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ABSTRACT

- -~ The ‘Analytic: Hlerarchy Process (AHP) is discussed and 111ustrated A
controlled expenment is conducted to ascertam if the quahty of judgements fendered
using the AHP is task dependent of “is “affécted by pSychofoglcal or dembgraphic
varidbles. . No évidence is found to Suggest that sex,- dlsembeddmg 'skill or measurés:
SEverbal oF mathematical scholastic apptitude are usefal'in‘predicting:thé ability to
render consistent judgements using the analytic. hierarchy process: .. Further, the per-
formance across-tasks does not vary systematically, - Therefore, in. orgamzmg gsoups\‘,
or individuals to render judgements using the AHP, $eX, dlsembeddmg kill s€holast1c
apptitude measured. by the SAT, or pervious performanee rendering judgements using
the AHP should not be used as screening ctiteria.

1. INTRODUCTION »
Decision makers are offen’ teqﬁir:ed”td establish priorities among
alternatives.. A technique which has been used in a variety of _Vsitu,ations
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(1980). - Usmg the AHP, the decision maker renders, palrwtse preferenee

judgements which are formulated into priority wexghts Such pnorlty
weights are presumed to guide the decision making process, Since .render-
ing judgements using the AHP is likely to be a demanding cognitive task
two questions of interest arise in these judgement. situations : 1) do
psychological or demographic variables affect the quahty of the Judge
ments rendered, and 2) is performance in- one Judgement sttuauon
associated with Judgemental performance in’a different situation?

How psychological and demographic variables !a‘@ﬁ"éc’f«;jiidéeiﬁéhtsﬂ‘
ellicited using the AHP is particularly important in those situations where:
a number of individuals render judgements and an overall ‘priority , vector
is to be synthesized from the individual judgements. If the quality of .
the individual judgements varies in a systematic way or if judgemental
performance is highly associated across judgement tasks, such information
would also be useful in organizing individuals t6 ¢ope with specific
decision problems using the analytic’ﬁierarchy process. o :

S The purposcs of th1s paper are to- 1) present ‘the ‘results “of a
controlled experiment which exammes the relauonshlp betWeen psycholo-
gical .and demographlc factors and the quallty of the _]udgement process
using: the: AHP, 2) examine:the quality Of,/lﬂle,ldl@l&l Judgements,‘ across
judgement tasks, and 3) discuss the implications of these research -findings
regardmg setting priorities ‘using th AHP Consfder now a discusston of
certam technlcal aspects of the AHP o REN

2. THE ANALYTIC HIERARCHY PROCESS

The AHP model uses a measurement scale which has only the
following elements and their reciprocals :

1,2, 3,4,5,6,7,8,9].

The numetic de'scripto"r’s of this scale are taken to mean :
1 if alternative ¢® and alternative.a? are equally.important on a particular
criterion, ~

3 if g% is weakly more important then'av on a particular criterion, -
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if a® s strongly more. important then g on a particular criterion,
‘ 1f x 1s demonstrably more 1mportant than a’ on a partlcular crrtenon,

9 1f a®is aboslutely more 1mportant than a" on a partrcular cnterlon. e

Intermedlate values 2, 4 6 and § may be used 1f the prrmary descrrp-
tors (1;3,5,7,9) are not adequate to represent an mdrvrdual’s Judge-
ments..

" 'The result of the 'pairWise‘evaluation of two alternatives in “terms -of
a criteria‘ will be noted by specrfyrng one - of the scale descriptors and
entermg that valtte in the appropnate row and column of a Judgement
matrrx for a glven criteria as follows : N

where : the superscripts k and # indicate that the #th alternative is com-
pared to the hth alternative and the result of that. comparrson is quantified
using the above scale system and recorded in the kth row and hth column
of A, and j denotes a partrcular crrterron, I ]<m for any a*. If k=h,
then the value a**=1 for any alternatlwe Finally, the followrng reci-

procal relatronshlp 1s assumed a* al Ja®*.

