and step by step procedures.,

If the two categories (slight effect; major effect) are collapsed
into a single category (some or major effect), (Table IXI(b)), the
relationship betwecn design characterirs "ics and skill becomes much
stronger.

Table IXIXI(b) indicates the foilowing:

14
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Design Churacteristics Sigiificantly Design Characteristics Significantly

(.05 level) Related To Low Skill {.05 level) Unrelated To Low Skill
level level

Test points Weight

Internal Compcnents Dimensions

(a) arrangement

(v} scceesibility Type cf equipment comnectors
Checkout procedures Drawings/scheautics

(a) type

(b) length Access space

(c) availability of feedback

(@) number of persornel mequired Ytandardization of fasteners

Tyre of test equiment requirel
Go/no-go displays

Troubleshooting procedures

(a) symptoms

{b) feedback indications

(c) level of troubleshociing required

Step by step procedures

Those design characteristics not listed above are ambiguous in their
reliaticnship to skill level; in other words, engineers are divided in
their opinion as to the relationship.

It must be exphasized that these are reiamtionshipe as the engineer
sees them. These axe the relationships on vhich the engineer will act
in his design. Since they sre judgmental only, they should rot be
accepted a8 demonstrating the existence of an actual, empirically derived
relationship.

The implications of these findings is that should the developer be
required to design for low level personnel, he is wore lixely {0 include
in his equipment the design characteristics which he hns noted &s dbeing
related to unskilled performarnce. Tn addition, there would seem to be
a definite relationship between certain classes of design characteristics
and the skill leve s of the personnel expected to be operating that equip-
ment; further researca in this area would seem to be necessary in order
to examine the relationship of major catsgories of equipment character-
istics and skill levels,

15
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TABLE 117(A)
RESULTS OF TEST C

(SKILL VS, DESIGN CHARACTERISTICS)

WITH ORIGII.; L CATEGORIES
No Slight Major
Iem Effect Effect Effect Responses
1. Weight & Subjects were unanimous in
agreeing that equipment,
2. Dimensions 8 weight, and dimensions are
not velated to skill,
3. Test Points
a. Number 2 2 4 Subjects were divided on
this question, with approxi-
b. Location 2 2 4 mately half of them indicat-
ing a strong relationship be-
c. Identification 2 i 5 tween test point characterist-
ics and skill.
d. Arrangement 2 1 s
4. Internal Components
a, Type 4 4 Here 2gain we have an al-
most equal splil as to the
b. Number 3 2 3 relationship of personnel
characteristics to the layout
c. Arraagement 1 2 5 and selection of internal
components.
d. Accessibility 2 2 4
5. Checkout F rocedures
a. Type 2 1 5 The nature of checkaut pro-
cedures is seen as being very
b. Length 2 2 4 much a function of personnel
skill and experience.
c. Frequency of Per- 5 1 2
formance
d. Availability of Feed- 2 b
back
e. Number of Personnel 2 H 5
Required
16
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TABLE TIII(A)
RESULTS OF TEST C

(SKILL VS. DESIGN CHARACTERISTICS)
WITH ORIGINAL CATEGORIES

No Slight Major

Responses

Item Effect Effect Effect
6. Equipment Connections
Required
a. Mumber 4 3
b. Type 7 1

7. Test Equipment/Tools

Required
a, Type
1. Manual/Actomatic 3
2. Portable/Built-in 1 4
3. General Purpose/
. 3
Special
b. Number 4 2
8. Test Information Displays
a. Number 3 1
b. Type
1. Quantitative/ 3
Qualitative
2. Go/Ne-Go 1

9. Troubleshooting Procedures
a. Symptoms

1. Quantitative/
Qualitative

17

Subjects saw very little rela-
tionship between personnel
characteristics and connector
selection and utilization.

Subjects perceive test and
checkout philosophy and im-
plementation as being directly
related to the characteristics
of the personnel who will use
the equipment. The number of
test equnipments required does
not seem to be so related.

Subjects seem split as to whe-
ther skill level is related to
number of displays. There
seems to be no doubt, how-
ever, that the type of display
provided is definitely a func-
tion of personnel character-
istics.

The nature of troubleshooting
procedures, the level to which
they are carried, and the kind
of feedback required, are
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TABLE TIXA)

t RESULTS OF TEST C
X ) (SKILL VS, DESIGN CHARACTERISTICS)

WITH ORIGINA L CATEGORIES

8

! : No Slight Major
Rem Effect Effect Effect Respenses
2. Single/Mu'tiple 4 4 significantly related to per-
sonnel characteristics, with
; . b. Number of Steps 3 1 4 number of personnel required
and the nature of symptom
: c. Feedback Indications 2 1 5 presentation being somewhat
= less closely related.
i d. Number cf Personnel
. 3 1 4
1 Required
e. Level of Trouble- 2 6
shooting Required
10. Type of Instructions
2. Step-by-Step 1 2 Subjects report that step-by-
Procedures step procedures are required
for unskilled personnel, How-
b. Signal Flow Diagrams 4 2 2 ever, drawings, schematics,
and signal flow diagrams
¢. Drawings, Schematics 7 1 apparently cannot be tied 0 a
particular skill level,
11. Access
a. Spaces The number and size of ccess
spaces and their covers a -
: . {« Number 6 A definitely not related to a given
‘ 2. Size 6 2 skill level, What is important
‘ is simply that there be-access.
; 9. Covers 6 2
: 12, Coding/Labeling 5 1 2 Unrelated to skill level.
' § 13, Standardization
&
4
g a. Components 4 1 3 Standardization of compore ts
£ and fastencrs appears not to be
%f b. Fasteners 8 related to skill level,
§«:
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TABLE III{A)

RESULTS OF TEST C
(SKILL VS. DESIGN CHARACTERISTICS)

l WITH ORIGINAL CATEGORIES

No Slight Major

Item Effect Effect Effect

Responses

14, Safety 4 3 1 "Safety is a primary ccnsia-

eration at all times', regard-

less of personnei charactcrist-
ics. Some of tiie subjecte,

i however, would hedge this a

'{ bit by paying a littlte more

attention to safety for uns.i'lec

personnel.

