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1N?~~ *)C’fl~~

Since the estab l~~ r~mrnt u! the Equal t~~ loyment ~~portmetty C~mei~~ 3on
in 1964, the ~~tho4a mnd pract ices used in the election and val i~ stlon o~
~~~~~~~~ te iting instsu.’~ s~tg h$VV C~~~ %I’4 (  Uscreaslrsq rrutany 1’~ beth

the fcia ral government and j *s onnel ~~S)~C?IOlO94i5~~Sa Th. study of j’ ’sr.l
eslection ir; i ume.~~~ is no longer simply an •con~~sic ..nd ~c i m n t i f i c
matter,  but has , in recent yt .s:~~. bec~~~ one of .oc~ al. 3~’ u i c a~~,

judi cial importance .

With th. precedent vet by tP~v Cr igip vs the Duk Powsr CUmpa’~y
(Supri .a Court, 1971) • th~ personne l psychologist is no longot ~ a

sirply with devising teet batteries which Lc~~~ to wor¼ rulat ively
well.  H. mus t now ab~o be on a position to prosc:~ evi&~ ce
regordtiig th. val idi ty of these te ~ i which is thorough .now$i to
pe rnit judg ements by the courts as to th. ability of ts, te;ta to
ai&~e pr.dictions con~crning the future work behav ior of .~~4oyoc’
(F invh~ g ,  1973) .

Probably the most wid e ly accepted means by which the perP r~rr , e

y.±o :~~J i s t  can obtain such evidenc, is thro ugh the ;.c~ of critcrIon
r.~btcQ validation procedures. Criterion related validation involves

the doterrd nation that a signi fican t relation ~hip ‘- xis” bc’twetn
(1) a pr edictor or cat of predictors . e.g. score~ on sor .~ type of
test ( s) ,  and (2) a criterion, e.g.  some objec t~ ve aea*ure of .-rrormance
such as the nusr ~er of units produced per hour . ~r a ~~r. st* joctive
measure of performance such as supervisory rat ir .~ ’ . I f crite ri on reiated
validity is establish ed , one would find that those ~r~ i-,i4~uaLs who
have high pr edictor scores , do, in fact , show hiçhr r i~~vels of job
performance than do p rsons who have hsv scorn s on the predictor. ~~ua .
such a predictor or set of pr.~dictors would b~ ccnr it~ered to provide
val id r~-tin at cc ‘f the future job per forn~nce of job candidates.



I

Though ~~~r a 1  crit~rion re1~’’~.t v.i1~ d.~t i~~~ procedures �~t

be the most desirable spprosch tot evaluating p e r e o -t l  ~~Iect~on
instruments. Ba1m~ (1 ‘~~‘ t . t . s  that suc~ t raditional validation poses
i rn~nbe r of prict~c~iL prob~~ r~. for the indu strial  psyctiologi~~t .  ~~~nq

these arcs

( 1) tuo few p eople on ~ & u ~~c~~iez  )ob to carry out an empiric al
study ,
(2) insuff icient time tot ~~. of the follow-up method of va li~~~~~~~
and at the same time rvsi ’~ta ,  t’ of emp loyees and ~e~iu~~ to the

‘pres~nt employee ma thod of validation .

(3) great vartabi1t~ j of jab content of ) t4 z win- the ~~~~~~ title .
(4) rapid rate of chan ge in )ob con ~~~~- ‘~ w&th..n a given ‘ob .

(5) an t~v:r,ased nu~~or of 3ob1 ne essitat. d by auto rar ation

and computerization .
(6) a shortage of professional personne l to carry out an

empirical SPUdY , and

(7) the time and coi. ’ involved in a t rad~ ’Lona 1 val idat ion study .

result of the Utff i cu 1t~es caused b~j  -
~~~~

-
~~ and other problasa

associated with the us. of radt ional validation procedure-: , a nt~~~sr

of authors have suggested that an alternative approach to valid.~tLon ,

based upon the use of job ana L y i ~ data • be used in those c i t uations

where emp irical , cri~~~r ion related validation procedures are

impractical. L.a~~hc (1952) introduced this alternative Into the

psychological literature under the name of sr t h ’t i c  vaidtty .0

L,awshe used the term to denote the inferr ing ~~~~ vali .’i ity in a

specific situation .” Dalna (195~) expanded Law-she ’s de f ini t icm somewhat

by stating that synthet ’c validity re ferc to an inferring of validity

in one situation from a logical ana lysis of job s 1-” ’- their elementF ,

a dete rmination of t ’- ’t  validities for these element s , and coobinat ion

of element validities into a whole. McCormick (1959), referring to

the concept as Nindirect validity ,~ no-cs that such a pr ocess requires

the validation of tests or other predictors on jabs whi ch have certain

char acter istics in coimvrion , and the exten m~~on of these validities to

similar jobs . ‘~~ ‘ormick has subsequently renamed the concept j Ob



o;.t ~. t t  v i i i  1;t ,’” in the  hope t h ~~t hi:: would alleviate any ~~~~~~~~~~~
caw;~ i by th .  t t z  : .  “ : ynt het ~e ‘.- .~1 i ’l i  ~y ”——— i t is , af ter al l , not the
validity which is synthesized , but is , instead , the test battery
which i~. establ u~h . • i  by ~~~~ h. i :  rneans.

Job Component t ’ J ; d i t y  M. :tho o12~L

A numbe r ‘,t , n ethod o lo j i e .  have been developed for use with the
concept of job co:~~

,
~~~ ’ :i t ‘.r~, I i 1j y :  (Ualma , 1959 ; Drewes , 1961; and

Mc Covu :k , 1974). E.ich of t~~~ a- r•  t c~~o 1~~J L - ; ;  ha s ce r ta in  advantages

and disa.lvantages associ~it ’ :1 ~~: ! ; ~ it.

Two r- ’ho ~~., in part~ cular, have ~ . ‘ n  used with the position

An s1 y~.is tcstionn,.iir~ (I %ç)) (~~, ‘l n~~or ~’t and ~~~~~~~ ck , 1969; and
Mc~~h : : ~~, ~ i , 1 j ) .  Th. PAQ ~s ~ structured y~b analysis instrun~ nt which

provi dc’!: t : .r  the analsyi3 of i : . i . . : : . i l  jobs in te rms of each of

1)4 V~~ job ~ 1~ - : :  ~ ::. ~~ :;t of th’~ )ob e1.:r’ :~~.. provide for use of

(‘-} oL lt  x t;:&~ ; ~~tI~ ; of ti’~- r 1cvance of the )ob o1e -~~: ts  to

‘ . ine of t~~ • ~~~~~~~ con :~ist cd of t h  ~~~ of “job

~~~ tht’ b~is is  ~~~~~:
‘ deriving e’.t i m~tes of the apt i tude

r~~1ui r e IU: r i t -  of i’i i v ~~~u i  jobs. As ~tj ~p 1ieJ to any given job , this

~~~~~~~~~ ~~~~~~ - 1  ~h- - u : . i :  of : ~~~:; for  t h~ job on sever di

“job (I1r~~m ..: i or .~ ” u ’; th .  di rect basis for ~k r i v 1 nr J  est iiaatcs c t  the

I ‘ r~ ~~ t . ~~~t ~:co’ei~” of a sample of job incuthents .  These

prethrt iu. is  are f~~~: i~ . ~err ~s of the nine t ’ t  of the General

A~~ i tude Test ~3 ; t t . i-y (CArt ) of  Uv- ~n it ~ J States Training and

E .loy ;~~~~: : r ? i r~~. T~ € j ob disrensions used hi this approach are

act ua l ly  compono;~L re.~u i~~ir.-J I r” -i ~~hr~ principal components analysis

of I A 2  c i i t ~ for a ~~r~p~u ‘~f jobs .

P’ ,c~t r ~~ ; rh u ~ ~~ r has i r d xr :at r ” i  tJ:~~ this particular appraoch

h i  \ :c r : ~~~ ro l i i t i vo ly  ~eJ 1 in pr~:c~ ~-t- in g .,ptitude r~” q u i r c r ~~n t s , and

~~~~ ~~ have consider ~~~ ;t i l i t y in torr’:’ of the concept

ol job ‘ :~~~~ v~ 1id i.~~ - . c c1i~ir~ ( 1970),  ho ’, . -~~v.:r , has made the

n t .  ~~~~~ thi’~ a r u r ~l doc~ not provide very nrich “ f l e x;  .~i l ity ”

i i  ‘~~ o~ ’ r~~t ional so~ sc , has ‘J ’ ie: ;tJ ~~ that other  possible

n~~Lh .~d- r.i c~~t provid” c~r~ cii ~ - r  op cr i t i o na l  f lex i b i l i t y .

_ _ _ _ _ _ _ _  — . -~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



The second job coPponent val idi ty method that. L*~s been e~~ lored
with the PAQ is bu-j ed on tht t.~~~t of “at tr.~b-ite data ” as related to the
job elements of the PAQ. The baci c at t r it ~~t~ data consist of ~~~ rated
“attribute requirest~nts ’ of the ~~~~~ elo re 5t5 . such ratings having been
made by psychologists for each of 49 aptitudO*N end .~7 ~.ttuati onsl”

variables that have been considered to be potent tally relevant to
the world of work . (The 5~tujt~or..tl variables v nsi~ t of desc r i j t ions
of work situations to which job incur~’ents pr euuaa bly hflvr to “ad 5ua t .”
such as “varied duties ,” doal1z~; with I~.coplo.” and ~ ~k i n g  alone .”
They are considered to have ir : lications in ter ms of personality ,
tempera ment, and int erest fa cto r s.)  The im~dion rat ings on the~-
attributes for any givo r~ j”b elen~nt cci ~ r isu an “ a t t r ~buto p ro fil ”

for that attribute . Given a par’ cular ic!~, it has be*n postulated
that the use of “attribute-bas~d” data ~si combination w ith “job
ana lysis ” data nigh’ ~e r v. as the k’ .i~ is :: “build ing up” an estina te

of the total aptitude r~ :‘~ r cment~ for the J ob ifl question . Such

a combination has i ’~-sv~-il ved t~~~ u.e of r . .ine : c m  in l iv idu s i  attributes
and of “att ribute dimensions ” h~~.~:d on tho~to r .itin qs , and of ratings
(for individual jobs) on the job clemontb and “Job diiiension s”

based on such ratings.

While such an approach would ap 1x’.~r to be p ot cntia lly useful

as the basis for deriving c~~tj matC S of ,t ” tj tu do r equ irc ~~~nts of jabs

in a job component validity frais~work, the re~ u lts of a previous

investigation (~1c~ r.~trn , 1970) nav~ not l i  particularly encouraging.

Although this approach was reasonably sati:~f~~tory in estimating

requi rements of cognitive abilities , and m.TJde r~ u!ly so for perceptual

abilities , it was not e I f ’r : t i v e  in CStA i”~ t ing  psychomotor requirements .

In exploring such an approach , however, th’-’re are various ways in

which the “att ribute—b~v~~d” data and th~ “ f ob ~n i ~ y ’ is ” dat a might

be combined to derive a “composi est .t ’ , i te of re qu irer ~.-’nts of various

human attributes [ca individual jc~~~;.

Purpose of the Present ~~~t ; ~~~ ”

The present study w~ , : di rectr ’d tc i’~~~. . t~ •~ fu r ther  exploration

of the use of attribute r.~~i :~~s ~~~~; the 1 ’  hi for  e::t~ibl i~ h iflg the
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job cc~~anent validity of tests, in particular by using uitf. ren t

methods of combining “attribute-based” data with “job analy sis”
dat e to form t~ t~.ttes of the aptitude requirements of jobs. The

pri mary focus of th~ a study related to th. use of attribute data for
deriving estimates of requirements for psychomotor tests, since the
previous use of attr~b~ te data with such tests had proved to be
ineffective.

4
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Several distinct methods of arriving at job ability requi rements

were explored . Howeve r , in all cases , the same job sample and cri teria

were used.

Job Samp le

The sample used in the present study was identical to that used

in an earlier investigation involving the Position Analysis Questionnaire

and the estimation of job ability requirements via the job component

validity paradigm (Marquardt , 1974). The original data pool consisted of

over 8000 jobs for which PAQ analyses were availible . From this pool ,

659 jobs were selected for which the U.S. Training and Employment Servi~ce

(USTI:S) had normative and validity data on the GATB availible. These

659 jobs actual ly  represent 659 positions on 141 distinct jobs

which in turn represent 125 d i f fe rent sets of W~TB normative and validity

data. The redution from 141 to 125 is a result of the fact that the

USTES had previously determined that certain jobs were essentially the

same in terms of their basic characteristics, and were thus collapsed

together in the reporting of the GATB data.

Criterion Data

Validation of a procedure used as part of a job component validity

paradigm would ideally require the following:

(1) empirical data indicating the types and levels of abilities

necessary to perform each of the activities included on

a job analysis device,

(2) a job analysis which indicates the degree to which each of the

activities incorporated in the job analysis device is involved

in the perfo rman ce of any job,

(3) a method by wh ich the job anal ysis and ability data can be

combined to estimate the specific ability requirements of any

job , and 
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(4)  sor~o for m of oh 
~‘ :‘ i ye- da : .t~ t~~ act ~~ 1 4b~ ii ty

require irent: ;  of t~ic job with wh~~~L to en are ~h’~- ability

est ima tes d~ rived u. step •3 .
In the pr e ’ . t ~t st udy tLt~ “objective data~ io’:.t on.- d above were

in the form of the Genera l I~ptit ude Te .t ~latte ry ~.r ~ iV e u:~d validity
data which h.~d been col lectcd by ~h U.S. Training and lmployment

Service. Such data had Le’~n collected for 4~0 distinct jobs. Thee.e-

data include several thousand positions distributed ov’:r a large
number of companies, The data vere collect .-d as bJrt o~ concurrent
validation studies , and thus t~~~~~e GATB scores ro~ t~~ ent the scores

of incumbent employees who had not been selected for the job as a
result of their test scores.

The primary assumption underlying th .~ u~ e of ~~-e data to

represent the actual ability requ i rt~~L- It~ of a job, is t h ~,t cmployces
tend to “gravitate” into those jobs on which they can :~ -h i -vt~ some
reasonably successful degree of i rforr~~~~o (~~-Cur: i~~t and Ti~ ‘an , 1974).

Shartle (1959) and l3luxn and ~~y1or (1968) report data which seem to
lend some support to this assumption . This Jssumption i~ p~ ies that,

for any GATB test , the normative and/or validity da~~t of th~ incumbent

employees on various jobs represent the relative i~ Fortul.ct to the

job of that quality which is measured by the test. To the c’xten~
that the GATB data have not been influenced by the preselect ion

procedures used by the companies involved , and to the extent that the

employees have indeed gravitated to jobs in which thcy can perform

successfully (and thus mean scores based on thei~o i:;cumbcnti indicate

the level of various aptitudes necessary fer succ’essi~u1 performance)

then the G1~TB data do represent the ‘actual” ability requirements of

the jobs in the sample.

In the present study three different criteria based on availibie

GATB data were used. The first criteri on U SL d  to evaluate the

predictive effectiveness of the ~‘ar~.ous cOfl~)Oneflt validity procedures

used in estimating job ability req~iier~ents was the n~ an score on

each of nine tests of incumbents on each of the jobs in the sample .