After - the m Judgement matrlces are. completed the ergenvector
associated with the largest eigenvalue . is- abstracted for each Judgement
matrix-and organized by columns into an n X m matrix. Whenever more
than one ciiteria is involved, a criteria matrix must be formed in.a_ manner
similar to that of the alternative mairices. Then the elgenvector associated
with the criteria matrix is calculated, note this eigenvector as ¢. The
ﬁnal pnorrty matrrx is then formed as: S

" N[(wy, w,, s w,,.) (c)]—
) nxm S nxl‘ ‘
whete : N is the norm operation which causes the n elements of i to
sum to one; R .
cw wj is the ergenvector associated with the Judgement matrix
developed from jth criteria, A
: ¢ is the eigenvector assocrated with the crntena matrix,

;- p isithe final prronty vector for the n alternatxves
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The way a Judgement matrix is constfucted also allows the com-
putation of an eigenvalue, noted a8 Amag, Which is directly related to . the
relative intransitivity of the entries of a Judgement matrix., For example,
assume that criteria ‘¥, y and -z are'to’ be evaluated respecting the pair-
wise scaling system. If x contrast y is given a3, andy contrast z is given
a 3, and x contrast z 'is glven a9, then all the pa1rw1se comparisons in -
that 3 X 3 matrix are transitive. In this case, the eigenvalue ‘of 'matrix
A would equal 3 which indicates that the judgements were transitive. If
the judgemients Were not transitive, the value of the eigenvalue would be
greater;than-the ‘trace;of the judgement matiixf, 3.in this case.. The greater
" the inttansitivity the - greater; would be the value of the eigenvalue until
it reaches its maximum. For the case of a Ix3 matrlx, thlS value is 91/9.

The following two measures of Judgcment matrix inconsistency have
been proposed by Saaty 1977) and Vargas (1980) respec’uVePy

i 5
E au a,k-a,k, and

uk ; ) “"

ll(n(n 1)(n—2)) Z ai; an am. ;
ijk=1 ’: o ,

Both measures are reasonably well sutrogated for by the value of the
eigenvalue of the judgement matrix (Vargas (1980) and Lusk (1979)'. For
this reason, the measure ‘of inconsistency to be used in -assessingthe
‘quality of the Judgement process wxll be the fellowmg statistic. suggested
by Saaty (1977 : : S

Our interest is in the ability to render consistent Judgements rather
- than on how the level of inconsistency affects the final priority vector, i.
Therefore, our study will concentrate on the rendering of judgements for
4- set of alternatives for one criterion. - This facilitates the desiga of the
experiment ; further there are numerous applications which require the
evaluation of criteria relative to a higher order critetion. . For example, a
group of physicians and managers who owned a chain of hospltals were
dissatisfied with the way capital investments were evaluated They were
concerned because after the capital budget was approved, it ‘'was difficult
to adequately explain why ' certain projects, Wefe approved while other
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- projects: were ‘not: approved. According to the -decision :makers, the ‘
projects -seemed ‘to beevaluated and-approved randomly:or.on some un;
kinown basis: © Management Belisved that the -major: problém ~was the
absénce: of elear ctiteria for:differentiating among investement -alternatives.
Tlie» president ‘of the: organization was concerned: because in-the past:this _
and “similaf groups: mever were able to devel:ep.aud ‘agree ‘'upon a:-way.: to
evaluate mvestments ] ~

After some prelimrnary drscussron the group formulated the follow
,mg crrterra for dlﬁ'erentratmg .among mvestments

C : Improve Patient Welfare (PW)
C Provrde for Maxumzamon of Long run Proﬁtabllrty (LRJ’), \ and

Cy Improve t’he Status of ’tlre Hespftal Gréup (S) s vl

These three crrterra were to be evaluatedfwrth respect to then- 1mporr
tance in. facrlrtatmg the -achievement of - the-mission of the organizatien
* (which..at. this- point was not specified-explicitly). After about.two hous
of discussion, the group arrived at the following judgement,ﬁmatrix.f, :

