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I .  INTRO D UCT iON

The earl ier report’~ in thi ~ equent e have provided a baSis for , and

demons tra ted , a sys tern of future pe rt ormance trend I nd I iators , that is, a
current va l tie form of human resource ’ S account nq . The purpose , of course ,
is to prov ide a sys tert i which monit o rs th ose present human organ i za t ion
changes which are l ikely to result in changes in future pe rformance.

In a bes t 
~. f al l  poss ib le  wor lds , one would expect that imp lementation

and utilization of such a system would he no prob lem . Onc e successfully

demons tra ted , managers wou Id presumably rush to adopt th is huma n factor
‘early warni’iq system . As we are all well aware , however , utilization
of new research fi ndi nis does not occur a l l  that readi ly. Despite the nure
researcher ’ s a r t i c les  of fa ith , so l id  f indings do not sell themselves .

Instead , ut ill za t ion occurs more nearl y as the result of the ahi ii tv
of the two conuliunities - -  the research sy stem and the user system — -  to
interact construct ivel y and to spea k each other ’ s language , repl icate each
ot her ’ s thought processes , worr ies , and concerns (Caplan , 1973 ; Havelock ,

H73, 1973).

Some of these concerns are rnethd oloqical in origin. They ref lect
di fferences in procedu res . method s , ~ nd concepts of shari nq , process i no
and anal y zing information . Like unf amili ari ty in any setting , these
differences produce mistrust. and wariness. For example , social and

behaviora l science dea l customaril y in probabilities, while accountin g deals

more nearl y in complete ce~ ta inties . The organi zational scientist is there-

fore p lease d w it h the 50 percent of outcome variance which is accounted for ,
w hile the accountant sees the half that rema ins unknown and treats the resul ts
wi th some skept ic ism . 
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~\l though there are ohv iousl ~ other sour ’ ct ’s of potent  ia l resi stence

to implement i no the Ii nd ng s et  t hi ‘.er es of report - - such as preferences

for management s t~ 1 es at odds ~i th tho se wh i ,h under l ie the predict ion
svs tern, or a f t  i iii t~ onl y for hardware rather than the human orqani iati on ,

it is to some methodol oo i c a l  quest on’. and obst a~ les tha t th i s  last technical
report turns. Our hol j e t  ‘. th a t  major progress in implement m g  a curren t

va lue  HRA cv ’ .  tem may he made t ’v addre ssing thorn in some deta il

~~ se c t  ion’. wh ich fo i l  ow ac cord in g ly  t reat a number of these is Sties
in fa i r lv fo ,~nal and technica l  f a sh ion .  The basic questions may be stated
much more informa l lv ,  however:

I) ~n’en ‘ t the prod i c t ions made in these reports real ly rather
ma rq 1 na 1 ’  1 sn t there a g reat d~’a 1 of unaccounted — for

~ar i once ‘c l i  o ut coc ies  , more even than what is accounted for?

Aren ‘ t suc h t h I nos as doll or v a lue , di scou nt i n g , and
cap i tai l :at ion c~ nrnerc i a l -wo r l d  notion’. that  are rather
I ri’oi ev ant t o  a m i l l  ta rv s e t t i ng ?

( 3 )  Poesn ’ t th is  resea rch take a grea t dea l for oranted abou t

what sh o uld and shoti 1 d not be included in a set ef predi c —
t ors for current vo l no HRA ?

(4 Isn I t  any system tha t p red ic t s  across t line ot 1 irni ted use—

fu 1 ness to on organi zo t  ion , l ike the Navy,  wh i cli has

c o ns t aiit ro oroa ni zo t ion a rid tu ,‘nover?

~~ 
Doesn ’ t  t h i s  research, i f  implemented , imply levels and

f r equencies ot report i no tha t would ov e r t ax  the sy stem ?

Obvi o us ly ,  no H nqi no deni al of these pote nt ial  problems ‘is poss ib le .
However, an e~p 1 era t ion of the is sues that  are involved may wel l
scale some of them down to manageable s i z e .  Accord ingly, in the se ct io ns
which fo l low , each of thes e top ics is exarni ied in some deta i l as reuards
methodological problems hearing upon them.



i i. I~ Si’H OF A [) HIIACY OF PRE DICTION

The se lec t ion  of appropriate performance var iab les to be used as
cri terion measures is a complex , hut o f ten  oversi mpl i fled , procedure .
Two a r t i c les  which d iscuss  re levant issues (Macy & M i rv is ,  1976; Mirvis
& Macy , 1976) in the ident i f icat ion of productivi ty measures conclude
that , while it is difficult to select such measures , it i s exact ly these
measures which are central to the assessment of ày organizat ion.

In any measure , he it criterion or predictor , the questions of reli-

ability and va l id i ty  ar ise.  Re l iab i l i t y  of performance data is not only
a function of recordin g errors , but also internal pressures for “high”

performance , or puiishment for noor performance. Wh i le deli bera te m i s-
representation may riot be a major probl em in itself , coupled with other

error sources (possibly includin g inapp ropriate data collection systems),

the result is performance measurements with fa r  less than  per fec t  r e l i a b i l i t y .

At the outset , i t ’ s important that we note the d is t inc t ion  between
the rea l predictor and outco me propert ies ( those that ex is t  in the real
world as actual events) and our measures which simply operationa lize them .

The degree of su ppor t presen t i n  a su perv i sor ’s behavior is a rea l

property of the system , of which our questionnaire three -item index is
simpl y a ref lect ion. In a s imi lar  fashion , real performance is something

di fferent from the measures which we use to represent it.

These operational measures may be more or less “good” - -  that is, in

some measure they represent true variance in the predictor characteristic,

or true v a r i a n c e  in the cr i ter ion , hut in some measure they contain both
systema ti c an d ran dom error as we l l .  To extend our example , to some

deqree a part icular index va lue on supervisory support reflects the actual

degree of supportiveness present in that supervisor ’s behavior in a recent

time period , hut to some degree it represents as well such unrelated things

as positive or negative response set and random error. In like fashion ,

our cri ter i on meas u re -- fo r  e xa m p l e , an index of absenteeism -— reflects

in part real absenteeism and in part such things as a t imekee per ’s favor iti sm
and random , erroneous en tries .
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We assess the degree of ‘ l oudness Ot our ireas urt s by c oninonly
accepted indexes of rt’l la b i i i  tv and v a l i d i t y , yet th ese may be in some
ways insuffic ient. ‘ .v s t e m a t i c  error may he qu i te reliable , and a high

correlation between predictor and criterion may reflect the coincidence

of related svstetnati~. error more than the overlap of true effects. As

writers and schol ars i n  the selection Held noted long ago , we cannot
safely assume the odeouo. v of the r I tori on and conclude that i nadequacy

l ies only in the predic tor .  Al thou g h i t seems at first glance quite

counter i ntui t I ye, we “ ci  rht co nct ’ i vaN y encounter a s i t ua t i on  in whi ch
an exce l lent measure o~ s ul’e rv I so ry  support relates not at a l l  to a

measure of absent ee sm wh I h ~‘ m i t a i  ii ’. I a m ie l v e r ro r

F igure 1

— 

—

/ ‘ Real ‘ \~~eai”
( Variance in the ’ ~ 

, ~a\’4~a~ce in the
Predi~ t~r’ / 

I \ \ \C~i\terion\ Characf~e~ist $cJ ‘
~~~

‘ \ - \  
,

X ~

Let’s consider these issues a hit further. Figure 1 shows both

real character istics and operationa l measures for both predic w and

criterion , with cross- hatching to denote particular sub-segments of

variance . In the operational measures (X t and Y ’), the cross-hatched

area represents tha t portion of the measure which reflects true criterion

var i ance . In the illustration , a large proportion of variance in the

operationa l measures is shown as “true. ” The cross-hatched area of the

“real’  measures (\ and Y~ represents this same portion of true variance 

- ‘ -  - — — - - • - — - - —~~~~~‘• --~~~~~~~~~~
.- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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plotted against the sum of all true variance i n the rea l predictor and
criterion , respectively. As illustrated , this segment is relative ly

smaller in relation to tota l true variance than when represented as a
proportion of variance in the operational measures.

Now consider a somewhat more complicated situation , represented in

Figure 2. Once more , cross-hatching is used to depict areas of overlap.

Figure 2

In this instance , the operational predictor is a reasonably adequate

(accurate , complete ) reflection of the real predictor , and the operational

criterion measure is only slightly less so. But , if we use position
inside the oval as meaningful (i.e., as reflecting particular segments of

variance), it is apparent that the operational predictor relates to

rea l criterion variance not measured by the operational criterion . 
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Figure 3 extends this and integrates it.

Figure 3a

Covar iance in Real Predictor and Criterion

F i g u r e  3b

Covariance in Operational Predictor and Criterion

The upper portion of the figure (Figure 3a) represents real predictor-
criterion overlap, while the l ower portion (Figure 3b) represents the
overlap present in the operational measures. The latter is considerably
smaller than the former, and a coefficient that we would obtain in actually
correlating these two operational measures might seriously understate the
size of the real relationship.

________________
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Howeve r • the s i t u O  t i Oil be o’. en ore c o p  lox w ieri one cons i Jr?’ ’

tha t some p r o p e r  t ion ot~ the o perat iona l :~eas ures is error . Thi. cross—
hatched segment Libel led \~~ in F igurt’ Sb nay , in t a c t , be as lir~ e as

(contain al l  ~) what i s  label led \Y in Fi qure So , but produce a lower-than-
wdrranted coefficient s i n ~pl y because It is watered down by large amounts
of error in the operat iona l measures.

A more troubleson e s i tua t ion  is that depicted in Figure 4 .

Figure $a

Covariance in Real Predictor and Criterion

E3LD
F i ’jm’~’ .Ib

Covar iance in Ope rational l~reJ Ic ter and Ci’i ten on

The upper portion of this figure indicates relativel y small overl an ,

while the l ower portion shows that the operational measures assess this
as comparatively larger. This could occur for either ~f two reasons:
(a) because the operationa l measur es contain re la t ive ly  l i t t l e  error, hut
are simply low in the proportion of the real var iance that they represent
(though wh at they have is largely cova rion ct’~ . or (h) because the



o ;erat iona l :mt’a’~~rt ’ c o n t a i n  —— t t evon ’ i J  w h o t c ’vor  l e ’ i i  t i ate ~ an once
t hoy  hOV t ’ - -  corre la t e d  er r ’ i ’  ( svs t e i a t i c  t r i e r  O~~O I ’ iJ i i L 0 ,

r~ uh le5o rnt m s  this is , we should note t h i t  i t  represents a s i  tuat ‘ ion
t ha t is lik e ! ~ to ia unrecL ’,in ‘i :ed , for the si nip ] e reason tha t the opera —

‘i ana l cr 1 t om ’ on leas u i’m’ s ore 1 nadequa t o , and ‘it  I s to these measu res — —

ade q ua te or nadt ’ q i a te — —  t hat  LI’e r s o t t  t n - I  A grO at at ’ i ‘Ii tv to p red i
Oil I nauegua t o  ~ri or on 15 a~ap1 •iii~~’d , w’n ’  e m s  an i nut 1 11 tv to predict

that same i i  ten on is t rea t ed  as a shm i r tcamnl ng  at the ‘i’redictor , even

thou gh no latter ‘~a i’eai’ a c lo’~ e nc ’ lot I onsh i p to real c ri ter ion varian ce.

~o wh 1 le it is pass I t’l e t o  ‘ ‘~~ e c : , , d i  t “ t e ~ .m~ se 1 ic~ n i t  te but

i nadequa to “easu res , t hi s event  see rns n n 11 km 1 v to he t rou ti esonie fro m a
, c~ r poin t  ~~~ vi ew ~ ‘r th e sim p le m ’ easo r i  t h a t  unkn own criterion variance

s ,i us t t h a t  — — u II ~ newt

Th e a l t e rna t e  t i  o f ‘i s SOm e si tu~~ t i 011 — —  ci ’yd r i  ant s’ st e ta t 1 c

e r ’”e r - ‘ s in t end ed  t o  be ‘ m imi :od H, ‘i a v i nc  m ultiple measures col lected
H, di! b rent method s ~m ’ ~t i  I ¶ O ! t ’i l t  ~.au ’ces and in d it  terent situations.

Cat lec t  ing more than one :‘1t~usul ’t~ et absemm t eei s i ’i ’ t ’ ’~ so mewh a t  dif ferent

moth~ ds in a v a ri e t y e orno n ic ati ons , and rel,i t m m m i then I, mii i t iplo

questionnair e pred i c t c r ~ s i n m i l a r l v  c o l l e c t e d  in a v u r ’ i e t~ of s e t t i n o s
hopef ul lv reduces the l i ke l i hood  th at CLvan i a nt s~st emat i c error w i ll
‘. a t ’ s  tant i a l l y  “ ‘i t o ’ t ie o t t  a im ed  c o e f t  1 ci en

Indeed it I s ‘‘ unde r’ ’ i’m’ed i c t i on . ‘‘ r m  t hor t han L’verpredi c ti on , ‘ tha t

auii ’it an d does concer n us n e s t ,  In t h i s  pres e n t s tuds , R ’ s of .50 —— good
as they are H, co tton son t o p i s t  wem ’k and re por ts  —— appear to account

or onl y a nil nor r io t ion at v a r i a n c e  i t t  t he  pet ’ tormna nce measure. However ,

we won 1 ii do we 11 to r o e  hem t m  o * oi l ow

( I )  r~irt of t no aom ’m m t  l i i i  ~‘t ’rf  or LIrice m e a s u r e  is error , rando~m’i

or sv s t e l  t Ic .  ~nd cou l i m i t or sPm ~ ul dn ’t be twedi cted .

~h l t€ ’ we can ‘ t so ’ el ’ ani’ l~ a 0 o m ’ r e c t i  on onm u ii to the obtài nod

coet I c I en t s a rid ‘ ‘n u~ e t he’ 1 n prod 1 c t ion equa t loris who so
U It i ~,m to p u m a s t ’ m s v i i  ue i t  I i ’  h~ t ion , we w o u ld  do we l l  to’

~n is sn or t co ’i ’i no ‘i n m m  rid , in p n i  no i plc, i t  redu ces the
van an~ o whic h m~ t ’ s’~~u 11 expect to prod ‘ic t

- ~~~~~~~~~~~~~~~~~~~~~~~~~~ —-~~~~~~ --- ~~~~~~~~ - —-- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ k --- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- - -
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(2) Part of the “true” performance variance which exists at any

given time represents carry-over effects from previous system
• states which may no longer exist but whose impact continues

to be felt on outcomes. Although , in princi ple , these effects
ought to have been taken into account when those earlier

system sta tes were studied , in point of fact we have not
as yet stud i ed themni over extremely long -- or even moderately
long - —  time frames . Their impact is therefore unknown .