These tests were these of the Gcreral ?tpt.itude Test’i Battery (GATI3)

of the United States T r a i n i n g  and Employment Servi ce . (These tests

are as follows: G, genoi~il intclliger~ ; V , vu rbal ~h~lity; N , numerical

ability ; S, spatial ability; L’, form p’~ i-c~~ ‘
~ t ot- ; c ,  c1~ c;;l ah i l i t y ;
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K, motor coordin~ t iom ; F , ftx aj’~-: dexterity; and M, manual dexterity.)

Since one might auq i~ - t  that a : .:~ ii. scor on a GATh teat of incu~~en ts
on a given job dov;: not adequately :tpr e t icnt  the minimum leve l of an

ability neces~; ar y  r successful, job performance, a second cr i t er ion
was utilized Th~.s crit~rion ~~~ i: , in effect , a “potential cutoff”
score one standerd devAAtion bclow the mean of the incwrbents on a job.
Such a value might th e :~ represent a more minimum level of an ability
necessary for lob I : r t u r m r ;cc . The third criterion used was the validity
coefficient a~;t ;ocia t ’~d wi th each of the test ;.  of the GATB. The validity
dat a provided a c o n :’~ tu a l  ly  ~t f f & - r ~e.t source of cri terion data as
compared to the ot L~~r two L~~.-r - ia.

Data Used as P’ I i

In the j~~u v io~~ , r c ct i o n  :i ccru ing  the criteria used ii. the

study ,  four st -pa wcr r ; t c l t - i  a; necessary to establish the validity of

a particular ;~~tho~ for cstir’. Lting the ability requirements of a

paricular job. s t - 1  1 through step 3 i nvolve those procedures necessary

to develop predictors under the job ~r o :~~~~ r -:;t validi ty ~aradigri.
As indica ted ~ n ’i er , ratings concerning the types and levels of 76

huma n “attributea ’ n~~~c~~d to perform each of the job elements of the FAQ

were obtained as part of an earlier study (~arqeardt, 1972). Between

8 and 11. ratcrc r~ t”d each at t r i b u t e . The median rating of each attribute

as rela ted to each of the PAQ job eleme nts was used to represent the level

of the attribute necessary to perform the particular activity denoted by

the job element.

For each of t i l e  659 jobs in the sample , there were availible FAQ

analyses which i;~ iicatcd th. deqree to each each of the job elements

of the PAQ was involv- d in the performance of the job. in certain methods

used in the study , r~~LL . -r  r h :  using the ratings on individual PAQ

elements to r pr’-z~ Il L the various levels on each activity , the individual

ratings were t r  e:d into job dimension scores which indicated the

degree to which a j~~~~icu 1~a~ ; -at egory  of behaviors (dimension) was

necessary to 1 .r~a: rho job ii question .

The prir r.aiy p- .~ 
- ‘ r  r e  of th:a study was to expl ore  the potential use

of various meti -- ‘a.; I ) ;  -job aua].ysia data could be combined with  the

att ribute data  t ~‘;a~-: i !e i r’ r t - -e of t h e  ~-‘bi ) i ty  ~cvels necessary for

~ 

- - -~~~~~~~~~~~~~~~ - - -
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successf ul ~ub per fo rmance . (Note tt.at , in general term , the t t r i L ~ t~~~’~
and “abilities” dealt with in thi’~ stuGy are more t e c~.nr ca~~l y r e ft - u i c - i

to as “aptitudes.”) As part of the initial phase of this study , 17
different a~~~roach’•s  wt re u - :t r d to’ collect into .ration for use in estimat ing
the ability requirements of jo b - ; . ‘1 w a-~ 17 a~-~ ; .a— -~ actually represented

21 distinct r~- t h u i of deriving j ob abili ty re . ju4 re i ~k~t :t estimates.
Of these 21 methods , lb derived estimates in tcrra. of individual human
attributes. Thus they would give ua scorc . in termc of such a t t r i bu t e s
as “ve rbal comprehension ” or “static str engt h. ” The other three methods
yielded scores on “attribute dimencions” rathc : th:.n individual a t t r i b u t i - a .
The various method’; used in this stud y arc tt~acu- -., d below .

Cross—product rl?thn ’l- ;  u ’ i r ~ i nd iv ld . 1 . t ; a t i r ’ : : ;  and attribute dt t 3 .

conceptually it would seem reason ab le t ’  ‘- u:;~- ; t that (1) given a particular

at t ribute which has been judged to be of a ‘;p - ’ci ’ r d  level of importan ce
to a job element, and (2) given that each such job element has been rat ed

as to its importance to the job , thc n by uor .bin ing U t - : ~ two ratings ,
we cou ld get some indication of the degree of ir~ r~rtance a particular

attribute has for a given job. Mu ltipl yiaj th’- e two forii~ of information

as relating to any individual job would soe:i to be a ~oç,ical way to
“combine” these data. Assuming that such cross-product scores ar’e

meaningful when considering a single job e1Lr~o 1t and attribute cothination,

the question then arises c S  to ho~-z ~n c~ ~‘v. o-.-~~cate the importance of

a specific attribute when a numbei of jo: ‘- 1 -: at  are involved in the job.

For each of the 659 jobs in the sat-~i]e, :t~ -’~ cross-product matrices

were computed , and information from each of thc’;a was used as the basis

for estimating the job ability r equ ir t ccel i n  o f cac~i job. For any given

job , the first such matrix (FULLX r’) cons~.r;cd of the cross—products (XP’s)

of the job analysis rat inqs on l8~ job i ) -  i t - -
3 na related to the job ,

and the median ratings on each of liona 1 - ; :’~ -; e t ;  4~ aptitudinal attributes.

Table 1 presents examp le d cr i v a i r i c - a - ;  of F UT3- ~-~~ !-~~~r~ x as well as

the other two mat rices , using f ive  hyp oUi-~- t i c a 1  ~ab elements arid four

attributes.

1 Twelve FAQ cieman i;;; ver cj~ i LL- -J a - r - ~~. r -  ~- - ‘c  ‘o~ea—ended” or
beenuac they d e a lt  ;-1i ri ;o; ”i i n; , :

— 

-
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For each of the 6~,9 ~oL~s in ~~~~ saj~lu, t h~ t - tx~~.te~1 a lULUIP

matrix computed zo t  AO job &I * . r~ &itn and 4~ ot t r t h~teu. Uuin9 this  mat rix ,
the following infor r ’iation - . obtained on ~~ch j ob ior h a t t r i bu t e :

——Me thod 1 , the sum of tho ,cross—pr~d~tts (~~~XP)

--Method 2, the mean of tho cross-prc -L:ct . ( .FJ~PIXP)

—-Method 3, the numbe r of XP’a above th e  gr.u d mean lIP where

the gran d mean lIP— where i~ l ,. . .l~i.! ~ob elements ,

j—l ,. . .6~9 jobs in the sample , and N—182 X 659 (AbOVE)

——Method 4 , the n umbe r of lIP’ s below h.: grand r~ — si (fl~1XM)

—Method 5, t ,e  ratio of ADOVE/nF :Ww
——Me thod 6 , the percent of XP’s s h i c - h  fel l  ~~~~ ~~- ~.r of ~~~.

- . - quintiles

where quint i le 2 (6a) 5.5.10.0 (i’ 2); q”i :’flt’ 3 (6a) 10.5—

15.0 (PCI’ 3); qu in t ile  4 (6c) ’ l5 .5~ .O . o  ( .  :f 6 ) ;  -nJ

quinti le  S (Cd)— u.5—25 .O (PC’!’ 5)

——Method 7 , the sum of the XP ’ s o n ly  f ar  U~~’ - .  - ‘ ‘- U- ‘ -  1-r ~ nt

pairings where the FAQ job ana lysi s  r a t i~~; 5.0 (~~~~~~~ )

——Method 8, the mean of the XP’s only ~or U. i 
~~ ~ri1:ut , -cle ment

pairings where the FAQ job analsyis rati,. ; ~‘ ‘  
- .

A second cross-product matrix (R1XP) was al. - - er~ - - -; t~ d f o r  each of

the jobs in the sample. This matr ix  uas , i: effect , ;i’i ‘~ “i at~’e

vorsior. of FULLXP . In computing the R IXP r t t r i x , cm ’- :-’ - :aw:tr ~:-2 re

obtained for a particular at t r ibute-3lement  j ’a i ri r ’l  cm lv  i~~~ the P,iQ

job analysis ra t ing  for the element involved was aL-eva a :j

value . This value was the mean job anal ysis raLinrj ~‘r U: t e Lr :m t

as computed across all 659 jobs in the sar;~le. In ~ablc  I the r-aao

ratings for the five h ypothetical job elen~nts ani - 2 . 5 , 2 .C , 1.5,

1.5, and 4.0 respectively . Using this matrix, the iollo.:i; information

was obtained on each job on each attribute :

—-Method 9, the sum of the cross-products (PJ~ ~)

——Method 10, thc mean of the cross—products (~~) - i .

The final cross—product rnitri x (1?2Xr) comput ’- 0 fo’ j eb was

a further abbreviation of FULLXP. In computir:çj R2’.i ’ ’ ai. i -  : :

minima l stemclards were set for both the- att’ ~bute , U - ; ‘he ~ob

analysis ratings be fore a croaa rroduct ; we:: ac tue) . 3 ’  i - - a .  il s t andard

used for the job analy sis m i  i nciS Was  the a. . ‘ ~~~ th . t - 

~ ‘~1’ matrix,
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wh i le the stwaLixu set for the attribute ratings was the r u a n

rating for each att ribu te acros- all 182 I’A~ job •le~i -; -~ used in
the study . For the four hypothetical attributes included in Table 1,

these mean rat ings are l~ ’;tud horizontally ‘n thc R2XP portion of

the table . They arc 2.0, 1.0, 2.0, and 2.5. The cross-I r udac t between
a particular att rib u te -el~- :-i et :‘airl:i(J was computed only if both

element and a t t r ibu te  r a t i : c j n  met the specified standards . From this

R2XP matr ix ,  the following information was obtained on each job on
each of the 49 a t t rib u tes :

—-Method 11, the sum of the cross-products (R2SUM)

—-Method 12 , the mean of the cross-products (R2 ~-~ -:7~~)

——Method 13 , the number of XP’s actu-illy corr : u t c d  (R2 NUM) .

The rationale behind tht~ use of these three types of matrices
is relatively straightforward. Information obtained from the FULLX P

matrix represents estimates of job ability requizerent;~ which

conceptualize ability levels as being influenced by the level of a

particular attribute on each of the 182 job elements of the PAQ

(information obtained only when PAQ ratings - 5.0  is an exception to

this statement) .  R 1XP represents a method by which estimates of job

ability requirements are mnde on the basis of information related to

only the most important elements in the job . Ability levels required

for the performance of unimportant job behaviors are ignored. The use

of the f inal  mat r ix , R2XP , takes into account the fact that, while

particular abilities might be needed at some minimal leve l in order

to perform most activities (and thus most individuals posses at least

this minimum level), only when the level on a parti cular job exceeds

this value, does this ability for that behavior enter into the

estimation of job ability requirements. —

Methods us in q at~.-ribute diirension data. Two setr of Q—type

attribute dimensions were used in the present study. Marquaidt (1974)

extracted 23 attribute dimensions based upon a Q-type principal

components analysis of the elements in cach of the six major divisions

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - •
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of the PAQ and the ru ’ ~roj -. of these elements across 71 aptt ~ i o ~~ 1 and

situational attribute s . As j•s rt ot the present stuoly, a n ew set of 17

aptitud .thal att ribute dimensions were developed using a procedure similar
to that used by Marquardt (1974) but involving only 49 ptituthnai.
attributes. It was felt that such dimensions based solely on ap titu din~ 1
data would provide a better means for predicting the TMaptitudinal’ tests
of the GATB .

Using these two sets of attribute dnnensions, it was possible
to generate an attribute score for any of the 20 attribut es to be used
in the study . Only 20 of the 49 attributes were used d i rectly in

the study since some of the attributes on the origi~..tl list of 49

did not closely “match” the types of artit- ..~’- s “.~~ 1’--J by the GATB

tests. The scores on the attributes result ’ -~ in a ~~ib a t t r i but e  p rof ile
for any given job . The se profiles were generated using a three step
procedure :

(1) the development of dimension a t t r ibute  pr of il es .  Fz,r each

of the attribute dimension s (23 or 17) a profile of scores

across the 20 attributes ~:as derived . These profiles consjstt,ct

of the component scores of the 20 attri~ ut~ s as derived from

loadings of the job elements on the dimensions. The rct;-,ilt

of this process was that , for each o t~ 4o 23 or 17 dimensions .

there existed a quantitative value for each of the 20 attributes ,

these values being considered as comprising the attribute

profile for that dimension ,

(2) the development of job dimension scores. Attribute di~ension

scores were derived for each of the 659 jobs in the  r air p~ e

on each of the 23 or 17 attribute dimensions. These dimension

scores were in effect component scores i n  which the loadings

of the job elements on each dimension and the ratings of the

elements as they-related to the specific job in question

produced a score which reflected the involvement of the job

in the job elements that dominated that dimension ,

(3) the combination of attribute dimension picsfil .-s and job

dimension scores. The above procedures give us an attribut-e

dimension profile for each of ~h-.- 23 or 17 att iihu tc dil,onsionC ;

-. 1 
- —~~~~~~~ - — - - - -

~~~~~ ~~~~~~~~~~~~~I1
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eul at t t I ~,, L~’- ~t : r’ - ~~~- t.  profi 1~ . m ’  ..- - 1 t  as a ~i~~~ -r.s t~~tt score for

any 9~~ver1 job on s- ac.- 5 - t of t~~’- 23 ci 17 di.*.ns~oiss. ?or any ~pv* n job
d )Ob i t t t L ~~LUL. 4~ ir ,” s s 9 k c f C  p ro f i h  can t,~e der8vt-J i.s / taking th. job
dim4 - t , ’.to: sc~erez. ~~ ita ci~ j ob ‘.~r -J RUtttpl .’~ ’C’.J these s~.ores across ‘-~~~

value s in the aj-~’~ m - ~-rlat s attribut e d~ r—. I C . t o t a  profile . and sts~~Anq the
r e s u l tin g  cr- -I;::-~~~ ’i - l - :t va lues for &- a ”h a t t r i t . J t ~~. ~‘~ a~~5 .-~~

- - done

for each of t~ 4 a ~ 659 j obs in the sa~~ le (i.e Table I).

Table ~
Ex~m , ”~- L -  Den -- m t iofl of -

, At tribute Dimons~on Profi les

Attribu c 1,)ir .-: , -:sOn A ttrtbC~c l.~~~o:. Cross—Product V .lu~s

Dimension Score Profile : Attributes A t t i ab u t e s

1 2 3... .20 1 3... .20

1 2 1 2 5 1 2 4 10 2

2 1 3 4 0 2 3 4 0 2

23 or 17 5 4 3 2 1 20 15 10 S

job atirU ~~ - -~ dimens~on profilea 25 23 20 14

One ~- c- L rs~ I - -,- : ,c  a ” ril,utct dimensions w~ s used in t~~c çre’- a’nt

rtudy. ~~~~~ t 1 t  ( l ’~7 .~) e xt  t:- t.e-1 scver4 a n h - s t e  dimensions based

upon an r.— t ~ -~ pr i  ;i; a~ r ; , ‘ - .,CmmN a 4 -, 4iaaiys:s r -f 49 ap t i t u d i n a l  a t t ribu t cn

and the r~~t i r - J ! U I  C u( *  • 1 t 4 t i L ~~ 2 t ”  across 182 ~-k~ job eiements . Scores

relating tc -  t~~~t’e . t t r :  ‘ . - -  c i  s ’~~s i ~~n t - ~ wez-.- s”c’d to predict the GATB

criterion ( 3 J ’~~ I , - ‘ t C ’ l  - I s ~~~0 C’ ,’ - l  l i t  -~ot~~ ’:~~- .ion w : th  3cores or~ the

Q—ty~e d i n  - ,  i c- ’t  i’s s. r ’il~ m r • a n s a l y  1’ ’ i~ . D r , - .~t a’: j Ofl t . c s ~ r e r  for these

Sever s at t n  i L t L~ - di :.t- :~ .ior t; ~- - -r c dCvc)uL. (’:I ~n a two step process :
(] ) I ~~

. - dc -vs c 5 st c-i I- - - 4 , - C t  dimension v s  1s’~--; . These values

W .t tc , i~ 
(. f f (-ct , iI~~’ ~;cor’~~t of ~c 1~ 2 job OiL . -nts  as derived

1 ?  c- Is) t h’ 1’ . H u ’ - l - - of c- ,~ - .-h of t h ’. - ~~Lt  ribut -C ; on the seven