RS

T e s 14 S
P AOReA T ST TN (e

19

,_~
=""Fr




VP ey

"

TPIVDITORTR

TABLE III{B)
RESULTS OF TEST C

(SKILL VS, DESIGN CHARACTERISTICS)

WITH COLLAPSED CATEGOKRIES

P P RVA - pulte . £ SOV

No Some or 2
Item Effect Major Effect X P
1. Weight 3 16.0 . 001
2. Dimensions 8 16,0 . L01
3. Test Points
a. Number 2 6 7.0 .05
b. Location 2 6 7.0 .05
c. Identification 2 6 7.0 .05
d. Arrangercent 2 6 7.0 .05
4. Internal Components
a. Type 4 4 4.0 NS
b. Number 3 5 4,75 NS
c. Arrangement 1 7 10.75 .01
d. Accessibility 2 6 7.0 .05
5. Checkout Procedures
a. Type 2 6 7.0 , U5
b. Length 2 6 7.0 .05
c. Frequency of Per- 5 3 4.75 NS
formarice
d. Availability of 2 6 7.0 .05
Feedback
€. Numb.er of Personnel 2 6 7.0 .05
Required
$. Equipment Connections
Required
a. Number 4 4 4.0 NS
b, Type 7 H 10.75 . 01
7. Test Equipment/Tools
Required
a. Type
1. Manual/Automatic 8 16.0 . 0C1
Z. Portable/Built-In 1 7 10,75 . Gl
3. Genreral Purpose/
16,0 . 001

Special

N T
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TABLE IIXB)

KESULTS OF TEST C
(SKILL VS. DESIGN CHARA(CTERISTICS)

WITH COLLAPSED CATEGORIES

No Some or
Item Effect Major Effect x2 p
b. Number 4 4 4.0 NS
8. Test Information Displays
a. Number 3 5 4,75 NS
b. Type
1. Quantitative/
Cualitative 3 > 4.75 NS
2. Go/No-Go 1 7 10,75 . 01

9. Troubleshooting Procedures

a. Symptoms
1. Quantitative/

Qualitative 1 7 10,75 . 01
2. Single/Multiple 4 4 4.0 NS
b. Number of Steps 3 5 4,75 NS
c. Feedback Indications 2 6 7.0 . 05
d. Numb.er of Personnel 3 5 4.75 5
Required
e. Level of Trouble-
shooting Required z 6 7.0 - 05
10. Type of Instructions
a. Step-by-Step Pro- 1 7 10.75 o1
cedures
b. Signal Flow Diagrams 4 4 4.0 NS
c¢. Drawings, Schematics 7 1 10,75 . 01
11. Access
a. Spaces
1. Number 6 2 7.0 .05
2. Size 6 2 7.0 .05
b. Covers 6 2 7.0 .05
12, Coding/Labelirg 5 3 4.75 NS

2.
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TARLE IIIB)

RESULTS OF TEST C
(SKILL VS, DESIGN CHARACTERISTICS)

WITH COLLAPSED CATEGORIES

No Some or

Item Effect Major Effect Xz P
12, Standardization
a. Components 4 4 4,0 NS
b. Fasteners 8 16,0 )01
i4, OSafety 4 4 4,C {S
22




TEST F-2
SKILL VE. AUTOMATION TEST

Test Description and Instructions

In this test subjects were vresented with five true/falce questions 2
regarding the relationship between level of automation and personael. y
skill level. The questions are presented in Table IV.

Conelusions and Interpretations

The Binomial test (Siegel, 1956) was applied to determine whe‘her
the distribution of true/faise responses varied significantly from what
one might expect by chance. Four of the five items are highly signifi-
cant.

It would seem from Table IV that design engineerc unove a prounoun-
ced bias toward designing the operator out of their equipment, regard-
less of personnel requirements levied in & particular situation. Even
item C in the table, which practically "leads" the respondiznt into a
response favoring a manual design, falls to meet significonce standards,
although five of the subjects did agree with the statemernt.

Test responses are, moreover, corroborated by subjez--' bahavior
on the major design problem performed in the earlier secuions. The sauwe

behavior has been cbserved also in englneers used as subjecets in previous
studies (Meister et al, 1968).

TEST E-3
SKILL VS. DESIGN CONCEPTS LEST

Test Description and Instructions

"Indicate whether the following equipment charscterictics would be
appropriate for or could be used more readily by skille? H» unsi:filled
personnel. Put S opposite the item if it is more approypriuie :or skilled
personnel; U opposite the item for unskilled or relative. .acvi.led
rersonnel. Place a question murk opposite the item if 1. is applicable
to both skill levels or neither."

Conclusions and Interpretations

Twenty-eight equipment characteristicc were precente.. . w: .ch
twenty-two reached a X% significance level of agreement ol .U, or battar,
The equimment characteristics applicable to unskillied perconne. .re .
listed in Teble Vf{a); those applicable to skilled personnel - zaown
in Table V{b). The cix characteristice which wer- insigrif ool
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TABLE IV
RESULTS OF TEST E-2
(SKILL VS. AUTOMATION TEST)

A. Al other things being equal, when system require-
ments are guite stringent (e. g., high reliability, short
turn around time), I prefer to make my equipment
more automatic than manual.

8

B. All other things being equal, if an equipm-ri re-
quire:c major aralyses or decisions to be made, 1
prefer to automate these decisions, unless 1 can be
sure of having highly skilled personnel to operate

and mairtain the equipment.

C. Certain types of systems (such as those which re-
quire sensing or interpreting data) seem to me to
require more manual design than others,

D, Regardless of the skill of the personnel who wili
operate and maintain the equipment, I am designing,
I prefer to minimize the possibility of error by de-
signing the eguipment to be as automatic as possibie
(all other things, like cost, being equal).

E. When I am told that the personnel who will opexrate
and maintain the equipment will be low level tech-
nicians, [ tend to make my equipment more manual
(all other things, like cost, being equal).

. 004

. 004

. 004
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TABLE V (A)

RESULTS NF TEST E-3
(SKILL VS, DESIGN CONCFEPTS)

FOR UNSKILLED PERSONNE L

No-Go

Distribution of

2 Responses
Design Concepts X P Skilled Unskilled 2
Built-in Test Equipment 10.75 .01 1 7
All Similar Components in Cne -
Module 10.75 .01 7 1
Go/NoGo Displaye 16.0 . 001 8
Relatively Short Checkout Pro- 10.75 .01 1 7
cedures
Internal Components Arranged
by Signal Fiow .0 - 05 6 2
All Similar Compounents Grouped
] in One Module .0 - 05 6 2
< Step by Step Procedure 16.0 . 001 8
. Fixed Maintenance Equipment 7.0 .05 2
Throw Away Maintenance Concept 16.0 . 001 8
E Subsystem Checks which indicate
that the Subsystem is cither Go/ 16.0 . 001 8
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: TABLE V (B)
RESULTS OF TEST E-2
(SKILL VS. DESIGN CONCEPTS)
% FOR SKILLED PERSONNEL
{
T Distribation of
z 2 Responses
f fiesir Concepls X P Skilled Unskilled 2
¢ -ntitative Displays 16.0 .00l 8
5. vcable Test Equipment 7.0 .05 6 2
As Much Feedback Informatio:n ' .
i D.splayed as Possible 20.75 .0 ! !
S2ccil Purpose Test Equipment 16.0 . 001 8
: As slany Test Points as Poss:ble 7.0 05 6 2
Sccpe ;fattern Interpretation Re- 10.75 .ol - 1
«uired
Trot-ixlesnootmg down to the Circuit 16. 0 001 8
Level
Comnuneat Repair Required 16.0 . 001 8
On-S'ts Maintenance 16.0 . 001 8
Vil L'xs.pectwn of Components 6.25 05 5 1 1
Renuired
Li: ..i.r. .. Number of Maintenauce 10.75 .Gl - 1
Fersonnel
Ca.. :ation Required 1€ 0 . 001 8
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related to either skilled or unskilled personnel are: test points as
c.ose as possible to the components they checkout; internal components
stacked; test pcints located in a single module; long checkout procedures

broken up by sumsary sictus checks; mobile maintenance equipment; signal
flov diagrams and schematics.