Yet, ano thor f i r  ton offer ti rig the m’ r I at i on sh i p between the mr I te r I on
(measured at time T fk) arid the predictors (measured at time T0) is concurrent
relationship between criterion and predictors at time T0+k. In other
words, the l evel of performance today is a function of the state of the human
system , both today and the way that it was in the recent past. Thus, any
chanqes in the predictors s i nce  their nueasure mnient at T~ would influence

performance today at T 0# k .  A possibl e representation of these factors
which affec t criterion vari ability is given in F iqure 5.

To suniinn arize , our predictions may , in fact, be far  more a ccur ate than
the obtained coefticients would suggest. For one thing , some portion of
variance in the performance measures is unreliable , and , of the reliable
variance , some portion is invalid - - tha t  is , doesn ’t really reflect the
performance in question. If we simply use squared (or multiplied )
coefficients as indicative of variance , arid hypothetical values of .80
as indicating reliability and validity in the criterion measures , we
would have .80 x .80 x .80. or .51 as a possible “upper limit. ” In other

words, we mi ght in fact, be predicting all that there is to predict.
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I I I .  IS SL IL S OF I)A IA TRANS FORMPII ION

AN () TIlL 1 RAN SLkICIR I UN(’T Io N

Other than in pure iiiathema tics — — ii the re —— numbers i n the in own

right have no ineani rig . This is parti cu lar ly  true when the number’ s i n~
question represent measures of human behavior or of system performance .

For example , when a questionnaire is used to assess human behavior in

an orqanizational settin a . we begin with raw responses and work toward
var ious aggregate or transformed measures. The raw responses of each
member of a particular orqani:ational work group may be converted to index

scores by cal cul ati rig a m ean of component i tenis . The mean then represents

a centra l tendency of i tem responses for that particul ar individual in

tha t index area . Tak i ng a next  step , we n i g h t  re present the whole  work
group by calcul at in q a mean of individua l index scores for the persons
flakin g up the group. Now the score represents the central tendency of

grou p mem bers . In each of these instance s , we have transformed the

measures from si nip l e col lec t ions of unrelat ed n um bers to some t hi nq wi th
somewha t different meani nil .

Inter preting these numbers may lead to additiona l steps , however.

Firs t, we inm ay simply relate each group mean to the word i ng of the original

scale d response al terna t i yes. If we do, our expectati on is t ha t  a mean

score reflects the meanin g implicit in the word inq of the alternative(s)

closest to it.

Thi s a lS O may he i na de qu a te , howeve r, and we may choose t o  conver t

each score to a z-score , which is stated in terms of the dispersion of

the scores i n the sample. F I nal ly . we ni tilit decide to conver t eac h score
to percentile form , either on the ha si s of our expectation derived from

its z-score, or on the basis of an actual “line -up-and -count” array ing

of scores themselves . A gain, in both of these instanc es we have restated

the score in terms derive d fronmm an ex pec t it ion of some sort. We have

transformed or converted the score to a fonin in which it has currency

for use by some port i on of th I s sv’. t em ‘ i  r’e 1 ,m t eti s~’ s t em’
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cu I s s, row s j :m’, C it ’ . I t’o m ’ a q iv en vol um ime of produc t i y e ou t put a no now

presumabl y 1 owt’m ’ , arid a nit I c i pa ted o’~t perfor’nita tic m’s I m m mi i imipr ’ ’ c v m -’miru’n I i n

the huictani orqani i :a t I on iiius t be cal mu Ia ted in terms of a “ t ighten ’ ” bas e.

In a nv onqo i rig c u r r e n t  value sys tou t of huinna n reson rces d ( ( ’Oti ri ling

i t would , for th is r’ea son o’muon q others , he wise to chec k co n t I nina 11 y
the accurac y of predit  tion equati cinic for rev i s o d— c tanidard situations , ar id

to up da to armd change them accord m g I  y

The t r a ns po r ’ t 1 r h i  1 n t y  of s u m hm ‘ n ifo mumi , i I Ion acr oss  f l i t ’  01(1.1111 .‘aI ion ’ s
hou nida my ~ s loss easy, however , even when hi s to,’ i cal s to nida nd s are
employed . The ceo SOii , of con ns m’ , i s t h m~ t the moo us or methods ii sed in

do term 1m m I rig s to nda n’d s may vo ry w i dt ’ 1 v I noiim orna nil za t ion to organ i za t ion
a rid from one t I me to another’ . Tb i s W 0 5 0110 persuas i ye r’ea son ion t iim’

“do ] l a n  c m i  ten on ” g iven by Rroqden & Taylo r (1950), and i t  is an equall y
persuas i ye reason for curren t value hu ma n re sources accounting . In i ts
norma l or usu a l  1o~i i i , curre n t value bRA rio t only a nt ic ipa tes  future value ,

it also converts those changes into a metric w i th  currency in a present
tiiiie f r’ar ime acros s organ 1 Zd I ioria I boimndo ci i ’s — —~i do l la r  inetri m ’

In tim is sense , curreni t vol no huina n resou i’cr ’s acco unt i nm q is an

orqani zat io nal exampl e of an outj iut transducer. As such , its role is
clear:  the convers i on of performance i nit’ornma ti on in to a for nm whi cli can be
c i rculated arid understood b,y important role occupants in other, sometim es
superordi n a  to , en it i t  i m’s .

Here also the convers ion ope rat ion is an example of the information

transfo r’mation part of the transducer function. The value attribution
process in current value bRA carries this a step further , by the three -step
sequence of (a) converting the added value back to dollar forum , (h ) dis-

coun ting it to reflect opportunity costs , and then (c) capitaliz in g it in

order to cost it into an investment metric. Just as there are examples mi
planned organizational change of input and throughput transducers , so

these processes of value attr ibution represent instances of the functioning

of an output transducer , a sub—system ra ther  ignored in most forma l
theori zinq.
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L i  s O h s  ~1rr II, is two— step tra n sduc t ion tunic t ion i tm rough Iv th,i
s t a r t  u n m s , j  i~ I lb t h m ’ , m l cu lo t ion and nis, i ic u lat  ion of ‘‘ s tandards . ”

In cL ins tr uc t in i .i current va lue bRA system , we begin by calculat ing predic-
t i v i ’ m’guations , usin g criter i on values derived from ratios of actual
dol lar s expended to a then-current standard of expected dollars . We

cn~ e m t e d  to ant ic i pa ted  i ] , i l f lS  and losse s by remov ing the denominator
- -  the base on’ standard . However , if standards are chan9ed between the
t i iumt ’ t h a t  tI m e eif t1~i t I 00 W OS qenen’a t i’d and the ti imme for which lired i c t ion
was made , there are problems . The values to be real ized from gains and
losses in that future period (now presumably arrived at ) are differen t
fro imm those that would have occurred had old procedures , old standards , and

old values rema in ed in ef f ec t .  Stated in transducer terms , the va lues have
i een’i converted to a forn mn th a t is either no longer capable of being circu-
1 a ted , or is • ‘mo nt ’ i l k ’  Iv , mii i ci cad m ii i .

TurnIng to the sec ond of th e is cues • we nay perhaps add usefu l ness ot
the current value i,’ocedure by understanding the transducer function as
i t a op l ips to outcome incas ti nes and extrapo lating th I c mean i nci to ~i Navy
setting . In the case of’ the Navy, the relevance o a dol lar immetric to
al l  aspects of its perfonnmma n’ice is riot i imim edi atel y obvious. Stated in
question fonii , in the absence ot dollar convert ib i l i ty -- wh ich may wel l
occur for some Navy outcomes - -  are there analogs to discounting and
cap i ta l iza t ion? What sort of tra nsduc er function would he maximal ly useful
for readiness , for exa niipl e?

Thinking about this issue draws us rather not nra 1 ly to search ing to n’

some sort of analog in the area of ultimate systeiii criteria. For in dustrial

enterprises , ultimate outcomes are placed on a hypothetical sc a le that
runs from eridurin~ prof i tabi l i ty on the one end to bankruptcy on the other .
Although the manner of measuring them mu iav riot be iniiuediat ely apparent,

the mil itary analogs of these two states are not hard to find - -  they are
victory and defeat , respect ively.  Just as the at taining of a simp im’ prof i t
at one point in time does not guarantee endunin~ profi tabi l i ty, so one

- l v i ctory does not guarantee victory forever. Bankruptcy can be rather
fina l, however , as can defeat.  In each instance , the ultimate consequence
cannot be assessed in advance . Stated otherwise, no equations conclusive ly
predictin g systerli deiiuise are availa hlm ’ or even subsequently useful , and

none for ult imate success can ever he me t .
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Instead , what one does is to assess and evaluate events or occurrences
of some penultimate kind that are presumed to be instruinentall ,~ related
to ultimate ones . In industria l sett ings we predict total variable expense
or absenteeism because it is presumed to relate to profitabi l ity of the
firm . Similarly, in niilitary settings we might predict readiness , or

reenlistment rate , or disc ipline because a ready , experienced , disc iplined
force is pres umed to be likely to w in in a mil i tary conf l ict .

Extracti ng the obvious m eaning from this , as we turn to the possibi lity
of a current value human resources accounting system for the Navy , we need

remind ourselves that the procedure , not necessar ily the dollar metric , is

the crit ical issue . In industry , current value HRA calculates in dollar
terms because dol lars are the metric used by profit-making enterprises and
those po licy or decision- makers who di rect or influence them . Even here ,
other metrics might be poss ible , however. Indeed , developments at a

societa l level suggest that the years ahead may well see the development
of “quality of li fe ” or “social responsibil ity ” or “environmental” mimetrics ,

Whatever the metric (s ) ,  the purposes remain the same : to convert

organizationa lly added value into metrics which have currency among members

of the Navy ’ s management subsystem and among those externa l entities and
agencies whose decisions are critical to the Navy (e.g. , Congress ). One
of these metrics may be, in fact , the dol lar , where costs and appropriated
resources are the issue of concern . Certainl y sonme aspects of Navy

performance are dollar—convertible. [or example , the costs of a t t r i t i o n

or of low retention rate in cr i t ica l ratings are in part expressible in
do llar terms. However , the ultimate criterion of Navy unit performance is
not simply the hanging on to as m u c h manpower as possible, at the lowest
possible cost , but the defense of the nation , and the non-economic aspects
of this criterion are not obvious ly dol lar-convert ible. The cost of
los ing a war is only in sma ll part economic , for example. Its social and
pol i t ica l consequences might well be disastrous , in ways not calculab le
in dol lars .
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Perhaps the closest appruxi um u ation i to this ultim ate non—econo mmu ic

interior is readiness , defined as arm ability to cope with an y um i i l it a ry

cont ingency that m ight arise. As we have noted in earl ier reports , work
by Dunnette , et a l . ,  niay be viewed as identify ing readiness as one of
three critical criterion doma i ns (Dunnette , et al ., 1973). It may wel l
be therefore , tha t current value hu m iman resources accounting in Navy

settings must in part be cast in terms of something l ike “readiness unitt ,,”
that are the analogs of dol lars in industr ia l  (arid some , or a portion of
m ilitary ) organizations.

If such a metric existed , its units would represent inc rements and
decrements in  pre pare dness , and the function of a current value--or future

performance trend indicator --system would be to anticipate changes in
that readiness state that are attributable to improvemen t or deteri oration
in the human organization . Because it is a problem in anticipat ion, the
analogs of capitalizing and discounting in conmiuiiercial settings must be

at least conceptualized , if not deve loped . Regardless of the metric ,
the purpose remains (a)  to predict changes in outcomes , (b) to convert
those changes into values on the metric appropriate to relevant decision
p rocesses , and (c) to adjust the resulting figures for the impact of timmie ,

however that occurs ,

Let us examine each of these in turn , beginning wi th discounting . In
commercial organizations , one discounts to take account of opportunity
costs -- that is , the value foregone by virtue of using assets for the

investment being discounted . Similar ly,  one ca italizes to address the

question of what kind of investmen t would norma lly be required to yield
a return of the kind predicted or experienced . As stated , these are not

thought of in syniiietrical terms -- tha t is , one experiences opportunity
costs , but never opportunity gains. An investment required to reap a
given gain is similarly always posit ive , never negative. Furthermore ,
the operationa lization of these asymimmetrical processes is made relatively

easy by the fact that recognized standards exist  -- the current i nterest
rate, and the current rate of return by industry .

