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ﬁle'de\’elnprffcnt o the human shills required ty utilize the mashines produced by man has been a
problenr throughout the history of technology. As lpng as technology was changing slowly. the problem
was not senous With the shift trom Craff SAPGrIENCe to science as the basis for technology, the problem of

—mateching skills required with Skalls av adalde became sigmificant (Sifiger. Holmyard. Hall. & Wilkams, 1958)

0 s N

.
a

Reaction, Prediction. and Control, =~ = * ’

. The mportance of this problem has*been recognized by the military services Eckstrand, Ashten. and
Snyder (1967) traced the history ot planning for human resources with respect to military weapon systems
Ongnally. shiled “manpower—for military systems were provi after the hardware was delivered to the
military umt Personnel selection and traming wys accomplished as form of reacnion to the demands of
the equpment Currently (1967, and still true sn 1975) human resour planning 15 charactenzed by
anubyses which predict manpower needs early dunng system deselopment Thisearly prediction allow s the
sefection ot persofmel. and the planmng fur traming to begin betore the hardwag is delvered to the
operatonalumt . C0 ’

-

&

Eokstrand et al (1967), then postulated that the next phase of human resources planninyll be a
contrdlng or s design interdction phase.in whigh data on personiet-and tiaiming factors will become en
cnterta, and inflpence the charactensties of the hardware of new systems. This n€ ase will follow, partly

“heause cun,tm/lcnds to tollow prediction m science, amdparty-bee { the need to res or reduce
ahe rapudly megasing Jollar costs ot the hunn sude of military sysle“ .
’)/ - . ) , . ) . -
Purpose of this Paper - ° / 3

This dper sumntinzes the resutts ot a number « studies, by the autt I Hegdes: i have

heent an attermpt to develep o technulogy, which cotild iniplement the Jdesign inteesct] —rm

revources planpiig Light studies are brietly described. The results dre mtegrated toprovide the beginning of
K} r\cxlunlwh‘\:_'y tor using human resourees data as critena insugineermg design

Thig work s past of 4 larger ettort by the Air I'cmc,;,gm methods, models, and data for usimg
humag reseurces and personnel cost ladorsn the development ¢y e ofnew systemis b xaiiiples of other
ctborts ar fhis general ared wdude stides by Lintz Loy, Hopper,and Potempa (1973), and Maher and
Yok 10T Bhren and Bintz (1975 Tmd Potempa. hante, and Fudkew (1975) abso touch on Ll‘gbr'oadcr

s

AUy *

Conceptudhzation of the desgninteracion ph‘:{sc Pegan'tn 1964 The objectives and the first ettorts at
detimipe the elements of the problem were reported 't chatrand et ol €19607) The first expentmental study
was pertormed shortly thereatter (Meister. Sullivan, & ASkren. 1968)

farst Study l! . ©s )

The purpose ot the st ctudy was Jetemune the etfed onwystem design ot using manpower data
0 desten comstramts V secondany obgetive was to detemfine under what conditions and in what forme
these duia shoudd be used to have masunun etiedt ondesign bquipment data, manpower quantity an dshall
fevel data and "tk antormation data which were produced dunng development of 4 ballistic missile
subsyatem were preseried to v espenenwed alesign engineens They were mstructed to “design” the
subsvatem The engmeers were required to create schematis, eyupment desenptions and drawings, control
panet Lay outs, dperation prcuccdurc\:'nud tills of !ll.’]!CH.l]

. .
Y

7
{
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It was found that manpower quantity and personnel skill level constraint data ippact the equipment
' configuration. The engineers were responsive pnmarily to the nputs that were framed as design ‘
requitements The results also indicate that 1f manpower and task.datzare to be in¢orporated into design, 1t
‘is necessary to supply these inputsto the engineer as design requre ments in hus initial statemeﬁ_’t of work.-
4 ' ) ‘

1 ~ i

Second Study A - ¢ ¥

< The second study tMenster, Sullivan, Finley, & Askren, 1969a) was a further test of the effect on
design of using manpower quandity andskill level data as design constrainds. The-study mvestnga;ed whether )
the amount of data given to the engneer, and ‘the timing of the data influented design. Equipment and ~
human resources data relevant to*the development of the maintenance equipment of an air-to-ground .-
missile were presented to eight experienced design engineers. The subjects were required to develop a .
.. conceptual design of the equipment. The expenment contrasted the simultaneous presentation of all human
resources data inputs at the start of de§xgn with the same inputs presented incrementally throughout design.

