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FOREWORD

The policy-captuting model developed by the Personnel Reseurch Laboratory has
been described in previous papers (Ward & Davis, 1963: Christal, 1963, 1965). However,
a fable used in a presentation to the 13¢th Annual Air Force Science and Engineering
Symposium (Christal, 1966) was found to provide a relatively ‘'painless-to-take’’ descrip-
tion of the model which communicated effectively to a wide audierice, For this reason,
it is now published (modified and expanded) in the Laboratory’s Technical Report series.
Readers desiring more details concerning the Policy-Capturing Model and its application
should refer to Bottenberg and Ward (1963), Bottenberg and Christal (1961), Christal (1963,
1965), and Ward and Davis (1963).

This research was completed under Project 7734, Development of Methods for
Describing, Evaluating, and Structuring Air Force Occupations; Task 773402, Develop-
ment and Appraisal of Methods for Job Evaluation; and Project 7719, Devciopment of
Procedures for Increasing the Efficiency of Selection, Evaluation, and Utilization of
Air Force Personnel; Task 771901, Mathematical and Stacistical Techniques to Facili-
tate Research on the Utilizaticn of Air Force Personnel.

This report has been reviewed and is approved.

James H. Ritier, Colonel USAF J.w. | uwies
Commander Technical Ditector




ABSTRACT

This paper describes how a mathematical equation, derived with the fixed-X
multipie linear tegression model, can be used to define and implement the policy of
an individual or rating board. The model, which has been discussed in previous papers,
is described in easy-to-follow, non~technical language. Several applications of the
model are presented.
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E TING A HAREM—-AND OTHER
AFPLICATIONS OF THE POLICY-CAPTURING MODEL

=]

L. A S§RT FANLE

Unce upon a time, there was an Oriental king who was concemed as to how he might make a
name for himself in history. 'l know,”” he said, "'I'll sclect a harem larger than King Solomon’'s.’’

So the word went out, and soon thousands of young girls were arriving from the various pro-
vinces to seeck the king's approval.

Early one morning the king began his selection process. As each girl filed by, he looked
her over carefully and then expressed his judgment.

“Excellent!”’ he would say. *'This one is very pleasing to my eye."” Or pethaps he would
hum and haw with indecision. Many ctimes he would show his disapproval in no uncertain terms.
“Never!” he would say. ‘‘Pass on! Pass on!"

In each instance, the Court Recorder attempted to quantify the king's degree of approval by
checking the appropriate level on a 9-point scale which had been devised especially for the
occasion by the Chief of the Royal Psychomericians.

By suppertime the king had considered some 300 girls. His eyes and his imagination were
beginning to tize.

""Most High First Counselor,”” he said, ""you've been watching me all day, and by now you
should know my likes and my dislikes. 1've decided to leave the selection of my harem in your
hands. But take care! If your choices do not please me, it will be your head!"

Afeer the king rerired, the Most High First Couselor summoned the Chief of the Royal Psycho-
metricians. 'I'm passing the job on to you,"” he said. “If you fail to please the king, your head
will toll along with mine."’

The Chief of the Royal Psychometricians called his staff together and explained the situation,
"'"We must not fail,"’ he said, "‘or it will be all of our heads."’

""How shal] we proceed?’’ asked one of the young staff members who was fresh out of the
Royal Academy.

""Well," responded the Chief, “‘we know how the king raced the first 300 girls. Righe?’
**Righe!"’

"'And we can ses everything the king saw when he looked at the girls. Right? ’

“Right!”

*'Then all we have tc do is to uncaver the girly characteristics considered by the king and

determine how he weigheed them in his judgment. This is a natural for the Multiple Linear
Regression Model.'" (See Bottenberg & Ward, 1963)

*‘But how do we know which characteristics he considered?'’ asked the neophyte.

*‘We don't, you fool! Didn't they teach you anything in that school? That's what the
regression model is for. If a girly characreristic adds to our ability to predict the king’s zatings,
we may assume he gave it consideration. Now let’s get on with the business.””

“"How about height?’’ asked one of the staff members. *‘Does the king like short girls or
tall girls?’’
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Neither," repiied another, ' would guess that the 12

king's preference is curvilinear. Some girls arc too tall, while others are too short.

"'"Well,”" responded the neophyte, 'if the relationship is curvilinear, then we cannot use
the linear regression model. 1f we were to plot the curve botw een height and acceptabilicy, 1
think we would find it to be parabolic."’

“They really didn’t teach you very much in that school, did they?”" commented the Chief.
'*What is the general equation for a parabola?”’