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~. ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~
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The whole notion of discounting is custormiari ly stated in posi t ive terms ,
that is, in terms of desirable outcomes which must be awa ited . and of
alternative good things whi ch must be foregone during the interim. The
centra l concepts are that (a) the real increnmment is worth only the excess
of i ts long-range posit iveness over that of the most desirable interim
alternatives , and (b) both outcome , alternatives , and original investments
are stated in terms of the same metric. Among the perspectives not
ordinarily taken by the notion of discounting are (a) “negative discounting ,”
that is , the added interim value of postponing a negative consequence
into the future , and (b) any situations in which either alternative out-
comes or original investments are not stated in terums of the same metric
as the discounted consequence.

Still , one may raise the more general question that discounting
suggests : does delay add to or detract from the value of a future
consequence? Is some value fore,gpne because of its futurity ? In the
industrial case of dollar returns and only a dollar metric , the answer
seem s fairly clear: delay does detract from the value of an anticipated
return , because of the alternative returns that one might have gotten in
the meantime . In the case of the Navy , the answer is not so clear.
Perhaps an abil ity to realize a substantial i ncrement in readiness ten
years hence adds to, rather than subtracts from , its present val ue --
it may well nmake unnecessary a number of interim “patchings . ” discourage
a potential aggressor ’ who fears future retribution , etc . Or, alternatively,
it may well fol low an analog of discounting directly -- by nimaking an
enemy wi l l ing to take greater risks in the meantime , in the face of long-
terms disadvantage.

For Navy organizations, there may be no obvious analogs of only
positive returns and recognized rates . The processes may , indeed , be
syniiietric , and recognized standards may be hard to find . Consider first
the issue of symmetric discounti ng . As an analog to its classical  form .
in a Navy setting one could imagine invest ing resources (not necessarily
economic ) in an upgrading of the human organization that is expected to
pay off in readiness terms in three to f ive years . Doing so diverts those
same resources from alternative uses that might generate immediate readiness.

I d ate increments i n readiness have  p o s i t i v e  v a l u e , t n the inve stment
must be is unte convention al1~y by some niieans.

- : -- ~~~~~~~~~~~~~ 
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however , the di te n’en ice is tha t  , un l i ke  do l la rs , addi t ional units ut
rt~ad i m~ess nay not a 1 w a ys be posi t  i ‘,‘ m ’ in va lue .  For ex aumr p l e , i mmediate

incre umm en ts in read in ess mmm iy n t cause a potent ial  adversary to launch an
attack in wmi ich o n e s  own focus are disadvanta ged , whereas future increments

from a human or ’janiz ation in ivest u: ie nu t might pay off handsome l y at a cr1 tic al
tu e. In such a situatio n , one ought riot discount ( i . e . ,  reduce ) the value

~f tuture pe rto i ’msance , but rather a,~~j~ent it.

Althou gh less clear , a si m ilar set of considerations might be applicable

a api tal I zati on . ~,hen one capi ta l I zes a return , one addresses the

question of how :uch ~y way of resources (a posi t ive thin g , r imeasureu in

terms ot the same im - et r ’ ic  as the outcome ) one would have to invest (g ive
up, out t o  ~ork now ) t i i realize that level of return (outcome ) . It i s
s ta ted  in this as , imotr ic  fashion because , in commercial organizations ,
I t  neve r occ urs othem ’~’:i se.

ut in miii l i t a ny  set t i  mms , it lay  ~:ol 1 occur otherwi Se. One may not

‘ love to t omen o readi n ess niei’~ to real I ze a return later. P erhaps both n ay
grow , with the oniswer to the c lass ica l  question--how much must I put up

(spend)?--beinq “ Nothinc m a t a l l ,’ or ‘ W e ’ll pay you to do it!” In sl ightly
different fornm , perhaps a present prolileni (cost) can he avoided or solved

by tha t  same inves tmen t  t ha t genera tes a f u t u r e  rea di ness re turn . For
example , perhaps by upgrading the human resource processes of Navy units
one can (a )  ininmiediate ly tri ni attrition , enhance  reten t ion , an d reduce
disciplinar y infraction , w hile (b) creating a set of conditions that will

pay off in increased future readiness.

The absence of an imri~edi at e ly recognizable ana 1o~ of the goiñq
interest rate and of the avera ge rate of return for each industry is rather

troublesome . The i r existence and acceptance in the commercial sector

prevents much (hut not a l l )  sou a bb l ing. S t i l l , opinion is never unan imous
in their appl icat ion there . For examp le , the going rate is one thing , kit
the deviat ion from that that you woul d likely experience in your situation

may he quite another. The average rate of return is just that --average.
What you , in your s i tua t ion , have a right to expect may be low or hi gh in

the distr ibut ion for the i ndus t r y .  t’.Iiatever the opinion , the answers

derive from the same processes that an answer for the Navy si tuat ion
wou ld, and must , come from : past experience , extracted , der ived , and

analyzed . 
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Ag a in , the iome oeiiera I ques t ion is iris tn’uc t I ye : how much wou lii one
have ta risk ( e . g . ,  i n  n ’ead in ie’~-~ term s to a t t a i n  th i s level  at m uc rt ’ im i e rm t in

future re a d i ne s s  Ion ex a mp le , it m m m i g h~ hapo en that there ore a series of
ac t  ions wh ich , if t a k e n , 1 iav e a high l i ke l ihood of adding siqni f i c a nt ly  to

future m’ead i mit ’s s hut wh i c h cci r’ ry ( a ‘t ~ c ’c le i i  s k of fa i lu re , and ( h) some
p o s s i b i l i t y  that we nigh t Jose reid i ness a 1 together . (0 then’ exarmip l es mi mi qht
cross cr i ter ion 1 m t ’s in w a s  riot o c c i im m ’ in ig in the dol lar —based industria I
sector , as fo r e xa im up 1 e , I iiiproveiiieni ts I ni future me tent ion rates wh i ch cost
severel y in iimumiedi ate readiness , or iimiprovein’ ’nts in future readiness ~~i i ch

dr ive out al l  experi eniced personnel an- md generate di sd p1 inc probleimis border- i nq
on mnsurrecti oni

For both of these output transducer operations -- discountinq and

cap i ta l i za t ion  - -  m il itary analo gs seem highl y l ike ly .  The difference is
that , unl ike the conipara t i ve ly simple o pera t ions w h i c h  have been we l l
worked through by the f inancia l  community using a dollar metric, the ties
between present arid future , inves tment and return, opportunities and their
cos t ,  have not yet been worked through in qu i te  these term s for militar y

organizations. Yet , certainly some t ies must be held to exist  between
mil i tary log i s t i c s ,  st rategy , tact ics ,  and policy , and t hose expert in
these related f ie lds might wel l  provide the needed guide lm ne c .

In any event , it seeimis sutficie n t to say that l imitat ions upon
cost i no futum ’m’ changes into a pi-opem present framework need not prevent

our taking the more bas ic steps of present value F-IRA for the Navy --
est imat in g future performance returns f rom present organizational cha nges
in fun ctioning and miia naqeiiien t.

1 he thrust  of t t iese issues , therefore , is that the app 11 co t  ion of
cum n’t’nt value tec 0noleo\ to NaV \ oi’uan i :ations iii non — i~o 1 lam—c onv erti l ft

sec ton’s ~us t I nvol Vt ’ an ans~,e,’ t o  the quest ions just explor ed about a
read in it ’s”. let  ,‘ic . 1 he task, eh i le lar’~e , is c em t a i n l  v not an im possible

one. Furthermor e , it i:a~ pa~- di vi dends outsid e the area of predict ing arid

i n t e r p r e t i n o  fu ture m ’ t r f o mma nce  It nov w ’ ’l 1 pen’mi t arm analvs is of p01 ic ’~

i rm ip i icat ions or di tt erent readines s states that is not present ly- poss i b le .
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s m a i m  t m~ o m i t  omi ~ e 1 t ~ndem i~ l ug the I ut um’e Cem ’1oi ’l: -~nke T rend 1 n ud i~ , u t & ’ms
: ‘ :et hoJo Iog~ i s  t h e  0 c c  nra ,, of ‘led i c t ion. ~P i i ie the ~t,’cnqth oi t I m e
n ’e lat mo n shi p t ’etwee m i the p r e d i c t o r s  and the c r i te r io n  Is  one aspect to

~easum ’e t fiat ea ’at ’ i  1 i t • t h e r e  , i f ’ m s e ’ s e m i  1 ot her n’e I a ted i ssues wh 1 c h

i ipoc t t u e a~ a ma v c~ t sm ’ ed i c t ion .

C o ns is tenLv acrOss Li i i  I t s

•\s st a t 01 i ni ear l  i or r e p o r t  ~ i 1o~ t mi ’ ~ i t  • e t  a]  . , 10/,’) the nature of

lie ‘c l o t  I o m is h 1 0 L e t  weeui  t Pie ) UIil ,Iil sv~ t em and ‘en’tor iim ance may 11 i t t  em across

om’ g a ; i i  zo t  i o n s .  ~h i s  di f t  eu ’ence lild ~ be dot  to a i ii’ 10 t~ Of t ,I0 to n’s , two
U t  wti hh - a ’. be :  ( 1  “ the qua Ii at t he human s~ s tem , and 1, . )  t he t y p e  of

w ’n’ k ‘t’ n ’ t o m ’ i ied . T I le present l~ 0\ a i l a t ’ l e  data  s~ t on w h i c h  th i s n’esc’arc )m

f l O s  t’eeni based nd th e m ’ ‘~uqges s noi ion les Ie ’~0 ~~~ si h i li  t i e s Rather , they

are quest  i Ons  be in g rais ed in the ci’ i t cOl iiives t iq j t iou of FF’Tl umu eth o dolo cm v ,

Th e t I n ’s t  poss it ’ i 1 i t ~ in di cate s th a t the c i ’ite i’iuui — pu ’ edic tor r e l a t i o n —

sfl  I p would he d i f t  ci’t’ni t fo r  wo rk q i’a iJ ’ s w t I m  hi ~h qua l i t  human i ntemac t i on

P m  cit SilO ‘-.coi’c s ) thani t on ’  I lost ’ w i Ui 101. qu,i l i t ’ . i, low S0O sco re s

In  t m - oem - t o  es t iii S ‘c ’s ‘~ ii Ii , , OflO w ’~ 1d n~~e’J a ta in ’ 1’ . large data

~
- 

~i t  a m ml i i~m w o k  gn’ou ’s a- t Ii I ow and h m ~W s~l~l ~. ca m ’ t ’s , amid i mom the

‘.,ime t ’ . t’ cit w~~i’ k s ( ’ t t  iil~~. I t  — i~ l 10 ,  t , t h i s  1 c ’ mi ,io c t u r e  shou ld he ~an-

in ’~:ie J , It ~ ’ nap ] i , it m ails ac id he I, ’ I L  s ig n i  t ca n t  at  t h e  m n t e m ’ — ,’ ci aii i :ati unal

Je ~el t r a i n  j r i t m - a - o r l a n m i  .‘a t  ion.  I i  S i’es ,il t~ Im o: ; g m ’ej t ~~m biamoqeiie i t \

‘ m ’es w i  t Pm in a ‘~ i n m ]  e 0 m b  1 .‘ a t  i oil t h a ii oc i ’ s  ‘moo n F za t i on is

One i i t ~ i a m 1 ,ani z a t  iona I i; :-q l i .a t ion j s  t h a t  one ou~m i i t  not tra nsm ’en ’ t a
:‘med i t  b u m  e iua t ion I u ’ ’ one 1 ’m’oani :at i i  t tn an o the r-  w i t h o u t t i  m’ s t c hecking

Wi the ouii p art h i l i t ’ , ot the SOP ‘~, ore’- An oth em ’ is  that  ~‘iie would not want

to  bn’ it L lp ~ a r m  e~i ( b y  SOt ) le~ e Is )  organ :at ions m rit a one supen’ — ot ’gonm i :ation m

en wh i~ h t o  Jo ar ia h-sos . fbi’ in i tr a— orqan i .‘a t ional immi p l m c a t  ion i s  that the