Test E-3 is related tc Test C (Skili vs. Desizn Characteristics)
and supplies somewhat similar answers. Just as in Test C, epgineers
are likely {all other things being equal) to provide =killed personnel
wvith quantitative displays; as much feedback jinformation sxd test points
as possible, to require troubleshooting (component repair ané ca-site
maintenance also imply troubleshooting) and calibration, etc. Design-
ing for unskilled personrel implies built-in test equipment, go/no-go
displays, short checkout procedures, step by step procedures, throw-
avay maintenance (thus avciding the need to troubleshoot), etc.

Agaln, the chances are that requiring that equipmert be de~igned
tc either high or low skilled personrel will predispose the engineer to
design witu wne appropriate related characteristics. This is not
necessarily bad, since there is a logic behind the relazionship of skill
and design characteristics. However, it is necessary to kncw what the

relationship is to be able to control more efficiently the engineer's
design tendencies.

TEST G

DESIGK SUITABILITY TEST
Test Description and Instructions

"In Test F we gave you a set cf desigr concept descriptions. Now
wve would like to find ovut vhich of these design concepts are more suit-
able for skilled than for unskilled personnel, and vice versa. If the
concept has no relation to skili level, place s check in the "no dif-
ference” column. Read the definitions in Test F over again and place a
check in the appropriate column “elow.,™

Conclusions and Interpretations

Table ¥]Ipresents the distribution cf judgments across the three
categories. I the null hypothesis is correct (that tlere is no 4if-
ference among the frejuencies of checice among skilled, unskilled and
nc difference), one would expect a frequency of 8/3 in each columm.

This permits the use of X“ as a measure cf significance between expected
and actual values. Table X indicates that L of the i4 cases are con-

sistently identified se having some relationship to skill (at the .05
level ¢y better). These are:
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(1) Manual control (skilled)

) (2) Multi-purpose equipment (skilled)

(3) Circuit level t,oubleshuoting (skilied)
(4) Scale type information (skilled)

It was indicated in the interpretation of Test A (Skil) Dimensions)
that ergineers have a more precise concept of skilled than unskilled
behavior. This is merkedly demonstrated again ir Test G, wh2re all
significant reletionships refer to skilied behavicr.

It may be of some significance that three of the design concepts
related to skill are among the “independent” concepts of Test F {Design

Independence ).

Piscussion of Conclusions Relative to Question 1

It is apparent from the preceding fcur tests that engineers {con-
sciously or not) relate individual design concepts and characteristics
to skilied and unskilled behaviors. Given a particular skill reguire-
ment the engineer is more likely than not to include in his design, char-
acteristics vhich he considers appropriave to that skilil requirement.
Table V(a) and V(b) 2ist the characteristics he ccnsiders appropriate
to particular skill leveis. Given no skill regquireament, he is mocre
likely than not, all other things being equal, to automate his design.

These results suggest even more strongly the need to incluce
specific skil! requirements in procurement specifications. The sbsence
of any requirement leesves him free choice %o indulge his biases; and,
as certain of the subjects of this study indicated, he terds verv
strongly to design in sccordance with tiese biases. It would seem
desirable t0 cornirol the engineer's design propensities as much as
possible (however much this may be) by imposing as sany pertinent
requirewents on him as 1s feasible.
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TABLE v1

RESULTS OF TEST G
(DESIGN SUITABILITY TEST)

Design Concepts

Complete Automation
Sema- Automation

Manual Control

Seli-Check Capability
Multi- Purpose Equipment
Special Purpose Equipment
Modularized Equipment
Unit Packaging

Individual Packagiag
Circuit Level Troubleshooting
Module Troubleshooting
Go/No-Go Information
Scale Type Information
Redundancy

Distribution of Responses

No
Differ-

Skilled Unskilled _ence Xz P
1 5 2 3.25 NS
4 2 2 1.0 NS
7 1 10,75 .01l
1 5 2 3.25 NS
7 1 10.75 .01
2 3 3 .25 NS
2 4 2 1.0 NS
5 3 4.75 NS
5 2 1 3.25 NS
8 16.0 . 001
3 3 .25 NS
1 5 3.25 NS
7 1 6.25 .05
4 1 3 1.75 NS
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2. Hov many independent design concepts can be differentinted by
engineers?

Test F (Design Independence Test) was directed at answering this
guestion.

TEST F
IESIGN INDEPENIENCE TEST

Test Description and Instructions

*"In this series we want to explore different types of decign con-
cepts. Please study the descriptions of equipment characteristics below.
Imagine that you would have to desi-n to these requirements. Then turn
to the accompanying matrix table. You will see the design concepts de-
gcribed by these characteristics iisted on the left end top side of the
matrix table. Pl a check mark in each cell of the table where the
design approach for the various concepts is the same. For example, if
the design approach for modularized equipment ic the same as that for
&n equimment with self check capability, you would put a check in the
cell vhere these two descriptions intersect. If the design requirements
for different equipment characteristics are different, leave the cell
blenk."

Complete Automation

All functions sre performed automalically by the equimmenc.
The operator merely monitors its performance.

Semi -Automation

The equi,went performs functions up to a certain stage, then
weits untii the cperator decides to go to the next functiomnal
stage of operation.

Manual Control

The equipment performs no functions without the operator first
initiating a contrcl action.

Self-Check Capability

The system has the capabiliity to check its own functioning and
to localize its faulits down to & given level.

Multi-purpose Equipment

The equipment is highly flaxible and performs several functions.

» ik ivnitamatod YN st
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Spccial Purpose Rquimment

The equipment is specislly designed for a particular purpose
and performe oniy a single function.

Modularized Equipment

The internal components of the equiyment are packaged in a
modular fashion.

Unit Packaging
The equipment has individual sssemblies to perform several

different functions; however, they are all packaged in tbe
same unit,

Individual Pachgﬂ

The equipment 18 broken up into a number of individual units
vhich can be hooked together in different arrangements to
checkout different assemblies.

Circuit level Troubleshooting

Troubleshooting of this equimment is required down to the
circuit level.

Module Troubleshooting

Troubleshooting of this equipment is required only down to
the module level.

Go/No-Go Inforsation

This equipment provides information to the technician in go/
no-go form.

Scale Type Displays

This equipeent provides information to the technician in the
form cf quantitative, scale type displsys.

Redandancy

This equipment has at least one redundant unit or path for
each major function performed.-
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Statistical Analysis

The subjects made one of two possible responses for each matrix
cell, with the unbiased probability of indicating that any two design
concepts are equivalent being .5. Therefore, the Binomial Test (Siegel,
19%) is applicable and the specific probabilities for selection of
two design concepts as baing equivalent are as follows:

Cell Frequency

Frequency
Not of
Bquivalent Eguivalent Specific Protability QOccurrence
Yes Mo
8 + 0 P = .00k 15
T + 1 P = .03% 16
6 + 2 P-= olhﬁ Not 3180 2)4
S+ 3 P = .33 Not sig. 2t
L 4+ & P = .637 Not sig. 11
TOTAL MATRIX CELIS 9.