- ~~~~~~~~~~~~~~~ --- -- -
~~~~~~~~ - -— —~~~~~~~~~ 
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dimensions ai~~~ th. meJ~a,s ritings of ~~~~~~~~ of the 182 ~ereI ,t~
on the approj~n ia te  attribute s within eac h dimension. The
result of this process yt. lded a Vector ~ f dimension ~~~~~~
for each of thi’ 182 rs~Q )ob 01 cnts.

(2) the d~,,vc l ’j 1.r~ ’,st of attr~bu~~ dss.ensjon scores. An attribu te
dimension score w i ’ . detived for each of ~l,e- job, in the

•~~ p1o for each of th e - - - ‘.‘ - - - P—typo at t r ~ buto -L r,s-,o~i c.n~~.

Those scores w e r e  dcrLvcd by multiplying the PAO job analysis
ratings across the ap~~ - -prta~ .. element dimension va luos for
each element (see Table 3).

Table 3
Example t rav at i on ot P-typo Dimension ~ior~- - .

PAQ Ratings Element D e n~.son Va lues Cros’- -Produ~t Sc’orei
Based on Analysis f - - s  Dimensions: J~~~snq x Valu•
of Job X 1 2 3 4 5 6 7  

~ 2 3 4 ~~~~~~~~7

*1 3 1 0 0 4 2 0  6 7 0 , 8 - ~~~0
*2 13 3 1 1 2 2 2 3 1  3 3 ( 6 6 9 3

*3 1 1 2  3 3 3 4 0 1 2  6 6 6 8 0 2 4

*i82 L2_ 3 4 5 4 3 1 2  0 0 0 0 0 0 0

dimension scores~ 15 11 12 14 14 15 7

The Combination of R-type and Q-typc Att r ibu t v -’ Dir- -~n- -- i on tiata

The 17 new Q—type a t t r i b u t e  dimensions were cor’~b i : i ed  with the

P—type attribute dimension data to form joh attribs’ -~~ dine nssion va lues.
The job attribute dimension values re: ;u Itr-~1 from a combination of
the loadings on the PAQ job elements associated with the Q-type attribute
dimensions and the element dimen sion values as derived for the seven

P—type attribute dimensions (see Table 4 ) .  The a t t r ibu te  dimension
values were then multiplied by Utc-  approprL ate Q-type at t r ib u t e

_ _- ~~~~~~~~~~
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d,i nston scores ~s- 1 were then - ~nt- . :  for each of the sewen

thmerisions across the 11 ~-ty~*~ dimensions to fore • t~ t~ t of ~ob a t t r ibute
di ns Ion values .

Table 4

Exa mple rk~r~v~s t tc - ’ . of J ob A y t n bute U~meni~ion Va lues

Dimension X E1- -- . -~ t bimonsion Cross-Product Values s

PAQ Element V4lueS : $)Amension -s D~menstons
Loadings 1 2 3 4 5 6 7  1 ~ 3 4 S 6 7

01 0.5 3 1 0 0 4 2 0 1.5 0.5 0.0 0.0 2.0 1.0 0.0

02 0.1 1 1 2 4 0 3 1 0.1 0.1 0.2 0.4 0.0 0.3 c.3

03 0.9 2 2 3 1 1 0 0 1.8 1.8 2.7 0.9 0.9 0.0 0.0

*182 0.6 5 1 3 1 0 0 0 3.0 0.6 1.8 0.6 0.0 0.0 0.0

a t t ribu te  di~~ -n ~‘: ‘.‘~ 1 -~ -s’ 6.4 s O  4.7 1 . ’~ 2.9 1.3 0.1

for di r cr t Len X

The use of t~~r t r i  - . - - - dimension data provided us with information

based upon r s - i - ! J~ir , - r u’lit : o~
’ 
~nrkcr behavior ti-.an did the use of

individual PAQ ; - ~L a;,,s~ ’~’si’; u ,’tlrsg3 and attribute ratings. From

these a t t r i bu t - - ~~~~ - :~ lens t~;-~ ~o 1lc-~in g s~~~~~~- i  were used as estimates

of the job a b i l3 ’~ r ’- ~~~~~~~ ~‘ - ; s t ~~ for each job in t!.i~ t.ample :

-—Method 14 , j O l s  ~, t t r i L u L o  dimension profiles based Upois
( 14a) Mar ’j u ai .t ’s 23 • i i t r i b u t e  -lir’v~n .~ions , and (14b) the

new 37 a t tr i l s d .~
—-Method 15, di: n~~i o t a  - cores based upon tl~e 17 new dimensions
__ Mc thod 1(- , din- n. io.a ‘;corcs on ~h - seven R— typc- dinensions

——Me thod 17, job ~ Lt ribute dir ’~ n ’ ion values b-~s ’ -c I upon the -:c’rin n txcn

of the 17 Ia- ; . - i-- t ypO .uid ce- v~ )~~type a t tr ibute  dimensions .

_ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --  -— 
~~~~~~~~~~~ 
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The method a of estimation used in the present s tu ~iy can be

viewed ~~~. ~~~rt”~er.tIn7 esaientiaUy four different t~iel5
N for es timat ing

job abi lity requ ir ements . Two of the mode ls are concerned with “how much TM

inform atton is to be used in deriving abi l i ty  requirement estimate~~,

while the other two models relate to the complexity of the intormation

used for making such estimates.  In the f i r s t  case one might conceptuai.~~a’

ability r.quirementi ~~~ being determined by the d’- ~reo to which a particular 
—

ability is required for i. ach of the var i~~u-; work behaviors represented

on the PAQ . Viewing the mat~~~r in such a way would imply tLat ability

requirements are a result of a cumu hitive process. G i v ’- aa the 182 job elements

of the PAQ , whether or not ~ particular .~bihity is needed for success ’~~l

job perf ~~rr. s ice depends upon the TM curJ1. it iv ~~
M impo~’~u.~e of that ability

acruss all of th.~ I- 7~ )ob f’l(’r.’r.ts. Th.s — - ~i - ~ reirei-en the “cunulative ”

mode l of job ability re- Iu ir ’~inonts.

One might ulso s--~-- ; ;’- .t t h a t  abi l i t y  require~~’n~ ... depend

instead ,, upon the  I ‘-v ’ I of a 1 - a ~~t icu la r ¶ z- il ’ .te w ’.icIi i ~ a~ - ceS~iary

for ~~~~ those work beb-wior - which h-~v ’- been j udq r - 1  n’o~.i c ruc i a l  to

the job. If for ir - ~t.snce, one h~s~ -j job in which t ’ ’  only  impor tan t

job behavior is “usir - 1 written r’at.’rials, ” th~ dcgr~: - ‘o wr ich

various attributes (e.g. verbal ccrpre)u-n’;ion or I 1r , ( a , ’r d cx t e r i t y )

are nccess- uy for successful job ‘ - a foirance w - a l d  t - ~~:”i~d U J )~~fl t~~(’

degree to which t I - i, var ious at~ r~butes are necesssary a s us ing

of the other 181 job elements .  T h i s  w’~ ild represent the “cr i t ical  behaviors

only ” mode l for e s t ima t ing  job a~- i l i ’~y r e lu i rements.
Another aspect assoc a-F ’- ed w i - h  the c’~. ti r :at ion of job ab i l i ty

require ments is the deq rec to which 1i%icro ” versus “~iaci-o ” information

about the jobs are used as the source of that Ostir-- -~~ion . In tL”

present study , “micro ” sources of i n f o r mat i o n  r e f e r  to the data  for

the individual job e l e~ cn t  ratings and the jndjVid~~al attributes

as related to these job elements  fo r ~I - i ’ - er ;l i r aat i on  of job a b i l i t y

requirements . The most commonly used method for combining these two

sources of information 1-sas been to corapute a (Tr oss r~rodia~~t (Xl’ )  ~~ tween

the individual  element job anal~ ’sis ratir ’; and the a t t n b ~~tc ru t in g s

associated with each elcmer st. This r~~ it v ~-~ was used in th~� present  s tudy .

The in fo ra ra t ion  gained I ron the u~;c o~ ~u -~h cross products is “micro”

in the sense thut we are d e a l i n g  w i t h  sj ’~ c i f i c  e1”~”- -i ~t - ,’sI t r i b u t e

pairings reprcsentir.g specific work behaviors.



On the other hand, job - 1 ~~ i~. and at t r i b u ~ .- d i~~ nt ion -~~ute~

provide us with a form of “~.acro i n o  t~ oi~ in ~~~~ such dimensions are

concerned with much more qtrierul classes u f  work activ~ t A t s .  I~~~vio~ s

studies using PAQ data in a job çor-;;o~x~ r i t  val id i ty  paradigm h a v e  t’~s ‘i-i:

to rely heavily upon macro sources of job inforsa~~t ion . w~~~]e’ the use of

micro information might well pruvidt’ the greatest long t.-zr ~ benefit ..

The present study tested the r e lat iv e  effectiveness of micro and macro

sources of information for use in the ~-~ t iaation of job ab i l i ty  requirenent s .

Appendix A presents~ the 21 distinct methods of estimation used in the

present study , as well as the “ model” t h i -y  represent , a : , ’- abb reviation

for each method used in t h i s  report , and a b rief description of ‘-ach

method .

Phase I — — — I n i t i - sj  ~na I yses

Twenty of the 49 apti~ ~: I i i - s l s ’~trihu t’:~, w-i ~ ~;c.bt -~~a s- ~ for use
in the initial phase of the a n a ly s i :~. Since  ~~~ GAT~S t u . t ~ ; rc ’:er only
a l imited number of ab i l it y  ~‘ea-: , tho::’- ..a~~i a a - .:t -:; wisicti se~aned
most closely matched to u bj Ij t i e~ j n c ~~u I - - - I  I f l  5 ! , -: C1ITh I - t ~ , Wc~~C

used. The criteria used in t u e  initia l I h a s ”  of th is  st-u 5y were

the mean test scores on r ) .e n ine  tests  LI the ;ki!~ , , i ,  w’ ll u~

potential cutoff  scores for  those same n ine  ‘~~‘.
- r -  I u r l i c r  ~~s’:arJi

(Mecham , 1970) had shown that  p r c d i c t i~~n of v a l i d ty  cocff ~ - -~ c~~ s w-~~

not pa rticular ly successful , and thus it w u -  decided they would be
used as criteria only after a number of the l-e - t  ;~

, ‘ t ’ 3  for estir~~tjc’n

had been selected .

Scores on the 20 a t t r ibutes  as derived by each -f t h e  v , ,r i , ju s

methods were correlated wi th  both the mean and put ’-~ t a i l  cu to f f  scores
for each job on each of the nine tests of the GATL . T! c- ,r r e lut ions
between GATB data and a t t r ibu te  scores were tran sforua”d USin- 7 V i~~h~ r ’ -;

z—transformation so that they could be compared to one a; other using

analysis of variance techni ques. The GATB tests were them divide d into
three categories: (1) cogni t ive  (C , gene ral in tel l igence ; V . verbal
ability; and N , nurncric al  ab i l i ty) ; (2) 1~~- r cu i t u j i  (~ ; , a. ; s ’ ia l  a b i l i t y ;

P, form perception ; and Q, c] n eal r-~ rc - : - It i o n ) ;  and ( 3 )  p~ycI- - -

(K , motor coordination ; F , f in g er  d , x t e r i t  y ;  and N , ma n: :1 ~ “>:~ a i t y )
Likc-wise the a t t r i b u t e s  w:rc~ d i v i d s - d  i n t o  thi~ ~ a~~mi l i r  ~ -~~ 1
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If the methods use-i t : j  e~ . t i r ~ *tc  )ob -~~ a i t ’/  a .  : - •
~~~

‘
~~~~~

-
‘ a t :  weic aa~ 

;-, r a t e ,

then cognitive u t t r i h u t ’  should :uv” I - . :qh  p~ - ’- i t ~~ ’.’ t~-~~~~ r~~- -1 ~~ -iori s w i t h

the data from the cogni’~~ve CA’l’b t~ :- - . : - a n i i l . s l y ,  thi s :e i . t t a uz .uh ~ p

should hold L e t w - - u  ‘hc ~~‘~~~ c v p t U a t  u tt ~~~i bti~~~~~ .ii. t ~L perceI~t U a l  G7~TB

tests , and the ‘, },u:’ - - a ~~r , ‘ t :  ~~~~~~~~ ,i:.~~ the  - ‘/ -  : . ~er GATH t(~u t s.

Since i t  would 1’.: ; o .~,i!~~- - for  .~. 
n~ :t,uu1ar 5’ ’ t h o .  u l  .:‘;timation

to accurately pr’cri ict cogni t ive  ab i l i t i’- ; while not d u a a g  n e a r l y  so

well in predicting perceptual -n .j  psychomotor ab i l it i ’s , the various

methods of estimation wi-re  conpared to one ~i:aoa her in terms c f

their effectiveness in p r e d i c t ;r -j  each of i l . .- thr -e separate categories.

Also, multi ple regression analysis ~~~t’; ca rr .a. -l out ii order to com2are

the various methods in  terms of the i r  m u l t ip l e  correlations. From

the data provided by the:;e ir.i t idi c-- u r si ~~ ion ’~ t- ’ - ’ - ~ ’.’n th” attribute

scores and the GIiTLI . ‘-: ~ iI , t a  (t!ia:. iiicl ’~uh’i the m~ ]t i i - ’.,’ - - i  re1ation :~

between GATB data  a r t  ic ‘.- a r i o u s  i t ii i t  - Li I -
~ a O S I  - -or - - ) , a

number of rn~’t L o - I : w:~; :e’  n. - I — pro’.’l d.~ t I - ;’: “ 1,’ ..t means for
predicting job ab i ] i t ’/  : ‘- ~~~s ien--r. ’ ; Wcz ’ . -  t i ’  :t ’ .’( I a u -,,...~ in  t h e

late r phase of the  c a : a — i ] y - : i a . .