0 un ’ m, ‘, u ‘ ‘u’ed i~~t i~~n w i l l  he a tun ic t  t e n  cit the homcw~e m iei t of the won-k

d r” : 500 s i  c u e s .
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Th e st ’conid iss ue i dent i f j & ’cl abo~ t ’ i s  f i t ’ poss I hi l i t’ .  tha t  the c m i t  m n ’ i ’ m :

i”redi o ta r  ~
‘ m ’ i , i  t i onshi n would he di f t  en’ i’n it t om work groups w ith sig ni f i c a nt Iv

ci tt 0me ,it omgani .‘a t iona I t~is Ls (e .o . . ma niutac tur ing S l~~c0un t  i ni P . In

o n’de m to a sc t ’ rta  in the accur acy at th is pi’opos I t i  on , th e data  set would need

to c a n to  in 0 la rge numiiher at w-on ’k cll ’oub’S w it h ~‘o ’~pam.i hl e 500 scores

hut with div e rse work tasks. The ir~pl ica ti on s of this poss ihi l i t .’. t e n ’  the
FPT I :nc ’t hodol OIl ’. are man’.-. In lost med i n ’ t o  1 amci e oroani :at ions , whi le

t here ‘1,1’. he 0710 or t WO Ia ,) 0!’ t 1 d m  t i 0710 1 an’ t’,i S 1~ i t )  ‘,jt m~ or t niul’ hm ’n’ s of

wo rk ~in’oip’S to mel i ably estim ate the ~,Ti te n’ iO n— p!’Odi cter rel at i en shi ~~ -

cit the cit  lien’ task area s there are inadequate niulnbers . Thu s , t he

s ing it’ organ i :a t i on w o uld ci the m need to  use a co i’ iewha t i niapi’ ropri a to

predi c a t i o n  equat on for these ether  task a reas ,  m i ot ~red lot  e ’,l on’ t hem” -

or use a pre dictio n e not ion deve]onad aen’o;s St ’ ’ .- m ’ n ’ ,l 1 omu ani i ,‘at ma n s ~i ”r a

speci fi c task area (e.g ., ac countin g )

Onit’ I’OSS I hie di ff’j ciii t ,~ wni cli la’. a~’i ‘~e 3nd 1 ead t o  emn — o neo us sum ’p on ’t

f~ i’ the aba. e prei’c’s it i on is the d e f i n i t i o n  of i’on ’ton ’ :an ice . ~‘rec i i cal 1’ .
if the i’en’tormance neasu n’e is riot consi s tent ly def I ne d ~ic n’~’ss d i I ‘o re ni t  ta sk

areas , then differences ~n cm i terion ’u—p m’ edicton’ relati onshi ps ,)c’n’ocs tack

ai’eaS m a y  r-esul t fro m di ftem ’ences in measuri rig performance rather than a n ’ .
r ’ea l di f f e r en c e  in re lat ionships due to task areas.

Consistenc y A cross Ti me

Reoa m- d less ot h~ w the pn’ ed i t t  1 071 equations are developed , cons i steni c ’ .
‘
~ t he c m - it em ion— prod ic tom ’ re 1 at I 0715 hi i i’s aver’ time are a conce mni . That is

if the re la t ionshi p  chan g es , even s l i ’iht lv , t’m—oiii the t ime period from which

it was devel oi’~cl to the t ime per iod to wh ich  it is to he applied , the
a ccur ac ’ .-’ of :‘m-ed lo t ion  wi ii go down .

One te chn ique t o n ’  deve l an i nio the rn’edi c t ion equa t iOn :

1) ~

would he t o  h iv e ful l • two yea r ’  data on both pem’for nmance (Y and SOP ( \ . —

Then . by fon’mi no ‘ \ and - ‘m v a l u e s , m ’St i l ’ late  }
~. Even so , to ev1i ltiate the

consiste ni cv of this m ’ela t  lon ship . one would need comparable dat a ove r-
several ~ ea r s , and preferably to !’ so’ . eral organi zat ions .

— ‘  ~~~~~~
:_ _.‘~~~‘~~~~~~~~~~~~~~~~~ _ _  — 

—‘ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _~~~~~~~ _~~~~~~:~~~



- - 
‘ “

~~~~~~~ -‘ I -
~~~“~~~

171 ‘c presemi I’. • ul 1 , w~ . c , m ’ -  ~t a  to aa ’ . not .a ii ahl t ’ . Thus
~

‘ 0’~”. e -a m ’~’ , e l i  m~~’ i~,m S n o t  ‘ ea s iti i t ’ 1 r den’ i ’ . i no 0- : m i a  t i  on (1 , The a 1 t ernia -
t vt ’ ~~. m ‘~ to d e m ’ 1 ‘. e ( 

~
‘ \ arid then as sa me t h a t  B , ‘.‘ F e  1 di no

H’ , ~‘. s1 l ’ b ’ l t ’ a r i t h m e t i c , i t  ~a u l , ’ws t ha t :

‘. 4 )  .‘~~ - I ~B ~
hi s s Imi a -‘i , I e~ ~

‘ ‘ ii m’ ~~t m ’ i  0’  con’: i S m ’!iC’. ‘f the n’ m’l at i onsh F p acn’os s

mc ’ i s ev on ~ia mc ’ ‘ -
~ lent

L,i~ a 1 m i te, et a I . ( I  c 1’~ “ , 1 ,‘eked ,i t t It ’ ass u n i t  I Ofl Of B1 F ’  w i t tm the

‘ . e ’’~ i i i  mi r:al miO t o a ’. o il a b le w I t i l l  fl tel s stu1l 1 . 1 h e y found no subst antial

e’. I d e uc e  t o  s m ~’~’ort at ’ i n’. a ll date t h i s  ,is s i i n :’ t  Ian , ,St’t ’ a l s o the  l at e r
mm t ’ i  s sO,  l i o n )  m’e~ a mdi m m :  :~u it i ca l  11 nea m ’i tr . The imiipl i ca t  io n ot

1 ro om s I ste m , ‘. .lO m ’ ,’s s t i r ’  e . I it  is e’~t a h i i sred . is th at on ’oani :at ion ’ s w ill

Ot ’ ‘,‘m’0O~1 1~ ’ use less t ’ ’ a ~: a t  j ’mmai ‘ m ’ e d i c t i o m i — e q u a t  m ons , u— esu l t  ing in  loss
• acc un’a1 ii’ pn ’t’d 1,’ c lii .

~~a it I ca ili ne,m m’ i t~

‘me ox is ft ’iiOc ’ ci mci i l o o T  ~~u ieam ’ m ~ i i’m ’ l 105 th a t one or ’ ‘m ,en ’e of the
m’red ic tam ’ , ,ì ,’ ‘~m t - ’1 e’-. js a l inea r ’  f u n , ’ t ion a ’ other’ pm ’ed ic t om va n  ahi t ’s

°ast ,nr ioi ’ .ses a’ t i e  ft ‘ m ’ e , m i c t , ’ m ’ ‘ .a r ia h les  ,SPO i n d e x e s t  used in  the

;‘m’Oseri t stud ’ . ha’ .~ ’ shown t h a t  t ee  corre lations between the predic tor
vam ’ ij h les ‘‘on~ie ~ i’O”’ ,~~~‘ to - ~

‘ (FrO n l k l in ,  1’~’ ,~ , ~hus. mone of ’ the predictors
are r’~ al 1’ . 1 1 nico ,- I arc t I om is 0 ¶ .111’. at  h e r  ‘,i ii e -ned ic to m’ . ‘oi~ ever • he~
~ 1 t ’~ i l ’ .  am ’ ,’ ii’ er ’depcui1len t

in t em ’d m’t’enidence an0n~m I hi ’ : ‘ m ’e .h i  c l am’ a n- i a t - l o s  has the et ~e,- t  01 increas If ic )

t P ’ e  ‘ . a m’ i oh i i i  t’. ~ t t~it ’ Os t h a  It ’s of t m e t i’uo m ’egi’eSsi an wei g hts  ( the
s t~ rid~ r’d en’rorS a? ‘.1 ’ - - - ,.., h 1 1  . T h a t  is - , i m i~ i’ s t i ’ a a t c’ b. at t he true ‘.a inc

1 5  gO i t i ~ i to he 1i ’~~ i’el i abl ~’ j 5 the clegn’ t’t’ ,‘~ F nte rdenend ence i nicre1i ses .
I ica t  mai ms a ’ t i l l s lac k em ’ ‘i’t’,’ iS i 011 a re r iot ~ore ‘.‘ai’i able estimates

0’ t he  m ’ m tem ’ lOll , hu t n’ at mt el ’ , less  l i k e l ih ood t h a t  t here w i l l  be agn-eeiimenit

t’t’tweeni O mit ’ p red ict  ion equat ion and ar ia t iem ’ , bo th CO4flilU ted fi-omi m coniipam’ab le

i ii’ 1 es tm i ’ ’ the sa l t’ ac’pu 1 at i an . A n’. one pn’ed lot lOll equa t I oni clt ’flt’n’O ted t m’om

a mu] t i co l  l inear data  se t ma~ i iv e  f a i i ’ l ’ .  occur -ate pre dict i oms. However .
, ,r1 t m deuce in t ”e equa t I on s ,mhi l i t ’ .  t o  d~’ Ui i s  w i  11 he r e l a t i ve lv low .

-— — - ‘  ‘~~~~~~~~~~~~~~~~~~~~ “--- ‘~~ ‘~~~~ ~~~~~~~~~~ - “-~~- - - - --~~~- - ~~~~~~ ‘ ~~~~ - ----



The lock of n’e i i  oh i i i  t y in n the m e t  innm ~i t m ’ ’  ut tIne bet ,n —we j ql mt s

n’r”lr’(’es ion coef ’f ic ie n i t e )  resu l t  m g  from h igh levt’l~- of nnu l t i co l l i nea r i ty
makes it. virtu a lly inmi p o’ •’.ihl o to , i t ium.i t e ly te’,t t oni ’, ‘.f (’nc y of the
(‘n’ item ia—pred i ctor r ’ e la t io nm ehn p over timm re . Tha t i’ , if B.,  i ~1 ,? represent
two d i t’ferenm t se t ‘, of r ’e qr— ese io n  oet ’f Ic lent s t op’ two differ ent t inme periods ,

as ident F f 1  ed above , the equality B1 B , is a c onmu em . Any 1 ttemmm pt to Ins t

th I s null hypo thes i s wi t- li hi q hr 1 y inn 1 I. I c o  lii near do t o almost quaran m t ees

reject ion , rem iar dln ’es of i ts  vo l id i f.y.

A ful Icr di scu e’,ion 01’ ni ulti co l 1 inie ,mr’ ity i’ ’ given m m  Appendix A , as  well

a ’~ fur  t Imer a m m o lys i ‘-; with r’ v’~peo I. to th e present, do to set . I he conic 1 us ions
a r e  tha t , whil e there appear ’s t,o he a fa i r l y  Ii iqh level of inu l t icol ii near\i ty
the ef ’f’ect’~ are riot ,is t heory would prescm ’i he. Clearly, a more thorou qh

I r ives t i q at ion of imnu l t icol 1 m ean t .y, theor et ica l  and enimpiric a 1 , is indicated
071(1 i t  S ilmipti C I on prod i ct m c i  tit’r fop- nina rmc u ’

Linear i ty  of the Cmi tori on— Predi r to r  l~e1 at ionshi j

A final issue which may affect the accuracy of the pred iction is the

accurac y o f the model . Whil e the assumption of linearity im plicit in

V DX

has been empirica lly examine d for the t~wo cr i ter ion (lyE & A DS) used in t h i s
i l lust rat ive study ( see Davenport , et al . , 1Q71) , other choi roe tor  the
cr1 te r’ ion would necessi tate r ’ e—exan ~m in m at  ion m of this ,i csum:np tion .

In the mimu 1 t F va n a t e  set t in g , the ,ibi lit y to exa mimi ne the degree of f i t
of ,m model to a do to sot 1 s riot ve ry hi (j hi . lii i s genera 11 y i nvo 1 V OS plot I nil
residuals against various other var iab les ,  and v i sua l i,y interpreting these
graphs. A second a~ pet - t is the possib le ox tens i on of ’ the model beyond
the 1 iimmi ts for wh I oh m i t  has been deve loped . For— exa nimpi e , a particul ar’ model

m a y  f i t  the da ta fa I ri ,y wel l w i t h  in a part. i cu 1~i r malign ’ of pr-ed i c ton scores
which are present in the develop nimenta l sa nmmp le , but not at al l  wel l  when
extended to the new nred Ic tor values . These latter values nmma y resul t from
signi fi cant i nterventi uris to inmiprove the qual i ty of the human sys tern, 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Number’ and Na tu r e  ir t b ’ n’ecf no t ~m n ’ V , mmi  at m to ’ ,

One ,(in( ’(’rrm which a f t  or t s severa 1 di 1 f om ent aspec t s of the FPT I
methodolo gy is t he nmum m nhe n ’ it t  pr’ed Ic t a r ’  var i .11)1 m’ s i nvo 1 ved . I n the pres ent

i t  n.m t ion , 1 .i Sth’.l i ni che x os have been mi ’ .e~t , I ni I un’thv m i nivest i qa t ion arid
app l it - at ion of It’ll • twa natur a l quest ian’  arise: (1 )  Are there other
aspects  at the hunmia n ‘,vs t i’m wh i ch  ough i t to  he measured and included in the

pr-ed i, t ion phase , and : ‘ ) 1 s the mt ’ 1 ilV i’,’ .iv to  rCdtR ’ i’ the number of predicto r ’

var ’ i  a h ln ’s

The two • if bot b m an ’ .w n ’n’ i’d in t h i n ’  i t t  i rmiia I I ye • appea r ’ to be in compet i t ion
w i th e t c  hi t i ther ’ . I t  i r m a ’ . he lli ’wm ’’.-em’ • t Iii t a oood so lin t ion to  thie latter
won i t t  nmn ’ga t o  • and t ’a ’ .s it ’ l y even he n ’mihaiice d N’.’ a m m y  I nicr ’ eases resul t  I nq t’ rommi
the t o  , ‘ mm i n ’ n’ -