Wl 1/5 o

: A(3><3)—LRP T, L 1~r/5~ :
S ,1[3,.; 5 T |

Based upon: the rnconsmtency measure derrved from thrs Judgement
matrix, . (w==1.2)," the' group decided -that - théir judgements were . too
inconsistent to warrant- further consideration.: In-this case, the judge-
ment matrix recorded that long-run profitability was more important than
patient welfare and patient welfare was more important than improved
status which implied that long tun proﬂtabrhty was more important than
1mproved status. However, the converse is’ recorded in ‘the Jjudgement
matrix, since the LRP S contrast rs;grven al /5 “As the presrdent of the
hospttal group remarked ‘The chan; that our group process resulted in a
logrcal resolutlon of the relatlonshrp among patrent welfare lon,g run proﬁ )
tabrllty, and status is too low. We’ ve missed somewhere along the way”
The group then began the process of developmg a clear statement of the
mission which could be nsed to devclop a better sense of the relatlonshrp
© between Cx, Cyand C; Thrs example is used to illustrate how intrans;-
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tivity  information ‘may ‘be used to monitor:the quality of the judgement
process. The question addressed by the research is ¢ if individuals develop
an intransitive matrix, are they - likely . to. -develep;-an intransitive matrix
given their ‘next priority- setting:task, or is there:a comman.psychelogical
or demographic: variable. which - acts to:; cause-intransitive- judgements.
Consider now. the psychelogical test selection and experimental design; - -

3 PSYCHOLOGICAL TEST SELECTION AND DEMOGRAPHIC
INFORMATION :

Developing a Judgernent matrix réélifirés the assessment of the refative
intensity of alternatives on' the measw&ement scale,. The AHB mgethod
does not requrre that the person developlng the Judgements consrder the
Judgement information recorded prevrously so that the pair of * alternatives
currently under consideration are consistent with . the.. previously. recorded
information. Therefore, AHP permnts the recording of inconsistent in-
formation. Recordmg pairwise judgements so-they-are consistent is likely
to be a. compliéated cognitive task rrequiring the ‘recognition: of “the
dimeénsionality ‘of ‘the associations and " how ‘that drmensronahty w
reweighted as the pairs of alternattves change.

After considering a number. of psychblogical tests, the Group
Embedded Figures Test (GEFT) was selected .as a-measure which may be
associated with the ability to develop consistent Judgementma trices. The
GEFT requires the abstractlon of a simple figure from a complex back-
ground. Such a task embodies” both cognitive and psychomotor skills
to: identifyfa_nd locate  the simple: figure-in- the complex: backgiound.
Previous work on the GEFT 'suggests that individuals:who score. relatively
high on the test are better at tasks requiring'the organization and relative
valuation of specric information. - Witkin: and h1s assec;rates (1967)
suggest . oo Ploogy E . .

The extent of differentiation is reflected in the 'éreé of perceb’tidn' in
the degree of field dependence or. 1ndependence In aﬁeld dependent
‘mode of perceiving, perception is dominated by the overall orgamzatlon
of the field ; there. is relative inability to perceive parts of a field of
dlscrcte This global quahty is indicative of limited dlﬁ'erentlatron
Converscly,aﬁeld 1ndependent style of perceiving, in whlch parts of a
field are experlenced as discrete from organlzed background rather than
fused wrth it,isa relatlvely dlfferentlated way of functlonmg
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Even though the GEFT is a perceptual.test, Witkin indicates; that
the ablhty to’ kdrsembed a sxmp]e ﬁgure from a complex background
that ‘ ‘ oblem-solvmg

The sngmﬁcant relatlons frequemly reted; betwednmeasurEs ot‘
field dependence/independence and total standard 1ntellrgence test scores is
carried largely by these portions of intelligence tests which’ requri‘é
analytical . functioning. - In other .words, .the. relation s, based on the
expression of a particular style of field approach:to both.. . ... .