Phase II—--Us o of V a l i d i  a t . a  ‘l A t e . ’ ~~~~~~~~ 
o f ( r ; I r j n n  -

In pha se two of the :;tu  ]• ~ , h1, - , - :~ -~ : for - - :  a r a t :  i t.  :~~ ~iI iI  i ty

requirements which w ere  dc.: r.e:I ~‘t- - - u t ’ irn~~r . -~ t h e  i .  .- - i : I ; S  o i t ’- ’ : in c l uded
in the ini t ia l  phase w i - n c  a t . ; - ’d i n  c~ i J u a - J t i o n  w i t h  -

~ - - “new ” ~ r a t - : n i a .

Fir st , scores t h - r i v - - : t U j  t I e ; :  r , t i : r ; l~ - -r vu r  io-~ .; ~i t ~t n i b u t I-:;

correlated with validity d~~t~ associated -.‘--i t h t I - , e  n i n e  tests of the

GATB.

Secondly, in p~ u e  two an a t t empt  w~~s n-ide to deal wi : h the

problem associated with the crit ’~r ion  d:,to used in this and previous

studies , i.e. the GATB mean u a d  r . o t c : s t i a l  cutoff scores. Mjustments

were made to the criterion d . a t .. j  in an a t t e : r h t  to t ake  in to  account

the hi gh in tercorrela liun s  f o n t L -t’ -:c- .- ia t } a - :  mea n c o g n i t i ve  and

psychomotor GATB test scores. ‘i t cue  a dj u - u t  - 1 n u t ’ - : :  w- n i ’  t hen :a::t: d

as a “new ” cr i ter ion along w i t h  the  v a l i d i t y  d otj  dincussed ~ hov~~.

— 
-
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RESULTS

An initial phase of the study dealt with the development of

new attribute dimensions based on Q—type principal components analyses

of the six major divisions of the PAQ . Methods of estimating job

ability requirements based upon these and other attribute dimensions,

as well as cross-product: date from the individual job analysis ratiflg~
of the PAQ job elements , and individual attribute ratings on these

job elements were used in a job component va l id i ty  paradigm. The

results relat ing to the e f f ectivenss o these various methods for

estimating job ability requirements are presented ia this section.

Principal Components Anal ysis Using  Apt i tud ina l  At t i  ihutes

In developing sche mes based upon macro information for use i n

estir-~ating job ability requirements , principal components analyses

were carried out wi th thc~ j eb elements  wi th in  each of the six major

divisions of the PAQ . Q-type principal components analyses were *
carried out using the correlation matrices computed using the 49

aptitudinal attributes and those elements in each of the six PAQ

divisions.

In each of the six analyses , the diagonal elements in the

correlation matrix were set to 1.0, and extraction of components

terminated when the e ignnvalu es  dropped below 1.0. The six analyses

resulted in a total of 17 principal  components . Descriptions of the

17 components are give n in Appendix B. The j ob elements  which received

loadings on the various components of .45 or greater are presented

in Appendices C,D,F.,F ,G, and H.

Estimation of JOb Abi l i ty  I~equi r cments

A total of 21 d i ferent  r-i~ thods of es t imat in q  job ab i l i ty

requirements weze used in th i s  s tudy.  Eighteen  of these methods

produced estimates in terms ot  “a t t r i b u t e  scores , ” i . e .  for each of

_ _ _ _ _ _ _  - - — —-- .
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the 659 jobs in the sample , a score was derived for each of the

20 aptitudinal attr ibutes , this score being computed using each of

the 18 methods. ~~o methods produced estimates of job ability requirements

in terms of “dimension scores. ” 1n these cases , for each of the 659
jobs in the sample, there were derived seven dimension scores

(one for each of the seven R-type attribute dimensions). A final

method also resulted in the derivation o~i estimates of ability

requi rements in terms of “dimension scores. ” Howeve r , in this case ,

there were seventeen scores derived for each job (one for each of

the 17 new Q—type attribute dimensions). Criteria data used in this

study included the mean test scores and potential cutoff  scores of

incumbents on jobs in the sample for the nine tests of the GATB.

Validity coefficients associated wi th each of the nine tests for

each of the jobs in the sample were also used as criterion data.

Correlational analysis .  For 18 of the 21 methods of estimating

job ability requirements , correlations were obtained between the

attribute scores on each job for 20 at tr ibutes (Appendix I )  as de rived

by each of the 18 methods, and the me an tests scores and cutoff scores

on the nine tests of the GATB for incumbents on each of the 659

jobs ira thc sample. Three of the twenty-one methods used attribute

dimension data as the basis for estimation of job ability requirements

of the individual j obs , rather than scores on the 20 at tr ibutes,

and thus were omitted from this part of the analysis.

In no instance did correlations between a t t r i b u te  scores and

the criterion of potential cutof f  scores differ by snore than .03 higher

or lower than correlations between attribute scores and thu criterion

of mean test scores. Therefore , in the remainder of this t ex t , dat a

reported will, be only in terms of the mean test score dat.a. Also note

that in computing mean corrre lat ions  between CAm test data and

attribu te scores as derived by t i t e  var ious  methods , on ly  t.ho oe

correlations involving attibutes which were felt, to cloecly “snatch”

the individual GATB tests were used in t h e  computation of thi ~ re am

(Appendix I). This was the case in all of the analyses cur r ied  out as

part of this study . In Table 5 are presented the mean co r re lut ions

(Fisher ’s z—transformation ) for e ach of the l t t  m - -L h o d ~; , _  cea .:- ;at ed

across all  of the Li sts i ’ :it I - a in U I  Is of t h .  four a n . t j c r  - - - L U -j e t  i - S of

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~
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the GATB tests , i.e. cognitive tests (3—G ,V ,N ) ;  perceptua l tests
(3-S,P,Q); the motor coordination test (1-K) ; and psychomotor tests

(2-F ,M). Since correlations relating to the GATB test K were considerably

di fferent from the other two psychomotor tests (F and M ) ,  the mean

correlations associated with this test were reported separately.

From Table S note that while attribute scores derived by a number
of methods correlate relatively well with the cognitive tests,

correaltions for the perceptual tests were only moderate , and those
fo r the psychomotor tests were extremely low . Correlations associated
with the GATI3 test K were often negative in di rection .

Multiple regression analys is .  For all 21 methods , multiple

correlations were computed between predictors (estimates of job

abil i ty requirements) based on the 2]. methods , and the criteria of mean

test scores and potential cutoff  scores of incunben ts on jobs in

the sample for each of the nine CATB tests . Again , due to the similarity
of results between the mean score and potential cutoff score data ,

aatci arcs presented only for the mean score criterion . For each of

th~ 18 methods which deri ve prediction scores in terms of the 20

individual attributes, those attribute which seem to most closely

match the abilities tapped by the individual GATB tests we re used

as predictors in the multiple regression analysis (Appendix J). For

the t.~’o me thods which provide estimates of ability requirements in

terms of score s on the seven R-type attribute dimensions , all seven

of the di mension scores were entered into the equations. The final

me thod provide d predictor scores in terms of the 17 Q-type attribute

dimensions, and thus all 17 of the dimension scores were entered into

the regression equations. The multiple correlations (z—transformed)

between the var ious predictor scores and the mean scores of job

incumbents on each of the nine GATB tests are given in Table 6.

Except for methods PcT2, SUM5 , and ?~~AN5 , multiple correaltions

b:sween predictors and the criterion of mean test scores were quite

good for the G and V tests. Multiple correlations based on predictors

from the attribute dimension data were quite high for the N ,S,P ,Q,

and K tests. Multiple correlations I --  the F and M tests across all

iri- thao-1’- of estimation wore quite it 

~~~ - — -~~~~~~~-~~~~ ~~
-
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!lt)H 13I’ . i S  - .02 — .21. - A.

M0 .NI.5I’ . 4 2  .11 — .2 2

~.floV6 ~09 - - Ut -.16

.0)  - .01 - .16 - . 04

1.tl~-)Il L:l. .01) — ~1Jt — .17 .05

I CT 2 - .0)  - . 02 - .09 .06

PC’T 3 .1?  .08 - .03  .04

. 1 . 4  . 013 .04 .06

P~ r5 . 1 3  . 04 .02

SuMS ‘5 .01 .02 .01

39:131315 .04 .09 .05 .04

alsuN .09 .10 — .11  .07

1111*1113 .10 .14 .02 .07

920014 .09 l0 - .10

R2M0~M1 .13 .15 . 07 .06

P 2 N I I M  .07 .06 — . 1 3  CI.

XMJADP . 3 2  . 12  . 2 3  — .03

x1417 .46  . t 5  
— —  

— .05 
- -  -- 

. 3 2

l1~~659 jo bs

14—617 job s

Table 6

Multiple C.~rre 1.ations t4etweon Estimates of lb i l t t y

Req,,r f l ts D~- r~ v-~ l fl
~
, 21 E st i m . ut i ,n  l-k~tno0.

and ll,,an T-~st Scores of J0b ln..un*,ents on Nine GillS Test.

Me ~~ L !t. ~~ .L. ._Q.. -.! .. J~~. _ !~~

SUMXP .69 .4 3  .31 .45 .52  . 5 5  .68 .11 .2 1
0)~~ANXP .79  .63  . 52  . 52  .62 . 65 .76 .18 .24

13.~OVE .11 .18 .26  .29 .39  .65  . 3 0  .08 . 12
BEL.~ ,l . 71  .78 .26  .29 .3 9  55 .3 0  .08 .12
ASO SEL .66 .13 .26 .17 . 35 .60 .31  .0 7 .11
Pcr 2 . 2 0  .10 .00 . 2 7  . 3 3  . 2 3  .11  .11 . 13
PC 1 3 .26 .47  .18 . 3 3  . 3 2  . 3 4  . 3 7  .09 .12
PC14 .54 .(-0 . 1 3  .18 . 19  . 3 2  .20 . 1 3  . 1 3
PCT S .65 .66 .3 8  .06 . 14 . 3 5  .2 1  .04 .05
SUM S . 3 3  . 3 5  . 11  .10 .11 .10 .18  .10 .10
3~~MIS .20 .2 9  .21  . 1 4  . 17  .16 . 1 3  . 1 2  . 12
R1 SUM .62 .62 .11  .28 . 2 3  .40 . 4 1  . 15  .20
P D9.F~N .60 .58 .16 .2 2  .2 9  .40 .4 1  . 17  .2 2
P2SUM .5) . 5 33 . 11  .29 .2 8  . 4 4  .48 . 16  .2 2
R2MENI .60 .5 2  . 1 2  .30  .31 . 3 7  .60 . 1 2  . 10
82NU14 .4 15 . 4 4  . 1 1  . 31  .30 . 4 15  (.3 . 2 1  . 2 7
XMJAI)P .60 (.5 .18  . 4 5  . 152 .013 . 7 3  .09 . 2 3
133417 .76 . 71 . 52  -~~~~ . 115 . 53  III . 1 0  .24
311W17 .09 93 .11 ) . 7 3  .69 . 130 .13 7 .2 6  .20
13 131)AP .01  . 03  . 1 1 3  .151., . 6 3  .79 .01 .  .0 .26
I3F,117,P . 9 3  . ‘)1 . 113 .65 .65 .76 . 7 1 . 3 9  . 7 3

l l .” -59 ‘obe

• N.. 6%7 jubi

— --------— - — - —~~~~~~~~~~ --~~~-— — —— - ------~~~~~~—-- -- -----



-~~

- — - . . -- - --- -, - ----~~~~~~ -——~~~ - — - -  ----—II

24

Comparison of “cumulative” vs “cri tical b-1 - ~’.icirs enly” methods

of estimation. I~s described earlier , those methods using data from

the FULLXP matrix (except SUM5 and MEAN5) represent a model of

predicting the required leve l of any given ability for a particular job

as being influenced by the cumulative importance of that ability

across a large number of job clenterits. Those methods based on data

from the matrices Rl)~ and R2XP (ns well es SUMS and t€)~.N5) represent

a model for predicting job ab i l ity  requirements wh i ch views the

requirements as depending upon the importance of a par t icu lar  a t t ribu te

only as it regards the most critica l work behaviors found on the job.

The methods were divided into two yroups according to this

distinction. Using individual correlations between attribute scorc3

as derived by the various methods on each of the 20 ap t itud ir s a l  a t t r ibu tes

and the mean test scores of job incumbents on each of the nine (ATU

tests, a one way analysis of variance was carried out between the two

groups for each of the four conceptual divisions of the GATE3 (cognitive ,

perceptual , motor coord ina tion , and psychomotor). The results of this

analysis are given in Table 7.
The mean correlation between cognitive attr ibute scores and

cognitive GATB test data for all Lhe jobs in the sample as bused upon

the cumu~.ative esethods of estimation (r~~.lc~) Wd S significantly h~ghcr

than that based upon “critical behaviors only” methods (r .09).

The reverse was the case when considering the re la t ionsh ip between
perceptual attribute scores and perceptual GATB data. ~dmi ttodly ,
the statistical significance of the mean differences is due largely

to the sample sizes involved. Practice] significance is lacking in

both instances. Neither cumulative or critical behavior mnthods

adequately estimated ability requirements for the psychomotor tests

data (F and M), and both models of estimation produced negative mean

correlations when considering the G2\TB motor coordination test.

In an attempt to clarify the above inconclusive results, a one-

way analysis of variance was carriod out between the two models of

estimation, this time using the multiple correlations on the mean scores
of the CATS test for the various methods in each of the two models

as the basis of the analysis. The results of the analsysis are presented

in Table 8. When cc’nsiderinq the ~uul tip lu c:or~ol~-tions across all nine

GATH tests, the two models ot i’rediction s’ere nc-c ai gnificant.ly

different.

---- - ---- —-
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Table 7

~.N0VA Based Upon Nears Cor i - 1 . it i o ns  f or

“Cumula tive ” and “Critical !- -- -~~t vicjr:; Only ”

Models for Deriving Job ability l~~~~u.i rc~~er .t  Estimates

GATB Test Cumulative Critica l

Categories Mean SD N Mean 51) N df F—ratio p

Cognitive .16- .18 216 .09 .08 168 1,382 22.47 .01

Perceptual .02 .14 162 .10 .12 126 1 ,286 27.08 .01

Mot. Coord. — .11 .15 54 — .02 .11 42 1 , 94 8.77 .01

Psychomotor .04 .05 108 .06 .03 84 1,190 8.02 .01

Tab .lt. 8
I

ANOVA Based Upon M u lt i i 1.c C-~-s i :c lat icns  for

“ Cumulative ” and “ C r i t  ical  Ischs aviocs  Only ”
Model s for Deriving Job 1’.h i l i . t y  F~Lqu ir emers t Est imates

Treatment group: Cumulative Critical Behaviors Only

Sample size: 01 63

Mean : .36 .30

SD: .22 .17

Source SS dl MS F

Between groups .1317 1 .1317 3 .2647 NS

Within groups 5.72c.5 .142 .0103

Total 5.8582

_ _ _ _ _ _ _ _ _ _  ~~- -~~~~~~~~~~~~--
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com~parison of “ micro” vs “macro” sources of job ir.formation.

The cumulative and critical behaviors only methods used in the above

analysis represent “micro” sources of job information . In contrast to

such methods are those “macro” methods of estimation based upon

attribute dimension data. These two groups of methods , i.e. micro vs

macro methods1 we re compared as to’ their relative effectiveness in

estimating job ability requirements. For each method in each of the

two groups, there had been obtained multiple correlations between the

predictors deri’ied by each particular method and the m en  test scores

of incumbents on the jobs in the sample for the nine tests of the CATB.

These multiple correlations were used as the basis for - a one—way

analysis of variance between the two groups. The results of this

analysis are given in Table 9.

Table 9

/~NOVA for “Micro” Methods and “Macro ” Me thods

of Estimation of Job I~bility Requirement:;

Treatment group : Micro Method Macro Nathods

Sample S1ZC : 144 45

Mean : .33 .61

SD: .20 .21

Source SS df 118 F

Between groups 2 .74  1 2 .74  60.3l**

Withi n groups 8,50 187 .05

Total 11.25 180

** p less than .01

- When considering a~1 nine tests of the OAT h , t h e s e  ~-:a~; a very

dramatic d i f ference between the two qroups . Methods 1-as - .~ upon macro

sources of job in format ion  did s i g n i f i c a nt l y  b et te r  than thoze using

micro sources of job in format -  ion .  H owever ,  ne i ther  qr oup  did wel l  in

predicting the- job ab i l i ty  requirements ;sociatt d w i t h  the T~ and N

tests of the CATJ3 . 