“*aX?4 bX + ¢,"" responded the ncophyte.
""Bravo!"" declared the Chief. ‘'Now let X be a vector of heights. If we square each value in
- .2 . . . .
the heigu. veoiu, oo 2nerate 2 new vector X°. Now if we introduce these two predictors in the
regression model, what will be the form of the resulting eyuation™’

"*aX? 4 bX plus the regression constant ¢,” replied the young man.

*'Simple, isn't it?"’ responded the Chief. '‘You see, there’s no problem in fitting curvi-
linear relationships with the linear regression model as long as the proper power terms are intro-
duced as predictors. The linear restriction is on the weighting system, not on the form of the
predictors.”’ (See Figure 1)

Heighe of Applicant (X
5' 00“ 8 PP tea ( ) 6| 10u

High

Acceptability

of aX®+bX +c=Y

Applicant (Y)

Low

Fig. 1. Relationship between applican® height and judged accepiability.

*'"How about eye color?"' asked one of the ather staff members who was eager to move on,
“I'm sure the king looked at the color of each girl’s eyes."’

''Fine,’’ said the Chief, "'we will consider eye color in our equations. Since eye color is
not an ordered variable, we must introduce a separate categorically coded predictor for each

color."
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“What ihe Chicf means,” whispered one of the statt members to the neophyte, Mis that for
a variable associated with a particular eye color, each girl will be assigned a value of 101 her
' ¥ K

eyes are that color and a value of 0 if her eyes ate not that colog”’

Clt's been my obscevaton,'” said one of the group, addiessing the Chief, "'thar the king
likes blue cyes an blondes, but not vn brunettes,””

"That's casily handled,”" responded the Chict. MHirst we will intreduce caceporical pre-
dictors for each hair colory then we can cross-multiply eycescolor and hair-color variables i arder

to gencrate the appropriate interaction predictory”” (See Table 1)

Y1 thought,"” said one of the group, "'that the regression model assumes the predictors o
be normally disuibuted, and also that their joint-distnbution 1 normal, We certainly can’t meet
meet these assumptions using powered terms, mtesaction tegms, and categorically caded predictors.””

"You re rigig T weld oo S, T you'te doid g sboud dic maigenogmal model, But we'te
going to use che (ixed-X model, which does notinvolve these assumprions. We would be swupid
to restrict ourselves to normally distributed predictoss. T would force us o omit most of die vari-
ables which we know che king considered.””’

ot

“But,”” objecred the staff member, “if we use the fixed-XN model, we cannot generalize be-

yond the computing sample,”
“Who can't?’! responded the Chief "' et’s notassume our vquation will fail to hold up just
because our predicrors are not normally distributed.”’

“w-l I'mofrom Quter Missourivich,'” said the scaff member.

“Very well,”’ replied the Chicef, "if it will make you feel better, we will develop our equa-
tion on the first 150 girls rated by the king, and then check how well the equation predicts his
judgments of the remaining 150 girls.”’

And so wene the conference into the wee hours of the moming. Over a hundred predictors
were eventually defined, cach representing a girly charactenstic which might have influenced the
king's judgments. The time hau now come for the acid rest. Could they produce an equation which
would simulate the king?

Table 1. Examples of Categorically Coded and Interaction Prediciors

Predictor Vectors

Applicant X, X, X5 X, Xq Xq X,
Number Bluxr Eyes Brown Eyes Brown Hair Blonde Hair (X, X4) ()(| x,) (X, X3)
1 1 0 1 0 1 0 0
2 0 1 1 0 Q 0 1
3 0 1 1 0 0 0 1
4 1 0 0 1 0 1 ]
3 0 1 0 1 0 0 c
0 1 0 Q 1 Q 1 0
N 1 0 1 0 1 0 Q
3 .
wal
£
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Some of the royal guards had to be called in to help measure and evaluate cach girl an the
predicror vartables, It was a madhouse with 20 guards checking eye colors, weighing aud measr-

ing the 300 girls,

By late ateermoon, the raw data had been accumulated, Al that night and throughout the next
day and pight, one could heat the constant clicking of the abaci beads coming from the royal com-

puting shop. Then cane the answer:

. 2 - . . —
""We got an R* of .87, and it held up in the cross-application sample,” reported a messenget
to the Chief of the Royal Psychometricians, who was with his staff in the coffee room anxiously
awaiting the resules.
“Hmm,"" said the Chief, “‘that’s pretty goed. But it's not good enough for me o risk my head
on it. There must be some variable we failed to consider.”

