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Abstract

OF THE DOLLAR VALUE OF PERFORMANCE IN A COMPLEX
MILITARY OCCUPATION: & COMPARISON OF METHODS

V.W. Johnston

November 1988

A major impediment to the application of the
Cronbach-Gleser model for estimating the utility of
personnel selection programs, has been the difficulty
encountered in accurately estimating the standard
deviation of the dollar value of performance (SDy).

In this study, 206 Canadian naval officers
estimated SDy for Jjunior officers in a complex naval
ocoupation using the procedure proposed by Schmidt,
Hunter McKenzie and Muldrow (1979) or a modified
procedure. In the modified procedure, the Schmidt et
al. instructions were changed to provide judges with
additional information regarding percentile point
estimates, the order in which estimates were to be
made, the context of the performance, and the
dimensions being assessed. SDy estimates from the two
procedures were compared and the results indicated that

the modified procedure did not reduce between-judge
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variance as predicted but did sigdnificantly affect the
judges’ perception of the underlying distribution of
performance. It was also found that supervisory rank
and experience significantly affecced the between-judge
variance of the SDy estimates.

The estimates made using the Schmidt et al. and
modified procedure showed 1little convergence with
estimates made using the Superior Equivalence and 40%
procedures. The latter procedures produced similar
estimates which were higher than those made using the
first two procedures.

The assumption of normally distributed
performance was not supported in the study. This and
other findings, indicate the need for further research
in several areas before widespread use of any of the

estimation procedures is adopted.
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Introduction

Decision makers in the military, like those in
business, have become increasingly concerned with the
relationship between the —costs of developing,
conducting and evaluating personnel selection programs
and the dollar-valued outcome of the programs.
Although equations for calculating the utility of
personncl selection programs have been available for
some time (Brogden, 1949; Crobach & Gleser, 1965),
there has, until recently, been little work in this
area. Reviews of the history of the development of
utility analysis (Catano, 1988; Cascio, 1982; Schmidt,
Hunter, Mckenzie, & Muldow, 1979) sugdest that a major
obstacle to more widespread use of these equations has
been the difficulty in estimating one of the key
parameters: the standard deviation of Jjob verformance

Dy

Early techniques for assessing the utility of
selection tests (Taylor and Russell, 1939) compared the
proportion of successful applicants selected using the
new test to the proportion of applicants who would have
been successful if the test had not been used. The
Taylor-Russell model did not take into consideration

the costs involved in developing and conducting the
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test, nor did it consider the variation in the value of
"successful” applicants. All successful applicants
were assumed to be of equal value, whether their
performance was superior or just met the criterion

cut~off.

In 1949, Brogden developed an equation for
assessing utility that expressed ocutput in dollars. The
Brogden model recognized that the performance of each
of the applicants selected for a particular job was not
of equal value to the organization. The utility of a
selection procedure was, therefore, dependent not only
on the cost of the selection procedure and its
validity, but also on <the variability of the dollar
value of job performance or "SDy".

The Brogden model was extended by Cronbach and
Gleser (1965). Their equation, which has been one of
the most widely used nethods for assessing utility
analysis of selection programs, indicates that the
utility of a selection procedure is a direct
multiplicatic  function of  SDy, the validity
coefficient of the procedure and the mean standardized

test score for those who are gelected, or:
AU = AU = rxy SDy2x~CA/Q

Where AU = the dain in utility per selectee over
random selection.



rxy = the correlation of the test with the
criterion.

Ns = the number of applicants selected
using the tast.

Z» = the mean standardized predictor score.

(@]
jo-g
I}

the selection cost per applicant.

the proportion of applicants above the
predictor cutting point (selection
ratio).

S
t

Given this equation, SDy directly affects the size of
the potential benefit that could be derived from a new
selection program. A large BSDy can Jjustify using a
test of low validity. On the other hand, little
variability in dollar-valued job performance among the
applicant population (a small SDy) would not justify
the costs of developing and using incrementally wvalid

selection procedures.

Schmidt et al. (1979) offer the following example
of how a test of low validity can have a higher utility

than a test of high validity:

rxy Zx SDy ﬁ/
selectee
Mid level job
(e.g., systems analyst) .20 1,00 25, 000 $5, 000
Lower-level job .60 1.00 2, 000 $1,200

(e.g., Jjanitor)
Despite the low validity (.20) of th2 selection

test for the mid 1level job, large variation in the
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dollar value of performance (25,000) results in
considerably larger savings per selectee than the test
of high validity (.60) where variation in the value of
Jjob performance is low. This illustrates the critical
role of SDy in utility analysis and the need for an

accurate estimate of this parameter.

The Global Estimati Mode]

Until recently, it was generally accepted that
the only way to estimate 8Dy was through costly and
complicated cost accounting procedures in which the
dollar value of +the job performance of each employee
was costed out and the standard deviation computed.
These procedures entailed tremendous time and effort,
while unclear and questionable methods involved “many

estimates and arbitrary allocations" (Roche, 1985,

p.263).

In 1979, Schmidt et al., proposed a procedure
for obtaining a rational estimate of SDy, They
reasoned that, "if Jjob performance in dollars is

normally distributed, then +the difference hetween the
value to the organization of the products and services
produced by the average employee and thosz produced by
an employee at the 85th percentile in performance is
equal to SDy". They argued that supervisors, who had

the best opportunity to observe output differences on a
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day-to-day basig, could be used to estimate the value
of products and services produced by employees at

different performance levels.

In a study of the utility of a computer
programmer aptitude test, Schmidt et al. (1978) used a
careful ly developed questionnaire to ask 105
supervisors to estimate the yearly value to the
organization of products and services produced by the
low-performing (15th percentile), average performing
(50th percentile) and the superior (85th percentile)
computar programmer. In making their estimates, the
supervisors were asked to consider what the cost would
be of having an outside firm provide the same products
and services. Estimates of SDy were calculated by
finding the mean differences between estimates at the
15th and 50th percentile and estimates at 50th and

85th.

While recognizing that the procedure was subject
to error, Schmidt et al. (1979) suggested that it was
not eritical that estimates of utility be accurate down
to the last dollar. They pointed out that utility
egtimates are typically used for decisions about
selection programs where only errors large enough to
lead to incorrect decisions are of any consequence.

They maintained that jobs at the higher levels of the
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occupational hierarchy, where SDy values were largest
and the utility of selection procedures potentially
greatest, are handled least well by accounting methods.
They also felt that, by referring dollar estimates to
the cost of services by an outside consulting firm,
they had provided a "relatively concrete standard" and,
by averaging estimates across a large number of expert
Judges, they could control idiosyncratic tendencies,

biases and random error.

The Schmidt et al. ’global estimation model’ has
since been used in at least seventeen utility studies
involving various occupations, such as sales (Burke and
Frederick, 1984; Burke and Frederick, 1986; Cascio and
Silbey, 1979; Weekly, Frank, O’Connor and Peters, 1985;
Reilly and Smithers, 1985, Greer and Cascio, 1987),
financial services (Bobko, Karren and Parkington, 1983;
DeSimone, Alexander and Cronshaw, 1986; Hunter and
Schmidt, 1982; Mayer, 1982; Mathieu and Tannenbaum,
1985), 1law enforcement (Karren and Bobko, 1983,
Schmidt, Mack and Hunter, 1984), nursing (Tannenbaum
and Dickinson, 1987) and military occupations (Eaton,
Wing and Lau, 1985; Eaton, Wing and Mitchell, 1985;
Rossmeissel, 1984).

The results of the studies, most of which were

aimed at evaluating the estimation procedures, can best
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be described as squivocal, In those studies where
comparisons could be made with objective measures of
the valus of Jjob performance, such as sales
performance, the global procedure produced good
estimates in two studies (Bobko et al., 1983; Greer and
Cascio, 1887) and poor estimates in two others (Mayer,

1982; Weekley et al., 1985).

In most of the global estimation studies, +there
was substantial variation across Jjudges within each set
of estimates for a particular percentile (Mayer, 19882;
Schmidt, Hunter & Pearlman, 1982; Bobko, Karren &
Parkington, 1983; Burke and Frederick 1984; Eaton, Wing
% Mitchell, 1985; Reilly and Smithers, 1985;  Weekly
et al., 1985, Greer and Cascio, 1987). In at least
six of the studies, the standard deviation of the
estimates was found to be as large or greater than SDy
(Schmidt et ai., 1979; Bobko et al, 1983; Burke and
Frederick 1884, Reilly and Smithers, 198%5; Weekly et
al., 1885; Greer and Cascio, 1987).