I he pm’ese n t v on ’ ’. air a t  the 500 has 1 h mima ,iur i n,Iex ’s , T bimeo at these

were riot ci ’~eth Fri t Ime r i ’esOn t wo rk • 110’. 11 v t ’ n’ i’au’; n ’ of lac k  of I nit ’onmia t 1071

I, n’esu ] t inig fr’oimm m oth f i i a t  mon at ean ’i len ’ an’ imi ’, a t the SIlO ’) fr om some s I tn ’ s .

b t ’mw~v~ r- • ix rant i nina 1 n’ese ,i i i  hi LW al ye’; - i t lila ’. W(’ 11 deimmoni c t m at e that

pro’; en f l y  unreproc omi t t ’d as ‘oc t s I, by f lit ’ it’ ~di0 mmmd ,i on’ index ( ‘5 ) of ’ the hummna n

sy stem n— e late s t m ’ am i q l v  to  om ’ ’ nani . ’at  i o m m a ]  et t oc t  ive ness , Po s s i b i l i t i e s  may

i no 1 ud~ i nt.er— uni i t  ia a m ’ d I na t i on , ,joh conii p lox i t,y/ fre ed om • cam - oem’ pa thi s and
ac ’ ’,es ’ , F hi l i ty  • humm ’au i r i c ’ . ’  — and a r g a m m i ,‘,iI ional — 171 ( 1 1 vim lu a l ~ia,i 1 in i tet irat ion

C l  ea r l y  • there are severa l pass i hi  l i t  m m ’s - and some other’ cr1 ter’ ia r’athe r

I hon ‘; imp )n ’ ova i lahi l i t’ .’  w i l l  need to m he ox I ahl F sh ied I an’ the a(ld ’l t ion of

v ar ’ ia b les  in to the II’i I ‘n’ac e’.’;

The above di c, ’ i is ’~ F ,‘ m i 1 5  s onmie w hat i’ m ’mIiI nm s, em it at I bie ronbcem ’n ’, i nt r’oduced

h’. Davenpor-t et ml . • ( 1 ) 7 - ’ n’e ’ i. m mcI 111 1 1 mod i t i em’ var ii h 1 es . 1 he pun’poce of
hu’ii , imi r ’ e scmmm r t ’ m’ a c t  ililli t intl m mm ii s t he kept iii m mi i liii : th e nmio ni I t  or I nig of the s t a t e
of th i ~’ human ‘.vs t ‘I’I • Si l  thi, i t ~f ’ . iiimp,ir 1 071 l’or ’t t i r imm , mm i i ’o a nt he known . I bm u c

one cm i ten 1,1 for i no 1 (is I on at va n’ ia l ’ l  es ought Ia he tha t~ t lie var i abl e is

a mm m t ’ , jc ( jp ’ c’ of s onic .ispm ’ c’ I at the qni.i l j f  v of the hunmm anm cv c tern . Va r— i ahi es

that n el af - e t o s t m ’ mmt tun ’ r 1 an’ te c hn i ii a l a s p e c t s  at the an’,iani za tion ought
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not to ho measured for- this purpose. The i mm cl usi on of mmm odi f iers wh i cli
increase the accuracy of predict ion is acceptable as lono as any predicted
change is not due to chanqes in the im modit ’ ier- , but to real change in the
quality of the hunmian syste m .

In an effort to decrease the nummnbe r- of predictors , Lapointe et al .
(1978), investigated the exclusion of sommme of the 13 SOO predictor vari a b les
used in this study . The results indicated no single variable ought to be
exclu ded over tiimme . A sli ght mmi odificatio mi of this approach nmmay be of

i nteres t, however . In particular , are there su bsets of the predi ctors wh i ch
coul d be used in differ-ent time periods?

in fur-them ’ research , it mm m a y be possible to demonstrate the existence of’
theoretically cons istent subsets of SOO indexes which have maxi nmunm effect

on productivit y in , say , the three t ime frames , 0—3 months , 4—8 months ,
and 9-18 months . If in fact, this is true , and the subsets run , say, to
7 or 8 variab les , the resul t ing red uc t ion in the number of predictors would

he extremel y helpful.

While the descript ion of suc h a poss ibility appea r-s fairly straightforwa rd

the ac tual determination of these subsets of predictor var-iables would be

quite coimiplex . In addition to thie definition of appropriate time franmes ,

the less ev id ent is sues , e .g. , “ Wh a t. to do at t Ime hourmdaries ?” and
“Are the subsets criterion dependent” , woul d also need to be addressed .

Regar dless , the concept is the or’et icall y cons i s ten t an d des i ra b le i n
a pplication , and ought to he investi gated .
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m , n i ~~ f ’ , ’ i’ i i  ~~t 1h’ hi t — iii ‘ m -
~~, nn m :of Fcnn t ,i 1 i n  It ’ , s t m u c t u r — e i~

not Ii 11111 n i t  her I han “ I ~ - , ‘ s  pm - e’ s , “ ‘~~“. ‘ n t  ii , ’ 1 ’ - ,” , ‘ e n ’ - I s t  n rm q i’a ttemn s ,to

t h I n ’ t t t  ~‘ m - i t i  t ’ m i , h t . i m is  - r ’ m  I i t  it ’ ’  • i i i,: h in t (I f l i t ’ ln ’~ n ’ i t~ t h i n t r ’ t ’,r l i t  w h m c l i  ~~t ’

Irs - - - I a ,le,r i iii ar ’  n ” .  ‘ n i t ’ , t ho I - I i n n -  10 t i ~ ~‘,i ‘ 1, ’ Psi ng,”, in m t ;m r ’e’cen) I
‘ m i n I m  1 ens’, w ’i i II . in i  a I On I em’ed ii 1 1 c mi  a mid Iii,’ P t ’ i a m e  d l  i I i :.r I me n.

t ’m’c’t ’ Iems ~ ‘ $ “lil t ’ It ii: ~

On c e  we ‘ ; int” e t iii .1 r io ’ . &‘l ‘en ” t”i -
‘ Ii ’ a i n t ’ l ’  a m id to  or ’ cj a rn i :a t ionma l

struc ti nn ’e and if ’ co n , i ’l l ’ i t a nmt , ‘~ ‘ u t s - we ‘ n ’ .  I t ic t  that we have done cani ne

n’a t l ie n’ u n ’i nil ja r ’ t i l l  m a ’ ’ to f l i t’  ‘ i  I in ’!’ ’’ a t  t’ t ’i it ~i c ’ti’.hii i’ ’  at t Int ’ mmit ’asurt ’ t o
anno t rot ’ . One so oh o ¶ i t ’,’) Is ‘.-,‘ 1 ra I i s  N ‘s ’c’.n ,n the ‘‘ or olocIii ’a l  t a l l  at — v .
wh i c  Pm i n  t h i s  m n i s t a n c i’ s ii i i~’l’1 - ‘ l O i n ) ’ , t h a t  0’. u ’ i i t ~~ a t  t ’ m ie level  nmav m rm ove in
an L ’l’l ’O’, I t t ’ c l i  mci ’ II on t i ’ ic” ,i ’ at ,m mit ’ I her -

IN i s r ’; 1] )u’;t i’al Oil in ii ilu i ’m ’ r a .  \Nhlm ’i ’ u ’ ~1 ‘at te rn of dOt ~ IS used to

depic t  ,n ‘ iv 1m n — i a t ~’ n’e l m t  n a m i ’ ; h m i ~’n a t  f l i t ’  I i i , lj ’ .  i~l; i ,nl n’es pon mdeni t level . As is
m,ihv joi ns , t Pie pat  torn is I no ’ a l l  m mit e mi ts  and m un ’ ) no ’ ; , ’s spherical  , and the

resi n 1 t m g  c’ae I t i c  r em i t  w oo ld ‘ ‘ i j c ~~ j c ’s 1 , 1 t i ic l I’ m ’ l o t  I oni’;hi p esi s ts between
Nest ’ tw o va m ’ i  .1 h los at I ho i m m c l i ’ .  F d u O  1 level

f l awev t ’r , t h os t ’ 05 50’ ! ’ ,  ‘el ( ‘ m o m t o  w , ’ n ’ k  gm ’a ui’’~ i m id ’ m ra t  NI I mi I iquro hi’
by d iv i di  r u m  the t i n  t i n 1 l i x  I m n  I ’ m t ian in I ’  ‘ut” . e I” . I och on’oup is dot’ F c ted by

its bounda mv  , wh i i It ’ i t  ‘, imiean r i’~ mm mcl i c I I & ‘~i I~’. .in i x , and the pat to m- n cl i I h ost’

n~ anm’ ~ wn ’u 10 cu qinc ’’’ I t Ito t a n ’ l ,  i i n , o i t ’ l i t  ann ’ ’ h i it ’  ‘\ Is I c l’etweeni I hose tw o

vtr m l  .rh lox at the o n’ c ’ i i l n  1n ~’. 1

The m 11 ~ t ma l i  cnn ra ms m e ’ ’ the ‘ ‘ Oi ’Os x a m ’  I c ’p fur ’ t bier’ . Suppose tl’o t
Pit ’s,’ c Ji ’ c lUI’ ’. he long t a ‘i i i ’  a t -a,i m i m ‘ n t  amn ’~ I m n1h I c ’ ,l t e d  N’.’ i i go me (~n boun-

darie s , (1r’d l ,mni i .‘at ic’i i , i 1 l l ( ’ , i i r ’ , I n n ’ m m m c h i~ at o~l I ’’, \ ‘ 5 — and 1 1mm ,’ pat t om- n m

of t hm ’i:i would smi ’ m ’ mn ’’; t ,n law , hut 1 1 1’; it m V 0_ I n ’ i t  In  n ’ nm sh i i  r’

A ]  t hou~h t h i s  c i  tu~ I ian urio\ - ’,t ’ t ’iui n t t i  n’ s t  i t’  t ie ,m h it tar—f etched ,

t h e m e  i s mmion’ e t horn a ‘.111 ,111 like in hi ,o ’ l I n i t  it 0,’ c l i i ’ ’, iii ro~ l —wo r ’ l d c i  tuat ions ,
indeed , saint ’ stItl ( 1e5 t Int l  P i n ’, t ’ ee mm made I hat  i t  aln ;ne,r m t’~i mn ,i mult i  — leve l
ana l vs F ca n nc t uc ted t~’. o mit ’ a t  I b m ’ )n n ’ u ’’- n ’ m n t iii) ian ’ ’ , 1 m m on eon’ ii ~r’ st m d v  of

f lit ’ n’ t ’ l o t I t n n m ’ , t n  is  n ’ I I’m t n ’I’I ‘ , ‘ m ’ ’ . a m m n 1 ‘‘ in n is’n ’ I 1 i’e~’ni 1 m x l  mien 1 in ten Ii on
I n ’~

,’~
,’ n- ~ — 
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Let  us furtb nl ’ i ’  ii tus ~ 1 , 1  1~ ’ the ‘ t o ,  ~‘‘ ‘ ‘ ‘ ~t) t ’ ’i’~~’ , 01 1 (intac t F i nn much

d isc us sed in recent y , ’ , i l ’ ’~ d O  iniO i ’ta ‘i n ’ t i c  j a I l  ye ‘ ,mnaqei iient p rac t i ces

resu 1 t in a St ro O m ier ’  tn’ ‘i’m ii s tm e mit I n tent  i ’ m n  -
‘ Us I nq the do to di splayed

in F’ im~um’e t a~ i f  t h e y  wen ’ m ’ t e a l , t h i a , nn n swi -’ m ’ a t  the individual level
would he that  these ‘i nc t i ces inak u ’ I I I ’ di I ‘ ‘ t - en ce iii m ’ c ’ e n i l istimient intention
— —  t h a t  t l ’ m~n~m ’ is no i i  it tons ’ ,  m p at r u n ’ t o  1 1w’ c u t n , , ’r.

However , , u m u r t l r, ’ n  l i i v u ’’ , r kma t  ion nnl l h m t  , ‘ i l L ( l V d t I ’ l ’ .  t ,iko these same data

,nrm d c r m n ’i ’ t ’late 1 1w’ two v a m ’ i a h l n ’s a t  I b r ’  wr ’ n~ n’oui ’ l~’ v n ’l , It so . the
concl US It’ii would t ie th ,n I n’ ,im ’ i c i  pa t  i’. ’ proc t i  ‘ c ’ s m n - a  i t  in a lower

intent ion to i’ t’t ’iI 1 1st

Yet anoth er in v e xt i q a t ’ ’ ’ i n n a i r t  I’ ’ c r ’io th at ct nlv c-~b: , ’ l o  orga nizationa l
uni ts — —  e .g . ,  s I r ius  — -  a n ’ m ’ ’ ~er ’- , t i  t ’  un its 01 , r n i , n l v x l s  and t hmem ’ eto r ’ t ’
r,’t ’i ’,’l a t c ,l I ’ l IO i 1 l ,~O t H’~ 1 i l i u ’ i m ) - . I cli ’ thl’Sn ’ va n ’ja t ’ln ’x , 1 m m 1 I r i s  case , his

,‘o r ir luc ion would he t i m - m t  pa r t i c ip a t iv n ’ ‘n ’o I ices r’ t ’xu l t i nn higher inten-
t I ens t i ’ t ’u ’m’m r l ist

A I t  L o i N  t n ’ m ’~me d ‘e  ‘‘ oral 0,11 I d  I t a i i  a , y - 
‘ ‘  t ri ’, ci t o o t  i on nay represent

n o t l u i nq  f, nl ion ia us ,it al l . Fon ir e t  f t c  t may i t ’  very t o n i  and very true.
Ef fec ts  not pm’ n ’ sm ’ m r t  t o n ’ ind iv id ua ls  s i m ’ l y  r a y  v n ’ n ’ v  w e l l  he present for
mean inq fu 1 groups of thoct’ i fldl vi du,n 1 s . i;i’ ,- ru n ’ s , i mu t I nt ’ i m- t-urn , may be

c lus ter ed in n w ay t l i ,t t pr m ’ r h r i c eS ‘ ‘ i t  n — m v  m a n i l a  t n  effects.