""Maybe the king likes girls who look like his mother,’

’

"You're a genius,”” said the Chief. “'IUs certainly worth oy’

“How can we quantify that?' asked a staff member. *"You can’t measure it with a yard-
stick.'’

“We'll establish a rating board,”” responded the Chicf. "Each board member will judge how

much cach girl looks like the king’s mother. We will use an average of their ratings for cach girl
as our new prediceor.”’

Whon the new variable was intreduced into the king's policy equation, the R” jumped to .94,
Everyone now felt contident that they had an equation which would trulv simulate the king. The
test was rourine. By the end of the week, all of the 8,000 girls in the applicant pool had been
evaluated by the final policy equation, and those with the highest composite scores were selected,

The king was very pleased with the results, and as a reward, he gave the Most High First

Counselor and the Chief of the Royal Psychometricians thieir chotce of the lefrtovers.
11, APPLICA TTONS OF THE POLICY -CAPTURING MODELL

Capturing the Policy of a Board

The preceding fable describes capturing the policy of a single judge. However, if there
is high interrater agreement among members of & policy board, dhen mean values can be uxed as
the criterion vectar to represent the entire board.  If interrater agreement is low, it may be that
the raters can be divided into two of more groups within cach of which there is high agreement,
This can be accomplished through application of a hicrarchical grouping technique which clusters
judges in terms of the homogeneity of their prediction equations (Christal, 1963; Bouenherg &
Christal, 1901). Thus, if more than one policy exists among board members, cach such policy

can be ideatified and described. Differences i policies are thereby ping cinted for arhitration.

A Few Previous Applications of the Model

The policy-capruging model has been applicd in many studies conducted by the Personndl
Rescarch Labaratory, Equations developed thusfar have been highly valid and have held vy on
cross=application.  For example, cquations have been developed to simulate officer promotion
boards. These cquations will predict with a high degree of accuracy the ratings a4 board will
give to officers under consideration. Recently, equations were developed to simulate the acrions
of carcer counscelors in making the intddal assignments of aarmen graduating from basic uaining.

These cquations are now bemng used nan operational computer-assisted assignment sy ~tem,

offered the neophyte, *'Mer ofwen do,”’

e i ol
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One study was conducted o determine the relanive importance of cortam varmbles i
accounting for the proficiency of ammen working in particolar career laddess (Naylor & Wherry,
190-0)." This could have boer accomplished by having supervisors rare o proficiendy of incem-
bents whe, i tien, had been measured on the variables undes considerats m, The main expense
in such an approach, however, is assodated weth the collection of predictor intormanion, which
would invelve the admimnistravion of tests and the collection of ranings on hundreds of workers
at dozens of Alr Foree bases. Tostead of using data collected on real-live peaple, therefore,

samples were "

‘creared’ by ascribing scores o simulated workers. It can be demonstrated that
exactly the same equation will be obtained using simulited cases as will be obtained uxing

real subjects, provided two conditions are met. Firat, every case gencrated must be concervable
to the judge. Thatis,a case may not be deseribed as being 18 years old and having 29 years of
cducation. Sccond, the scores must be ascribed in a manner which assures reasonable vartance
for cach predictor, In this particular study, several samples of 250 simulated cases cach were
developed, and not one of the judges realived thar he was ratng aruticial incumicuts. Further-
more, many of the obtained policy equations correlated above (90 with ratings obtained from these
judges. Similar results have been obtained in other studies using simulated stimuls (Madden,

1963; Madden & Grorgia, 1905).

The Officer Grade Requirements Project

The Officer Grade Reguirements (OGR) Project is probably the largest offort on record involv-
ing the capturing and impiementation of policy in an operational scrting (Christal, September 1968).
The Director of Air Force Manpower and Osganization asked the Personnel Rescarch Laboratory if
1t could conduct a study o determine the appropriate distribution of grades for jobs in varions
officer specialties and utilizavon fields. We said, "'Fine—if you will make a policy decision con-
cerning the appropriate grade levels for a sample of jobs which we will select, then we will provide
you with a system to determine the appropriate grade levels for the rest of the jobs in the Air
Forcel”

The agreement was made, and as a first step comprehensive job descriptions were collected

from 85,000 officers. A sample of 3,975 descripions representing jobs at all Jeve!

s anall specral-
ties was selected from this fileo Then a policy board composed of 22 colunels was called by Head-

quarters USAF to determine the appropriate grades for jobs in the sample.