Many of the researchers concluded <that the
extreme variability between judges demonstrates the
difficulty in making Jjudgements about employee worth,
particularly in situations, such as the military,
where the cost of c¢ontracting for services is unknown

and where the criteria of successful performance is
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subjective and poorly defined (Bobko et al.,, 1983;
Burke and Frederick, 1984; Eaton et al, 1983; Mayer,
1982; Reilly & ©Smithers, 1983). It appeared that
judges using #global estimation techniques were using
very different scales and/or referring to different

dimensions in making their estimates.

In an effort to reduce the variability between
Jjudges, Burke and Frederick (1984) modified the Schmidt
et al. (1979) Global Estimation procedure by feeding
back to manager/judges the mean estimated value for the
50th percentile before asking them to make the other
percentile Jjuddgements. This sequential procedure,
which was originally proposed by Bobko et al.(1983),
effectively reduced the percentile point variation in
the Burke and Frederick study, but did not reduce
variation in similar studies by Karren and Bobko

(1983), and Wroten (1884)

The 40% method

In their research with SDy estimation, Schmidt
Hunter and Pearlman (1982) found that resulting
estimates, when expressed as a percentage of salary,
typically fell between 40 and 70%. They recommended
that, as a rule of thumb, the round Ilower bound
estimate of 40% ocould he used as a conservative

estimate of SDy when time or resources did not permit
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the global estimation of SDy. There appears, however,
to be little theoretical or empirical support for
using the 40% estimate (Catano, 1988). Subsequent
global estimates of SDy have ranged from 19% (DeSimone
et al 1986) to 133% (Reilly and Smithers, 1985) of

salary.

The CREPID procedure

An alternative method for estimating SDy was
proposed by Cascio and Ramos (18986). The Cascio-Ramos
Estimate of Performance In Dollars (CREPID) procedure
relies directly on salary and 1is based on  the
assumption that the value of a commodity is its market
price., The value of an employee’s labour, therefore,
is equal to what an organization is willing to pay for

it.

The CREPID procedure involves a job analysis
phase and a performance appraisal phase and is carried

out in eight separate steps:

1. Based on the job analysis, Jjobs are broken
down into principal activities that encompass at
least 10% of total performance over a one year
period. The supervisor verifies the accuracy of
these prinicipal activities but is not involved in
providing data for the job analysis;

2. The supervisor rates each principal activity
in terms of time/frequency, importance,
consequence of error and level of difficulty. The
"time/frequency"” dimension is rated on a 0-100
scale with each principle activity rated as a
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prercentage of the total so that rating for all
principal activities will equal 100%¥ . The other
three dimensions are rated on a 0-7 scale;

3. Each principal activity is assigned a
relative weight. This is achieved by multiplying
together the numerical rating for time/frequenoy,
importance, consequence of error and 1level of
difficulty for each principal activity and
dividing the overall rating for each activity by
the grand total;

4, A dollar value is assigned to each principal
activity by allocating a proportional share of the
employee’s salary to each activity based on the
relative weight calculated above;

5. The supervisor rates the performance of each
employee on each principal activity using a 0-200
point scale. This modified magnitude estimation
procedure results in a rectangular distribution of
ratings;

8. The performance rating for each activity is
multiplied by the dollar value of the activity,
thus weighting the economic value of each activity
by the individuals performance score;

7. The overall dollar value of each employee’s
job performance is computed by adding the weighted
activity values from step 6 for each individual;
and

8. The mean and standard deviation of
dollar-valued Jjob performance is computed.

Unlike the global estimation model, supervisors

wsing the CREPID procedure do not have to estimate job

performance in dollars, but simply judge performance,

which is a typical part of their duties.

Three studies have compared the CREPID procedure

to other estimation methods (Weskly et al., 1985;

Reilly and Smithers, 1985; Greer and Cascio, 1987).
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In all three studies, the CREPID procedure resulted in
smaller estimates than the global procedure. Greer and
Cascio (1987), also found that the CREPID procedure
resulted in  much smaller estimates than a
cost--accounting method, while Reilly and Smithers
(1985) found that the CREPID procedure provided
conservative estimates compared to objective sales
data. Global estimates in +the Reilly and Smithers
study were more consistent with the objective sales
data; however, as performance information became more
difficult to convert to dollar terms, global estimates
became less accurate and more variable.

In a study of store managers, Weekly, et al.
(1985) found that the CREPID method and the 40% method
produced comparable results that differed ‘“markedly"
from those produced by the global estimation model.
Similar results were found in a recent study by
Edwards, Frederick and Burke (1988). The more
conservative estimates of SDy using +the  CREPID
procedure may result from the fact that the estimates
are directly linked to salaries which, in the US, have
been calculated at about 57% of output.

The Edwards et al, (1988) study examined the use
of organizational archival data in place of the data
specifically obtained for CREPID. They compared the
normal CREPID method with three modified methods using
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archival performance evaluations, job analysis ratings
or both evaluations and ratings. The estimates
obtained from the modified methods converged with those
of the normal CREPID and the 40% method at a level
nearly one-fifth ot that for the global procedure.
Despite this convergence, Edwards et al. expressed
concern about the use of archival performance
evaluations as they were contaminated by their use in
merit compensation decisions, the requirement  of
feeding back the evaluations to subordinates, and an

emphasis on employee development.

While conducting research with  Army Tank
Commanders, Eaton et al. (1985) found that 12% of their
sample refused to provide dollar estimates for average
and superior performers. They objected on the grounds
that soldiers’ 1lives and combat activities were not
describable in dollars. Eaton et al. proposed two
methods for obtaining non-dollar estimates of SDy in
situations where contracting out is not possible and
where supervisors are far more accustomed to thinking
about the value of operational output rather than
dollar value. The first method, the Superior
Eauivalents Technique, requires the supervisors to

estimate how many superior (85th percentile) performers
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would be needed to produce the output of a fixed number
of average (50th percentile) performers, The
performance estimates are then transformed to SDy

estimeates, based on the value of average performance.

The second method, the Systems Effectiveness
Tachnique, is based on the concept of a ’system’
comprised of performing units, all of which contribute
to the total agdredate performance. Improved total
system performance can be obtained either through
improved unit performance with existing numbers of
units or by increasing the number of units with the
same performance., Consequently, the value of improved
unit performance in obtaining  higher aggregate
performance is equal to the cost of +the increased
number of units that would be needed to obtain the same
higher level of ageregate performance. The BSDy in
dollars then, equals the cost per unit times the ratio
of the non-dollar standard deviation of performance to

the initial mean level of performance.

On testing both of their techniques, Eaton et al.
concluded that they would be wuseful in providing
estimates which bracket true utility values. Catano
(1988) sugdested that the systems effectiveness
procedure is based on two assumptions which may not

nold true for many military situations. The procedure
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assumes that the performance of a unit is attributed
primarily to the performance of the individual in the
Jjob under investigation. It is also assumed that all
units are at the same initial level of performance and

that all reach a new level at the end of the treatment.

While the Systems Effectivness procedure may work
reasonably well with small, well defined "systems" such
as tank crews, it would not be applicable to more
complex, interacting systems such as ship’s departments
or aircraft maintenance sections, where system
effectiveness is dependent upon the performance of
personnel in various occupations and upon numerous
external factors. Similarly, the Superior EKEquivalents
Technique is easily applied where individual
contributions are clearly defined and superior
performance can be translated into numbers of averade
performers. At higher 1levels of the organizational
hierarchy, however, +this translation is much more
difficult, as Jjobs become more complex and poor
performance cannot be offset by increasing the number

of managers/supervisors,

In discussing their research, Eaton et al. point
out the need to question whether, and how, aqualitative
variables and multidimensional constructs are being

transformed into unitary quantitative indices. For
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many occupations, such as military ones, performance is
not easily translated into dollar terms. As this
translation becomes more difficult SDy estimates appear
to be less accurate and more variable (Reilly and

Smithers, 1985).