The investigation also contrasted manpower quantity constraints with skill level constramnts. , . .

It was found that thé amount and timing of human resources data nputs do exercise some 1nfluen ce ¢
on‘the engineers’ design The type of requirement imposed: (skill level versus quantity constraifits) made a ., '
difference to the engneers. Although the inputs are responded to by engineers primanly when those inputs .
are phrased as design requirements, informational data (task and time-hing;analyses) created an attitude of ’
awareness In, the engmeers of persormél requirements. The engineers de’\;'eloped' their designs quickly and s
resisted attempts to modify their designs. The results indicated, again, that ifhgﬁm resources data are to -

be incorporated esign, the data must be supplied at the start of design, and they must be phrased as
design constraintsl?\d\\ v e o ’

— *
’ - ) .o \l\ T 2 - - ) .
\\ Third Stud'y . - a — . , . ’
B The third study (Mester, Sullivan, Finley, & Askren, 1969b) wag conducted to investigate the design
engineer’s concept of. the relationship between-system characteristics an rsonnel skill. This was
) undertaken hecause the earlier studies had shown that personnel skill was a potentjally powerful design
\\lc\o.rnstrauh. yét engineers had littk knowledge of the nature of skill, or how 1t: should be translated into
urdwyre cltaracteristics.  Fouuteen® paper and penel tests, speafically developed” to examine the ,
relationships be tween skill and design, were gdmmstered to eight cxperience&' design engineers. . . !

It was found that certain design charactenstics are significantly related to skill leved. These are. test ]
pomnts, intemal components, checkout and troubleshooting procedures, type of test ‘cqunpment‘rqugred, -~ .
and gofno go displays Indindual design concepts suclh as component repair are related to the amount’ of. . -
tramipg’required. It was also found that engmneers conceptualize mantenance skill in terms of knowledge,
troubleshooting ability. and flexibility. A common denomunator of the sKill pdrameters appears to be
troubleshooung ability Skill level appears not to be related, in the cngmtTer's mind, to-years of expenerce.

A A . . : . - . ” ‘

Transition ce . . i -

«
,

{

At this pont 1t seemed gs thoughenough research data were available to justify the reconmendation
that personnel_quantity and skill level requirements be mmposed on the engineer as a desigp goal. However, '
' * further analysis revealed a number pf teasons why this approach would .probably not be used. A major
reason was the resistance by engpeer®and managers te the concept of manpower as a design goal.
-Manpower as a tiehreaker when all engineering factors are equal, yes, but manpower as a dominant- desigp
goal. no Anather reason was technical. It was found that in order to inipose this type of design constram *
- 1t would be necessary to predict the nature of the mulitary work force which would be avalable at a da
’ some 5 to 10 years in the future. No capabilty existed to make sutch predictions. Therefore, consident -
these kinds of reasons 1t had to be concluded that if was not feasible to impose personnel factors as desiy, ’

" poonstramnts . . t.
. N A newentry pomt to engmneering design was required. Further investigations of the design process

) = estgbhished that trade off studies were a significant part-of design. The appealing part of trade off studies

© seemed to be that they could aceept personnel and training data which compatedsthe relative efféct of N
; several design altematives, as opposed to réquiring absohute statements about man powér design goals for a
single design Design trade off studies appearéd to be a good entry pomnt for human resources data.. o
RS , ‘ ‘
C “ 8 4 . » ®

.l T ' . " .
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: ‘ . . . . *
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Pour{h S@d)’ L \ :G»...\ \&\
The fousth stlﬂyTDmt\Askrcn & Dot 1971 ey Wthe engineenn des;gn trade stuydy
process tu determme the feasibdity ofmuludmg hiurhan €50 -~-\ trade studles This research also

attempted tu leam sumething about how engineers perfurm dcsxgn tra CoRNges ty-one completad trade

i studies from actual aeronautical, mussile, and command and control systems e analyzed termine the
Jiaractensties of system desiga-trade studlcs Four simulated aireaft tradfpstudieg, co aimng engmeering -
‘ and hurman “respurces data, were cons for expenmental uSe._Sfiventy-tWe. expe
engineers performed the simulated trade studies. ¥ <.