To develop a measure of the relative dependence-independence among
design concepts, the numerical technique of squaring the element values
was used to exaggerate the presence of cell frequencies greater than
one (a reasonable cutoff point since cell frequencies of zerc and one
were determined (above) to be nonchance occurrences) with the larger
cell frequencies being increasingly emphasized. The sums of the
squared cell frequencies {"designed by equivalent design concept"
responses ) yielded an ordinal scale describ? the independence of the
fourteen design concepts.

Conclusions and Interpretations

The design concepts and the frequencies of selection are shown in
Table VIi. Examination of Table VII reveals that roughly one-half of
the design concepts listed can be considered as essentially independent,
independence being defined as those items which few, if any, of ihe
subjects selected as being related to any other design concept. The
concepts found to be most independent by the above describrd measure
are listed below in their rank order:

(1) Unit packaging;

{2) Individual packaging;

(3) Circuit-level troubleshooting;
(4} Redundancy;

(5) Msnual control;

(6) Scale-type information.
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If one looks at those concepts which are related to other concepts (with
a frequency of 7 or 8), the following relationships appear:

(1) Automstion and semi-automation are related to:
(a) self check capability;
(b) modularized equipment;
(¢) module troubleshooting;
(@) go/ro-go information (automation only).
(2) Hanual control is related to:
(&) multi-purpose equipment;
(v) scale-type information
(3) Self-check capability is related to:
(a) modularized equiment
14) Modularized equipment is revlated to
(a) module troubleshooting.
It is therefore likely that if the designer automates his equipment,
wholiy or partislly, he will tend to provide a self~check capebility,
modules and go/no-go information. If he decides to design his equipment

for manual operatiorn, he is likeiy to develop multi-purpose equimeut
and present quantitative information in scale type displays.
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TABLE VII
RESULTS OF TEST F
(DESIGN INDEPENDENCE TEST)
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3. __What priority do engineers assign to design purumeters (includi 11
and other HRD inputs) in making design tradeoffs?

Test D was directed at answering this question.

TEST D
DESIGN TRADEOFF PRIORITIES TEST

Test Description and Instructions

In this test we wished to determine tne¢ iuportance of HERD irputs
relative to other design parameters in any tradeoffs the engineer might make.
A similar test item has been included in a number of previous studies
performed by the authers and this test item would help to corroborate or
disprove those previous findings. The value essigned by the engineer to
various items of perscnnel data would help to suggest the relative weight
which should be attached to these data items in SOW's or in human factors
inputs provided during system development.

"Every design involves a number of tradeoffs. Some of these may be
more important t“an others, To find out which design parameters you consider
more or less important in tradeoffs, we ask you to rank the parameters listed
below in decreasing order of importance. Assume you are considering two
alternative designs for maintenance ground eguipment. The decision to be
made is to be determined by the design parumeters listed below, Which of
these parameters would you consider most important in terms of affecting
your design decision?

1. Cost of developing the first prototype.

2. Menpower life cycle cost - the cost of training and supporting the
crew which will operate and maintzin the equipment from the time the
»quipment becomes operational fto the time it is inventoried out of
service,

e Euuipment relisbiiity - probability that the equipment will perform
iis fwr- Jions when required,

L, Equipment performance capability - the capability of the eguipment <o
perform to mission requirements.

Se EFxoducibility ~ ability to »roduce the equipment within a reasonsble
cost and schedule,

6. length of training - length of .ime required to train persomnel to run
the equipment as required,
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T Cos’ of training ~ cost of training personnel ‘o function as required.

8, GQuantity of personnel available - number of persomneli ir the military
inventory available to man the equipment being designed.

9. Skill availability - type of skilled personnel available to operate and
maintain the equipment.,

10, Msintainability - ability to keep the equipment in an "up" condition
and restore it to functioning status when it has malfunctioned.

11. Development schedule ~ length of time needed to deliver the first
prototype to the zustomer,

12, Personnel skill required by the equipment design - these are skill:,
defined in texms of the 19 parameters presented in se:ies B (if you
have forgotien these, please rev.ew their definitions).

"For example, one de.ign might increase cost but reduce the length of
tixe required for training persomnel. Or one might improve producibility
but also increase cost. You have to decide which of these parameters is

most important. Rank the most important parameter 1, next most important
2, ete."

Statistic 1 Apalysis

The ranks assigned to the various design parameters are summarized
in Table VIII. Kendall's W statistic (Siegei, 1256) was applied to the
to determine subject consistency. W = .77, which is significant
at the .00l level, indicating that the subjects were almost unanimous in
{their juigmepts, The results of this test corroborate in every way the
results of similar tests administered in earlier studies,

Coaclusions and Interpretations

£s one might expect, ergineers place 2 much higher value on physical
and cost parameters, which are by their very nature restrictive, than they
do ocn persornel parameters. All the peisonnel items are ranked below the
physical/cost parameters. It is however iuteresting that the most
important personnel parameter %o eng® <ers is skill level required by
equipmene

The fact that engineers assign a iow priority to persomnel inputs should
come as no surprise Yo anyone faniliax with the design process or with the
preceeding studies of engineers (e.g., Meister and Farr, 1366 and Meister and
Sulliven, 1967). For this reason it is lmportant that additional emphasis
oe placed on timely personnel inputs in order to secure a more squal
distribution of the engineer's etcention,

%
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TABLE VHI

KESULTS OF TEST D
{DESIGN TRADEOFF PRIORITIES TEST)
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W ey

fiats

oo

Zem Rank
Equipment Performance Capability 1
Equipment Reliability 2
Cost 3
Ma:nt .inability 4
Froducibility 5
Development Scheaule 6-7
Personnel Skill Required by Equipment Design {Tie)
Skill Availability 8
Manpower Life Cycle Cost 3
Quantity of Personrel Available 10
Length of Training 11-12
Cost of Training (Tie)
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How are design concepts related in the engineer's opinion to the amount
of training required by these design concepts?

&
L]

Test I was directed toward answering this question.