Estimating SDy in a Complex Naval Officer Occupation

Estimating the dellar value of job performance in
the military presents a special challenge. The global
estimation model is likely to result in unusually high
between-judge variation in the estimates because the
worth of military members is not easily asseused in
terms of output, and the cost of contracting out of
services is generally not available. Procedures such
as the CREPID and the 40% method may  provide
misleading results because military salaries do not
normally reflect the market value of a particular
military co~upation but are based on occupational
groupings and rank levels. The non-dollar estimation
techniques proposed by Eaton et al. (1985) may provide
accurate SDy estimates in selected military situations
but are not 1likely to be useful for complex military
occupations that are part of an interacting system such
as a ships crew. Contextual factors, such as a wartime

vs peacetime scenario, can also have a significant
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effect on both the perceived (and real) worth of the

servicemember (Sadaaca and Campbell, 198%5).

Until researchers can understand, and control,
the underlying components which 1lead to  human
Judgements about worth, the estimation of 8Dy in
military occupations will be difficult and global
estimates of the dollar value of performance will be
subject to a relatively high dedree of variation across
Judges. It should, however, be possible to reduce some
of the variation by controlling those factors which
past research has already led us to suspect are
contributing to it. One aim of this study is ¢to
investigate methods of reducing the between- judge
variance in the estimation of <the dollar value of Jjob
performance in a complex military Jjob, specifically the
Job of a Sub-Lieutenant in the Maritime Surface and
Sub-surface (MARS) occupation in the Canadian Armed

Forces.

The Sub-Lieuytenant MARS Officer

Canadian Forces MARS officers are carefully
selected and highly trained. Officer candidates must
have at least a high school graduation diploma and
achieve a score at the 80th percentile (of the military
applicant population) in a test of geaeral learning

ability. They enter the MARS occupation through
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several different programs; some through subsidized
university or military college programs; some enter
directly with or without a college dedree and some are

commissioned from the ranks.

All of the MARS officer applicant entering from
outside the military are interviewed by a recruiting
officer to assess their military and leadership
potential. If they meet officer entrance requirements,
they attend a multiple assessment board which
includes: leadership tasks in a group context; an
in-basket exercise; a file review of biographical and
test information; an interview by a board of senior
officers; and  two leaderless  group discussion

exercises,

Successful MARS applicants complete a 13 week
basic officer training course (BOTC), where they are
assessed on leadership ability, communication,
decision~-making and presence of command. Following
BOTC they undergo six months of extensive academic and
practical training in the primary aspects of seamanship
and navigation. This is followed by a six month Naval
Operations Course (NOC) which introduces them to the
operational and administrative aspects of the Naval

environment.
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On successful completion of the NOC training,
officers who will serve on surface ships, proceed to
operational Destroyers for a 10 month on-the-job
training period where they qualify in bridge
watchkeeping. After receiving their watchkeeping
certificate, they will normally attend a Destroyer 'D’
level course in a specialty area of Weapons/Electronic
Warfare, Navigation or Anti-submarine Warfare Air
Control., It is not until they have completed the ‘D’
level training, that the officers are fully trained to
perform their duties on a ship and, it is only then,
that the variance in the value of performance between

officers can best be assessed,

The annual salary of a Sub-Lieutenant will vary
depending on length of service and method of entry into
the occupation. The rounded average salary of a fully
trained Sub-Lieutenant collecting a sea duty allowance

is $30,000.

The MARS Sub-Lieutenant (SLt) is typical of the
groups for which within-cell wvariation of dollar value
estimates of Jjob performance is high. Their job
performance is very difficult to convert into dollar
value. They are employed in a wide spectrum of
activities related to the operation of naval ships,

naval weapons systems and combat information systems,
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and their failure to perform could predjudice the
safety or suocess of naval operations and possibly lead

to the loss of life or damage to valuable equipment.

Other faotors which research has indicated may
contribute to a high degree of between-Jjudge variation
in global estimates of the dollar value of a MARS SLt’s

job performance include the following:

1. The supervisor’'s ravk and experience -
The Sub-Licatenant works within a clearly defined
rank structure. He 1is genserally  supervised
directly by a senior Lieutenant or Lieutenant
Commander with a Commander at the second level of

supervigion.

Mayer (1982) found substantial differences
in the standard deviation of point estimates by
supervisor/judges at different organizational
levels when estimating the worth of bank tellers.
The SDy estimates by branch/district managers came
nloger to accounting estimates than did estimates
by the +tellers’ immediate supervisors. Unlike
military officers though, a bank teller’s
performance can be relatively easily assessed
against rigid control systems. Reilly and

Smithers (1985) suggested that, "it may be that



-20-

experienced supervisors can  more accurately
translate the performance of their employees into
dollars even under complex conditions" (p.660).
Additional research 1is required to determine
whether military rank or experisnce ia a factor in

determining who will be +the most appropriate

Jjudges.
2. Contextual factors -~ wartime vs._ peacetime
scenariqs -Sadaaca and Campbell (1985) found that

the judged worth of military occupations changed
when a wartime or peacetime scenario was used.
Bobko et al. (1983) suggest that SDy may not be a
static parameter and that judgements may well be
different in a hostile as opposed to a benign
organizational environment. In the Eaton et al.
(1965) study, vhere Tank Commander’s were
relunctant to estimate worth and estimates were
highly varied, supervisors were asked to estimate

the value of performance "in combat".

Although military personnel are ultimately
selected for their ability to perform in wartime,
the dollar utility of eelection programs isg
generally not an issue during wartime. It is

during the periods of budgetary restraint in

peacetime that the cost/benefit of personnel
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programs is of most concern to funding authorities
and it is against peacetime manning levels that
benefits are being measured, Regardless of which
gcenario is used, it should be specified in the

ingstructions to judges.

Although very few Canadian Naval Officer’s
supervisors have witnessed performance during
combat, they may base their estimates of the value
nof Jjob performance on a hypothetical combat
scenario. They will need to be reminded that they
are making estimates based on their own experience

in a peacetime force.

3. Supervisors's interpretation of percentile
point 1 Y : lorlyi listributi

- In reviewing the research on 8Dy estimation,
Bobko et al. (1987), stated that there is 1little
understanding of how judges cognitively process
the meaning of the 15th percentile or the 85th
percentile. At least two studies (Bobko et al.
1983; Kerren and Bebko 1983), reported that over
20% of the supervisors provided inconsistent
judgements in the percentile estimates. Bobko et
al. (1983) suggest that Jjudges may be using a
uniform (rectangular) rather than normal (bell

shaped) distribution. Sehmidt, Mack and Hunter
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(1984) suggested that although Jjob performance may
be normally distributed, supervisors may be more
cognizant of variation at the lower end of the
spectrum because thay have developed a mental set
focused on avoidance of errors on the part of low
performers rather than attending to outstanding

performance.

In their study of U.S. Marshalle, Karren and
Bobko (1984) found that because of high selection
ratios and intensive post-selection training,
supervisors felt that "If they got this far,
they’re all outstanding"”, and they tended to
equate 50th and 85th percentile performance, while
giving very low values to the 50th percentile

performance (Bobko et al. 1987).

Like the U.S. Marshalls, Sub-Lieutenant MARS
officers are carefully selected and extensively
trained. While supervisors may  experience
difficulty in making percentile point estimates of
their value, skewed distribution and within-cell
variation in estimates might be reduced by
providing clearer instructions regarding
percentile estimates and a diagram of percentile

points in a normal distribution.
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4. Order effect - The order in  which
percentiles are estimated may also contribute to
between judde variance in estimates. In their
research, Burke and Frederick (1984) discovered
that, despite instructions on the order in which
to estimate percentiles, several judg€es used a
different order (eg. estimated the 15th percentile
before the 50th). They suggested that  the
different ordering of percentile estimates may
have accounted for some of the large within-column
variances in their study. In a more recent study,
Schetzner and Bobko (1986) present:d subjects with
different orderings and found significant
differences in SDy estimates. Clearer and more
specific instruction on the ordering of estimates

may further reduce between-judge variance.

5. Cognitive dimensions - "In order to

understand judges’ estimates of overall worth, it
is critical to unravel the dimensions from which
such judgements might be derived" (Bobko et al.,
1987). Studies in which supervisors were asked
about the factors they included in making their
estimates revealed that numerous dimensions

accounted for supervisgors’ qualitative perceptions
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(Burke and Frederick, 1884; Mathieu and Tannenbaum,

1985).