~~~ --~~--~~~
- - — --, --- —~~ -~~~~~ 
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Select  ion  ( t  ri t l - ~- 1 :  1 r  . 1  i d i t y  1 t t .a and adjusted

mean test :~~esk~ ;. On ly t h e e  ~ , - - t  ~~~ I ,r ~-hic -h :, j :  I - ~~ Oil each of the

20 i n d i vid u a l  a t t r i b u t  - ,-
~ It ] h- - (hL t i : -  - 1 w’ r ‘ -  c. e r i ~;i- 1 .’r d for use i t t

Phase II of ‘the ana’ y:; is , it v-h i c -I s vu Is ty 1st  . t  : 1 iI j u: ;ted OAT H

test score data were ut - ’ I. I u~~-~ oni y i : i I l y  tn ’ i c i  ~at .- d that such

methods would have a r ;r . - . r  l c ’~~T t ’~~t~~~t 1- - f j t  i n  term s of the

f l e x i b i l i t y  and ~~~~~~~~~~~~ of 
~~~~

-
,- c~ - t~ i y - ’  -r:~ u -~ i r ig  the job component

v a l i d i ty  paradic ;m . . ; i r ; -e i t  0 -1 ~t I ’ e~ - I y }
~~ (ri d~~:.’n that  there were ,

indeed , d i f f e r e n c e s  ~1t ~~- : tn ~~ . - v ~ i ou ; vi - - t  hods itt terms of their

effect iveness  in c st i m a t i n ’j  j ) . h i l i t y requirenei ts , Nc~ nan—Kculs

tests for the differcnce~; } - e t w - ~~~r i .sll posible pairs  of neans were

carried out for each of the four conceptual categories of the GATB data.

The mean correlations bet;-.~~ n a t t r i b u t e  scores and the mean scores

of job incumben ts on the I - .v- te: . ts of the OATH were used as the basis of

these analyses. The resu lt - v of those analyses are given in Tables 10 ,
11,12 , and 13. Four metho-1~~, t~ ::- , 1’i~’A~XP , XI-IJItDP , and XM17,we-re

found to consistently ranh ne~:r t h e  top of the list of 18 methods in

terms of their nears corr~ l~tti.c~~i; its e~ ch of the four tc-~ t categories , arid

were in many cases signifi c-ant~ v different fro’n those methods r~ nking

below them. As a resul t , thev , e fosr methods were selected for  use in

Phase II.

Prediction of validity c ’f f i c i c s i t v . Corre].ations between scores

derived on the various aLLrII. ~t -  - .: and the cr i ter ion  of validity

coefficients for each of the s~r j ;1~ jobs associated with the n ine  G)tTB

tests were obtained. Meats corre~ et i ons  for the four methods of estimation
in terms of the four cate-qcui& ~ :~f the CAT B tests are presented in
Table 14. The mean corre lat ion s  i .’cre extreniely low , thus indicating that
no method had potential utility f~ r pr edicting the cri terion of
validity coefficients.

Mjustment of criterion d :t- a. In order to take into account the

rather high intercorrelat L o~ -, t -~ v-een the mean GATB test scores of

incumbents on jobs used irs tI~ - -;i i~p1e, a method was needed which would

enable us to determine the de~~i’ ~ to whi ch these h igh ir~tercorrelations
had resulted in th~ !.;ean t~ ~ i: ;‘- -~~~

-
~~;:~ ); -e. i t .~1 i n f l a t e d  (or perhaps def la ted)
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Table 14
Mean Correlations Ii’~ tweeis ?ttttibute , . and ri . - Crit’- : ion

of V~*1idA y Coefui icnts (or I our Methods of
Estimation on Four ‘AT!t Test C i t tr j u z i~~~~~ .

GATH Category

Meth od C” s sl nj tj v o  Perceptua l 1.~ - :  CoordinatIon P sy--hor ~otor

XM.JADP .08 .03 — .04 - .12
XM 17 .10 .06 — .06 - .05

R2MEAN .06 .07 - .03 - .03

MEANXP .12 .12 - .06 .02

from what they would have been had the interc Ls5 --ia ti c)ns of the  mean

test scores had bcen re lat ive ly  the same as th~ :;e for j:~d~ ’-’is~
j,j1 test

scorcs (Table 15) . To do this , two sets of regression equations5 were

calculated for each test of the GATB , with the other eight tcsts being

used as predictors of the particular mean test score. One set of

equations was computed using the int-crcorre .ati~ n matrix of the t r : ~

scores on the OATH t e :;tn  as calculated from the sample data on 659 job.

The second set of equations was computed using the intercorrelation

matrix as calculated from the “populat ion 11 data based on test scores

of individuals on 4s~proxirra te1 y 23 ,000 jobs. Thus for each GATB test

there existed a samp le regic’;’~ior s  equa t ion  and a I t p u l a t  ion regression
equation made up of the beta weights for the other eigh t tcst:i being

used as predictors (see Appendix K ) .

For each of the 6S~ jobs in the sample , Pr Cdi~~t io n s  on tile motor

coordination , f inge r  d e x t e r i t y , and manual dexterity t e st  scores

associated with that job wr re made , one using the sample regression

£guation and the other using the population Segression equ5sti’n . A

“d i f fe rence ” score was ca.lculoisd between t.h” two prethctions for each 

— -. ~~~~~~~~~
-- -— —--

~~~ ~~~~~~~~~~
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T~L 1~.- 15

I - . sp si 1 . _  i - :~ and i..t. r . 1.l e T.~ .t. ~~~~
1 : !  erc’jrz’~1. ’,.~ ce,:-, ~ur ~~ i . j , r -  GATB ‘1& - :~t

Population data: 1r4livisl- , ~l t ’e ; t  ;co ro ,

Test G V U S P Q K F

G 1.00

V .h 4  1.00

N .86 .67 1.00

S .74 .46 .51 1.00

p .61 .47 .58 .59 1.00

Q .(4 .62 .66 .39 .65 1.00

K .36 .37 .41 .20 .45 .51 1.00

F .25 .17 .24 .29 .42 .32 .37 1.00

M .19 .10 .21 .21 .37 .26 .46 .52 1.00

Sample data : rre5ar ~ te .~t s~ oree  for incur~ber;ts , N 659 jobs

Test G V N S P Q K F H

G 1.00

V .93 1.00

N .97 .89 1.00

S .89 .71 .83 1.00

P .83 .73 .83 .H3 1.00

Q .81 .87 .82 .62 .s4 1.00

K .76 .83  .7 f ~ • 5 t  .‘~1 .90 1.00

F .59 • ‘TS .61 . 5 t  • 7e .64 .71 1.00

M .41 .32 .45 .4C .r l  .46 .56 .70 1.00

- - - .~~~—~~~~~~~ —-  ~~~~ - - —~~ 
- -

~~~~
-
~~~~. 
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job on each of the three t e st s .  The ste t uti mean test score for a

given job on a given CATB test was adjusted upwir de by that amount

if the sample prediction was less than the V 5 1 4 . U l U t  ~~C Z ~ }s r L ! d l e t lo f l ,

or was adjus ed downward l y that difference if the sample prediction

was higher than the population prediction. Correlations between

att ribute scores and the adjusted CATli m : , in  tc~4t scores wer e  obtained
in a manner similar to that used in the ini t ia l  correlational analysis

using the unadjusted means. Presented in Table 16 are the mean

correaltions fo r the fou r es timation methods used in Phase II , in

terms of both adjusted and unadjusted mean test scores.

Table 16

Mean Correlations Between Attribute Scores and the

Criterion of Adjusted and Unadjusted Moan Test

Scores on Three GATB Tes ts

Test

Method ~~~ustcd Unadjust- c?d Mlusted Unadjustt’d Ad ju ;’c-d__ Unadju sted

R2 MEAN .10 .06 .04 .08 .07 .08

MEANXP — .08 — .21 .14 .09 .12 .12

XM17 .04 — .05 .10 .11 .11 — .04

XM.JADP .13 .21 -.11 — .03 — .C3 — .04

Note that no significant improvement in the ability of the

four methods to cs.tin: te job ability requirements w-ss obtained. ~~

some cases , mean cnrrel ttions with the adjusted criterion data were

lower than for the unadju:;ted data.
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DISCUSSION

There are a number of possible approaches that one migh t take

in operationalizing the concept of job component validity . The present

study used an approach which involved the use of “attibute data ” (that
is , the ratings of attr ibutes on job elements associated with the
Position Aanalysis Questionnaire) as the basis for estimating job ability

requirements . Various methods for utilizing the attribute data were

employed in the presen t study. The results of this study indica ted ,

however , that the use of such attribute data probably would have
somewhat restricted ut i l i t y  for the job componen t validity paradigm

Though prediction of the “cogni tive ” ability requiremen ts was

quite respectable , the prediction of the perceptual abilities was only

moderate, and the pred iction of th e psychomotor abi l it ies was very

poor. Ther are a number of indica tions , howcver , tha t certain of the

findings of this study might be attributed to deficiencies in the

specific predictors and criteria used , r ather  than to the basic

approach of using attibu te da ta for the estima tion of j ob abi l i ty

requirements as they might  be used in the job coliponent validity

pardigm .

Cumulative vs C r i t i c a l  Behaviors Only U o d” i s  of Estimation

When using a ttr i bu te  data as the basis for m a k i n g  estimations

of the ability requirements  of jobs , one might  d is ti n g u i s h  between

two models for combining such data into appropriate Cr ima tes. In one
case , th e ability requiremcnt s of jobs are assusm -’d to be inf luenced

by the cumulative ~—~nortance of a par t icu lar  a b il i t y  across a ll  of

the various work be.. . iors (in t h i s  case represented  by the job

elements of the PAQ) which one migh t  f ind  a~~socia ted  wi t) ;  the job.

In conn ection with such a model , some of the beiiav.iose; r n c i u d e 4  in

such a list would be considered cs:;cntici l ~o the ~ Oi) ~i~ 1’  l (~ o lh ’ rs would  
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be considered to be of only tangential relevance to the job.

According to the cumulativs mode l , regardless of the magnitude of
the importance of a par ticula r behavior , the ability level needed
to perform that behavior would potentially influence the overall level

of that ability needed for the job.

On the other hand , one migh t view ability requirements in terms

of the “critical behaviors only ” model. Under such a model , the overall
ability level required on a specific job would be determined solely

by the level of that. ability associated with only the most important

behaviors which co:r-pri~ o the job . The distinction between the two

models of ability tequirements seems clear , and the relative effectiveness

of the models in e s t i mat i n g  job ability requiements across a large

sample of jobs was tested as part of the present study .

For the sample of 65’) jobs , when considering the prediction

of ability requi r emen t s  a cross a l l  nine GATB tests, neither model
proved to be very cffe -:t:iv~ . The avera ge multiple correla tion for the
cumulative model m51 hods across all nine GATB tests was .36 , whi le

the average mu l t i ple cor~:ciation for the ‘crit ical behaviors only ”

methods of e st ;in a t ic~n was .30. This indicates that  cumulative r~ethods

of estimation o f fe r  a s) i çj 1~t , though not statistically significant,

advantage over the “crit i c - ~u l  behaviors only ” methods in estimating
job abili ty r equ ir e me n ts .  The fact tha t those methods us ing job
dimension scores for  e s t iru i t i n g  jo b requirements were basically

cumulative in nat uj . e , and tha t such methods tended to be superior
to all other methr ,ds of e s t ima t ing  job abi l i ty  requirements (i.e. those

methods which did ot .Liivo lve the use of dimension d a t a ) ,  lends

fu r the r  support f o r  I )~~ u- ;e  of cumula t ive  ra ther  than  “c r i t ica l  behaviors

only ” methods.  One sheeld note , however , that , by de f in i t ion,

the “critical b eh . iv i oy : s only ” ma l)iods tend to restr ict  the range of

the predictor scur -s , a - ~ t hus corre la t ions  obtained from the use

of these scores n~~j h l  w i )  I.e l ower than they “ should” be. 
-
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Micro vs Macro Methods of flstimat- i on

The various estimution methods used in this study could also

be divided into two distinct groups according to the type of job

informa tion upon which th ey base their est ima tes of job abili ty
requirements. A number of the methods used “m icro ” sources of job

information in that they based their estima tes of the ability
requirer -t ents of a pa r t i cu lar  job upon scores derived from the
individual PAQ job element  ra t ings  obtained for the job , and the

individual attribute ratinqs associated with each of those job elements.

On the other hand , several methods used “macro” sources of

job information in which es t imates  of abi l i ty  requirements were based
upon scores derived from var ious  Q-type and R—type job a t t r ibu te

dimensions . T h e  9-type dimensions  were based upon principal componen ts
anal yses of the six major  d iv i s ions  of the PAQ, and grouped fa i r ly
large n umbers of jo b elements into single categories , i.e. dimensions .

The R-type dimensions were based upon R-type principal  components
analyses of the 49 a pt i t ud i na l  attributes associated with the PAQ,

and grouped these in d i v i d ua l  a t t r ibu tes  into larger abi l i ty categories.

Due to the group ing of individual job elements and a t t r ibutes  thto

larger categories , the 9-type and R-type a t t r ibu te  dimensions represent

macro sources of job infonrst:ion.

The present s t u d y  provided strong evidence in favor of the

use of methods which u t i li : . - . - ir~ cro sources of job information in

deri ving estimates of job a bi l i t y  requi rements .  As contrasted with

the micro methods of e st ima tion , one might suggest that the effect iveness

of such methods fo~ p red ic t  i r g  job a b i lit y  requirements was pa r t i a l ly

a resul t  of the c r i t e r i a  u: I i n  tbo st u dy .  Cer ta in  of the GATI3 tests

used as criteria ap;~-~~~r t a  ~~- J - r e ~ c f lL “complexes ” of abilities rather

than single , pure a l - i l i t i e s .  i-or ex~ mple , the  test of general i n t e l l i gence

includes subtest s  c a nc -cr n e d  ~-d thi  ‘ three d imens ional  space , ” “vocabulary , ”

and “a r i t h me t i c  re or . “ i l a r~ y ,  the r .ume zic a l  ap t i tude  test , N ,
contains both coriput i t . i ’  . - n i  “ a r i tb c t ic reason ” subt es ts .  Thus

macro n e t h i c - I s  of r ; t . i i - ~~~ ~d. ~:! l it 7  r c q u i r em e n t u  migh t , in certain

cases, be h c t  tsr suit r d  I - - - li ‘ I i  sq cosip lc-xn s of ~bi1 i tes  represented

L~ ~~~~~~~~~~
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by some of the GATE tests due to the fact that  macro methods are based

upon broader sources of job information . Micro methods , due to the specif ic

nature of the information involve d with these methods , might be less sui ted
as predictors of the more complex GAT E tests . The nature of the respective

methods might also affect the relative reliability of the two , with the

aggregate of information in cluded in the macro methods adding to the

reliability of scores based upon such data , thus increasing the

correlations associated with macro methods of estimation.