The finding of a linkage between analytical and structuring  abilities
suggested that the cognitive style involved was even, broader, than_implied
by the ‘‘global-analytical” concept ... The cognitive- style concept
approaches peréeptual dnd intellectual activities:from the perspective: of
the person engaged in tnem. Pursuit of this approach has demonstrated
that an mdxvrdu:d shows the sam2 characteristic ways of functxomng across
these activities, suggesting that the classrcal division befween the perceptua
and. the intellectual needs to be relaxed

. Reésults tonsistent wrth Wltkln s assertions that the GEFT measires
not only perceptual skifls - But "may be used to infer the nature of the
process by which information is developed may be. found in Hess (1966),
Huysmans (1970), Barlﬁ“ and Lusk (1977), Dokior and Hariilton (1973)
and Benbasat and Dexter (1979) For example, Benbasat and Dexter
note their results'indicate that high'analytic individuals:use;:a relatively
structured approach to solving problems, whereas the lo'7w> analytical
1nd1v1dua1s use a relanvely unstructured approach

Con51dermg thts mformatron, 1t seems reasonable to expect that if
the Judgement rendering process taps into the same skills as required to
perform simple abstraction, the GEFT could be ‘expected-to-be ‘associdted
with that availability. Suchan association would-facilitate - the .cognitive .
dﬁrmensmns undcr]ymg the: 3udgement rehdering process.

In addrtlon to the GEFT mformatxon sex and SAT scores will be
collected to ascertain if these factors ° are 1mportant in accountmg for

ifferences in consistency scores,
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4 EXPERiMENTAL DESIGN -

: To ascertam 1f an 1nd1v1dual’s abxhty to rcnder consmtent Jlld‘ ement
is affected by the partlcular task or is affectcd by gersg _llty or
graphic variables, the followmg three dlﬁ‘crent Judgcment problems
miuaﬂoas were developed and- pretested : :

Qg;e I: Speclal Proxtmmes . .

“The su’ojects‘,' who' were juniors re"gi’ste\réd in-a production cofirsé;
were given the graphic and’ task represented in Flgure 1 and the following
Ludggment scale

Record your Judgemcnt usmg ‘the: followmg scal‘é

Judgement . Definition sl Explanatwn
‘Value R L : DA L
1 . Equally distant . . City i andcxtyj are,équallyidis,iarz;t: from
| WOIY R o
3. . Sligﬂh{ly:f"grt‘hgr : City i is- slightly Surther from.city P

- than city- J is from city P,

- 5 A Signiﬁcantiy further ' ; ,Clty iis srgntﬁcantly further frOm c1ty‘P
s \ _than gity ]“1s frgm city P. ‘

§] . MUGI’I further B :‘Clty Tismueh fuﬂher from CItY P’thaﬁf
o P cltyjlsfromcityP ST

9 Overwhclmmgly further C1ty iis overwhelmmgl y further from:
et mty P than c1ty ] is from clty P

2.4, 6; 8 Intérmediate values betwcen the two ad;acent Judgement valucs .
Reciprocals: If the city on the left is closer to P than is theé ¢ity on the top, -
use the reciprocals'of the scale value.  Fot ‘example, 'if- the.
city j-(on the top) is much further from city P than the cxty i
(on the lcft), one should entcr 1 /7 in cell (, ]) '
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: £ =v-Figureds
Relatlve Distances to Specxﬁc Pomts 36

A, B,.C and D are four cities’ %bse relative dis'ianées ’ﬁ’oﬁ ity P
are to be estimated. . . .

Crierar avboasteis

Fnd ot o
. F] T
RO TR F T T
Note : before
making any judg- N L
ments please read N—
the entire page. L
’ 3 3
] 7%
oy ad®

2F Figare 2w 50 gnuhow s oo
Relatxve sttances to Spec1ﬁc Pomts Case 2

ary to be cst[mafted
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Case 2: SpeciaI Proximities

The subjccts were given the graphic in Fxgure 2 and “similar judge-
ment information as prowa“ﬁ«m Case 1.