Although supervisors of Sub~Lieutenant MARS
officers prepare annual performance assessment
reports on those officers which they supervise
and should make value estimates based on similar
dimensions, they may in fact select  —certain
critical factors on which to base their estimate.
It may be possible to reduce variation between
Judges by ensuring that they are working within
similar dimensions when making their judgements,
by having Jjudges weight the same principal Jjob
activities immediately prior to making their

estimates.

sSunmary

One of the major obstacles to the calculation of
the utility of selection devices appears to have been
overcome by the development of  procedures for
estimating the standard deviation of the dollar value
of job performance or GSDy. The most widely wused
procedure for estimating SDy is that proposed by
Schmidt et al. (1979). Evaluations of this ’‘global

estimation model’ have had mixed results and large
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variation in the estimates between juddges have raised

concerns about its accuracy.

Two other estimation procedures, the CREPID
(Casio and Ramos, 1986) and 40% method (Schmidt et al.,
1982), are tied directly to salary and may be of
limited use in a military context where salary is fixed
regardless of performance and may not reflect the real
value of employees to the orgdanization. Non-dollar
estimation methods proposed by Eaton et al. (1985)
should be useful in estimating the value of performance
in certain well defined military Jjobs but would be less

useful as the jobs become more complex.

Factors which research has indicated may
contribute to between-juddge variation in estimates of
the dollar value of Jjob performance in a complex
military occupation include :

1. the supervisor’s rank and experience
2. contextual factors
d. the supervisor’s perception and interpretation
of the distribution of performance
4. order effect
5. cognitive dimensions
By modifying the instructions for the Schmidt et al.

g€lobal estimation procedure it should be possible to
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reduce the effect of some of these factors and thereby

reduce the between-judge variance in estimates.

Purpose of the Thesis

The purpose of this research project 1is to
determine if between-judgde variation in estimates of
the dollar value of performance in a complex military
officer occupation, can be reduced by modifying the
instructions to supervisors in the Schmidt et al.
(1978) global estimation model and by controlling for
the rank and/or experience of judges. The manner in
which Jjudges perceive the distribution of Job

performance will also be examined.

A subsidiary aim of the study is to compare the
variance in Jjudges’ estimates made using the above
methods, with estimates acquired using methods similar
to CREPID and the Superior Equivalents Technique.
Convergence of estimates from each of these methods and

the 40% method will also be investigated.

Hypotheses
1. The between-judge variance in point estimates of
the dollar value of performance can be significantly
reduced by providing the Jjudges/supervisors with more

detailed information regarding the point at which the
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sstimate is required; the order in which estimates
should be made; the context of the performance and, the

performance activities being assessed.

2. The between-judge variance in point estimates of
the dollar value of performance will be significantly

less for the more experienced supervisors.

3. The between-judge variance in point estimates of
the dollar value of performance will be significantly

different for different rank groups.

4, There 1is no theoretical support for an
hypothesis related to judges’ perceptions of percentile
points and underlying distributions. The intent here is
to simply investigate those perceptions. It is also
not intended that this project provide an empirical
test of the subsidiary issues related to the CREPID and
Superior Equivalents Technique. The collection of data
in investigating the above hypothesis, does, however,
provide a unique opportunity to informally examine the
variation and convergence of estimates using various

methods.

Method

Estimates of SDy were provided by MARS officers

of Lieutenant (Lt), Lieutsnant Commander (LCdr) and
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Commander (Cdr) rank, who responded to one of two
qQuestionnaires. The questionnaires were mailed to 322
officers who had been identified by the Directorate of
Personnel Information Systems (DPIS), at National
Defence Headquarters, as having five or more years
service and currently serving on ships or units on the

East Coast.

Participants were randomly divided into two
groups, each containing approximately the same number
of officers at each rank level. The first group, which
served as a control, received Questionnaire ‘A’ which
asked them to estimate SDy using the Global Estimation
Madel. The second ¢group received Questionnaire ’'B’
which contained modified instructions and additional
information regarding ©percentile estimates. In
addition, both questionnaires required the participants
to make Superior Equivalents estimates. The second
group also provided information that was wused to
approximate a CREPID procedure., The questionnaires are

described in greater detail below.

The @ ci .

Questionnaire *A’ (see Appendix A) provided the
control group estimates of SDy. Apart from the addition
of an introductory paragraph and changes of Jjob titles,

Part I of the questionnaire was identical to the
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Schmidt et al. (1979) questionnaire. The introductory
paragraph was added +to explain that estimates were
required in order to assess a new method of placing
dollar values on performance, which would replace
burdensome cost accounting procedures. Respondents
were asked to make percentile point estimates of the
dollar value of performance of ‘average" (50th
percentile), ‘“superior" (85th percentile) and "low
performing” (15th percentile) Sub-Lieutenant (’'D’
level) MARS officers. The (’D’ 1level) qualifier was
added because some SLts would have just completed
training and would be of less value to their ship than
more experienced SLts. By specifying "D level"”, SLts
of relatively equal 1levels of experience would be
considered and estimates would be based on Job

performance and not the quality of training.

In order to assess the convergence of estimates
acquired wusing different methods, Part 11 of
questionnaire ’A’ required respondents to make a
"superior equivalents" estimate using the Eaton et al
(1985) procedure. They were asked to estimate
(without referring to their previous dollar estimates
in Part I) the number of superior SLts that would equal

10 average SLts,
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In an effort to determine the supervisor’s
perception of the distribution of performance among
MARS §SLts, Part III of the questionnaire asked
respondents to select Trom five diagrams (normal,
-skew, +skew, bimodal and rectangular) the one which in
their opinion best reflected the distribution of job
performance among SLt MARS officers. A spaoce was also
provided for respondents to illustrate their perception
of the distribution of performance if it differed from

the above diagrams.

Questionnaire B (see Appendix A) contained the
experimental version of the Global Estimation
procedure., In an attempt to reduce the between-judge
variance in percentile point estimates, the Schmidt et
al., procedure was modified by:

1. providing a clearer explanation of ‘"percentile
points"” and a diagram of a normal curve indicating

points at which estimates were to be made;

2. stating that the estimates were to be based on

job performance in peacetime;

3. providing clear instruction regarding the order

in which the point estimates were to be made; and

4, listing five principle activities (duty areas)

of the MARS occupation, instructing respondents to rate
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them according to the percentage of time that a typical
SLt spends performing them and to rank them according
to their individual contribution to the overall worth
of a MARS officer. The respondents were then directed
to consider  these activities when making  their
estimates of the value of Jjob performance,. Tue
principle activities (PA), which were acquired from
published occupational specifications based on
occupational analysis are:
1. Performs the duties of officer of the day

in harbour;
2. Performs the duties of officer of the

watch at sea;
3. Performs general/secondary duties as a

ships officer;
4. Performs the duties assighed in the

action organization of a ship;

T

Performs the dutvies of a divisional

-

offiver,
In Questionnaire B, subject were also required
to make "Superior Bauivalents" estimates and to

indicate their view of the distribution of performances.

Because of the requirement for the direct
assessment of individual performance, the CREPID

(Cascio, 1982) procedure could not he replicated in
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this study. ©Some of the respondents in the study were
not currently employed in the direct supervision of
SLts and privacy of information legislation precluded
the use of archival performance evaluation data, In
order to obtain a similar measure so that estimates
could be compared with the other estimation methods,
respondents were asked in Part III of questionnaire B,
to rate the performance of a ‘"typical" SLt MARS
officers on each of the five principal activities.
These ratings were converted to estimates of the dollar
value of average performance using the CREPID procedure

described above.

The final portion of both questionnaires A and B
ineluded questions about the rank and supervisory

experience of the respondents.