A r i d on’ ut i  1 i,’ n t  j a i l  p t ’Oh l t -m i ’ t ar any cy’ ; te l ’ ’  nit utum e pen’formi rance trend
indi ra t O t a N  na ’.’ l i e  in t h e  poss ibi ii t y  that t ! r t ’ ’ ,m’ n ’ t t ’e r t  s co n occur . H u n man
resour ce— at’ I ented I ma ct i  ( ‘ OS  HId ’,’ I’d ’ 5r ’on m miS 1OV I no qu i te di f’fert’nt ef ’fects
a t  ea ch of thest-’ levels , ~t t h e  lev n ’ l , — I t he s i n g l e  individual , there

nay be 11 t t le or no n ’ ’ l - i t i a i i ’ ,hiil N e t r ’u ”n  the strenqth of these pract ices
and the at t i  tu dec m ’ l  ~av ’ , p n’r ”~ai r i i i ’  I A t  the wa t ’ k group level , however ,
the rela t F onsh’i p may he ‘ , i  ‘cO i l . i ) ’ , ’ 5  i t  I y e , an  I qui to cv I dent , Nevertheless
the eV i m t e t i , ’ n ’ may c’it ’l 1 ho n ’ojc~ ’1 ‘1 ci t  ij h, m l e ‘aiiii’ nn : ’ ,l levels where it runs

cou nte r’ to ne9at ive i-c ia t ia n n ’ ,hi ps ,‘xi m n ’n ’reni n ’mI by & or~iui , mn i ih i , i i o f f icers at
that leve l .

A cruc Ia  1 requ I n ’n ’ rli ’ ,l t , t hon e r , i n ’ ’  I s that  we cletemr~n in c  as a ccura tel y
as possible which ef ’ t ’or t ’ , am - c rio ” ml  in n a t i i n ’ c’ a m , 1  repm’esent potent ia l

act ion v , m t ’ i ah l e n - -- ‘ h am i ’ I l n ’’-’ ’’ ,t mi th e mml ’ ’ ; t ’n ’ ’. ,‘d mn oh i lm ’ i ’ :  — —  and which are the
resu 1 t of co i nc I dent ciml ’ se t L i nq . (F em ’ es - n i uii n i p , i t  imi a y bra ppe n for sommie very
good n’ n ’o sem i’ , t h,r t ‘viii’ on ’ , in is whose :~‘ ,n mi n i m ‘Il l, ni I i n n ’ 1 cx s b mi mtm m .m ii n’ m ’xO U n’c~’

or i ‘ ‘ mi t  eni ire r’ ‘~~ ‘ ~ , n i ’ - ~ j r ’ 1 a O n go ni .‘,i ¶ lo in s whn& ’’; n ’ s it not . ian 1 e,idc t i m high 

~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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mt ’eni l is  tniont rat~’’.. However’ , i t  one were t o  cliii’ t a l l  a I I Nt ’ i i ’  t irc ,u Inx

toward a t imore huimman n’esau n’ c 0 or F emm te d co t  a t pro c t ices , t h e  ‘ , P n , i  i - , ‘ at  the

dist r ibut ion of or ga n iza t ions  n ig ht  be tun damr ment al ly changed in a
c t m u c  t I vi’ di n’e rt into .

Ye t  a no them ’ so bce t t limo problem n i mo y occur - whr’nm unit ‘ per’ form imanco F
t a  i bra ted Fr i te n-tmi s ni t hi st em ’ i cal standards . I or example , in one at the
orqan i:’ations included in the present study (and a reason for renniovin g it .c

data for some neriods~ , it was noticed that the correlations of superviso r-v

leadership and other mnieasures wi th  total variable expense dra mi matic a ’ily and

suddenly changed di n-ect ion in certai n nmionths of the year- . A hit of digg ing
produced an ex p la na t ion that was simple , ,yet perplexing . Ove r- the years ,
sommie un i ts  had been wel l  m anaged and were hig hly e f f i c ien t .  Their h istor ical
standards were therefo -e t ight or str ingent ,  and both their humiman resource
pract ices and their perform mmance were pe -ennia ll ,y good .

By way of contrast ,  other units had been badly mimana qed , their perfor-

mance as a consequence was re lat ive l y poor’ , and their h istor ical  standards

were “ loose. ” Because it operated in a high technology area and had a
need for sk i l led personnel , the compa ny had a “no layof f ”  policy . At certa in
tim mi es of the year , therefore, when bus iness  pre di ctabl y drooped off , the

overimianned, “ loose ” units had far more sum -plus bodies to dispose of than

did the better - managed units . Accordin g ly, large nunimbem’s of persons were
te nmmporari ly s h r i f t  ed t’roin the ine f fec t i ve  on i ts  to the of fe r  ti ye ones -

Their’ time was now char ged ago inst the bud gets of ’ the e f fec t i ve  units and
renm moved from t he  bud gets nit’ their  i not fec t v t ’ t ’are n t uni ts.  Accord ing ly .
the pem ’formmmance of the ‘‘ goad’’ u n i t s  he c ’aine sudden 1 y poor’ , whi le  that of the
ineffective uni ts seenmii rig 1 y I mm iprov ed . F in n’ t tnt ’ t ’ m ’ ion ’e , t’dc N wa s rough lv
prooortional to the i n ’  hi  sI &li’ j cal  good nre’,s an i’oot ’t i t ’ss , and t h e  ~‘om m’e1a t ion

coefficient accord i ngly chanued sign hut m a in ta ined  a g reat dea l of ’ its
s tren g th.

As in the case of the ‘ ec o log ica l  f , i l la rv , ” t h i s  forimi of suhsett inq
proolermm could eas - i lv he m nmisle acl  ing .mn~l m’ecul t in non—ut ii i:at i on of any
SyS tenmm of fu tore pem-fo rnnianne trend i ndi ca t”n’s . Where anonmia l ies of this sort
occur , it  is accordin g ly immmportant to (Iet n’ rmni ine the reasons . As an added
check on the poss ihi l i t  v t ha t  nt ’ n ’ t ,m I n sub s e ts  have m’e lat lon iships to cmi te ria
ha t clii I en ’ m rommi one ,mn m i ’ I lien’ . anne nil gh t t ’ n’ ’ ’a k an en t i re  do ta ‘~et  i ni to iiia ,!t ’n n’

— -  _ _ _ _ _  ,~ ~~~~~~~~~~~~~~~~~~~~~~ A
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¶ unit I lana i op ’ o t h e r  ‘,uL” ,n ’-~ s and so pa m ’ a t t ’ Iv & & ‘ m ’ rt ’ l a t e  i m reds i Jn ” ,’s , A inmom ’e r a mn ’ n ’ ie x
an d  tedious p r ’oce &itm n’ t’ wo u ld 1w’ t n  hn ’n ’,d , i m r  cot  i t ’,’ data ‘‘n ’t in t o  subsets that
do cor ’n’ e l a te  d i f ferent  iol l v ,  m u d  t hi n ’m i m t C t n ’ m ’ r r i i n t -  u-l i n t Io n’ t he subsets so
generated m ake any , ‘ m ’& io n i i ,‘ ,n t Fona l  sm ’ nu’ ; m ’

St “~r m t ume-Re1 att ’d Cans i m t c ’n’a 1 i on

Any real —w or ’l d ,ui ’p 1 i c,i l ion nit t i e  cur rent v a lue met had of huniianm
resources accounti tii i 1’’ c m l  & iv od in  t h i s  n m ’esent study would avoid the major
ur’nih lem ’ is of select i  nil a subset nit won -k mi m -oups for - vol  ue attr ’ ibutior m
purposes . beca use a l l  gm ’o upc wni uld hi ’ included and the n ecessary data buil t
i n n  d x  a v a i l a b l e  t o m ’ ’  t~ e s ta t ’ l  , l i t t l e  pui’ noc et ’ul s e l e c t ion  would be
re~ u ~ 

t’t’tl .

c t i  11 , t bm er e m -,’oui ld hi’ so” ,- ‘,‘n’ n is t  i n i l  i spn ’n t’ ;  of the probleiim , attn —

hutable t im ( a )  ri n’owth on ’ x t m ’uc tu n ’ r  1 ch a m imi e m m  t he sys torn , amid (h) the
nature o t ex I s ti nq ma nra c ie i’ u,’mi t i ni na n ’’’ a t an S c  tenmis - T he pm-oh 1 em is perhaps
clearest in the cast ’  a t s tn ’uc ”tu i’ ,m l ch an&n , ’s which r-esul t m u  the di sappeam -ance
of some u n i t s  , the cr’ea t & ‘ t i  01 (1 ‘lt ’t~’, , ,i~ t1 the serious mood i f i ca t i on  of s t i l l
ot hem ’s. F nan’ e\ar ’ip le , a Si t i m ’ t t i~’n cou ld n ’as i ly occur ’ in w h i c h  a unit .
present at T i  me 1 am id in st runnen t a I to liii’ “1 m ’nera II nq o t’ the equations . to tal ly
disap peared before Time 2. Tn sunl i  an ini s t , r m ice , it would he possible to
simply “jo a head and R re d i t t  1ne~ t , m n ’ i r iai i ,  m ’ m ’ uiir T iine 1 scares inn’ such a unit ,

but di s t a r t  Ion mmii qh t n ’m ’ehy b~’ Fri I m u  ‘ ‘ ( lim n d .

Still  other’ r’h , i i im ies n ’ ox i ,zl t imi ttw ’ d~ - ,,( p~in,’ai ’a n rc e ~
m ( u n~ I s , h u t  th e

per-si 5 tence of t hi’ in’ l’ unc t I on is ,i nid I m r n’ i i , c ’n ’ membem’s . In such s i tua t ions , o n e

miii gh t use the u n i t ’ s 11  ~r~’ 1 Sr m ) m ’ t’’~ a mid t he id d s to mm da i’d s and make a
predict ion as if It still es is I al . T b me id led in lion would he added to the
aggrega tio nu anti presumably in  some wa y n’ m ’I 1 oc t  the pem’ s 1s t  once of i ts
perso n nel and ml ss I on . iiawe~ or’ , a m u o n e cons s ton i t me thou would be’ to compu to
new standards for the In oi’foriino m i ni ’ nit ’ the rev F sod st  n’ inn tome a rid then predict
for the un i ts  of t Im ix new s tm’ t i r tu n’ t ’

Sim n i 1 rr ’ Iv , whem-e a new , i n ’ irup is i’ro,i ted by I m ime ‘ whi ch bias no Jim mi e 1
counterpart , we mmi i oh t s F nip 1’.’ miss i i i  a T i ne 1 ‘;c o n’e no mn’es pond i nil to the
class noon at Time 1 ¶ an ’ ~il 1 ,‘t lien ’ Sc  a r m ’s w i t h  tha t sonic Time ‘ va lue.
Where l a r g e—s ca le  ci r i u ’ t n n ’ o l change has nic ’ c ’ inn ’m’ em t . howevet’ _ i l i s t o n ’ t  into
woo :] an,’u m  t’ t c i , t bmt ’ t a r c  th , m t ‘ t a h in ’ t nn i t  .; w i l l  ‘.‘u ’i’ V 1 i k i ’l’ .’ he n t ’ . ’ r ’ i ra l
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Finally, where reor ganization results directly in chanqes in standards,

one must ad just p,rjor value increments accordingly. For example , a

maintenance unit mi ght be broken up and its personnel reassi gned to
operating units . In such an instance , some of its predicted future perfor-

mance will now affect chan ges already predicted and valued for the units

to which its personnel have gone. Those earlier predictions must accord i ngly

be corrected .

A somewhat different set of problems occur for units -- primarily

staff and up per level management -- for which typical information systenms

may maintain no record of performance. In prin ciple , personnel criteria

such as absenteeism are extendible to a ll units , line or staff , mana gement
or non -management. In practice , these may not exist , however , for reasons
having to do w ith non-union , exempt status , with recor d-keeping systems

that are more permissive at these levels , and the like . Similarly, while
the productive output of staff and upper management groups is in principle

measurable , in practice it is not measured . Instead , measures of formal
out put are obtained only for botto m—level 1i~ie units . It is applied to others

only by generalization within. For example , the p roductive out put of a
genera l foreman ’ s group of foremen mi ght be set as equal to the average

output of the grou p s in their departmental domain .