Coflcenon of Ratmgs jror o Policy Boend Using a iG-paint scale] five members of the
board provided independent grade ratings for cach of the 3,575 jobs. The scale provided for three
levels within each grade. That is, the rater had o indicate whether ajob is most appropriately
filled by a senior colonel, a colonel with average time in grade, or a junior colonel, Board members
had access to any information needed about the nare of a job being rated. Firsg, chey had the
job description, If (hey needed more information, they could consult the members of a panel idea-
tified as being knowledpeable in the relevant carcer areas It that was not enough, they could call
special air staff consultants available at Headquarters USAF. Finally, if necessary, they couald

telephone the supervisor of the incumbent in the job bemg rated,

Ratings were independent, Board members were oot allowed re have knowledge of the carrent
Unit Manning Document grade avthorization for the job, They were not informed ot the grade held
by the incumbent or by his supervisor, Membors were por permitted to question other board members

of consultants concerning the appropriate grade ton the job being rated,

1. N
Phis stody was condu ted under conrret warh dhe Odio Stec Dnivessany aned s manatercd ror tge
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Analysis of Board Ratings, Since ratings pravided by the policy board were to be used for
establishing Air Force grade requirements, it was important to demonstrate that these ratings were
stable; that there was high agreement among board members conceming grade requitements for par-
ticular jobs; that the raters had confidence in their ratings; and thar the raters were nor biased
for or against jobs in vartous specialties or commands. A series of analyses of the policy board

ratings was accomplished to evaluate the quality of their ratngs

Results from these analyses were encouraging. First, the interrater agreement was correlated
ar .92, which was considered acceptable for the proposed application. Sccond, the raters expressed
a high level of confidence in their grade ratings ol the 3,575 jobs in the criterion sample. Jor
2,387 of the jobs, at least four of the five raters expressed e highest lever of confidence in their
judgments. Only 59 jobs had an associated confidence level of less than 2,00 on a 3-point scale.
Finally, analyses indicated that board members were not simply giving back the grade levels cur-
rently authorized for jobs; and that they did not recommend a wholesale across-the-board increase
in grade.

Table 2 shows summary results of an analysis designed o identify raters exhibiting a bias
for or against jobs in a particular command or occupational grouping. The values in the table are
the differences between the average of ratings assigned by o rater on the '6-point scale to jobs in
a particular category and the average of ratings assigned by all raters. Since three poines on the
16-point scale represent one grade level, a value of 3.0 in the table would indicare that a board
member rated jobs in a given category approximately one grade higher than other board members,
Similarly, a value of -3.0 would indicate judgments averaging one grade lower than those of other
members. The highest reported value is 1.7, and most of the values are less than 1.0, The larg-
est values tend to be associated with judges who rated all categories somewhat high or low, and

these judges did not show a bias toward jobs in particulas categories.

Development of a Policy quation. Once the policy board’s grade ratings for jobs in the cri-
terion sample had been accepted, attention was directed taward development of a policy equatien.
This turned out to be a challenging bit of detective work because no information was available to
indicate the factors considered by board members in making their decisions about grade require-
ments. During an eight-month period, nearly 200 variables which might have influcnced the board’s
judgments were hypothesized and evaluated. Slowly but surely, . ter computation of several hundred
cquations, a relatively simple 9-predictor system evolved which adequarely expressed the board's
rolicy. Every one of these predictors had high facce validity for grade; and when properly weighted
Lugt[htr, th:,‘y p[uduLcd £y iu'u cvaluation Lumpubilc which lad a correlation of 92 with the judg"
ments of the board in the 3,575 case sample.

Table 3 desc-ibes the variables in the final equation, The first five variables are job evalua-
tion factors rated by lieutenant colonels and majors in the field and may be considered the primary
definers of officer grades. According to the policy equation, the grade of an officer job is deter-
mined first by the complexity, variety, and level of activities managed; second, by the scope and
significance of work for which planning is done; third, by the requirements for special training
courses and on-the-job experience; fourth, by the importance and independence of judgments and
decisions required by the job; and fifth, by the level of agencies and individuals with which or with
whom the incumbent must communicatz. It is also noted that the organizarionai level of the job and
level of the job within this organiz cion help to determine the appropriate grade level. It was found
that superv sors’ judgments concerning the appropriate grade level for jobs tended to be inflated.
However, since the cquation automatically adjusted supervisory ratings to bring them imo Line with

the policy board’s recommendation, iis variable was found useful for inclusion in the equation,
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Table 3. Definition of Variables Included in Officer Grade Requirements Policy Equation

Veriohio

Veriabie

Numbar Home

Varloble Definitien

e e e e et

Source of
Date

1

Management

Planning

Special
Teaining
and Work
Experience

Judgment
and Deci-
sion Mak-
ing

"Communica-
tions Skills

Level of
Organiza-
tion in
Which Job
Oceurs

Level of
Job Wichin
Organiza-
tion

Field
Grade
Rating

Supervisor's
Grade Rating

The leve] of executive and manegerial skills
required by the job. The complexity, variety
and [evel of the activities which are directed,
organized, coordinated, controlled, commanded,
or evaluaced.