T, e

Case 3 : Relative Importance of Research »P?ayects

s

F inally, the subjects: weré’ glven the followmg information :

Consider the followmg four researsh prOJécts whose relatlve importances to
soeiety are to be evaltiated s SR :

#17rResearch 1o find:a cure for L¢H!§§mi§<~éf» Lt arn

P,—New missile development for national security purpesés;?i v =7 7 17
Ps—Research on the effects of birth control methc ds on the user s health.

P,—Research to deve%fu&eﬁment 1n£cxnaLg mbus

Record year Judgmentﬁ_,\g‘sﬂ}g{g yt’hgf

Judgment Deﬁx%iﬁon" o
Value
1 Equal importance - The projects are of equal im-
i . ! i portance. RS
37 Slight 1mp0rfance of i overj Thet Project on'the Teft is silgbt’ly

more important than the pto=
ject on the top.

5 _Essential or strong - The project on the left is
imporgance of i over j strongly more important than
the project on the top.
7 Demonstrated impoiiﬁ‘ﬁce of i De:monstratedly more imgor-
over j B “tant.
9 Absolute importance of i Absolutely more important.
over j o

2,4,6,8 Intermedxate values bethen tre two adjacent intensities.

Reciprocals. If the prOJect on thc left is Iess zmportant than the project on

: : - the.top, use the reciprocals of the scale.. value.. For example,
if the projectj (on the top) is slightly more mport,am than .
the pro;ect i (on the left), one should enter 1/3 in cell (3, ).
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Expertmental Protogal

“Priorto the experimént, the student‘s were farrrrlrarrfed w;th the A'HP
Model. " At thé outset, the ‘participants were' glven the*GEFT

After the completion of the GEFT, the partrcxpants were ngen the
judgement tasks’ and asked ‘to- conmdcr ‘the” ‘thireé xcaSes in ‘the’ order
" presented. ~ They were also ai ed to'statt the’ neéxt case only after ‘tHaving
completed: ‘the preceedmg case, fiot to'go back to the - preceedmg casc(s),
and not to use any measure n’c dercevaen thoufgh the ‘artrcrpants were
familiar with AHP| in the béginning an example was given  ‘to make -sure
everyone understood the task. The subjects were told to ask questions, if
they were experlencmg any dlfﬁculty No subject mdxcated drmculty io

completing the tasks. et s v TRREEY Do Vo o

4. RESEARCH HYPOTHESES

The ﬁrst two cases were orgamzed to test the Judgement process for
a special task Grven thls, the first Hypothesrs is’ ‘ ] S

: The 1nconS1stency attained for the first task w1ll be lower than the
mconmstent:y of the second task. . - S

B

Hypothesns one is offered to “vahdate” the mstruments since the
second task is a ‘mote-difficult-task compared to” the/fitst tasks: While the
~ size of the differential is not specified, the direction expected relates to the
relative difficulty involved in rescaling for the second task. In the first
case, the line segment ratio-différentials direttly yield values which are
contained in the scale system. Therefore, if.the subject estimated the
differentials correctly, their scale values are 1mmed1ately available. In
the second case, the largest line segment is so large that relative to the
other line segments, the scale 'is not large enough to capture the pro-
portional relatiofiships if “even relatively small numbers, such as 3, are
assigned to line segments PM PL of PN. In this case, the subject must
first estlmate the ratlos and then rescale mem to onent them to the scale.

H, : Individuals who do, well .on’ the. GEFT will render more.consistent
Judgementssthan those mdrv1duals who: do not.do well on the. GEET,,

In th1s case, “the elgenvalue isa measure of the. subject’s abﬂrty to
Judge relatlve dlstances for the six parr-wxse Judgements Smee the:
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GEFT is a test of abstraction and orientation of ‘speéial relationships;
andjyiduals-whe are skilled a1 such. dasks. are expected fo. be, betfer at

judging linear- snemal dlfgcrcntxals LI thai facet.of . cognition . underlles: the
Judgement renderm g task