One cannot safe ly extranolate outside of units , however —- to staff

units from a paralle l operational unit , for example . However , if one were
to simultaneously predict for the total organ ization (not as a sum of work
units ) and for those operational units for which performance measures are
a v a i l a b l e , the predicted change attributed to the non—measured units could
be estimated by the difference between the two . This may be illustrated by:

A

V10 = predicted change for total organization (where the total
organization is the unit of analysis),

= E V = sum of predicted changes from operational units

= predicted change for non—measured units ,

then ,.
V

S 
= V 10 

-

The other alternative , of course , would be to define and monitor appropriate
performance measures for such units.
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W r i t  a~ ‘~mia I~~’- i ’

Conceptua l h • ‘l ui ran ~esa ut ’ nc ’ Ar n i m u nt  i m l ~ techn iques could be
developed us ini g a i r y  ‘~~ t he  f o i l  m m w i  nq a’~ the uni t ot ’ ana lys is :  in-
d i v i dua l  , wr nn ’ k gn - m~u r r . i , r st Ct ’n b m’n ’ , m1m ’~’,i t ’t Jili’t )t , d i v i s i o n , or
organ i 0 t ior i . E~’y un’n i I or t i n t I ‘ , i s , m ’.& ’ ii lm ’, i nr the unn j  t or 1 t’vel at.

w h jd ’h both ‘t’ n ’ t n i t ’ r r l dnn ’, O  mI’i~l ¶ iO ~ l ld l i t  y at’ the humn ian i sy s teimm is
assessed . It is t N t ’  p n n ’ :’r u ’ m ’ at t h i s  set t Ian to exp lan ’e i ssues , both

theoret ical and s I,,itist ir,i l, w h i c h  “ l a t e  Ia t t it ’ unit. se le ct ion ,
,rs well as discu ss lii , ’ m a - r U  I L- at i on’~ ~‘t ti re proc od un’es used In the
devel o pment of the FPI~ w’~ ‘rO lm ’l L ’ - ,i’ , pt ’e xu ’ n t i ’ml in th is  series of
r’eports.

iNert ’ ,‘,‘ m m l ld ,rpat ’ un ’ to be th i n ’’ rid ia’ coiuiponmen t ’~ which opt imal ly
a re  int egrate d w~’m ’ni sel,’~’ t m g  i ’  urn t ~ t an~ l~ sis fo r’ a HRA system,

~t ie t i m ’st jS t In ’ t~ i,’,r m ’ ~ 01 ,1’ ’~ , ( x j d t i ” ~I,i1 t r u r c t i o m m i o q  wh ich is
neco~sai ’; 1’, Cm ’cC m n~~, n ly cmo s , a d .  - ‘l, m n ’ ,’ i r ’ rr ’ cm i ’t an t iv . appropriate
ta t no am ’~ ,t r i  ~~~~ ~ as a ‘r ,t ‘i ,t . ,N~ u ’ ‘ur n N, ’c i i ’~ is  tn,n t of Rerms is
Li  kent 1 ‘lt~ 

‘ wh 1 r’ i I - 
-

~~ - 1  , “, av i ’ m ’l ,n nii’i no ( v ’ s  t ira 1 l v )  won ’k groups ,
e a c h  ‘ m i  ‘ u ’m ’

~ I so ”  I’ , - i mu g ~‘,1 m t  - ‘ ‘ ¶ lm ,~ m ’ ! ’~ m i n ’ & ’Ui s :  t ’ ni ’ OflO whIch is to

:‘e n loe ”~ 1’ .’ ’ , mi n t  I “ , ‘ ‘ r , ’ ~ ‘i 1 i S &i l ’ l ~’05m ’mt - ‘ al  1 t h o s e  r’eport i  nq

to h ms - ’ ’ie~’ su , 0~’~ - 5 , ), 
— t , non~’t ’ a 1 i a i m. ’at  io n a m at~ iani~ a t  ions has

been ~ n ~ i ’ - - e~ , m f lOci ~‘i,I ‘ ‘Oh -,,‘ a. ’, ’ t in [me a ~m p n ’ L)~ m r ’ l O t 0 to!’ a

w ide v a t n e t .  a’ - - r  I - i  - I t ltlliS .

1 is  -~n~m’ ; ’~i[’ le , ‘ s, ‘ ,~~‘ r ’ _ tOo t ,t ~‘ l i s s  t n t ’ om’ gamn i :at no m ma l  structures ,

Ot ’ m i s t r ,~ l am ’  a u - i a n  1 ‘ ,i ‘ ‘ i ’ ’~ i I I ‘ ‘ a t  it 0, iI ’ i ’Vo - ‘‘ ,u~lal . One such

c l a s ’ -. ’ r , i ’ . be ~ ‘ ‘ t ’ - ‘ ; a ,t ’ i~ s ’ - , c t i in ’t,’s , m~~ ’i’e L i - \ ’ ’ ’ t ’ s ~“~‘t ’m’ 1app inq
s t i n t ,  ture j~ r’ ,d ’ ’  h ‘ m t .  ~~~ au~~- ’’ an’o n - ,~,nr’e , a l s o . of a pa r t i—
c~n i i i’ muo n Fr  r u  ‘ ‘‘ nns 1 ‘ m ’’’ l a r i  I :a I i al ~‘r , ’m ’i ’ — a t In,’’, , -dO ot the er’n t ire

labor t o n ’ i, t ’ ‘ m d v , ’ um ~ ‘~ p ’i’ v I snin ’ , nc - ,i~ ‘ m , inst tie ‘, u t m ’ , I m ’~ir to re ,im’’onq tht~im—
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In the latter’ two ca ’.es , it would be imunportant to dev lop a
model of organ izat ional functioning which is internally v a l i d . As

has been ; int t e mt by Pecorel la ~ Bowers (1976) , one major cr iteria for
developing FPTI is the a b i l i t y  to m mmeasure relevant dspeL t.~ of t Ime
huninan system . The selection of these din mm ensions is clearly related

to the appropriate immodel of organizational functioning .

This leads to the second of the three major components : the
instruminent used to mnieasum ’ e the huma n system . The instrument

nnmust be consistent wi th the  theoretical model discussed above. A
specific facet of this consistency is the unit of analysis. For
example , if the theory pn’esu mnnes the individual eniployee is the
basic unit , then it i s necessa ry tha t the instrument measure as pects
of on ’ganiza t iona l functioning at the individual level . One subtlety
in selecting ‘off —the—sel f ’  surveys is ensuring the f i t  of the theory
base of the instrument arid the appropriate organizational theory . In
surveys developed for a particular use or setting , it is both
di f f icu l t  to have them theory based as wel l as internally consistent.

The third aspect which needs to be integra ted with the first
two is the perfo mtnuance measures . While often tinnmes present
performance measures represent severa l layers of aggregation , it

would be possible to nmeasure them at the l owest level - i.e., the
individual. One such examnip le would be the penultima te measure of
absenteeisi ii . However , mi other settings , it may be difficult to

actually assign a present performance measure to each indivual.
Two alternatives exist in such circumstances: impute aggregated
values to the desired unit (e.g., individual), or devise new per—
fonniiance miieasures which can be enumerated at tI~ desired level . As
discussed later i r n  this section , frequently the former l eads to

erroneous statistical conclusions.

The level at which pon-formance is nnmeasure d does not have to be
at the sanme level (unit of analysis) as the theory of organizational

S - -  ~~~~~~~~~~~~ ‘ 5 ’ ’ ’ :, , ,,, .,, , ,__~~,,
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As uientioned above , in the present stu c ’ -j , it was necessary to

impute cost cen ter performance values to work groups. Iii the develop-

imm ent of the s ta t is t i ca l  relat ionship between the huma n syst m and

performance , the effect of the imputation of cost center va lues to
work groups is to decrease the variance between work groups Thus ,

the accuracy of the resulting m ni u l t ip l e regression coefficients are re-
duced , as is the accuracy of the computed predi ction equations.
Also i m m mp l ic i t  in this imputation is that the contribution to the
cost center is unifo n ’ nmi across work groups . As discussed below ,
th is  may u’e l l  not Ire the case.

Once the p r e d i c t i o n  equa ti ons ha d been ob ta i n e d , fu ture wor k
group va lues were predicted from the correspond ing change in work
group human system values. In order to do the v a l u e  attribution phase,

work group predicted performance values were aggregated bac k to the
cost center. This was accom plished by taking the arithmetic average

(mean) of the per formance changes of the cost center ’s component work

groups . Impl ic i t  in such a calculation is that the contribution of

the component work groups is equal. This c learly may not be the case.
Take , for examp le, the situation i n  w h i c h  a cost center is made up of 9

non—supervisory work groups (say ,three per shift ) and one supervisory work
group. Most or gan i za tional theo ri sts woul d claim tha t the impac t of the
supervisory work group is significantl y more important than

that of any of the non-su pervisory work groups. Thus a change in

the supervisory work group oug ht to predict more than one-tenth of

the total cost cente r change. Another example might be in a cost

center comprised of three work groups with 10 , 5, and 4 employees.

It is l ikely tha t a chan ge in the larger work group wi l l  have more
impact on the cost cen ter than comparable changes in either of the

other two work groups. (The situation in this second example could

b e hand led through the use cf a wei ght ed mean , if , in fac t, the

work g rou ps are e~se rn tial ly not interdependent.)

Even i f the iumber of cost centers available in the present data

se t had been suff I c iently large to calculate reliable statistical

relations hips between per forunance measures and the SOO , it may not
have been wise to do so. If the cost center became the unit of

a n l a y s i s , then c’ior~ group scores would be aggregated to the cost

cen ter. In many set t ings , such aggregation , usuall y done using
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(w ~ m m I h t e , l ~~:’a’oil’ - , , nir a k i ’ s  sense iti , ’i a ” ’t ical ly. For t’:’, auu ip l t ’ , a n

Or q a nmi. ’a t ior i  ~d-/ P m u v m  4i) d i s t r i c t  a i m  f t ’ o , c omn iposed m u three to
sever n wu r ’~, gm ’oap’~ , I nn t ins si tu~ lion , conniputi ny a d is t r i c t  o f f ice

score as a m o v c ’ ’ a m ie  of  10€’ ,, ow pani i ’ m i t  work groups provides a measure

o f toe district m t  fin e ’s , v ’ m ’al l ‘i ual it’ .’. ~lr e m ” t ~y IO U 5  interde —
j t,’iidt ’’ m~ y ~t t h ’  W m ’t ’ ’ q n ’OLL ;ns is the j~.s t  i t  ica t ion nor th e aggregation .

‘la - ,~pv~’u ’ , in n su mr o -’ cos t  n m ’ n ll em ’s , t O -  i’o m rnmw m i l en t  wor~ m i rou ps may be

e f f e c t i v e l y  i ru-dependent , Consider , fm e x ain i l e , t h e  s ingle work
groups that s ta f f  a part icular r~ich it ie across the three shifts , .
Other t n ~ in n o n m r i j  na t~ on of niiai ntenance , it is conceivable that these
work gn’oups have rio i n to r ’ac t ion  nor ’  inter -dependency. The aggregation
of work qrco~p a t t r ibu tes  to the cost center may not mmnea s ure cost
center at t r ibu tes wh Ic h m ’a late to performance. That is , attributes
of work groups which relate to their performance ~~~ not be gener—
aliza ble to 5i’igregates of indeper~ ent work groups.

Another prob lemu with aggregati rig s m i r k gn-oup scores to cost
centers is not knowing ‘n ow each work group ,‘uuq ht to contribute
to that aggregation. If , in fact , the exact  contribution of each
w0r group to perfon-mance were known , then the aggregated SOO scores
could be combined using the sa nru e re lat ive weighting . However , su c h

knowledge is rarel y ava i lab le .

A f inal consideration of the conseque nces of impu tation in the
present study involves the exam inining the accuracy of prediction. If ,

at the end of the time frannie for which prediction was nade , actual
performance values were ascerta ined , and compared to the predicted
values , ‘interpretation of the coin iparisons is stil l di ff icult .  If
the scores compare favorably, fim ie. If , in fact , they do not , then

two interpretations are possible. F irs t , the ability to predict

may be very low . Second , t h e  process of’ aggregating predicted work

group scores to the cost n ay be at fault , and the accuracy of pre-
dict ion is irreleva nt b ecause of this.

In sumary , it is important tha t the organizati onal theory ,

the actual organi zat ion , the hun- an system illeasure imient device , and
performance data mnneasurennent be integra ted . The optima l solution
is tha t this be done at the same level usin ui the san me unit of
analysis.  For most organizat ion s , this mnnay wel l  be the work group.
It is important , for s tat i s t i ca l reasons , to be careful  in  us ing
grouped data to make inferences reqar-ding the component units . Final ly,
it the ‘!‘ t ’ S ’ ’ ’ I  “e sea r -ch • the 1 inn I ta t  ions of the  ova i 1 ahl e data set

I ‘ ~~~~~~ ‘ “.‘ ‘ , ~~~~~ - a  ‘ 0 ”  ‘ 
‘ hi’ ’ ‘ m m ’ ’ t he prnm ’ € ’ s s
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Figure 7

POSSIBLE WORK GROUP CHANGES L EAD I NG TO

INAPPROPRIATE PREDICTION

WORK GROUP

~1L ~~~~~~~~~~~~~~ ~~~~~~~~~~ ~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _



What would be helpful to know , clear ly,  is the life ex ’iectancy

of most humna n system changes. If the hunman system were imnonitored
at tinme intervals less tha n this expected longev i ty, then the proba-
bility of inaccuracies s inmila r to those indicated in Figure 1 would

be nm inimmna l

The above i l lustration is a s i rmr p l i f icat ion of ac tual human sy s t er mm
c hang es . A t army one point in ti n m m e , there may be several , if not
dozens , of different changes going on in a particular work group.