. It was found that engmeers can and do we human res it desxgn trade studes,
Persgnnel Costs and manpower.quantities were assigned more weight in the tra ' han skil types,
shill lewels. and availability of personnel. A dcuu]cg presentation of hunvan resources given rhore
weight than a condensed presentdhun Human rcSO\uue-smIa should be presented to the engi ‘

' . quantitatve units famuliar to the engmeer tu be most k%s I. The four major sourees of variability in trade

- study results were fuund to be choice of evaluaton parame ers, value weights for the parameters, methods
of n urmalmng the parametnc'data, and methods of cambining pagletnu data and we:gh(mg factors.

Formal Trade Study Limitation

1

While ‘conducting the fourth study it was learned that only&d small portion of design trade offs are -
made public via .formal, duuumented trade studies. The high percentage df trade offs are informal
" compansouns of ‘dternatives, andeare not documented, except pOSSIbly In notes by the engineer for hus own
. use. Conseyuently, the engineenng psychologist is.not likely tb be aware of many of the design trade offs
. that are performed. Reahzxpg the potential value Of the design trade off as an input pomnt for human
resources data. an attempt, was made ta dcvelop a method to 1dentify, in advance, the numerous trade offs
that would be myde dunngidesign of a product. Sucha method would enable the engineering psy chologist
to anticipate design trade offs. and to arrange for inclusion of human data in the.more critical ones.
Fifth Study _ ot : .
The ﬁftlLstudy (Askren & Korhan, 1971, Askren & Korkan, 1974) was performedm response to this
need. The result was development ofsthe ‘design option dectsion tree (DODT) method. The DODT s a
- graphic means of depicting the sequence of engineenng decisions required for resolution of a design
problem The DODT also descnibes the design opuons avatlable at each decision poimnt.*

.

ln this study, the DODT concept was tested on axruaftpropulswn and flight control subsystems. ’I'hc
tesulting DODTs were” evaluated by eight engneers e€penenced 1n desxgmng these specialized areas of
aerospace systems. It was found that the DODT s a feasible and vahd method for anticipating and
descnibing system design trade offs.

3

“Sixth Study " ' o i

.The sixth study (Askren. Korkan & Watts, 1973) was vonducted to explore the feasibility of
developing design uption decision trees to a level of detail which shows hardware involyed in maintenance

. uperations, and to measure the " serisitivity of different types of human resotrces data to different design
trade off problems depx«.ted» in these trees. This study also testéd the feasibility of using psychometric
scahng methods as a means’ of g,encmun the data, which descnbe the impact of trade off alternatives on

. the human resource factors. T : L

S~

A

The approach mdudcd expanding a purtmn of the DODT developed for the aircraft jet engine in the
f1fth study, selecting trade off problems from the expanded tree for sensitivity analysss, and collecting,
psychometric data trom expenenced jet engine mechanics regarding this sensitivity. It was found that
BODTstan be develuped to the mantenance level of detajl. 1t was also found that the factors of traming
and expcncrrw amount of mantenance time, $hd ease of maintenance were most effected by choice of

«  design options i the trade off problems. Complcxny of touls, crew size, and job specnalty were effected’
less. 1t was also found to be feasible to use expenenced mam(enanoe technicians as raters to make
evatuations of the impact of design alternatives og the humar rcsourgcs factors.