Prediction of the Various Criteria Used in the Stu~~~
Three cri teria associated wi th  the GAT B tests were used in the present

study . They were : (1) mean GATE test scores for job incumbents ; (2)  potcnt ial

cutoff scores (i . e . ,  for any job , this was the score one standard deviation

below the me an test score of job incumbents on each of the G2~TB t e s t s ) ;

(3) the validity coef f ic ien t s  associated with the nine GAT E tests for

each of the 659 jobs in the sample.

Across all methods of estimating job ability requirer -ents , there we re

no d i f ferences  between the prediction of mean GATE test scores arid potential

cutoff scores for the nine tests . This f ind ing  does not n u l l i f y , and would

perhaps enhance , the suggestion that , for operational purposes , potential

cutoff score s are representative of the minimum leve l of abiliti’es necessary

for job performance.

As regards the est imation of abi l i ty  requirements represented by the

criterion of GATE va l id i ty  coeff ic ients, rio method of estimation ach ieved
even a moderate degree of success in making such predictions . This f i n d i n g

was somewhat expected (Mecham , 1970 ; ari d ~1arquardt , 1974). Ghiselli ( 1959)

noted that validity coeff ic ients  are characteri zed by considerable

“instability, ” arid thus prediction of such data is extremely difficult..

In Phase II of the study , the mean GATB test scores were “adjusted”

so as to hope fu l ly  take into accoun t the hi gh degree of inte rcorrelation

among the nine tests of the GATE . In terms of the “adjus ted”  mean test

score criterion , the results of this study were far  from encouraging .

In no cases were the predict ion s of the ad jus ted  criterion data
hi gher than those ot the unadjusted criterion data. In certain cases 

-- -— ~~~-~~-- - -~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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the predictions were worse. This finding has two possible implica t ions .

~~e implication is that , since there is rio “clean cu t” statistical

procedure avail ible for adj u st in ~g out the effect of the high mean

test score iatercorrelations upon the es t imat ion of ab i l i ty

requiremen ts, the procedure used in this stud y was inva l id  and was

not producing the desired effect upon the problems underlying the data.

An al ternative to this expl anation , and possibly the most reasonable

one in the present case, is that  the problem s associated with the
GNFB data are so deeply imbedded w i t h i n  the very  n a t u r e  of the data
that no statistical procedure would have been able to a d j u s t  for these

difficul ties.

Prob lems with Predictors

Whenever data are  bi: ;s 1 u rns  t~~ - ju.lq -m .n t ’s of hu m ans , one

is invariably confronted w i ’~ i thu  ques t ion  of the  r c l i a b i li ty  of these

data. In terms of the 1A 9 job ei -rn~~ t and attributu ratings used

in deriving estimates of 301) ability : i - ~~ nt-~, two sources of

unreliability are possible , i.e. unreliability relating to both

the job element ratings and the ~
-it t r i b u te  ratings. If the degrce

of reliability wa s low for one or both of these r a t i n g s , the  use of

such data in the present stud y could wel l have re su l t ed  in the

considerable distortion of information concerning the ability

requirements of the jobs in the sample. h owever , evidence has indi cated

that the reliability relating to th e PAQ ratings is quite good.

Marquardt (1974) used j ob dimension scores to e s t imate  the job

ability requirements of a large sample of jobs.  Tlicsc’ d i m e n s i o ns  were

based upon principal components analyses  of the PA9 job el ’-munts in

each of the six major  d iv i s ions  of t h e  PA9 u s i n g  a:; the  h s . i .s of the

analyses the PAQ job a n i l y L i : .  r a t i ng s  fo r  each of the ele ;r-s t

across 3700 jobs. Prediction in t u r n ; of the ta 301) d i :  n : ]  eli  i c o  a ;

was quite good . In the same stud y, a.; in g  an aI tn hut . d~ t a i i  p r u u a h

to job component v a ] i c l i ty ,  
~

-‘ n J u (r (it utu d aI t r i b i t - diua nu~ e l : .

for 23 dimensions re~s1 It i raj I r : 1  a inc i pal 
~ ~ 

a an ~ 1 ySCS of the

at t r ibute  p ro f i l e s  ol t i ; - s i t  ~~t i n  ~-ar l i  of th i >. L I ]  - F  i i  V~~ -~~~ ~~15

$
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of the PAQ to estimate job ability requirements. The a t t r ibu te

dimensions were thus based upon attribute ratings associated with

the FAQ o] emeri t s .  Predict ion in ,term s of these a t t r ibu te  dimension

scores wan comparable to that achieved using the job dimension

scores based on the job element ratings. It seems, therefore, that
while unreliabilty of ratings might have resulted in some reduction

in the e f f e ctiveness of various me thods of estima ting job abi l i ty

requirements , it is no t , in itself , sufficient to explain the

low correlations found in the present study.

Anothe r possible problem associated with the predictors used

i:i this study can be found in the fact  that  the methods used by

flarqu~~rcIt (1974) bared upon the 23 a t t r ibute  dimensions resulted
i n  si g n i f i c a n tl y b u t t e r  es t imates  of the psychomotor ab i l i t i e s  than

did me th od’; based upon the new 17 a t t r ibu te  dimensions .  In the one

case , th new 17 d imens ions  were based upon principal components

atislyse;; of the six major PAQ division using job element profiles

acrc a~ 4’) “aptitu-Jinal” attributes. Marquardt ’s 23 attribute

were based upon similar  analyses , but used job element

p uf i l - ;  across 71 “ a p t i t u d i n a l ”  and “ s i tua t iona l”  a t t r i bu te s .

t~u 1ti ple correlat ions between Marquardt ’ s at t r ibute dimension

acores u:~d the psychomotor GATB mean test scores were in the upper

. 40 ’ :; , wh i l e  the corre la t ions  bu tween the a t t r ibu te  dimension scores

on th~ Fl iiew a t t r i b u t e  dimensions and the mean GATB tdst stores were

i ’~ the i1ii(ldlc .20 ’s. Also, within the present study , the correlations

i Weeii .ttiribute scores derived using the XNJADP method (based on

M r~j ; ; a 1 .t ‘s 23 dimensions) and the mean test scores on the GATB test

K r ..;u] -1 .~s high as .48, while similar correlations using the X~Ml7

- b e ] ( :arr n process but with the 17 new attribute dimensions) were

a - :  -r~~I I - j  ne i t iv e  in d i rec t ion . It  would appear tha t  the job

ii r u  i t i : :  e~~d ;i~;on both a p t i t udi n a l  and s i t ua t i ona l  a t t r i bu te s

I ifornati on w h i c h  adds s ign i f i c a n t l y to the predic t ive  power

1 h~~i h ,a: ; ’ l upon these 23 dimensions. The imp l i c a t i o n s  of this

a - :  i - ;  i r l. ; the c r i t u r i  ott c]ata w i l l  he di:;t~u;;scd l a t e r .
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Problems wi th  the  C r i te r i a

Across a ll methods of es t imat ion  used in the presen t stud y,
correla tions and multiple correla tions associated wi th estima tes
of the psychomotor job ability requirement~i were quite low. This is

in line with the statements of Trattner , Pine , and Kubis (1955) that

the prediction of m e n t a l  and perceptual  apt i tudes  is  general ly better

than the prediction of aptitudes which are “physica l”  in nature .

Data published by the U.S. Trainin g and Employment Service (Table 15)

show tha t  there  are modera te  in te rcor re la t ions  asong the nine tests

of the GATB. Of r~;r t i c u]ar  importance to the present study is the

fact that the 1 uyu}iul:,tor tarts of the GATE are moderately inter—

correlated with the ro le “ cogn i t ive ” GJ~TB tes ts .  In view of these

i n t e r c o r ra l a tm u r , i f  ens v -re  to rank order j obs according to the

mean scores c~ n - -u- h its en the jobs , this ordering would , to some

ex ten t , r t - f l c c t  t b  a~~ ;-i ixtur r- of the cognitive as wc~ l as the

psychomotor  i hi  ~~ 
-~~ a : ;  of t:h .- i n c u m b e nt s .  This  admix t :u re  could result

in  :obs which w o u l d  r i - r i m  l i ly  be axpccL~ d to rank h i g h  (or low) on

~t i r iL; - -a , in;;t a-~~I showing less (or more ) psychomotor

ability levels ti t : w e t t l i  r ; - t . ; : te b l y be expected. Such a ranking

would not neceasar i l y r i - f l e e t ,  an a L L  ur at e  representation of the
relative p~ ycberr: ~tur ub i i i  tj levels necessary for the jobs.

In the r;ra: it  - t ~ he use of mean (;ATi3 scores, ra ther than
individu al tes t ac-nra; 1 ii. r ~ulte J in (~~~t l 1  hi i gli. -r int ercor rela tions
among the psycho:-nt o t  and c oc ii i  t i vu  t uts (Table 15)  . Thus the

possible d i s t o r t i o n  a d by the r-h ;tioiiship butw~- n  the cognitive

and psychomotor ab il iti e: ; a-;.:cs - i A t I - d  w ith the jobs in the sample would

be even grea te r  t h an  ~s- h ; ; n  cnn . ; i ’ l r i nq i i i d i v i i i i l  t est  score data. The

ranking of jobs accor fl rvj to t t u - ~~ r n l it i v i ;  psychomotor ab i l i ty  levels

(as represented by the ri’ati (AFB m i ss) would  be expected to present

a less than totally accurate picture of the “ true ” psychomotor abili ty

requirements. Data prem -ii ta .1 in Appendix L would appear to support this

conclusion . Nots t hat many job ;: w h i c h  would no~ina1iy bo expected to

be “psychomotor ” in n a t u r e , e.g. an i rorworkor , show mean scores lower

than those for  job s wh ich n,; t - c i ; t i a l y “ cognit ive ” in na ture ,

e.g.  a job ana l y st .

~ 

-
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In testi n g  the uti l ity of a tte ibu te da ta in a job component

validity paradigm , it is assumed tha t employees tend to “gravitiate”

into those jobs in which they ca’n achi eve some rela tively successful
degree of perf ormance, and tha t mean GAT B test scores of incumben ts
would thus represent the ability levels necessary for some min imally
acceptable degree of job performance . Di~ta in Appendix L would suggest

that this is not totally the case for the psychomotor tests.

It seems reason~ hie to suggest that. the intercorrelations found

am ong the psychomotor and cognitive tests are at least partially

responsible for the apparent in c o nsist e n c i e s  in the ranking of the

jobs according to the mean psychomotor tent scores of incumbents

on the jobs . It may a lso be tha t a more “basic ” fac tor  unde r l i e s  the

apparent inconsistencies in the rankings. I t  may Pm that for some of

the jobs which are predominant ly  manual in  nutur e , the psychomotor

abilities necessary for  performance are of r e] s ti v~ ly minor importr iance

in determining the overall  “success ” ot the persons on those jobs.

Mos t workers mi ght pOSsc~~~ thiu rni n i lr v ;m ability level which would

enable the workers to adequate ly  psrfmr :; the job in ques t i on . In

this ca se , the degree to which the porsoti S “suc-c:ssful ’ on th~
job (an would thus have gravitiat-m d .i r i t o  t h at. p a r t i c u l a r  p o si t i o n )

would ãepend upon several factors  in  - 6 - b ~~ioii to the psychomotor

abilities he possesses. if this wore :c , or ; could r i o t  expect any

simple ranking of jobs according to the  r a n  t e a t  scores of incumbents

to represent the ability levuls n~ c i- .-d for  su c c e s s f u l  pc r fc rmance .

Successful performance would , inst - - i , 1~~ i- ;t ,-r ; ir-sd by an adm~xture

of the psychomotor , c’oqnitivc- , si Luat ic ;- l , and ~u r : una1 i ty  factors

involved in the job.

Marquardt (1974) used attribute dimensions based upon both

aptitudix-ial and situational attributes to predict job ability requirements.

Predi ctions using these dimensions were generally better than the

predictions associated with dimensions based solely aptitudinal attributes

used in the present study. The d i f f e rences between predictions based

upon Marquard t’s attribute dimensions as opposed to the predictions based

upon the new attribute dimensions used in the present study were
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minimal for the cognitive abilities. The difference between the predictive

power of the two sets of dimensions was somewhat greater for the

perceptual abilities, and was greatest for the psychomotor abilties.

Although the stituational attributes used in forming Marquardt’s

dimensions are described in terms of various “work situations, ” they

are assumed to reflect thos interest , personality , and temperment

factors which enable the incumbents on a job to “adapt ” to the specified
work situations. It would thus appear that the inclusion of such

non-aptitudinal information into the prediction system generally

increases the level of prediction possible. These results would suggest

that success on jobs which are dominantly psychomotor in nature may be

more dependent upon “adaptibility ” factors (such as interest , personality,
or temperment) than on psychomotor abilities.
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4

CONCLUSION

In the present study an approach was taken to the concept
of job component v a l i d i t y  which utilized the attribute rating data

associated with the Position Analysis Questionnaire as the basis

for estimating job ability requirements. Within this general “attribute

approach , ” a number of different models of estimation were compared

as to the i r  relat ive e f fec t iveness  in predicting job ability requirements.
The models used inclu ded ‘~micro” models , “macro ” models , “cus.ulative ”
models , and “cri tical behavio rs on ly” models.

The results of the present stud y indicated that “macro ” models

of estisiatien are more e f f ec t ive  in estimating job ability requirements
than are “micro” models. However , in the case of such macro models ,
“good” estimation of abili ty req ui r emen ts was possible only  when the

macro sources of job information used in such me thods were based

upon large numbers of diverse human attributes (Marquardt , 1974).

It was also shown that “cumulative ” methods of estimating job
ability requirements were only slightly better than the “critical behaviors

only ” methods. This slight advantage was based pr imari ly  upon the
fact that macro methods of estima tion , which did r e l a t i ve ly  well

in estimating job ability require ments, were of a cumulative na ture .

When viewed as a whole, however , the approach to job component

validity taken in the present stud y ,  i .e .  the use of PAQ a t t r i b u t e

data , was d i f f e r ent ia l l y  e f fec t ive  in e s t i m a t i n g  job abil i ty requirements .

Though prediction of cognitive abiltjes wis relatively good , the
prediction of perceptual abilities was only moderate , and the prediction

of psychomotor abilities was very poor. When dat a from the pre seii t

study were compared to previous work us ing  the jo b) component va l id i ty

paradigm (Mar quardt , 1974) ,  it was apparent that  the approach taken

in the present stud y which used at t r i b u te  data  for e st i mat i n g  job ab i l i ty
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requirements was generally less effective than the approach taken

by Marquardt which involved the use of Pr.Q job analysis ratiny data

as the basis for the estimation of ability requirements for jobs.

It would app< ar at least that for the present time the optimum
approach for the application of the concept of job component va l id i ty

should be based upon job dimension data derived from PAQ job analysis

ratings.