NQ fo;mal hy,poth@ses m:e oﬂ'ercd usmg th;e‘( hx ' casc ,or thq txans-b
f:;cxkce of  transitivity agross. the. tasks because. dlrcctmnahty cannot be
Tegsoned fgom prior :,esearch For thcsn cases cxploratory anaJysxs -vsing -
j,hg ‘GEFT . and. demﬂgraphw Vang,bles as. well s examining. the .consis:
tengcy of mdgcments .aLl three caSes Wlll bc conducted

RESULTS
The SAT and GEFT scores for the subjects are :

- Males (n=32) ... Eemales 3(11’?33)
Verbal Math Varbal Math
SAT  Mean 437  47. 9 466 466
S.D. 74 0.1 70 108
GEFT Mean  IL1 . 124
S.D. 52 ; 44

,Thedncgnmstency 5G07es; for thc tasks are: prescntcd in Table 1
' 'l?AaLm;l;;~ » /
-Inconsistency: Scores ...

oty | Tuk | “Taék 2| Task3)|

: Mean | 43 | 46 | 46 |-
s.D. 35| st 62|
N s e |

Usmg a matched pairs ¢-test'the mconsxstency scores for Task 1 are-
signifieantly dxﬁ'ercnt ‘than the inconsistency scores for Task 2 p<'.0005.
Therefpre, H, is supported by the data, It was more difficult for the

mdmduals to render cons1stent Judgcments for Task 2 compared 19
Task 1,
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Regardmg Hy; the mean meonsrstency seeres for‘ the hngh and low
analytics are : ST el meneg s T

High* (n=-32) Low (n==33) -

|Task 1 2 3| Task 1 2 3

F 42 46 45| ® - 42 46 46|
SD. 46 .50 .60)S.D. 1 I8 A5 64l

* Indlvxduals scormg greater than the medlan were class1ﬁed as hlgh analytlcs,
others wéré cla551ﬁed a8 low ana}ytlcs S :

The mconsmtency scores for the hlgh and low analytlcs dad not
‘differ significantly p<.l. Further, the correlation coefficients for the
ificofisistency - scores “and: the: GEFT scores were mot:significantly- different
from zefo for the three tasks. Therefore, Hy is:not-supported by: the: data.
A person’sdisembedding skill is: not re‘lated totheir- -ability to render
“consistent judgements. - et :

A, The corre.latxons of the mgpnsmtency scores i‘or the tasks a.n;e
pnesented in Ta,ble3 o

CLUTABLR 3 ¢ o
Correlations Across Tasks

<. Task - \

- The correlations in Table 2 are not significantly different' from  zeto,
suggesting that the level of 1ncon51stency does not vary ina SYStematlc
way across tasks. (The . second order . correlatxons were alse. not 81gn1-
ficantly different from zero. ) .
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Emally, sex and SAT. Scores. were not . factors in. accounting for the»
drfferences among inconsistency scores. :

5. DISCUSSION‘ :

These results’ suggest that there 1s no reason to- expect that sex,
disembeding skill ‘or measures of verbal or ' mathematical scholastic
apptitude are useful in predicting’ the ability o render consistent judge-
ments usrng the analytrc hierarchy. Further, the performance across tasks
does not vary systematlcally Therefore, in orgamzmg groups or indivi-
duals to render Judgements usmg the AHP, sex, dlsembeddlng skill,
scholastic ‘apptitude measured by the. SAT or prev1ous performance
rendering Judgements usmg the AHP should not be used as screening
crlterla S R

The fact that performance ona task does not suggest subse%uent
- performance is an important result, because in:-our experience -with,. thc
AHP people have a-téndency to view. performance in a, particular tagsk" as
suggesting that person’s:ability for subsequen* tasks. : ¥fthese people -are
excluded from subsequent analyses n anattempt to develop a cohort of
eéxPerts in using the AHP, the gicup of ‘individuals rendermg Judgements
will likely become too small to attain the reasonable: dwemty of ] perss
pectives required to stimulate a comprehenswe dialogue.

' Y .
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