A trial administration of the questionnaires,
prior to the mail-out, revealed that respondents had no
difficulty understanding or following the instruction.
As a result of comments following the +trial, +wo
changes were made to the gquestionnaire. It was decided
that the instruction should spercify that estimates of
performance be on "D’ level ©8SLts and, that in the
CREPID procedure, respondents should rate "typical®
rather than "average"” ©SLts, as the latter implied an

average rating.
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Respondents

Two hundred and six of the officers responded to
the questionnaires for a return rate of 64X. These
responses represented more than 30% of all MARS
officers in supervisory positions within the Canadian
Forces, The ratio of Lts to LCdrs and Cdrs in the
sample was 121:62:21. The ratio of these ranks in the
MARS occupation was approximately 20:8:3, The apparent
under-representation of the Lt rank resulted from the
fact that only officers with five or more years service
were targetted. The rank-to~rank ratio in the target
population of  MARS officers "with supervisory
experience” is 1likely to be more similar to the

respondent population.

The mean level of supervisory experience among
respondents was 6.2 years, with Lieutenants averaging 3
years. There was a strong correlation (r=.74) between
rank and supervisory experience. All but 14 of the
respondents reported that they had experience in

supervising junior MARS officers.

The data from two of the completed questionnaires,
one of each type, were not used because the responses
(estimates of the wvalue of performance) were well

outside the rest of the distribution (ag. $500,000) and
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clearly met the accepted criterion for outliers, being

more than three standard deviations from the mean.

Table 1 provides a breakdown of the respondents
by rank and years of supervisory experience for each
questionnaire type, while Table 2 indivates years of

supervisory experience by rank.

Procedures

Mail-out questionnaires (Appendix A) were chosen
as the method of collecting estimates because of the
difficulty involved in obtaining the data directly from
officers aboard the various ships and because the
questionnaire is an accepted and effective method of
gathering information within the Canadian Forces.

In order to mail the questionnaires to the
military population, the research project required
military sponsorship and the approval of both the
National Defence Headquarters and Maritime Command
Headquarters. Maritime Command Headquarters agreed
to sponsor the project as part of an ongoing Naval

Officer production research program.



Table 1.

Number of Respondents to Each
Questionnaire Type by Rank and
Years of Supervisory Experience

Rank Supervisory Experience
Cdr LCdr Lt 0-2 3-5 6 or more Total
Questionnaire A 11 28 56 31 32 32 95
Questionnaire B 10 34 65 29 34 46 109
TOTAL 21 62 121 60 66 78 204

..ge...



Table 2.

Years of Supervisory Experience By Rank

0-2 years 3-% years 6 or more years
Commander 0 1 20
Lieutenant
Commander 3 18 41
Lieutenant 57 47 17

_98_
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Three hundred and twenty-two questionnaires (161
of each type) were mailed individually to officers
serving at Canadian Forces Base Halifax and aboard
seventeen Naval ships. All of the questionnaires were
mailed on the same date along with a covering letter
(Appendix A) and a postage paid, self-addressed return
envelope. One day prior to the mail-out a message
(Appendix A) was sent to all participating ships and
units outlining the purpose of the research and
advising that participation was voluntary and
anonymous, The covering letter, which contained
similar information, was signed by the Commanding
Officer of the Personnel Applied Research Unit in

Willowdale, Ontario, where the author was employed.

Analysis and Desidn

Analysis of the data was completed at the
Canadian Forces Personnel Applied Research Unit using
the Statistical Package for the Social Sciences -
Extended (SPSS5-X) version 2.1. on the VAX system at

York University in Toronto.

method. For both the Schmidt et al. and the modified

SDy estimation procedures, the means, variances and
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standard deviation of estimates of the dollar value of
a Sub-Lieutenant’s performance were calculated at the
15th, 50th and B85th percentile point. Two estimates of
SDy were computed by averaging the differences between
the 15th and 50th percentile estimates (SDyl) and the
differences between the 50th and 85th percentile

estimates (SDy2).

Hypothesis 1. was tested by computing the
gignificance of the differences in the variances, or F
ratio, between the estimates from the Schmidt et al,
and the modified method, at each percentile point

(Ferguson, 18979, p.164).

Effects of rank and supervisory _experience
Hypothesis 2 and 3 were tested by comparing the
variances of estimates at each percentile point for
each rank and level of supervisory experience using the
Cochrane C and Bartlett-Box F tests (Winer, 1871,
p.205). For analysis purposes, the respondents’
reported years of supervisory experience were grouped
into three levels, 0-2 years, 3-5 years and 6 years or
more, based on their near equal distribution in the

sample. Part years were rounded to the nearest year.

The effects of the estimation method, rank and

supervigory experience on each of the percentile
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estimate means were examined using two 2 x 3 ANOVAs
(estimation method x rank; and estimation method x
supervisory experience) for each set of percentile

point estimates.

Perceived distribution of verformance. The
differences  between dollar value estimates of
performance at the 15th and 50th and the 50th and 85th
percentile werc calulated for each respondent and the
Wilcoxon matched pairs signed rank test (Siegel, 1956
p.75) was used to test the assumption of normality of
the distribution of the estimates for the entire sample
and separately for the global and modified global

procedures,

Frequencies were calculated for respondents’
selection of the diagram which best reflected the
distribution of performance, Chi-square analyses were
used to determine if there was a significant difference
in the frequencies of responses by rank, supervisory

experience or estimation method.

Superior Fauivalents. Frequencies, medians and
modes were calculated for the respondents’ estimates of
Superior Equivalents. The ‘"representacive value of
central tendency" for superior equivalent estimates was

selected and the value of the superior SLt was
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determined by multiplying the average salary of $30,000
by the ratio of superior to average 8SLts. The
difference in value between the average and superior

SLt was the estimate of SDy (Eaton et al,, 1985).

CREPID _procedure. To assess the CREPID
procedure, the weights that were assigned to each of
the five principle activities (PA), were multiplied by
the rankings of importance of the PAs to provide an
overall weight. These total weightings for each PA
were then divided by the grand total to obtain a
relative weight, Proportional shares of the averade
salary were allocated to each PA according to its
relative weight. The ratings of performance (expressed
as a decimal) of the "typical" SLt on each PA were then
multiplied by the share of salary or value of the PA.
These net values for each activity were added to obtain
the total value of the typical 8lt. The standard
deviation of these estimates were calculated for

comparison with the global 50th percentile estimates.

Finally, overall SDy estimates were calculated
for the Schmidt et al. and modified methods by
averaging SDyl and SDy2 from each method. Thesn
estimates of SDy were compared with the estimates from

40% and Superior Equivalents procedures.
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RESULTS

The results of the analysis of questionnaire
responses did not support the hypotheses that the
modified estimation procedure would reduce
between-judge variance in the estimates of the dollar
value of performance nor was there support for the
hypothesis that variance in estimates would be
significantly less for more experienced supervisors.
There was partial support for the hypothesis that the
variance in estimates would be significantly different

for each rank level.

The differences in the estimates of SDyl and
SDyZ2 indicated that, on average, the respondents did
not perceive the value of performance among MARS SLts
as normally distributed. The differences between the
SDyl and SDy2 estimates were greater for the Schmidt et

al. method than for the modified method.

When asked to seleot a diagram which, in their
opinion, best reflected the distribution, the majority
of the respondents selected diagrams other than the
normal distribution, however, a larger number of judges
using the modified method selected the normal
distribution than did those wusing the Schmidt et al

method.
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A comparison of SDy estimates made using the
Schmidt et al., modified, Superior Equivalents and 40%
methods, revealed that the Superior Equivalents and 40%
estimates were similar to vach other, but considerably
larger than the global estimates. Estimates of the
value of the ‘"typical" SLt, using the CREPID type
procedure, were more conservative but had the same
level of between-judge variance as the global 50th

percentile estimates,

Comparison of Schmidt et al. apd Modified Method

The percentile point estimates of the dollar
value of performance, presented in Table 3, revealed
little difference between the Schmidt et al. and
modified method. Respondents’ estimates were slightly
higher for the Schmidt et al., method but remained
within 5% of estimates from the modified method.
T-tests (see Appendix B) revealed no significant
differences at any of the percentile points. For both
methods, the mean estimates at the fiftieth percentile
were within 2% of the $30,000 average salary of the
SLt.

Estimates of 8Dy were slightly, but not
significantly, lower for the Schmidt et al. procedure
than for the modified method. All of the SDy estimates
(SDyl and SDy2 for both methods) were between 20 and 25



Table 3.