TEST I
DESIGN VS, TRAINING TEST

Test Description and Instructions

"In Pest F we gave you a set of design coacepts. We want you to
analyze the same set of design concepts in terms of the amount of training
that would be required to enable a technician to operate and maintain an
equipment designed according to these concepts. Each design concept has teen
typed on a separate card. Take the card deck and arrange “..e cards in order
of the amount «f training you feel would be required for that type cf
equipment. The card on top should indicate <he greatest amount of training
required, the secord card, the next greatest amount of training, etc,”

Statistic: . Analysis

The ranks assignec Lo these design concepts were consistent at a highly
significant level (W = ik, p = ,001). Table IX lists the design conceptis
ir their rarked order,

Conclusions and Interpretations

It would appear that the various desigr ¢

ted to the amount of training required., It is intereszing to note, in
view of our earlier hypothesis that troubleshootirg is 2 primary dimencion
of maintenance skill, that circuit level trnubleshocting stands almost iz a
ciass by itsel® {mean rark of 1.6) in zerms of tke amoun* of <raining *his
desigrn concept regquires,

t wouwii te highly desirahle if one could specify in = procurement
requirement that a giver amount of training was %0 te :)ro**;de: <D newW sSycT
personnel; and To anticipate that conseguerntly 2 pa""CJ...&. design corcept
vould be employed by the =ngireer, The fact tha® zuech v'e..at;o*.snms car, be
drawn, albel~ In the very crude munaner indicated by thi:z test, cugcests
that some sucz procedure \-"L eventuslliy te feasible., The relz<ionshiy
betweer desiZ. concep:is and =raining showll be explored further because it

- offers substaniizl potextial Improvemernt In performance efflg.ercy ani
. reduc-ion in cos..

o
T

-

~

nce design concepts are relsted %o boil skill Zevel {Teszt 3) ani
tirai :un@_ \-~Sv I, iz is in ~oresting w0 determine The extent 9fF <hat
CO-:'E \.--J“u....p
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In Test G subjects wvere asked to descrile the relationship between
design concepts and skill level. In Test I the same design concepts were
presented to engineers and they were asked to indicate the amcunt of
training required for each design concept.

The frequencies across the three categories in Test G were each
weighted with respect to skill level and susmed. A ranking based /1
skill level was ther assigrned tn each design concept on the basis of tne
sum. These ranks were then correlated vita the ranks assigued in Test
I, using the Spearsan rank-order correiaticn technique (Siegel, 1956).
The results indicate a highly significant leval of agreement (rg = .91,
P = .01). The extent of the agreement aprears to be a function par-
ticularly of those items classed as requiring skilled maintenacce per-
sonnel. In those items of Test G vhere taec sudbjects indicated that it
made "no difference” as to the skill level of personne’., tlere was a
auch lower consistency in subject responses.
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TABLE I1Xx
RESULTS OF TEST 1
(DESIGN VS. TRAINIMG TEST)

Mean Relative

Amount of

Rems Rank _ Rank Trainins Req'd.
Circuit Level Troubleshouting 1.¢ i Most
Multi- Purprse Equipment 4.1 2
Scal= Type Displays 5.4 3
Individua: Packaging 5.7 4
Unit Packaging 5.9 5
Manual Control £.0 )

Redundancy 7.5 7

Semi- Automatic 8.&

Module Troubleshooting i 8.8 5>

Complete Automation 3.6 10

Modularized Equipmert 5.7 11

Self-Check Capability 10,3 12

Special Purpose Equipment 10.4 l

Go/No -G« Information 11.0 14 Least
Lo
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€« What skill dimensions are considered by engineers to differentiste
different levels of maintenance technician skill?

Three tests, A, B and H, were dire~ted toward answering this ques-
tion. Bach is discussed separately.

TEST A
SKILL DIMENSIORS TEST

Test Description and Instructions

"The following is a set cf cards on each of vhich there is a scate-
ment Wnich describes how maistenance technicians perform. Read each
statement carefully and put £ in front of the statement if you believe
it is more characteristic of a skilled maintenance man. Put U in front
of the statement if you believe it is more cheracteristic of an unskilled

or less skilled man. If you lack sufficient information to meke a Judge-

ment, or you feel the descripticn is unrelated to skill, put a question
mark beside the item., You must categorize each statement; do not miss

any.

(Shuffle cards for each supject. Give cards to subject Sndivi-
dually.)

There are nineteen parameters and two descriptors for each para-
meter {hence thirty-eignt items}. A descriptor is an incident whica
describes the parameter in actual performance. One descriptor illus-
trates the behavior of the skilled technician; the otker illustrates
the behavior of the unskilled technician.

Bach parameter is listed in Table X above the two descriptors
which represent that parameter. (Subjects did not, of course, see the
parameter categories, vhich are presented here only for the reader's
benefit.) One descriptor describes the permmeter as one sees it in the
skilled man; the other descriptor describes the parsmeter in the unskil-
led man. The descriptors are listed in Taklc X together with the chi-
square (X°) value indicating degree of rgreement among subjects on
that descriptor.

Statistical Analysis

Tatie X indicstes that for approximately half of the descriptive
statemerts the subjects agreed at a highly significant level (.0l or
better) that these kinds of behavior are =apable of distinguishing be-
tween skilled and unskilled personnel. T.e test used to determine the
?;gv;e cf agreemen® smong subjects was the X one-sample test (Siegel,
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Conclu..ions &and Interpretations

Table X indicetes that the parameters which enter into the deter-
mination ¢ skill are a function of which significance level or amount
of agreement one wishes to accept. Th. .00l level means that all eight
subjects agreed o. the classification of & descriptor; the .0l level
meaps that seven agreed snd one disagreed. Accepting those (2scriptors
vhich are significant at the .0l level we fird that: knovledge, tircuble-~
shooting ability, flexibility, responsibility, speed, work aids, super-
vision, motor coordination, self-confidence, innovation, intelligence,
and visual capacity are characteristics of a skilled technician; whiie
lack of accuracy, lack of understanding, and inability *o iro.bleshoot
describe the unskilled man.

Detailed examination of the items on which all subjects agreed
reveals a tantalizing common element. Almost all of these descriptors
contained a reference, explicit or implieit, to troubleshooting. This
suggests that the commor “actor underlying the various ways in which
skill or lack of skill i1 - ifest themselves in the mainternance enviroa-
ment is ability to trou .eshoct. As of now this suggestion can be hypo-
thetical only, because specific questions to test this point were not
developed. It is interesting, however, that Table XII(b) indicates that
problem solving is ranked number 2 in terms of the comporents that enter
into maintenanrce skill, with number 1 being intelligence.

In analyzing the results of this test, it becomes epparent that
those behaviors descrited by engineers as being characteristic of skil-
led personnel are agreed upon with much more consistency (higber level
of significance) than the remaining items. Examiuation of the eleven
items having the lowest level of agreement among subjects reveals that
nine of these items are descriptions of unskilled performance. It is
possible that engineers have the ability to recognize what is obviously
skilled behavior, but are unable to agree as to what constitutes unskil-
led tehavior.

TEST B

SKILL IMPORTANCE TEST

Test Description and Insiructions

This test represents another way of probing skill dimensions. In
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Test A (Skill Dimens:nns), only the descriptive inciderts were presented,
without any parameter tltle vhich might have served to organize the con-
cept for the subject. In Test B the parameter title was presented and

1 ’ defired. In additioy, the subject indicated the contribution of the

A individual parameter to skilled smaintepance nerformance on & 5 polnt
gcale,

vy m giws b

While it i1s impossible to directly correlate the results of Tests
A ard B, one would expect to find the most important parameters of test
A making the yreatest contribution to msintenance skill. Because of the
manner in vhich the test quesiion was asked, cne would also expent that
even parameters on which there vas no significan: agreemant in Test A
would shov up as having some effect on sxill,

“The items belov are descriptions of the various ways in wvhich

1 maintenance men may differ in terms of their skill level. We want to
find out which characteristics are more importact in terms of the way
You define skill. For ease of presentation we summsrized each skill
Parameter in a short phrase, like accuracy, knovledge or motor coordin-
&tion. In the list below the parameters are defined. After you have
stulied these definitions carefully, we will ask you to rarnk each skill
description with regard to its importance in maintenance skill.