These may stem fro rnm externa l sources - change of personnel , task

ass i g nrnments , organizationa l struc ture - or interna l sources —
increased ski l l , peer in terac t ion s , personal tragedies. Thus ,

regardless of the l i fe expec tancy of any one change , severa l are

- j apt to be starting and ending in overlapping patterns. Thus , the

surmB nat ive pattern , if one exists , would be the principl e concern
of further investigation.

Implic i t in the above discussion is the existence of cycles

wi thin the human syste rmi . This , i n  i tself , is a ques t ion wi th
different i rmi p l ications. One possibility is tha t there are no

genera liza b le cy cles , and the a bove concern a bou t fre quency of
measuremen t is nnioot.

Performance

In an earl For section , nime asure rm me nt of performance has been
discussed in te rnmms of re l iabi l i ty arid va l id i ty . Here we wish to
discuss both the span of predictabi l i ty  and the longev ity of
p red icte d perfor m nmanc e chang es .

One concern raised by the present research , but riot answerabl e
given the constraints of the available data set , is the limit of future
predictability . That is , how far in to the future can we prudently

~~~ pre dict perfor rimance based on the quality of the hu nmman syste rmm today?

Available evidence is su ggestive of a span of predictability of

a t least two years , but it nmay even be longer . Or ganizationa l van —
ab les which m ay affec t this include a tt r - iti o n , ro ta t i o n  po l i ci es ,
labor force g row th , and demographic nh ar ’a ct e r i s t i cc of the present

labor force.

~~~~~“
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The other issue regar ding perfor mmmar m ce is the life expec tancy of

the performance change. If , for exanm p le , a single unit imp roves
in such a wa y tha t the resulting predicte d performance change is

value d at $5,000, how lon g does this value remain assigned to the

work group? The FPT I mime thodo logy would predict this change only

for ’ one y ear , whereas , w ith no other chan ges in the human system ,
the say i ng wo o Id go on i r m d ef i ni t ely .  in mammy circu mstances , the

increased perforomance wou ld be incorpora ted into new standards , which

also obscures the lasting value of the change .

Measuremen t

One question most . organizations will have , if for  no o ther
reasons than  lo g is t ics and co st , is  ‘how often do we need to nmeasure
the human (social) systen m? ’ Discussed above is the issue of

frequenc y of mmie asurem ent with respect to the pattern , if an y, of
human system changes. Other factors af fecting the frequency of

measurement also need to be weighted when nnma kinq this decision.

Clearl y, nmeasurenment which is consistent wi th an organization ’s

present accountin g system would simpl i fy integration of human

resources accountin g into the total accounting system . While
conce ptuall y it is possi b le to p redict for di f feren t time frames
than the periodicity of human system measuremen t., the com p lexi ty of
statistical analyses arid developmental data base required would make

such a program very difficult to develop. The one exception to tha t

is if the frequency of nmneas ureme nt is some even multipl e of the

predict ion period . (For example , predict for one year , but

mmn eas ure every two years .)

O ther aspects supporting, fiscal year (or multiples thereof )

measuremen t are seasonal changes in work load and annual plann ed

(‘ha nges i nn per formima ni’ o ‘, t a nd~i n-dc , as we I 1 ~n s I t e om minmori a 1 i ty .
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Another problem develops , however , when one begins to •‘mredict
for , say , the fourt h year . The difficulty is pic torially demon-
strated in Fi gure 8. If , in  fac t , it is now time T3 

and predic tion

for the fourth year is to be made , which da ta ought to be used?

Considere d solutions would inclu de a) 13 data only, b) 12 data only,

or c) some corm ’rbina tion of T0
, T1, T2 and T3. At time T3~ the

performance of the organization is a combination of the concurrent
effects as given by the huinma n syst e nm rmmeasure rnent at 13 and a l l

previous predictive effects (within the span of predictability
discussed above) , These effects are most likely not additive
(not independent of each other) and thus demands additional
investigation.

The answer to this prediction problem (which data to include)
is present ly unknown. Research into the adequacy of the different
possibil it ies is needed , but it would appear that the inclusion
of more than one year ’s data could assist in accuratel y predicting

changes .

~~~~~~~~~~~~~~~~~~~~ _ _ _ _  _ _ _ _ _ _ _ _
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Figure 8

LAG TIME OF FIRST CONDITIONS

AND COMBINED EFFECTS YEARS LATER

T0 T1 12 T3

T0 T1 12 T3



~~
‘ -

~~~
-‘-

~~~~~ ——- -- ‘— -‘i’

43

REFERENCES

Bowers , D.G. Or ganizational practices and the decision to reenlist.
Technical Report to Off ice of Naval Research , 1973.

Brogden , H.E. & Tay lor , E.K . The dollar criterion : app lying the cost
accountin g concept to criterion construction. Personnel P,,~~çho1o~y,1950 , 3 , 133 -154 .

Caplan , N. & Barton . E. Social indicators 1973: A study of the relation-
shi p between the power of inforu mation and utilization by federa l
executive. Ann Ar bor , Mic h. : CRUSK - Institute for Social Research
September , 1976.

Daven port , A .S., La poin te , J.B. & Bowers , D .G. Future Performance
Trend Indicators : A current value approach to human resources
accounting - Report IV . Technical Report to the Off ice of
Naval Research , June , 1977.

Dunnette , M.D. , Milkovich , G .T., & Motowid lo , S .J. Possible approaches
for development of a Naval Personnel Status Index (NPSI). Report
to the off ice of Naval Research , July , 1973.

Farrar , D. E. & Glauber , R.R. Mul t icoll inear i ty in regression anal y s is :
the problem revisi ted. Rev , of Econo rmiics and Stat is t ics 49 ,
February, 1967 , 92 - 107.

Franklin , J.L. A path analyt ic approach to descri b in g causal
relationships among social -osychological variables in imiulti-
level ~rgan zia ti ons. A dissertaion sub m n i itted in partial
fulfi l lment of the requiremen ts for th e deg ree of Doctor of
Philosophy , The University of Michigan , 1973.

Haitovsky , V. Mul ticol l inearity in regression analysis: a comment.
Rev , of Economics and Statistics , 51 , 4, 486-489.

Have lock , R . & Havelock ,  M. Tra inin,,~ for chan,9,e a~ents: A guide to
the desi~~ of trainin~, p,,~~~rarns in education and other f ields.
Ann Arbor , Michi gan: CRUSK - Institute for Social Research , 1973 .

Lan gbein , L. I ., & Lichtman , A .J .  Ecological  Inference. A S a ~e
Unive rsi~yj ’a,p,er , 1978 , 10 , 9-70 .

Lapointe, J.B. Davenport. A.S.  & Bowers , D.G . Future perfornmance trend
indicators: A current value approach to human resources accounting ,
Re port V Technical Report to the Office of Naval Researc h . Januar y.
1978.

Likert , R. The human or~~nizat ion. New York: McGraw - H i l l , 1967.

Macy , B.A. & Mirvis , P .H . Measuring quality of work and organizational
effectiveness in behavior-economic terms . Administrat ive Science
Quarterl y. 1976, 2,1 , 2 12 -226 .



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

M i rv is , P.H. & Mac v . 13.4 . Hunma n resource accountin g: A mmmeasure nne nt
pers pective . Aca dem,y of Management Review , 1976 , 1 , 74-83.

Pecorel la -, P .A . & Bowers , D.G , Future performance trend ind icators :
A curren t value approac h to human resources accou nting. Technical
Report to the Office of Naval Research , Sep tember , 1976a .

Rockwell , Richar d C. Assess nment of Mu l tico l linearity , Sociolo g ical
Methods and Research , 1975 , 3 , pp . 308-320. 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

‘



45

APPENDIX A

MLJLTICOLLINEARITY

Multicollinearity is defined as the existence of a linear rela-

tionship between one of the predictor variab les and any subset of the

remaining predictor var iables . In  th e li te ra ture, how ever , it is often
treated as a continuum , and reference is made to the degree of multi-
collinearity. Several authors (Rockwel l, 1975 Farrar and Glauber , 1967 ,
Haitovsky , 1969 ) have discussed multicollinearity and its effect on
the accuracy of prediction. It is the purpose of this appendix to
examine multicollinearity as it exists in the present data , i t s

apparent effect on prediction , and implications for human resource
accounting .

The Present Study

The existence of a high degree of multicollinearity is said to
have the greatest effec t on the reliability of the estimated beta-
weights ( regression coefficients ) , The reliability of these values
is measured by the standard error ( the standard deviation of the sampl ing
distribution) of the beta estimates. This section presents both the
measurement of mul ticollinearity and its effec t on the standard errors .

In calculation of the beta weights , i t  is necessary to compute the

determ inant of X ’ X , where X is the matrix of observed values . (If
the values have been standardized , then X ’  X is the correlation matrix.)
When one variable is a linea r function of other predictors , the deter-
minant of X ’ x is zero. One measure of mu l tico ll inearit y , then, is
the value of the determinant of the correlat ion matrix.

From the present data set , two waves of S00 data ( the predictor
variables ) are available. The determinants of the correlation matrices
for wave 1 and 2 data are both zero to more than 3 decimal places . This
indicates a fairly high level of multicol linearity .

In order to examine the consequences of this interdependence among
the predictors , the results of the cross-validation study completed
earlIer were examined (Pecorella and Bowers , 1976). At that time, the 

— - -
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the entire samp le was randomly divided into equal subsets , and regression
equa ti ons compu ted for each subsanmp l e .  I f , in fact - ,  the estimates are
u n r e l i a b l e , one woul d expec t large standard errors. Table 1 presents

the means and standard deviat ions of the stan dard error terimis for both

TVE and ABS equations (excluding the constant coef f ic ient ) .  As can
be seen , the standard error termns are not large , nor variable, contrary
to theoretical considera tions. (The slight difference between TVE

an d ABS is partially due to different sa ni mp le sizes.)

A second possibi l i ty is to matc h th e es t inmate d beta weights within
each period across subsa nmples. The desira ble goal is tha t the two

values he very s i m im ilar , The absolute difference between the two
es t ima tes were compu ted , and the results are given in Ta ble 2,~ The

magnitu de of the d if ferences is not reall y lar ge, and thus somewhat
con tradictory to theoretical predictions .

The ma gnitude of the expected differences , while not lar g e , is
a func tion of the magnitude of the standard error. That is -, it can be
shown tha t the ex pec ted absolute d ifference is a linear function of
th e standar d error . Thus , how large these absolute differences appear

wil l  be affec ted by the standard error values as given in Table 1.

The final inter pretation , then , rests on the interpre tation of how large ,

and against what criterion, are the stan dard error terms.

Discussion

The above resul ts indicate a high degree of interdependence among

the S0O i ndexes when used a s nmm ul t iva ria te p redictors . However , the
theoretically derived con sequences see nmm rio t to appear. The implications

of this paradox , as well as its very exis tence , are unc lear . Clearly
a d d i t i o n a l  inves t i ga t ion , both theoretical and empirica l , is ind i cated .

The entire field of social science is confronted with non—independent

(non—ortho gonal) predictors. Most suggested solutions to the problem have

in herent shortcom i ngs , (For an enli g htenin g discussion of these , see
larrar and Glauber , 1967.) I t would be of grea t interest and value

if it could be demonstra ted tha t the nm math ecmia tic a lly derived concept of
independence does not ha’de the consequences, at least in some settings , which

are arrived at by the ma thematical s tat is t ic ians .
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Table 1

MEAN S, STANDARD DEVIAT IONS OF
STANDARD ERROR S OF BETA WEI GHTS

FROM CROSS -VALIDATION REGR ESSION EQUATIONS*

Performance
Variable: TV E

PERIODS: C 0 E
RANDOM SAMPLE: 1 2 1 2 2

Mean .21618 ~22O72 .20580 .21614 ~2l2O6 .22905
Standard
Deviation .02815 .02240 ~O2643 .02201 

, ~O276l .02325

Perfo rnm a nc e
Variable: ABS

PERIODS : A B
RANDOM SAMPLE: 1 2 1 2

Mea n .2872 .2850 .2497 .2442

Standard
Deviation .0460 .0282 .0344 .0261

*perjods selected were those for which the split sample N’ s were greater than 150.

‘ ‘ ; . V
~2’j L_...,,,~~~~~_~~~~~~~~~~ ‘-“~~~~
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Table 2

MEANS , STANDARD DEVIATIONS
OF ABSOLUTE DIFFERENCES BETWEEN

BETA WEIGHTS

Performance
V a r i a b l e :  TVE

PERIODS:  C D E

Mean .2307 
n 

.2144 .2240

Sta ndard
Deviation .2116 .1749 .1290

Performance
Variable: ABS

PERIODS: A B

Mean .2193 .1717

Standard -
Deviation .1251 .1263

*Periods selec ted were those for which the split sample N’ s were greater than 150.
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