Mean Percentile Point Estimates
of $ Value of Performance and Estimates of SDy
using the Schmidt et. al. and Modified Method

n 15%ile 50%ile 85%ile SDhy1 SDy2
Schmidt
et.r1. 94 22840.09 30332. 36 36403. 49 7492.28 6071.13
Method
Modified

Method 109 21741.65 29354. 31 36274. 31 7612.16 6920. 00

All 203 22250.29 29807. 20 36334.13 7556.92 6526. 93

SDhy1
SDy2

(50%ile estimate) - (15%i1ile estimate)
{85%1le estimate) - (50¥%ile estimate)

_gb.—
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percent of the SLt's salary. The difference between
SDyl and SDyZ estimates was greater for the Schmidt et

al, method (1421.15) than for the modified method
(692.16).

Standard deviations of the estimates at eaci
percentile point were calculated and are reported in
Table 4. Again, there was only a small difference
beutween the methods, with the SD of the Schmidt et al
estimates only slightly larger than +the modified
method. F values (see Appendix B) revealed no
gignificant differences in the variances of estimates
at any of the three percentile points. Hypothesis 1

was not supported.

Differences in FEstimates by Rank and  Supervisory
Experience

As no significant difference was found between
the Schmidt et al. and modified methods, the data from
both questionnaires was combined for the analysis of
the effect by rank and experience. The means of the
percentile point estimates and SDy estimates for each
rank and each level of supervisory experience are
reported for all respondents in Tables 5 and f
respectively. Two 2x3 ANOVAs (see Appendix C) were
used to examine the effects of estimation method and

rank, and estimation method and supervisory experience



Table 4.

Standard Deviation of the Percentile Point
Estimates of $ Value of Performance and Estimates
of SDy using the Schmidt et. al. and Modified Method

15%ile 50%ile 85%ile SDy1 SDy2
Schmidt
et.al. 7627.86 8091.03 10629. 48 5605. 60 4177.49
Method
Modified
Method 7322.39 7317.32 10394. 18 4783. 55 5358.67
SDyl {(50%i1le estimate) - (15%ile estimate)

SDy2

(85%ile estimate) - (50%¥ile estimate)

-Qb-



Table 5.

Mean Percentile Point Estimates of the
$ Value of Performance and Estimates of SDy, by Rank

n 15%ile 50%ile 85%ile SDy1 SDy2

Commander 20 24650.00 33175.00 42375. 00 8525.00 9200.00

Lieutenant
Commander 62 21796.30 30011.97 37031.10 8215.66 7019.13

Lieutenant 121 22086.26 29145.62 34978.51 7059.36 5832.89

= {50%1le estimate) - (15%ile estimate)
SDy¥2 = (85%i1le estimate) - (50%ile estimate)
NOTE: the above means are calculated on the entire respondent
population regardless of questionnaire type.

wn!
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Table 6.

Mean Percentile Point Estimates
of the $ Value of Performance and

Estimates of SDy,

by Supervisory Experience

n * 15%ile 50%ile 85%ile Shy1 SDy2
O - 2 years 60 22447.33 29352.00 35323.33 6904. 66 5971.33
3 - 5 years 66 20918.13 27689.39 33681.82 6771.25 5992.42
6 or more
years 77 23238.58 31977.17 39395.17 8738. 58 7418. 00
Shy1 (50%1le estimate) - (15¥%ile estimate)

nn

SDy?2 (85%ile estimate)

- (50%ile estimate)

* - includes all respondents

..Lb..
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on each of the three sets of percentile point
estimates. The analyses of variance revealed no main
effect for estimation method but there was a
significant main effect for rank at the 85th
percentile (F (2,202) = 4.62, p = .011) and
supervisory experience at the 50th percentile (F
(2,202)
(2,202)

6.22, p = .002) and B8Bth percentile (F

5.95, p = .,009)., There were no significant
interactions between estimation method and rank or
estimation method and supervisory experience.

Standard deviations of the percentile point
estimates are reported in Table 7 for each of the three
levels of supervisory experience. The standard
deviations are largest among the most experienced
group, opposite to that predicted by hypothesis 2.

Both Cochran C and Bartlett- Box tests (Table 8)
revealed significant differences in the variances at
the 50th and 85th percentiles but not at the 15th
percentile. Pairwise comparisons (F-values) indicated
that the largest differences in variances were between
the "6 or more years" group and the other two levels

(Table 9).

The standard deviation of percentile point
estimates for each rank, reported in Table 10, indicate

an increase in the SD by rank, especially at the 85th



Table 7.

Standard Deviation of the Percentile Point Estimates
of $ Value of Performance by Supervisory Experience

15%ile S0%ile 85%ile
0 - 2 years 7069.79 6596.94 7836.98
3 - 5 years 6920. 24 5928.92 6568. 36

6 or more
years 8116. 16 9173. 48 13813. 44

_Bb-



Table 8.

Tests of Homogeneity of Variance Among
Percentile Point Estimates By Supervisory Experience Levels

15%ile 50%ile 85%ile
Cochran C .4023 .5168%x%x . 6460%%
Bartlett-Box F 1.076 7.475% 21.557%x

...Og.-

* p<.0Q05
** P<, 001



Table 9.

Palrwise Comparisons of the
Variance of Estimates (F values) by
Supervisory Experience at Each Percentile Point

comparison 15%ile 50%ile 85%ile
0-2 years

3-5 years 1.04 1.24 1.42
3-5 years

6 or more years 1.38 2.39% 4.42%x%
0-2 years

6 Oor more years 1.32 1.93% 3. 11%x
* p<.01

..‘[g..-



Table 10.

Standard Deviation of the Percentile Point
Estimates of $ Value of Performance by Rank

15%ile 50%ile 85%ile
Commander 8215.99 11649.890 17978.70
Lieutenant
Commander 8046. 81 7501.20 11197.97
Lieutenant 7011.38 6847.01 7854. 88

-zg—
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percentile, A comparison of the variance in the
estimates for each rank provided partial support for
hypothesis 3. The Cochrane C and Bartlett-Box F tests
for homogeneity of variance (Table 11) revealed
significant differences in the variances by rank at the
50th and B5th percentile. Post-hoc pairwise
comparisons (F~-values) revealed that the most
significant differences were between the Lieutenant and

Commander ranks (p<.001, Table 12).

..The Distribution of Performance

Estimates of SDyl were larger than SDy2 for both
estimation procedures, suggesting that the wvalue of
performance was negatively skewed among MARS SLts. The
Wilcoxin matched pairs signed-rank test (Seigel, 1856)
confirmed that a significantly larger number  of
respondents estimated the difference between the 85th
and 50th percentile as being smaller than the
difference between b5Oth and 15th percentile (Wicoxin
signed-rank,P<.05). This was true for both the Schmidt
et al. estimation procedure and the modified procedure.
The mean difference between the two estimates, however,
was larder for the Schmidt et al. method than for the
modified method.

When asked to select a diagram which, in their

opinion, best reflected the distribution of performance



Table 11.

Tests of Homogeneity of Variance
Among Percentile Point Estimates By Rank Levels

15%ile 50%ile 85%ile
Cochran C .3721 . 5682%% . 6443%x
Bartlett-Box F . 988 5.85659% 16. 546%x%

* 5<.065
*xx p<.001

_bg_



Table 12.

Pairwise Compariséns of the Variance of Percentile Point
Estimates (F values) By Rank Level at Each Percentile Point

-gg-

comparison 15%ile 50%ile 85%ile
Commander

Lieutenant Commander 1.04 2.41% 2.58%
Lieutenant Commander

Lieutenant 1.32 1.20 2.03x%
Commander

Lieutenant 1.37 2. 89%x 5.24%%
* p<.01

*¥ p<. 001
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among MARS SLts, 66.6% of the respondents using the
Schmidt et al. procedure selected diagrams other than
the normal distribution, Of those using the modified
procedure, only 52.8% selected a non-normal
distribution, A Chi-square analysis revealed that the
difference between estimation methods was significant,

X (1,N=80)=3.68, p=.085).

Sixty-one percent of the entire sample selected
non-normal distributions; of those, 40% indicated that,
in their opinion, +the distribution was negatively
skewed. The remainder were nearly evenly distributed
between positive skew, bimodal and rectangular. The
percentage of officers selecting the normal,
negatively~-skewed or other distribution are reported

by method, rank and supervisory experience in Table 13.