"“The scale runs from 1 to 5 with 1 being of little importance and
S representing & highly critical component of maintenance skill. We ask
thut you make a check at the level of importoence that you think repre-
serts the importance of that skill factur in maintenance performance."

. e
: LIST OF PARAMETER IEFINITIONS
1. Integration of Information
i The highly skilled maintenance man is able to integrate
: information from different quantitative displays (e.g., meters)
and to interpret its meaning. The less skilled maintenance man
i is less able to 40 tbis.
‘ : Minor Critical
Importance To
In Maintenance ’
Maintenance Performance
[
Performance 1 2 3 4 -

(Scaie was repeated for all
subsequent items.)

z. Speed

The highly skilled maintenance man performs maintenance
checkouts repidly; the less skilled man is slower and may re-
peat steps.
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3. DReaponsibility

The kighly skilied man performs his meintenance tasks by
himnelf, without asking asgistance of others or needing others
1o monitor hiw.

b, Work Alds

The righly skilled man usually performs his tasks without
the aid of checklists, tech sunuals or writien instructioms;
the less skilled man alivays uses checklists or other ipstruc-
t1ons8 in performing his task.

5. Accuracy

Tie cskilled man maks:s relatively fev errors that require
him to repeat his work; the unskilied man makes many more
errors and tends to iepeat his work.

6. Superviaion

The skilled man either supervises others or is referred
to by others for assistance or approval of work performed.
The less skilled man does not sujervise ¢r assist others, al-
cthough he may be able to do bis own work satisfactorily.

T. Kuowledge

The skilled men has considerable genersl knovledge {elec-
troulc theory, maintenance techniques) as well as specific
information about his equipment.

8. Experience

The skilled man has woried as a maintenance technician on
this and similar systems for a number of years; the unski’led
man has much fewer years of experience.

9. Training

The skilled man has been given extensive schLooling (for
example, advanced schools and factory training) ia his main-
tenance specialty; the lese skilled man has received auch lesec
formal trainirg.

10. Motor Coordination

The skilled man hus very fine manual dextevity and is
capable 0. preciss wiring, calibration and removing and re-
placing compernerts quickly; the unskilled aan is much slower
and less precise in his mciemenis.
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1l. Prodblem Solving

The highly skilled maintenance men 1s capable ! solving
complex, nonroutine maintenance problems such 85 are founi in
troubleshooting: he can interpret the meaning of trouble
symptoms; *the less sxilled man has difficulty solving thess
problems,

12, Self Confidence

The highly skilled meintenance man has ro hesitation about
volunteering to perform wore complex maintensuce jobs; he "seems
to know what he is doing.” The less skillad man appears to
hesitatz vhep starting & job, as if he #ere pot quite sure of
the next step.

13. \ise_of Instruments

The highly skilled maintenancze man his used a wider variety
of test equipment (like oscilloscopac), snd is familiar with
their operations. The unskille: man :- auch less familiar with
and has used these instruments :n:ch 1l :s.

ik, Innovation

The skilled man may try povel approaches to thea solution
of a problem, such as procedural shr -t cuts. The unskilled man
follows standard maintenance procedures rigidly.

15. Rank

The skilled man bhas higher Air Force rank than the unskil- ‘
ied.

16, Intelligence

The skil.ed mAn learns nevw mainteranse procedures quickly
and easily; be can readily relate what he has learned tc new
equipment., The iess skilled wan learns more slowly and has
difficulty applying what he has learned in the practical

situation.
17. Flexid nitz 4

The skilled man 2rn perform a wide range of maintensuce
Jobs and switches gquiciily and easiiy from cne type of job to
another. The less ckilled man has difficulty in dcing so.

A
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TABLE X1

RESULTS OF TEST B
(SKILL LUPORTANCE TEST)

Item Scale Veiue ¥ Rank X P
Integration of Informaticn 4,5 .5 10.8 .05
Knowledge 4.5 10.8 .05
Accuracy 4.3 5.5 13.25 .02
Problem Solving 4.3 10.8 .05
Training 4.1 10.8 .05
Use of instruments 4,1 6.5 23.25 .00
Fiexibility 4.1 10.8 .05
Stress Performance 4.1 5.75 NG
Visual Capacity 4.0 9.5 4.5 NS
Responsibility 4.0 10.8 .05
Intelligence 3.7 il 3.25 NS
Self- Confidence 3.5 12 Q.5 .05
Innovation 3.3 H 13.25 ,02
Superviciuz 3.1 14 10.8 .05
Motor Coordination 2.0 5.75 NS
Specd 3.0 16 5.75 NS
Experience 3.0 5.75 NS
Rank 2.6 18 2.0 NS
Werk Aids 2.3 19 15.75 .01
* Represents mean scale value
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18, &Stress Perfommance

Wher requived to work more quickly to meet a shortened
deadline, the skilled man does so without loss of efficiency;
the less skilled man starts to make errors and has to repeat
himself.

12, Visual Capacity

The rkilled man appears to have keener visual perception
than the less skilled man; he is gquicker in locating components
and seeing what is wrong with them than the less skilled man.

Conclusions ani Interpretations

In twelve of the nineteen items ranked by the subjecis there was sig-
pificant level of agreement (.0. or better) as %. the value of that iiem
es a contributing factor to maintenance skill,

Table XI indicates that of the four highest ranked perametsrs in
Test B, three (knowledge, accuracy and problem solving) were the same
ones considered in Test A to differentiate most accurately between skil-
led and unskilled performance. The fourth parameter found Lo be impor-
tant in Test A (flexidbility) ranks immediately below problim solving in
Test B. Hence the results of Test B tend to confimm the results of
Tesc A.

TEST H
SKILL RANKING TEST

Test Description and Instructions

“The items below are descriptions of the various ways in which main-
tenance men may differ in terms of other skill level. Some of these
vays may be more important than others in detevmining overall mainten-
ance skili. After you study the list of definitions you will be given
a deck of cards on easch of vhich one definition has been vyped. Please
sort the dec- of cards so that the most important factor is on top, the
next most important is second, and s¢ forth until all nineteen cards
nave bdeen ordered. Do not leave out any of the nineteen cards. If you
feel thut any of these factors is unimportant in determinirg meiantenance
skill, make a note of that factor and tell me afterwvards."