Y. ’ 1 ’ N
» 3 .
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’ S,cvenlh Study - ’ - - ' -

» o

. " The se\enth study (f\skrm 1973) wis conducted to deternune’ the capability of engipeenng
Pb}’uhOlO"!SlS to respond in g timely "magner and with realistie data to an actual design trade off problem
This study also explored further the use of, psy chome tne scaling techniques as a means for gcnemtmg the
data which measure the effectof design altematives on human Tesources.

~ N

. The tade btf.problem conemed tlu selection ot anelectrical umit for 4 new axfcrau undergoing™
] developrient  Three design altematives were evaluated as to impact on , the number and kind of
maintenancg personnel required to inspect and ‘repair the clegtrical wnit, type and amounteof training for
the se persunnel, the time required’to perform the maintenande work, Mthc ddllar ¢ost to provide, these
" persopnel for the Lite of the system The data descnbing the mpact of the threc design ultematives upon
the fumian resuuroe tadturs were u)llcuud from prcncnged aircraft maintenance techraans using

- psy chometne scaling tcghmqucs ool . - NP
N : . *

It was found that these t\pc) ut human resources data’ could be generated ot lhc three destgn
dlte!m\mvcs an g umely Tashion for engineenng we -1t was-also found, again, that 1t 1s feasible to use
- expenen ced muaintendne pesonnel as raters to make judgments about the impact of design gltematives on

hursan resource tactors In addinon. further developments werg made in the psychometnc procedures
needed to Jollect the data .
~ : A ) '

Eighth Study: . > ’ <. . .

. . . §
The eighthistudy (Whalen & Askren, 1974) was undertahén to accomplish two objeduves. The first
ohjective was to tdentify and classify the charactenstics of coneeptual design trade studies that have ugh
- potential mpact or human resource requireinents of Air Fpree weapon systems The approach used was a
case histony review and analysis of 129 neraft design trade studies The analysis indicated that the avionies
system has the geatest potential impact on human resources It was also found that trade studies dealln‘y
with destgn’altematives that encompuass wadely differemt technologies have substanual mmpact on human .
resourees. The tvpes o human reourees data (HRD)Y most influenced by altemative design options were  *
mamntenande task tmes and Personnel wsts The sevutid staady objective as to deterrune the accuracy of
. ustig subiective estmates as o tédimque tor denang the FRD inspact of trade study options. Using only
claneenng mionnation for siv gviomes suhsystems, drom the coneeptual design phase. Awr Foree
mantenanee tedhnioany made sub HeCHve estiates of e impact of the designs on selected HRD 1tems, 1t
aas tound that tehmaans an make Teasonably weeunate estimates of the amount of time. the Air Foree
secapattondl speaaity, the fevel of tedinred skall and the number of personnel needed to perform field
AN AT 1L sk

¢

. N CRATIONOF RESUT IS AND CONCLUSIONS

~ N
.

T The tndines tom the researcbrreported ahove are organized  around i topres feasibility and
£~ pactvaity o g lmm.m TENUUTCES d}m aoontend i enpineerng design methods for using the data
destgn studies” ettect o the sy stem of win the datd as design antena, types ot human resources data most
relevant ook i desin cntena adtiods tor genetating human resources data for use in design studies, and
nature ot the cremneenne desen proocess These mtegrated results are gaven in the tollowing sections

. 4 '
. . ‘

)
Feastmhity ot Human Resources Data as l)cxnzn Critena .. . ‘

- The sverndimye fndine throughout all of the Tese earh Tias been, the teastbility and practicahty of using”

huntan resources datt s onteria e epgineenne: desten’ studies, ()u.mtltu.mun of the data i possible.
" {JlLI'WCM weeptthe dyta- laput pm;?‘h te the design processeare avaglable And the quality of the human
d an otten gy pond 1T quality nf the engmee ning data, espeddally mn early <once ptual desgn studies
i .

~ \1cthods for Usmg Human Runu:}es Datatn Desagn Studies ) '

Human resouraes . 10y be meorporated ‘{n thi design process lw at least Iwo means as design
wnstraam s, and o deasion paraimeters w dewgn trade ofts: The trade ot use of humansresources data has

. 3 v ~ '
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the greatgst probability ¢f successful appluanon at ttus time” In the future, given better teuhnq)ues for

predicting the nature of anpower forees ty be available, the design ponstr‘unt mcthod\,ould be a pow erful
means of 1ifluencing the 3 aractcnstlcs of eqmpment L . N
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E Effect on the System of Human Resources as Design Criterid - . ’ . .