A Chi-square analysis revealed no significant
differences in the selection of diagrams by supervisors

at different rank or experience levels,

As indicated in Table 14, responses to the Katon
et al. (1985) Superior Eguivalents procedure, were
fairly consistent across methods, ranks and experience
levels. The median response was 6 or 7 and the mode

wags 7 for all but the Cdr rank.. Given an average



Table 13.

Percentage of Supervisors Selecting Type of Distribution of
Performance, by Questionnaire Type, Rank and Supervisory Experience.

Schmidt Modified Cdr LCdr Lt(n) 0-2 3-5 6 +
et. al. Method yrs yrs yrs
Distributi
Normal 33.3 47 .2 50 37.3 41 48. 3 38.3 36.8
Negatively
Skewed 30.0 20.8 30 32.2 20.5 20.0 18.3 34.2
Other 36.7 32.1 20 30.5 38.5 31.7 43.3 28.9

* Other - includes positive skew, bimodal and rectangular

..Lg-
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Table 14.

Superior Equivalents:
imates of the Number of Superior (85th Percentile)

Sub-Lieutenants Required to Perform the Same Duties as an Average SLt

_Questionnaire Rank Experience

Schmidt Modified Cdr LCdr Lt 0-2 3-5 5 + All

et. al. Method yrs yrs yrs
Mean 6.15 5.91 6.26 6.20 5.89 5.96 5.56 6.45 6.902
Median 7x 6 6 7 7 7 6 7 7
* SDy 7=($12857.14) 6={$26000. 00}

_gg-



galary of $30,000 doliars, using the Eaton et al.
procedure, the superior SLt would be worth 10/7 times
$30,000 or $42,857. 14. The SDy, therefore, would be
$12,857.14, Comments during the trial administration
and written comments on two of the aquestionnaires
suggested that some respondents believed that a set
number of officers are required to run a ship and,

regardless of his performance level, an officer can

only be in one place at a time".

CREPID procedure

Using the CREPID procedure, the mean estimate of
value of the “"typiral” job performer was $25,845,81,
considerably lower than the mean 50th percentile global
estimate of $29807.20. There was no significant
difference in variances  between the CREPID estimates
and the 50th percentile ©Schmidt et al. estimates; the
standard deviation of the CREPID estimates was 8075,07
compared to 8091.03 for the Schmidt et al. &0th

percentile estimates,

Comparison of Methods

A comparison of the SDy estimates using the Schmidt
et al., modified Schmidt et al., Superior Equivalents
and 40% methods (Table 1%), revealed little convergence
between the estimates made using the global procedures

and the other two methods. The Superior Baquivalents



Table 15.

SDY Estimates by Estimation Method

Schmidt Modified 40% Method Superior
et. al. Method Equivalence
(SDy1) (SDy2) {SDy) (SDy2)
7492.28 $071.13 7612.66 6920. 00 12, 000. 00 12,857.14

SDyi = (50%ile estimate) - (15%ile_g§timate)
SDy2 = (85%¥11le estimate) - (50%¥ile estimate)

—09_
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estimate was approximately 49% of salary, while the
two global estimation procedures resulted in lower
estimates of 20-25% of salary.

Discusgsion

8Dy Estimates Using Schmidt et al. and Modified Methods

The primary aim of this study was to determine if
the between-judge variance in SDy estimates using the
global estimation procedure could be reduced by
modifying the Schmidt et al. (1979) instructions to
address problems related to: the judges perceptions of
distribution and percentiles; the order and context of
the estimates; and finally, the cognitive dimensions
used by Jjudges. The changes to the instructions did
not reduce between-judge variance as was predicted but
did affect the Jjuddes’ reported perception of the
distribution of performance and produced SDy estimates
which were more consistent with assumption of normally
distributed performance than were those produced by the

Schnidt et al method.

The ©SDy estimates using both the Schmidt et al.
and the modified instructions were not significantly
different and were relatively conservative at 20-206% of
salary. The variance in estimates for both methods was
relatively small compared to  previous studies,

sugdesting that some of the problems which the modified



-62-

instructions were supposed to address may not have been
relevant to the naval officer population in this study.
For example, the peacetime vs wartime context of the
estimates may not have been as significant in this
study as it was in U.S. Army studies (Sadaaca and
Campbell, 1985 Eaton et al., 1985), where some of the
supervisors had been exposed to combat situations,
Very few, if any, of the officers in this study had
experienced combat and most may have used a peacetime
scenario in making their Jjudgements whether instructed

Lo or not.

The effect of having supervisors rate principal
activities prior to making estimates of +the value of
Job performance may also have had less impact on this
population than on others. All of the supervisors had
once performed the SLt’s Jjob and had received similar
training. Perhaps they were more aware of the relative
importance and value of various facets of the jobs
under study than supervisors in previous studies who
may not have worked at the Jjob being assessed. In
other words, the naval officer supervisors may have

already been working with similar dimensions.
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Rank and Experience of Judges

As predicted there were significant differences
in the variance of percentile estimates made at
different rank levels. The differences were not as
large as those found between Head Tellers and
Branch/District Managers in ‘the Mayer (1982) study but
do indicate that judges at different levels in the
organization may be using different processes or
different populations in making their estimates. In
this study it may well have been the latter, as those
with increased rank were normally more experienced and
would have been exposed to a broader range of

performance among Sub-Lieutenants.

1f, as sudgested above, there is less variance in
estimates among judges who have worked in the job under
study, the recency of that experience may also be a
factor in reducing variance. The Lts who more
recent.ly shared the experiences of the SLt may be using
more similar dimensions in making their estimates than

the Commanders whose SLt experience was many years ago.

Another possible explanation for the lower levels
of variance among Lt’s estimates is the fact that they
have greater interaction with SLts in the work place
than do LCdrs or Cdrs. In the area of performance

assessment, Landy and Farr (1983, p.130) report a study
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in which performance ratings wmade by supervisors with
daily but peripheral contact with ratees had interrater
reliability of .24 compared to .62 reliability for

raters with more relevent contact.

The unexpected finding that between-judge
variance increased rather than decreased with the
amount of supervisory experience might also be
explained by the earlier premise that there is less
variance between those Jjuddes with more recent
experience in the Jjob under study, as those with less
supervisory experience are generally those who were

most recently employed as SLts.

Distribution of Performance

The assumption that Jjob performance in dollar
terms is normally distributed was not supported in this
study. The differences between estimates of SDyl and
SDy2 suggest that most of the respondents were working
with non-normal distributions when making their
estimates. This was confirmed by responses to Part 1V
of the questionnaires , where 61% of the supervisors
selected distributions other than normal as
representative of the distribution of job performance

among SLt MARS officers.
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A comparison of responses from the Schmidt et
al and modified procedures indicated that a greater
number of respondents using the modified procedure were
working with a normal distribution. A significantly
larger number (47.2%) of the supervisors using the
modified method chose a normal curve as representative
of the performance distribution than did supervisors
ugsing the Schmidt et al. method (33.3%). Also, the
difference between 8Dyl and 8SDyZ estimates was larger
for the Schmidt et al. procedure than for the modified
procedure. This suggests that the explanation of
prercentile points and presentation of the diagram of a
normal curve in the modified instructions may have had
the desired effect of reducing the differences between
Judges in the way that they perceive the distribution

of performance.

The distribution of job psrformance among D
level trained SLts may, in fact, be skewed. Several of
the respondents commented that they had supervised few
"D level trained” Sub-Lieutenants because within a
year  of receiving D level training, most
Sub-lieutenants are promoted to Lieutenant. As a
result, the distribution of performance within the
target population may well have been narrow and

negatively skewed relative to the entire MARS
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occupation. Poor performers would not have
successfully completed the demanding training up to
this point and would have been selected out,
Meanwhile, their relatively Jjunior rank level would not
have provided superior performers with the opportunity

to fully demonstrate their ability in Naval operations.

The much larger population of Lieutenants was not
selected for study because the diversity of training,
employment and experience made estimation of the value
of job performance very difficult and restricted the

number of supervisors.

The skewed distribution of estimates may also
have resulted from the fact that supervisors, who are
involved in the +training process, may have been
attending more to poor performance and its consequence
of error than to outstanding performance (Schmidt et

al. 1984).