Conclusions and Interpretations

Trhe nineteen parameters presented in this test were those of Test
B (Skil: Importance). If the results of Test B are compared {Table XII
(b)) with the results of ranking in Test H (which is the same question

TE LI L A m et aen A t—ees bt




A

asked in a different manner), we find that there is an extremely high
correlation between the two rankings (1. = .71, p = .Ol). Essentially
whet is represented here, In a hierarchical order of impcrtance, is the
design engineer's concept of wbat constitutes the skiil of the personne:

for which he is designing equiment.

The several re'ersals in rank value batween the parameters ranked
in Test B and those ranked in Test H are explainable, perhaps, in iterms
of the fact that Test R is asking what the contridbution {in an absolute
sense ) uf a rart’cular paramecter is to maintenance prerformance, whereas
Test H inguires into the value of the parameter relative to all the
other parameters influencing maintenance performance. Neverthelecs,
paramecers ranked 2, 3, 4 and ¢ in Test H are the same parameters ranked
bignest in Test B.

Table XII(e) indicates the ranks assigned in this test. Kendall's
W (Siegel, 1956} statistic was applied to determine the consistency of
subjects' rankings. The W value derived (W = .43, p = .(Cl) indicates
an extremely significant level of agreement among subjects relative to
skill parameters.

Discussion of Conclusjons Relative to Question 5

The fact that agreement can be reached among engineers on the para-

meters enter ng into maintenance skiil is highly encoursging ans® should
be folilcwed further.

Additional investigation should be made cf the hypothesis that

troubleshooting ability is a generalized factor influencing the engineer's

concept of mairtenance skill level, 1t may be possible %io differentiate

various aspects 0" troubleshooting and thus secure a more precise def-
inition of maintenance skili.

In any event it would appear feasitle to prepare personmel skill
requirements for new system development in tems of the more highly
ranked skill parameters., Phrased jn this way, such skiil requirements
may be more meaningful to engineers than the presently employed Air
Force Speciaity Code, 3, ¢, 7 level designations.

Nl
(9]

P A

WGBSy |,

s Mihn el

o R s

Frrrzee

Jrneet . AN,

ERECATNTIYS 'MWM%M""N .
. . .




PRI

-

s

IR Ty

e
{17,

watd s,

Py T L e e e A

F——

POV

PR —

TABLE XII {A)
RESULTS OF TEST H
(SKILL RANKING TEST)

Item

Intelligence

Problem Solving
Accuracy

Knowledge

Integration of Information
Flexibility

Self- Confidence
Responsibility
Supervision

Training

Use of Instruments
Experience

Stress Performance }
Speed

Motor Coordination
Innovation

Visua' Capacity

Work Aids

Rank

Rark

© O O =~ O n b W N e

Pt e
-

12.5

14.5

16
17
18
16 '

\Nh
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| TABLE XXX (3)
RESULTS OF TEST B (SKILL IMPORTANCE)
COMPARED WITH TEST H (SKILL RANKING)

LTSN

_RANK
:stm Test B Test H
Integrat:on of Information 5
Knowledge 1.5 4 i
Accuracy 3 %
Problem Solving 3.2 P :
Training 10 :
Use uf Instruments 11
Flexibility 6.5 6
Stress Performance 12.5
Visual Capacity 17
Responsibility 9.5 8
Intelligence 11 i
Self-Conficdence 12 7
Innovation 13 16
( Supervision 14 9
Motor Coordination 14.5
Speed 16 14.5
Experience 12.5
Rank 18 19
Work Aids 19 18

R,
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6. How many levels of skill can be differentiated by engineers?

Test J was directed at answering this quection.
TEST J
SITI1L LEVEL DIFFERENCES TEST

Test Description and Instructions

"The following items describe different levels of maintenance skill.
On the scale velow, which runs from completely unskilled to ccmpletely
skilled, write the number of the skill level item vhere ycu think that level
of €kill belongs., Note that the skill levels described are not necessarily
equally cpaced along the scale and you do not have to, wiless you want to,
space them equally."

Skill Levels

1. Supervisec trainees in performance of simple maintenance tasks,

2. Performs all mainterunce tasks, including comriex troubleshooting,
without supervision.

3. Basic schooling; no experience at all.

4. Responsible for performance of entire maintenance crew,

5« Allowed to perform simple maintenance routine on his own.

6. Learner; acts only as assistant tc more experienced techniciaus.

T Allowed to perform simple, routine checkouts under supervision.

8. Performs complex maintcnance tasks under supervision.

9. Supervises less skilled men in troubleshooting tasks,

10, Able to troubleshoot to the circuit level,

Completely Completely
Unskilled Skilled

Conclusions and Interpretation

Table XIII contains the ranks assigned to each of the items. Using
Kendall's "W" statistic {Siegel, 1956), agreement between our subjects on
this item was extremely significant (W = 8, p = .001).

Discussion

From the results of TableXIIIit would appear that engineers can qifferen-
tiate a cumber of levels of maintenance skill, Although there is some
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overlapping in subject rankings, if one were to plot their distribution in
graphic form, it would approximete a stright line., This suggests that the
points on the skill continuum described by the various skili levels in
Table XI represent valid stages in skill progression.

Earlier studies indicated that engineers had great difficulty in
vaderstanding differences umong the Air Force's 3, §, T-levels. Ome can
conclude from this test that engineers are capable of differentiating a
larger number of skill levels vhen these are phrased in performance terms
than if they are phrased in terws of artificial categories, It may thererore
be useful in specifying manpow:.r regquirements in procurement documents to
describe sk3il levels in term: of performarnce as weil as the Air Force's
AFSC cesignations.
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7. What is the relationshi.p in the engi.cer's mind between skill level
and years of experience?

Test E-1 was directed toward answering this question.

TEST E-1

SKI1L VS. EXPERIENCE LEVEL TEST

Test Description and Instructions

Test E-1l was designed to investigate the degree to which engineers
equate experience (time} on the job with skill. It was hoped that it might
be possible to derive some skill/experiential standards based upon the
engineers view of the time/experience continmuum.

"Assuming t-at the technician's skill is related in some way to the
amount of experience he has, and without considering the type of experierce,

please irndicate on the following scale whether a technician with certain
years of experience is

1. Unskilled

2, Slightly skilled
3. Moderately skilled
k. Highly skilled

T T T Y L T 1 T ' L T~

Gradu- 6 1 1B 2 22 3 32 4 4 s 10
ation MWOSe Yre WCGS, YYSe YIBe YYSe YISe YIS YIrSe YISe JYISe

i‘ro;: exp, €xp. €Xp. €X). €Xp. €Xp. €Xpe CXp. ©€XPe €Xpe €XPe
asic

electronics
school

(Please bracket () on the scale the four levels of skili which a techmician
would have based on experience alone, all other things being equal.)”

Statistical Analysis

Only seven subjects responded to the question. Subject nmumber eight

refused to consider the possibility that length of time on the job was by
itself in any way related to skill.

The responses of our seven subjects produced the following averages
and ranges for the four categories of skill:
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TABLE XIV

RESULTS OF TEST E-1
(Skill. vs. Experience Level Test)

Item Average Range
1. Unskilled 6.1 mos. 1 m, - 12 mos.
2. Slightly Skil‘.ed 17.0 mos ¢ 3 1058, = w mOS «
3. Moderately Skilled 36.3 mos. 6 mos., - 60 mos.
4, Highly Skilled 36.3 mos.