The extent to which planning is required by
the job, The scope and significance of wock
for which planrning is done, The longer the
time span for which planning is done, the
higher the rating.

The excent to which the job requires knowl-
edges and skills which must be acquired
through special training cnurses or on-the-job
experience. Does not include general courses
given by Squadron Officer School, Air Com-
mand and Staff College, or Air War College,

The importance and independence of Judg-
ments and decisions required by the job. The
nature, variety, and possible impact of deci-
sions. The less well defined the gnidance for
decisions, the higher the rating; while the
mere specific and detailed the guidance, the
lower the rating.

The extent to which the job requires skill ia
oral and written communication as well as
the level of the indivicuals and agencies in-
volved.

DOD or Hq USAF =9
Hq Major Air Command =8
Numbered AF or equivalent =7
Air Division or equivalent =6
Wing or equivalent =3
Group or equivalent =4
Squadron or equivalent =3
Detachment or equivalent -2
Other =0
Command Element =7
Directotate, Department, Office

or equivalent =6
Division or equivalent =5
Branch or equivalent =4
Section o equivalent =3
Unit or equivalent =2
Other -0

Rating of appropriate grade for job using
the 16-point OGR Grade Rating Scale.

Supervisot's rating of appropriate grade for
job using a 7-point scale.

Mean catings for
each job obtained
from five field
judges

Mean of ratings
for each job ob-
tained from five
field judges

Mecan of ratings
for each job ¢b-
tained from five
field judges

Mean of ratings
for each job ob-
rained from five
field judges

Mean of :atings
for each job ob-
tained from five
field judges

Data from Job
Description
Form

Data from Job
Description
Form

Mean ratings for
cach job obtained
from five field
judges

Data from Job Des-
cription Form
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Alter a satisfactory policy =quation was developed, it was applied to determine the grade :

Y policy =9 ped, pp g :
requirements for an additional 10,000 jobs., These results were projected to determine the appro- ¢
priate discribution of grade for various specialties and specialty groupings (Chriscal, 1965). ;

With its implications on the establishment of Air Force officer grade requirements, the OGR
study illustrates an important application of the policy-capwuring model. In this study, the model
permicted expression of the policy of a board in a definite and precise manner and definition of the
meaning of grade to this board.

I, SUMMARY AND CONCLLUISIONS

A model has been described for defining and implementing the policy of a rating board or au
individual. The policy beard is required to study relevant information and to prescribe the correct
decisions or actions to be taken in a sample of situations. The mulciple linear regression model
is employed to idertify the variables considered by the board, and to determine how these variables
must be weighted to reproduce the board’s actions. The resulting equation is called a policy equa-
tion. Application of the policy equation for subsequent decision making is cailed policy simulation,
since the equation literally simulates the board.

Studies thusfar conducted indicate that policy boards are highly consistent in their judg-
ments when the problem is well defined and when relevant information is available. Policy equa-
tions developed using the regression model have been very accurate. Equations are easiest to
derive when data considered by the board are known and are already quantified. However, it is
usually possible for an investigator to identify the appropriate variables when they are not defined.
This is accomplished by a system of hypothesis testing. When case data are not available to the
board, it is still possible to develop a policy equation, using cases which have been created by
ascribing to them score values on relevant variables.

In the Air Force, boards are frequently convened to determine how variables should be
weighted together for making decisions. Who shall be promoted? Who shall be tretumed to active
flying status? Which specialties shall be given proficiency pay? Which officers shall be inte-
grated into the regular Air Force? Who shall be retired? The solution of all such problems involves
the weighting together of factors judged 1o be relevant for the achievement of agreed-upon goals.

If these factors are made explicit, then the multiple linear regression analysis model can be applied
to derive a precise statement of the factors and weights to be used in carrying out the board's
recommendations.

Applications of the policy-capturing model described in this paper have been drawn primarily
from the military seceing. However, one can easily see how the model might be applied to study
such diverse properties as the qualiry of beefstock, the beauty of pictures, the effectiveness of
workers, the quality of English compositions, or the accepeability of applicants for a king’s harem.
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