Based on the studies reported above, 1t 1s antmpated that the effeut of human resources desngn
criteria on the system wobld range from moderate for a large per cent of design studies i which the data
are ‘used, to great effect 1n a small per cent of design studies. As found i the fourth study, 1t 1s probaple
that human resourge cntena data will have their greatest effect when. alting in combindtion with other
engineenng and operauonal requirements data, rather than as asingle controlhng factor. . .

t

Types of Human Resourcee Data Rerevant to Des:gn Studies . o

A wide vanety: ()f human resoutoes data were found to.be useful as cntena in design studies. Thys
. Jr fagters a fanpow érgquanuty,‘té«.hmuan skn]l lcvel technician job spcaalty peysonniel dollar

sixth sfudy fo N fdata re]evmfﬁ) a partuular design problem s a fun;uon of the nature of
the Jd@sign pryBlem. le human 18 Jita-dd not apply to all design studues. It is tntical to provide the
engineer wnh dafa that is most relevaito..__ ) : .

-

Three. methuds for generating human tesources data {or use as criteria in design studies were

“examined dunng the course of the research. ‘These methods were. (a) mathematical and computer

simulation models which predict the ‘effect. of design on human resources, (b) hustoncal, documented data
which show relations between design charactenstics and human resources, and (c) the use of psychometric
sualing technique. and subject matter experts to give ratings of the impatt of designs on the human fesource
factors When consideration was given to the use of data dunng-early, conceptual design studies, generation

“of the data un a tlmcly basis, and low cost it developing the data, the psy chometnc scaling technique was

selected for more intensivé nvestigation. This was found. to be a wiable method. Three studies attest to its
feasibility and validity. 1t was fuund that the yudges respond to the rating task i1 a senous manner, that
they are able to make Judgments for a wide spectrum of human resourcg factors, and the vahdity of their
mtmgs appears adeyuate for use in design studies. N

Naturc of the Engmeenng Design Process

Two views of the design processyhave emerged from tlns research. One view describes design as an
artistic rendenng, in which the cnglneer receives @ design problem, achnowledges constraymts, and then,
drawmng on tus uwn persunal expenences, works very.quickly to develop a concept. The other view

descnibes, design as a human decsion process in which the engineer methodically makes a senes of design

choiees He follows a path from design problcm to design product. Along the path he makes judgments
shout  thé charadtenstics of the product he 1s dcmgmng Many times he will face uhonce points with options
to choose between.

v

Which process will a given engineer follow for a given design proeblem? The answer seems deﬁcndent
on a number of factors such as the training of the engineér, tus personal style, the nature of the design

problem, time avalable to complete the design tash, aWwent design philosophy. It s
tope d to address this question in future ICSLma[Ch. \ ’ . . .

» L
It s feasible to mude human resvurces data as undendin engineenng design, andn\nsexpected that
the data will' affect the design product, Human resources datymay be incorporated in the design process_as

wnstrants, or as decision parameters in'trade offs. The trade of ethod s preferred at this time. The trade,

offs tu be performed duning the design uf a new system wan be anthypated, using the design op%n decision

tree method, and the more cntical trade offs identificd. A vanety oRhuman resources data are N@&:
“design studies, with the nature of the design prablem dlctatm§ the pagticular data. Vahd data can

generated 1n a timely manner wing psychometnc scaling techniques and\udgments of subject.matter
experts. The engineening design process itsel(is amenable to study, with benefitta) results to both improved

use ofhuman data and greater knowledge of the natuw\
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What next for this area of research” The need 1s for an effort which puts all the findings togetherinto
a single technological package, fullowed by a demonstration of their practicality, acceptability and value in
an ongongengineenng design progran. It 1s hoped to perform such a test in the near future,
. »
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