Conclusions and Interpretationz

Since the range of responses is so great. it is apparent merely from
inspection that consistency is insignificant and further statistical
treatment is rot warranted. Apparently the engireer does not consider
time on the job by itself as a significant descriptor of skill.
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C.

CONCLUSIONS

l.

2.

3.

5.

Design characteristics sign:ficantly related *o low skill lavel
appear to be: test ™ ints; intermal components; checkout pro-
cedures; type of test equipment required; go/no-go displays;
troubleshooting and step by step procedures.

The fillowing design concepts are considered by the engineer to
ke relatively indzpendent entities: unit packsging; individual
packaging; circuit level troubleshocoting; redundancy; manual
control and scale type informaticn.

Design concepts and characteristics are related in the engineer's
nind to different skill levels. Given a particular skill require-
ment, the engineer is more likely than not to ine’. in his
design characteristics that he considers appropr:. - 0 that

skill requirement.

The engineer couceptualizer maintenance skill in terms of know-
ledge, troubleshooting ability and flexibility; lack uf skill is
described by lack of accuracy, failure to understand and inebility
to troud.eshoot. A common denominator of skill parsmeters appears
to oe truubleshooting ability.

The enginzer has a concept of skiil level which is more operatiom-
ally and performance-oricnted than described by the Air Force
Specislty Code designatiocns.

The individual desjgn concepts are significantly related in the

engineer's mind to the amount cf training requiizd. A specifi-

cation of the amount of training to be given to system personnel
wiil therefore influence the type of design concept incorporated
into nev equimment.

Skill level appears not to be -~elated inthe engineer’s mind to
years of experience.
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SECTION IV
RECOMMENDATIONS

Tn order to influence system design, engineers must be provided with
personnel requirements which are meaningful to them in terms of design
implications. Manpower requirements usually incorporated ia procurement
documents do not =atisfy this criterion. The reason fcr this is the serious
lack of data on personnel-design relationships. The present study has made
a very tentative stab at uncovering these relationships and it is encouraging
to note that under controlled conditions (as in this study) engineers appear

to recognize the validity of these relationships. Much more, however,
remains to be done. later in this section recommendations for further
research will be presented; for the moment the immediate implications of

the study should be considered.

As a result of the present study and others performed (eg, Meister
et al., 1968 and 1969), it is apparent that engineers will disregard man-
pover requirements phrased in gereral terms such as, "design to minimize
skill level"., It is therefore necessary for the human resources specialist
to include iv procurement documents hignly explicit requirements which have

the following characteristics:

(1) Manpower requirements should be phrased as explicit design
requirements.

{(2) Inticate the maximmm number of personnel allowed for operation and
meintenance of the systexm.

(3) 1Indicate the distribution of skill Jevel of these personnel.

(4) Indicate the amount of training which will be given these
personnel and the level of proficiency they can be expected

to attain.

(5) Skill level should be phrased in performance terms (ie, in terms
of vhat the persounel can be expected to do while operating and

maintaining the system).

(6) The desizn implications of manpower requirements should be
explicitly stated as desired outpits of system design {eg,
versonnel should (cr should not) be expected to troubleshoot
2t the circuit level).

The inclusion of suwch manpower requirements in procuremen: documents
will not necessarily cause the engineer to give these requirements the

highest priority in his design, but they will caure him to think more
seriously of his desigp in terms of personnel implications.
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The study also suggests cer*ain fruitful areas for further work. Tre
nature of equipment design makes particular demands upon personnel in terms
of the skills needed to operate and wmrintsin that equipment. From that
standpoint it is necessary to analyze tne verious equipment designs avail-
able or projected to become operational in tkhe sir Force to determine thc
tasks they impose on personnel and the skills th:y will require. As new
equipment enters the inveatory, new skills may well be required; studies of
present equipment moy suggest the new skills vhich may be demanded, In any
event, skill as a dimension of persounnel performance cannot be studied apart
from the operational context in which that sk:1l mmst be utilized.

Since the essence of the problem seems to be to relate wmamning and
skill level to coner-te design concepts and characteristics, it is suggested
that this area have high priority in further explorations. Thc present
study has suggested certain relaticaships, but these deal only with e
particular type of mmintenance equipment. It is recommended that an an
analysis be mede of di.ferent types of operator and maintenance systems and
that the manning and skill dimensions pertinent to the design characteristics
of these systems bte uncovered,

Suck a stuly could be performed by

(1) Developing a taxonomy of design concepts and characteristics which
differentiate va~ious types of operator/maintenance systems, eg,
airborne, grourl, command/control, maintenarce, etvc,

(2) Selecting various operational systems in the Air Force inventory
vhich are representative of the varicus classes of design concepts
and characteristics within the taxonomy of (1) above,

(3) Goirg to the air bases at which these systems are to be found and
performing an analysis of the various task behaviors reguired by
the different design concepts/characteristics,

(4) Determining from the operators/maintenance technicians who
utilize the equipments *he various manning/skill parameters
involved in these behaviors. The design-skill relationships
uncovered in the present study would be investigated in operational
performance and correlated with the results of the present ztudy.
This might require the development of and administration to
operational persom: .l of tests to uncover the manning/skill para-
metcrs which differentiate effective from non-effective performance
on particular types of equipment., Additional data would te
gathered relative to:

(2) the type of training provided to personnel of the various
systems,

(b) the kinds of persomnel performance problems experienced in
operating ard waintaining these systems.
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{5) The end nreduct of this study weuld be the development of what
can be termed a "human rescurces data systein development bandtook",
consisting of descriptions of the various classes of equipment
and their design characteristics, together with the manning/skill
dimensions required to operate and maintain that equipment,
applicatle training daia, characteristic task behaviors, etc.

Such a handbuok zould then be provided to Air Force managers and design
engineers, so that, given a requiremertc to develop a system cf a given type,
they could look up the appropriate equipment design type, and find the
wanning ditwnsions required for that equipment. Such a handbook could be
updated periodically as new types of equipment (e.g., micro-zlectronic cir-
cuitry) enter the inventory. Appropriate parts of the handbook could
be referred to in procurement specifications foxr new equipment ag a guide
to the manager and engineer.

What has been described is not simply another form of job analysis,
althowgh it conteins elements of such an analysis, but a highly design-
oriented catalogue which could he graduz:ly extended to cover the totality
of equipment types used by the /ir Force. Since the Air Force expects
sngineers to consider manning requirements in their design, it would seen
only reasonsbie to supply the engineers with the appropriate informavion
they need to consider these requirements.

The utility of such a handbtook could be tested by utilizing the seme
research strategy employed in the pres.nt study, that is, by giving a
saaple of engineers the catalogue to use in the course of rerfomming a
simulated design. Such tests would serve as feedback to enable tiw Air
Force to supply the kind of data best suited to engineering needs for new
system development.
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