The results of the present study probably should. not be taken

as to precl ude any future investigation of the attribute data approach

to the concept of job component va lid i ty .  In terms of any further

exploration of the potential u t i l i ty  of attribu te data for estima ting

job ability requirements , it would appear that attribute dimensions
resulting from principal components analyses of job element profiles

across large numbers of diverse human attributes would have the best

possible chance of providing adequate estimates of ability levels

for use in establishing j bo component validity .

_ _ _ _ _
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APPENDIX A

Methods , Models , Abbreviations , and ~~scriptions Associated
With thó 21 Methods of Estimating Job

Ability Requirements Used in This Study
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at t r i b u te  for  the FVJ~LXP m-~t r i x  which ~~ i ~
into c)uintile 3

cc X ~T4 The ~ of er —p ro d~~~ts conpute~ for each
a t t r i b u t e  w h i c h  fel l  into Quintile 4

r~j ;-
~ 

:-~ ‘ “:‘i~ - ‘pi e 1- e L) - -~— } ) f ( ~~l U L ~ . COflh1~ULC’d for cach
ati rihute ~-j) Jc h i - U  ie to  C~u t n ~~i1e S

7 x l i  j h ’ - ‘ u ”  of t h~ 
- i ’  -~~ - — -r  3uc~~u ~-~‘rr u~ cd for

I t - ; ~ i .:Li  r i h u L e  f r ~~r~ 4 h -  FW LYP m a t r ix
fu r  t ~~~~ ci  —

~~ t t ribute nairinqs wi ~~
- cc

- ‘‘ j (  h (‘l~~~T ii - r t i c  5.0
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APr’l-:NDIx A ( 
~-~~t .

U)

0

>

,J ~~~~~~~~0 0j  14
‘~~ U)~~ 4) 1.4 1.4 ~C) ,-4~~ • -~ U U 4) 1.4
C 4)i 1.4 4~j .,

~ ~4 C) -
:~i ‘ t iO  U > Z .~~ U)
4) 0 1  I I ())

~~~ I I I I ~

8 X X MEANS The n~ an of the cross-products computed for
each a t t r ibute  from the FULLXP matrix for
t i c . - . e e lement—at t r ibu te  pairings where the

~‘~2 job clement  rat ing= 5.0

9 X X R1~~X-~ The un of the cross—products computed for
e~icb a t t r ibute  for the R1XP matrix

10 X X i - -~~: Thu mean of the cross-products computed for
c-dcb attribute for the R1XP matrix

1]. >: x 1 -~~ Tb ’  sum of the cross—products computed for
e irh attrjbute for the R2XP matrix

12 X X R ’~~.-~ - T~i n ’ ~.- m of the cross—products computed for
i~ucii ~~ t i- ihu to  for the R2Xr n~ t rix

13 X ~~~~~ T~i-~ r i ’nbc~: of cross-products computed for
~~~~~~ at t r i b u t e  for the R2XP matrix

14a X X J I J 1 u r  .~~-b - i ct r ib u t e  prof i les developed using the
23 - ulari t at t r ibute  dimensions

l4b X Xfl17 J b  a t r ibu te  p rof i l es  developed using the
17 i~~ w a t t r i b u t e  di mension s

15 X !~i;T i 1 Rb a t t i i i u ~-u dimension scores for the 17
t. - -w (it t r i bu t e  dimensions

1 X ~1!(. Di ’ . - .; j uc scores for the 7 R— type dimensions

17 >: p~~’ ~~~~ ) -  1.- .ftt r i i u t -  d imei ions  Va] t iC ” r e su l t ing
a ~~ ~at Ion of data ~ ~ -a both th e

c-i \ n i - t y ;’ attr ibute dimcncio~ s and the
I / ‘, — t  ye - - i t  tn  but e i l imenuiot is

I

1 _ V_V _ _V 
_ - - - — - _; 



-- - - V_ -V 
~_V V_V _VV _

48

APPENDIX B

Principal Components Resulting from Analyses

of the Six Major Divisions of the PAQ

Components resulting from the analysis of PAQ job elements:

division 1, information input. A Q-type principal componenets analysis

was carried out using the job elements in the Information Input

division of the PAQ (job elements 1-35). This analysis yielded a total

of three principal components accounting for 69.4% of the total variance.

The interpretations associated with these three dimensions are given

below .

(1) Division 1, factor 1: visual percoption/inte rpretaion———

this dimension accoun ted for 47 . 1% of the total variance .

It is a relativ~ely broad dimension characterized by job

activities whi cii involve the perception and/or interpretat ion

of visual input from the job .

(2) Division 1, factor 2:  non—visual  percept ion/ interpreta t ion——-

this dimension acccountcd for 13.5% of the total  variance .

It is characterized primari ly by job ac t iv i t ies  which involve

the use of non-visual sources of job information , e .g.  f e e l i n g ,

tas t ing,  smel l ing,  or hear ing .

(3) Division 1, factor 3: body movement scnsing/  balance - ’—-

this dimension accounted for 8.8% of the total variance .

Three job elements received substantial loadings

on this dimension . They are characterized primarily by

the degree to which the sensing of physical movement,

position or balance , such as is necessary in the use of

mechanical devices , are needed for job performance .

~~~~~~~~~~~~~~~~~~~~~~~~ 
iie ac 1v- .i~.of 1 -

V
. j ob 1

clivi sion 2 , i . v - n s u i  I re - - - - - 
- - . 1’ 1 — t  - 1 ’~~- : - ’4 ’i ti ~~ j ~ia1 c~ ; ; .  - u t :: a a a ly s i ~

was car r i ed  out u si n q  the  ~~- i . j i- ri itt I n - i - i t Ic ~ ; t 4 i i  } i e ~~’ac -u

division of the J -Aç~ ( j uT ci’. - .~_ ;. t i ) )  . Thu c ~- n - -  ] y . iu  Lc: ui t - - H a

-- s~~~~~~~~~ _~~ - j~~~~~~~ ~~~~~~~~~~~~~~~~ _- . -. -- 
- - 
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APPENDIX B (Cont.)

total of two principal components accounting for 85.0% of the total
variance. The interpretations associated with these dimensions are

given below.

(1) Division 2, factor 1: reasoning, decision making, and related

mediation activities———this dimension accounted for 45.9%

of the total variance. It is a rather broad dimension which
involves activities which depend upon reasoning, decision
making or similar types of mediation processes , and which
necessitate the acquisi t ion of such mediation “skills”

through experien ce , education , or training.
(2) Division 2 , factor  2:  intw rat ing in format ion———this  dimension

accounted for 39.1% of the total  var iance . Job activities

included in this dimension are those which involve the

collection and in tegra t ion  of informat ion obtained from the job .

Components resulti ng fr on  the ~tnalvsi~~ of P1~Q job e lements :

division 3, work output. A Q-type principal components analysis was

carried out using the job ele inunts  frcr . t  the h~urk_Output division of

the PAQ (job elements 50—98) . This analys is  y ielded a total of three

principal componenets acccounting for t~4 . 5 %  of the total variance . The

interpretations associated With) t bcs’r (i L l r2usions are given below .

(1) Division 3, factor 1: i icinuul ma n i p u la t i o n/ c o n t r o l— — —

this dimensions accottt .cr i for 33.9 - :-  of the total variance .

It is a broad c i  re-n c n inclii ’ .iiiiçj large nl1r :~)er of PAQ

job elements . it  is c-~et ~~~c tc  .i v - . ci p r imar i ly  by jo b elements

which inv’_ilve corn ’ - I ’  ‘ o~ I~ ., i l l ’  i i i  ~.t ion anti/or the control

of various m at ’  r i I c / -  i :  - , - - . . 1 i ’d ~;i IL th~ job .

(2)  Division 3 , fac t o r  2 t . ’i~~] - ‘c~~ , ‘i -  -
~~~~ ‘ i — b o dy  art ivi  t i e s”—

this dimriiu ioti c -coo’ I I e - 2
.
- . 0. of the total van aiice .

It. is c h i u r a c t - i i  :‘ . 1 1 -, - c t  i ~‘i 
- i~ iic h invo l vo yeiv’ral body

move i tent ~.nd/or tifl: J .  i L I~~~~~~~ : H i -~ oi !:..dLi;uIat _ jc’i of

va ri o’ic t ~~~[). ‘ , ()  1 r.~. I - / 
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APPENDIX B (Cont.)

(3) Division 3, factor 3: Varied physical/controlling activities—--

this dimension accounted for 25.6% of the total variance.

It is a rather broad dimension including a large number of

PAQ job elements. It is characterized primarily by job

activities which involve a variety of physical activities in

the operation or control of equipment and/or the handling

or use of materials  or devices associated with the job .

Components r e su l t ing  from the an a ly s i s  of Pr’.’7 job e1e~”nnts :

division 4, r e l s ti on s h t i Frni with o ther  persons . A ~ — t y I ~e principal

components analysis was carried out us ing  t i le  job elcu- nt s in the

Relationships wi th Other Persons division of the P1”~Q (l ob c-~ emont s

9 9 — 13 4 ) .  This analysis y ielded a total of two pr inc ipal con:-on- .:ut .~;

accounting for 85.0% of the total vari ance . The i nt e r pr et a t~.ons

associated wi th these dimensions are qi\’eii below .

(1) Division 4 , factor 1: i .ntcrper sotaal comr - iu n ic at - i on——— this

dimension accounted for  71 .5% of the to tal  var i ance . It

is a very broad d imens ion  wi th  cigx i i f ic ’ . int  lozid int 3 s 0.1

a large number of PAQ job ~ le~ cn t ~~. It is  c ha rar t rr i ~~cd

primari ly  by job ac t iv i t ies  which i.nvolvc’ in t er ~s -y c e n a 1

communications carr ied out for  d i f f e r e n t  ~~~~~~~~~ and

with d i f for en t  types of paopic .

(2)  Division 4 , f ac to r  2 :  u i i n an ied—- -—t h i s  d i i u i i s i c n  accounted for

13.5% of the total variance . Some of the dominant job
elements in this dimension seem not to be logically

related to one another , and thus , no interpretat ion of

this dimension was made .

I ( -ri t - . ) 
-

~~~ .~ ~
‘
~~: ~

“ - ~;t

division t , H-h . 1 - : ; . . i”. f - i ’.- ‘ -
~~~~~

- i . ~~ . j - , t I  c - ) l ’ ’ . . R I )

was c icr ~ .i ed out u ’; - E ~~~- l i ’~ ~~~~~ ~r , 1 ‘ - • it - I ; I I I  I - - ‘_ ~_ ~~~ -:

division of ti~~ i /’.ç) ( c-U 0 1 , 1 .  1 ’ ~~~~ 1 )  ‘
~~~ 
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total of three principal componepts accounting for 71.6% of the total

variance. Thri interpretations associated with these dimensions are

given below.

(1) DiVision 5 , factor 1: personally demanding situations——-

this dimension accounted for 29 .0% o~ tile total variance .

It is characterized by job situations which are largely

interpersonal in nature , and which are typically viewed

as being demanding and/or f rus t ra t ing  for the individual .

(2) Division 5, factor 2 : unpleasant physical environment——-

this dimension accounted for 2 1.7% of the total variance .

It is characterized by situation s which are generally
conside red unpleasant in nature .

(3) Division 5 , factor 3: hazardou ;~ physical environment———

this dimension accounted for 20 .~)~ of the total variance .

It is characterized by job:’ which  are generally considered

to be hazardous in nature .

Components r e su l t ing  from the - i  F ele~,~nts :
division 6, other job characLeris-~-~ ~~~ A Q—type pi incipal components

analysis was carried out using the j ob clc a-~i iL s ft - urn the Other  Job

Characteristics division of the PA2 (-j ob cC l r r - . . 1 1 i 5  154—182) .  This

analysis yielded a total  of four pJ:.iuci l ;-1 c:c~rnpos ’nLs accounting for

73.6% of the total variance . The i ib :-:~~ j - -1 tion s .~c;.;~ ci~~tcd with these

dimensions are given below .

(1) Division 6 , factor  1: sd - •~u Ji . /.;oik aT~ c — — t h i s  dimension

is probably without :  real - .c~ -~ - ‘ 
‘ c -To n: ‘i2j an r at i n~ s

across almost  a l l  ul tiu ’ -~ - H - H. ~~~~ “0 ’ (of no ~r]eva1lce )

for the job d e n - - u t  i n  i i i ; - ’  C ; i - • 
‘ - -

~~ -

accounted for 2~t .U:. 0r t :  t - -~ “, ~- - u ’ . - ‘~ c’ :~ob c ’]cmeut s

which rcre i vc’d ~ui,H. ,u:t i, , It -  ‘ T ; . ~‘ I:e~rn;iC’n ;~i’ .~’

charocteri ~- ‘d by t i ~- .-~~~~ -: - - - l i  - : -  - - E l . t  ~~ t i n i c~ the

incumbent 5i o!t;1~ ott  t h e  v - - -c i - .i~~~ cc he ~ e ’ - t  wear .

- -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --
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APPENDIX B (Cont.)

(2) Division 6, factor 2: routine/repetitive work activities———

this dimension accounted for 16.3% of the total variance.

It is characterized primarily by job situations in which

work procedures are clearly specified and activities tend

to be routine and /or repetitive in nature .
(3) Division 6 , facto r 3: job responsibility--—this dimension

accounted for 16.2% of the total variance. it is characterized

primarily by job elements which reflect the level of

responsibility for various duties/aspects of the job .

(4) Division 6, factor 4: attentive/discriminating woi-k deruands———

this dimension accounted for 12.4% of the total variaace.

It is characterized primarily by job situations which

involve vigilance or attentiveness , or in which tHe job

incumbent must be attentive to detail or be alert to various

stimuli in the work environment.
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APPENDIX C

Job Element Dimensions Based on Component Analysis of Job

Element Attribute Profiles : PAQ Division 1, Information Input

Attribute Dimension and Job Elements
with Loadings of .45 or Anove Potated Loading

Factor 1: Visual perception/ interpretation

32 Inspecting .91

3 Pictorial materials .90

1]. Man—made environment .eEI
8 Materials in process .88

22 Depth perception .87

34 Estimating size .f~7

5 Visual displays .86

10 Features in nature  .96

33 Estimating quanti ty .94

20 Near visual differentiation .83

23 Color perception .81

9 Materials not in process .81

2 Quant i ta t ive  mater ia ls  .80

4 Pattern/related devices . 19

21 Far visual differentiation S 
.

30 Estimating speed-process .79

14 Art or decor .7~
31 Judging condition/quality .79
29 Estimating speed-moving objects - • 77

13 Events or circumstances ~~~~~~

7 Mechanical devices • 7 5

28 Es t imat ing  speed-motr ing parts  . /0

6 Neasuring devices .66

12 Behavior .66

1 Written msterials .63

35 E s t i ma t in g  t io ’~ .10

~~~~~~~~~~~~~ ~~~~~~~~~~~~ 
- 

- --- —



—

54

APPENDIX C (Cont.)

Attribute Dimension and Job Elements

with Loadings of .45 or Above Rotated Loading

Factor 2: Non—visual perception/interpretation

24 Sound pa t te rn  recognit ion .86
16 Non-verbal sounds .85

25 Sound d i f fe r e n t i a t i o n  .82
15 Verbal sources .72

18 Odor .64
19 Taste .61
35 E s t i m a t i n g  t ime .47
17 Touch 

- .45

Factor 3: Body :ilovement sensing/balance

26 Body niovernent .86
27 Bod y balance — .75

7 Mechanical devices — .46

- - —- -~~~~~ ‘ ----V — -- -— - -- —-~~~~~~~~~~~~~~ V V V ~~~ ~~~~~~~~ -V - V V V-~~~ V - V
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APPENDI X D

Job Element Dimensions Based on Component Analysis of Job

Element Attribute Profiles: PAQ Division 2 ,  Mental Processes

Attribute Dimension and Job Elements

with Loadings of .45 or Pabove Rotated Loading

Factor 1: Reasoning , decision making and related

mediation processes

46 Job—related knowledge .87

47 Training .85

37 Reasoning in problem solving .84

36 Decision making .82

45 Education .80

38 Amoun t of p lann ing/ schedul ing  .75

44 Short toxin memory .72
- 40 Analyzing information .64

39 combining informa tion .62

48 Using mathematics .57

Factor 2:  In tegrat ing informat ion

43 Transcribing .91

42 Coding/decoding .91

41 Compiling .83

39 Combining informat ion .74

40 Analyzing information .73

48 Using mathematics - 
.70

38 Amount of planning/scheduling .50

45 Educa tion .48

36 Decision making .48

37 Reasoning in problem ~o1ving .48

44 Short-ter n menery .45
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Job Element Dir.iensions Based on Component Analysis of Job

Element Attribute Profiles : PAQ Division 3, Work Output

Attribute Dimension and Job Elements
with Loadings of .45 or Above Rotated Loading

Factor 1: Manua l manipulation/control

57 Measuring d?vicos .91

55 Drawing/rejated h~V 1CCS .88

49 Man powered procj sion tools .86

91 Finger manipul ion .86

79 Assc’mb1in~ /,ii’ -c- r.bling .84

58 Technicai-- i-c-lnt -- -1 clevican .83

76 Set t ing up,/~-i dj u  - t  ing .80

77 Manual ly  n c ’d i i v . i r g  .80

53 Powered pr ec i si u n  tools  .79

56 Applicator:. - .78

92 Hand—arm u t ln ip :l i Lion  .75

93 Hand—arm ~;t.e:idi i .  .75

63 Keyboard -iovic - , -~ : .74

62 VariaJ~1e ~:e~ t i : ; controls  .74

50 Man—powere~1 neut--j -racision tools .67

78 Mater ia l  c o nt r o t i . ing .66

59 Machines/c ; ui - ’  - - ; t: 
- 

.65

64 Frequent adju ~j i  hand controls .63

66 Continuou:: icc - -  c ” ~Ir ols .62

94 Eye/han d— lcr k C ~-. -~
‘ nnt.iori .61

80 Arrangincj/ J o r , i t : ’ rr T .61

54 Powered r o:. ~.r - i - - ;u .61

52 1Iandlinçj~- T vi C:.- : / . ’ ’, i ~j  .60

95 Limb movci -- - ’ :- t . -.~~~ ‘ ,- 0 .  vi : ; ‘ t  1 cunt~ict .60

81 Icc Ii r - I/o - - - , 59

.

~

-- -- —-~~~~—- -
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APPENDIX E (Cont.)

Attribute Dimension and Job Elements

with Loadings of .45 or Above Rotated Loading

Factor 1 (cont.)

82 Physical handling .58
60 Activation controls .55

61 Fixed setting controls .53

51 Long handle tools .52

96 Hand-ear coordination .46

Factor 2: Handling/general-body activities

85 Level of physical exert ion .92

87 Standing .87

84 B alan c in q

88 W a l k i n g/ L l l nn i n g  .85

83 Highly ski lied h- -~y ce-~ydi::~’t n .83

89 Climbing .82

90 Kneeling/~;toop-I~~ .79

86 S i t t ing  .71

51 Long handlc-d too ]~ .67

82 Physica l. h - -uidl i i : ~ .62

52 Handl ing  d— :vi ce~ .’~col.; .62

50 M~n—pow~ i ‘d ])re(-1 i ,:: ~~~ ‘
~ .57

81 Feeding/ of f  bc-ni- . :~~~ j .54

68 I-lan powcr d vci c 1-; ‘~ .54

/ 3  F-ti n -—moved i~-~bi.) ‘V ~~i’ . - .

80 Arrcnq in ;/~ — : :  it : - ~~~~~- ;  . 53

95 I i :,ili 1:lc \’ - ’:~~ 0 - ; I i~~, I _ •,-i -  .~~~~ ,-, . - I  .~ 2
01 H ‘ ‘ 1 — - .: r- : : -  -~ - - . 2

92 I L r ’ 1 - -ir ~ . ‘ - “ i 1 : - - - .
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APPENDIX E (Con t.)

Attribute Dimension and Job Elements

with Loadings of .45 or Above Rotated Loading

Factor 2 (cont.)

77 Manually modifying .48

94 Eye/hand-foot coordination .48
60 Activation conLrols .46

Factor 3: Varied physical/controlling activities

71 Powered w~ ter vehicles .84

69 Powered h i q h wa y/ r a i l  vchicles .84

72 Air/space vehicles .84

75 Remote cc ntr o l lecl  equipment .83

74 Opor at in - ’  ‘-:lui:~ - cIt .82

70 Powered 1’ ’ ’ ~.- j l C  ‘ ::tiLrr.en t ..80

67 Continuan: ;  Foot control .71

68 Non—pcw’~~’ - i ~~~~~~~~ .71

65 F r cq ue it l y  a dj ’v ;L - ~-l foot controls .71

73 Man—moved ~-~‘bilc equipment .70

61 Fixed sc-I.-- dig controls .66
60 Activuti.~--n cont rols .62

64 Frociuencl - ~d ju.: ’~’:d hand controls .60

66 Continuoun hand controls 
- 

.59
59 ~~~~~~~~~~~~~~~~~~~~ .58

54 Po~:cred ii ’; — 1.’rccision tools .57

78 Ma t erial  oontroiiing .ss
93 I{nrd—ar : - r ’ 0r j  i ::c;s .52

62 Variab le  ‘t.~~in g  controls .52
81 F c ’e d ir ig / e i F  bo .~ - i n’1 .50

53 Pc w’~r- :;d •i - ’- ~ k - :  i - - ~’-l r .50 

~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~~~~~~~~~ — - - 
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APPENDIX F

Job Element Dimensions Based on Component Analysis of Job
Element Attribute Profiles; PAQ Division 4 ,

Relationships with Other Presons

Attribute Dimension and Job Elements

with Loadings of .45 or Above Rotated Loading

Factor 1: Interpersona l communication

126 Direction/supervising personnel .97

99 Persuading .97

97 Advising .97

98 Negotiat ing .97

130 S t a f f  funct ions  .97

100 Ins t ruct ing .96

114 Professional personnel .95

ill Executives/officials .95

103 Non—routine information exchange .94

101 Interviewing .94

112 Middle managemen t/staf f  .93

129 Coordinates activit ies .93

123 Clients/patients/counsolees .9].

125 Supervision/non—supervisory personnel .91

119 Buyers . .91

104 Public speaking - .90

131 Supervision received .90
122 Students/trainees/apprentices .90
124 Special talent groups - .90

128 Supervises non-employee:; .90
127 Number of person s for whom responsible .89
113 Supervisors .89

115 Semi—profess iona l  p ers onne l  .88

120 Public cuntomer:; .87

-- -.5- ’ —~~~~~~~
-- 
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APPENDIX F (Cost.)

Attribute Dimension and Job Elements

with Loadings of .45 or Above Rotated Loading

Factor 1 (cont . )  .

118 Sales personnel .87

121 The public .86

110 Entertaining .84

102 Routine inFormation exchange .77

116 Clerical personnel .76

105 Writing .75

117 Manual and service workers .61

Factor 2: Unnamed

106 Signaling — .79

109 Serving/catering .78

107 Code communications — .66

108 E n t e r t a i nin g  .6l
116 Clerical personnel — .57

117 I~anual  and service workers — .48

_ _  5- —— -- - - -- V - V V , - 5~~~~~~~~~~~ -.--~~~~ 
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APPENDIX G

Job Element Dimensions Based on Component Analysis of Job
Element Attribute Profiles: PAQ Division 5, Job Context

Attribute Dimension and Job Elements

with Loadings of .45 or Above Rotated Loading

Factor 1: Personally demanding situations -

145 Civic obligations

147 Strained personal contacts .95
150 Non—job required social contacts .94

148 Personal sacrifice .93

146 Frustrating situations .92

149 Interpersonal conflict  situations .89

Factor 2: Unpleasant physical environment 
-

133 High temperature 91
134 Low temperature .86

138 Dirty environment .78

139 Awkward or confing space .77

136 Vibration .67

132 Out—of—door environment .67

135 Air contamination .48

Factor 3: Hazardous physical environment

143 Permanent partial impairment .97

142 Temporary disabil i ty .96

144 Permanent total disability of impairment .96
141 First aid cases .91

L V~~~~~~~~V V~~~~~~~~

~~Lk - - -  
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APPENDIX H

Job Element Dimensions Based on Component Analysis of Job

Element Attribute Profiles: PAQ Division 6,

Other Job Characteristics

Attribute Dimension and Job Elements

with Loadings of .45 or Above Rotated Loading

Factor 1: Schedule /work attire

16]. Irregular hours .91

164 Typical day and night hours .86

152 Specific uniform/apparel .85

160 Variable shift work .83

162 Typical day hours .83

163 Typical ni ght hours .83

158 Irregular work .81

159 Regular wo rk .79

177 Travel -

155 Informal attire .79

151 Business suit or dress .75

3.56 Appare l style optional .72

153 Work clothing .53

Factor 2: Routine/repetitive work act ivi tic~

166 Repetitive activities .86

165 Specific work place .84

167 Cycled work activities .80

168 Following set procedures .73

153 Work clothing .60
170 Precision .58

169 Time pressure of situation .56

_ _ _ _ _ _ _ _ _  
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APPENDIX H (Cont.)

Attribute Dimension and Job Elements

with Loadings of .45 or Above Rotated Loading

Factor 2 (cont.)

159 Regular work .52

157 Regular hours .46

Factor 3: Job responsibility -

180 General responsibility — .91

182 Crit icali ty of position — .90

176 Up-dating job knowledge - .86
181 Job structure — .85

179 Responsibility—materi al assets - .82

175 Working under distract ions — .61

178 Responsibil i ty—safety — .47

Factor 4: Attentive/discriminating work demands

173 Vigilance—infrequent events .95

174 Vigilance—continually changing events .91

172 Recognition .87

171 Attention to detail 
‘ 

.72
178 Responsibility—safety .55

I’1~ 
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APPENDIX I

List of Twenty PAQ Attributes Which

Closely Match GP~TB Test Data

Cognitive attributes :

Verbal comprehension

Word fluency

Oral commmunication

Nujnerjcal computation

Arithmetic reasoning

Convergent thinking

Divergent thinking

Intelligence

Perceptual attributes :

Visual form perception
Perceptual speed

Closure

Spatial visualization
Near visual acuity

Far visual acuity

-
- - Psychomotor attributes:

Finger dexterity

Manual dexterity

Arm/hand positioning

Eye/hand coordination
Response integration

Speed of limb movement

-5- - 
V - V  V
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AP PENDtX J

PAQ Attributes Used as Predictors of Me an
Test Scores on Each of the Nine GATB Tests

Test G, general intelligence :

Verbal comprehension

Arithmetic reasoning

Conve rgent t h ink ing  -

Divergent t h ink ing

Intelligence

Spatial or ientat ion

- 

1 
Test V, verbal ah il i t ’,’:

Verbal cooprehem; .~on

Word f1u~ r~cy

Oral con~nui i i ca t ion

Test N , r.umeric~i1 abi l iLy :

Numerical con-~mut ,dion

Arithmetic reasc-~~ ng

Test S , spatial ability :

Visual foro pere- -L’ Lio:I

- 
- 

Closure

Spatial v~~~~51i~ -~~- - on

Test P , form pe~ ceptio ;i :

Visual form per~~ ’~-t i on

Perceptual speed

Closure

4
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APPENDIX 17 (Cont.)

Test P , form perception (cont.)

Spatial visualization

Near visual acuity

Far visual acuity

Test Q, clerical perception :

Verba l comprehension

Convergent th ink ing

Perceptual speed

Nea r visual acuity

- Test K, motor coordinat ion :
Finger dexterity

Manual dexterity

Arm/hand positioning

Eye/hand coordination

Response integration

Speed of limb movement

Test F, finger dexterity :

Finger dexterity

Manual dexterity

Arm/hand positioning

Response integration

- -~~~~
— -

~~~~~~~~
-- - - 
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APPENDIX J (Coat.)

Test H , manual dexterity :
Finger dexterity

Manual dexterity

Arm/hand positioning -

Eye/hand coordination

Response integration

-

- 

.

. 

j
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APPENDIX K
Population and Sample Regression Equations

for Adjusting the Criterion of Mean Test Scores

Population equations:

G= .45V+.42N+.33S- .03P— .0lQ- .03K— .OlF+.OlM

V=1.39G-.46N— .39S.4.OlP+.1.4Q+.07K÷.O1F- .OSM

N~l.45G— . 50V— .4lS+.08P+ .l4Q+ .06K— .OOlF— .OlM

S=l.8lG-.69V- .66N-4-.25P- .06Q-.02K+.05F-.OlM

P=— .24G4-.04v+.22w+ .41s÷.4lQ+.08K÷.lOF+.08M

Q=— .09G+.31V÷ .28N — .08S+ .32P+ .lSK .04F- .02M

K=— .34G+.29V+.22N-.04s+.llp+.26K+.07F÷.27M

F=— .13G+.04V— .O1N+ .15s+.17P+.IOQ÷.09K.4-.37M

M= .20G— .27v— .58N— .03s+.16P— .06Q+.38K+.39F

Sample equations:

G= .53V+.43N+.32S÷ .O6P— .OSQ-..14K.-.003F+.002M

V=1.40G— .51N— .35S— .24P+.2lQ÷.29L+.0lF— .02M

N=1.79G- .8OV- .50s- .06P+ .1OQ+.23I~+.003F÷ .003M

S=l.89G—.78V-.72N+.27P-.14Q+.l2K- .02F+.OlM

P= .4 8G- .73V— .1lN+.37s+ .57Q+ .27 K÷ .0~ F- .01M

Q=— .53G+ .80V+ .25 N — .25s÷. 72p ÷ . l5K— .05F-,- .OlM

K~—l.26G+1.o1V=.51N+ .l9S+.30P+.l3Q+.02F+.06M

F=—.56G+.94V+.13N— .48S+l.74P- .86Q÷.41K+.35H

M= .52G—2.00V÷.l9N÷ .5 1S- .31P= .20Q+ .lSK÷ .50F

-
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APPENDIX L

A Subsample of Jobs in the Sample Sorted

in Descending Order According to the Mean Scores
on the GATB Motor Coordination Test, K

Job Name Mean Store

Biologist - 125

Scientific programmer 119

Programmer analyst 119

Pharmacist 119
Personnel interviewer 117.
Tool clerk ill
Life insurance compen~ ati on analyst 117
Job analyst  116
Salary administration analyst 116
State school cenewo~k~ r 115
Computer operator 114

Clerk—steriogra~thcr 113

Statistical typi~;t 113

Electr ical proj ect  eng Ineer 113

Accoun tant 112

Auditor 112 
-

Industrial arti~ t 111
Supermarket cashier 110
Police patrolirv-m 1O~
Keypunch operator 108

Telephone operator 106

Punch press operator - 95
PjuJnl)er 92
Ironworker 86

L_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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