These findings illustrate the need for more
theoretical attention to the population frames of
reference in estimating SDy. Estimates based on a
population where  performance is not, normally
distributed or 1is perceived by Jjudges to be not

normally distributed could be grossly inaccurate, In a
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study of U.5, Marshals (Karren and Bobko, 1983), some

SDy estimates were zero.

-Alternative Estimation Methods

When asked to estimate the number of superior
SLts that are equal to ten average SLt MARS officers,
66% of the supervisors responses were in the 6-8 range.
Comments during the pilot administration and on the
questionnaires indicated there were set limits on how
few officers, even superior ones, were required run a
ship. The 8Lt is a member of a ships department which
is part of an interacting system and cannot perform
independently in the safe and efficient operation of a
ship. It is suggested that the use of the Eaton et
al. (1985) Superior Equivalence procedure, is 1limited
to  those situations where individuals work
independently, or are in charge, and can in fact
provide the same output as a set number of average
performers in the same job, such as in sales or in the

management of independent departments.

The CREPID procedure estimates of the value of
the "typical” MARS &Lt were, on average, $4000 below
the 50th percentile estimates of the Schmidt et al.
procedure. Between-judge variance in the estimates was

not improved over that of the Schmidt et al. procedures.
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Rating and rankings of the five principle
activities were fairly consistent across ranks,
indicating that all rank levels had a similar
appreciation of the importance and time spent at each
of the activities. One advantage of this procedure is
that it permits investigation of juddes’ perceptions of
the relative importance and relative +time spent by
employees at various aspects of the same jobs. This
offers a means of determining whether estimates are
based on similar dimensions and provides a face
validity of the procedure that the Schmidt et al.

procedure does not possess.

The estimation of SDy as 40% of salary provided
an estimate close tc that of the Superior Equivalence
method but, unlike previous studies (Schmidt et al.,
1982 and Weekly et al., 198%), it resulted in a larger
estimate of ©SDy than +the Schmidt et al. (1979)
procedure. These results support the ardguments of
Casio and Ramos (1986) that in certain Jjobs,
particularly at higher levels of the organization, the
distribution of performance may be over-estimated with

the 40% estimate.

Because between-judge variance was relatively
low, and not significantly different, for the Schmidt

et al., modified and CREPID methods, it is not possible
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to clearly recommend one method for use in a military
population. While the 40% method could be recommended
for its ease of use, results of this and other studies
sugdest that it may not provide an accurate estimate of
SDy. Feedback from respondents and comments by senior
naval officers sponsoring this study, sugdest that the
CREPID procedure has greater face validity, however, it
is a complex estimation procedure which is tied to
salary and, as a result, may result in conservative
estimates of SDy. The CREPID procedure could be made
less cumbersome by using archival personnel evaluation
and job analysis data (Edwards et al., 1988). For some
Canadian  Forces selection situations, Personnel
Evaluation Reports and Occupational Analysis data which
include frequency and importance (eg. training
emphasis) information might be used to replace the

information gathered in the CREPID procedure.

What is needed is a procedure which combines the
relative simplicity of the Schmidt et al. procedure
while reducing between-judge variance and providing
face validity by having judges rate similar dimensions
which are known to contribute to +the value of job
performance. During the course of this research, such
a procedure was introduced by Tannenbaum and Dickinson

(1987). They were able to reduce the variability in
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estimates by employing Delphi and Critical Incidenoce
methodologies. In making their percentile estimates,
managers were instructed to refer to a list of critical
activities which had been compiled from a list of
activities, previously generated by managers, which
were seen to influence the total yearly value of
employees. As in the Burke and Frederick (1984) study
the 50th percentile estimates were fed back to the
managers. The Delphi technique yielded sidnificantly
smaller variances than the normal Schmidt et al.

method or the Burke and Frederick procedure.

Limitations of This Research

Because of the apparent difficulty in estimating
the dollar value of performance in an occupation such
as MARS SLts, where there are no dollar valued outputs,
and because senior Naval Officers have traditionally
provided strong support for costly and time consuming
assessment programs for new officers, it was expected
that SDy estimates in this study would be high. This
was not the case, however, and estimates were smaller
than in many of the previous studies. The reasons for

these results could not be investigated in this study.

The use of a mail-out questionnaire precluded the

collection of data on the number of supervisors who did
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not respond because they were unable or unwilling to
place a dollar value on a MARS officers employment.
Nor was it possible to determine if +he apparently
conservative SDy resulted from percentile estimates
that were based on an incumbent population that was
narrowly defined. A few comments during the pilot
administration and on returned questionnaires indicated
that a combination of the above factors may have

contributed to the small SDy estimates.

Implications for Utility Analysis in the Military

In military occupations, such as naval MARS
officers, where the costs of multiple assessment
selection procedures are high; where large numbers of
applicants are selected annually, and where the
correlation of the selection procedure with the
criterion is relatively low, the estimation of SDy will
have a significant impact on the estimated utility of
selection programs. Inaccurate estimates of SDy could
result in costly errors in decisions to accept or
reject selection methods. The results of this and other
studies illustrate the need for an awareness of the
rotential for error when using supervisor’s estimates
of SDy in selection utility analysis. Further research

is required before any of the procedures can be used
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with corfidence +that they will provide reasonably

accurate estimates.

Without an objective measure of the distribution
of performance among MARS SLts, it is not possible to
determine which of the estimation procedures used in
this study provides the most accurate estimates of SDy.
It is likely that the Sohmidt et al. method provided an
overly conservative estimate due to the narrowly
defined population, and that the Superior FHEquivalence
znd 40% methods come rloser fn the true SDy within the

MARS SLt population.

Further study, using a more broadly defined
population, is required to determine if the modified
global procedure can be effective in reducing

between- judge variance in other military occupations.

Implications for Future Research

While ©&Dy estimates need not be accurate to the
last dollar, severe over- or under-estimation of the
value of Jjob performance could lead to decisions with
costly consequences. The results of this study sugdeswt
that before any estimation procedure is adopted for
widespread use, a variety of research needs still must

be met.
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Additional research is required on the effect of
the erxperience and organizational level of judges on
3Dy estimates, as well as the effect of the
relationship between judges and those on whom estimates
are being made. Research is also requir.ad to determine
1% between-judge variance in SDy estimates is lower
among supervisors who have previously worked at the
jobs for which estimates are being made than among
those who have not. In the military context, there is
also a need to study the effect of previous combat

experience on SDy estimates by military supervisors.

The unequal esti.ates of SDy between the 15th and
50th and H50th and 85th percentiles indicate that the
Schmidt et al. (1979} assumption of normally distributed
performance may not alwa, . be supported. Before global
estimation procedures are adopted, further study is
required on both the distribution of the dollar wvalue
of performance and on the Jjudges’ perceptions of that

distribution.

vtudies using different estimation methods across
different Jjob types are required to determine 1if
different methods are more appropriate in different
situations. There should also be further research on
the processesy used hy  juddes in making estimates and

the factors they consider when making themn.



Summary and Conclusion
The major findings of this research were that.:
a. modifying 1instructions of the Schmidt et
al. (1979) 8Dy estimation procedure regard ing
percentile point estimates, their order and
context, did not significantly reduce

between- judde variance in the estimates;

b. the betweer-juddge variation in percentile point
estimates of the dollar value of pertformanhce  was
significantly different for different rank ievels

at the 50th and B5th percentile;

¢. the variance in between-judde sstimates of the
dollar value of performance iuncreased with level

of experience;

d. the Bochmidt et al. assumption that Jnb
rerformance in dollar terns 18 normally

distributed was not supported;

e, modifying instructions to the Schmidd evw  al,
procedure significantly affected  Lhe Judpens”’
reported perceptions of b distributinn

performance;
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f. SDy estimates wusing the Superior Eguivalence
Technique were limited by the nature of employment

nf naval officers;

g. the Schmidt et al. procedure provided a more
conservative estimate of SDy than did the 40% or

Superior Equivalence methods; and

h. the hetween-judge variance using a CREPID type
procedure was similar to that of the Schmidt et

al. method at the 50th percentile,

The resuits of this study illustrate the need for a
great. deal more research before any of the SDy
esiimation prccedures are universally adopted for use
in organizations such as the military. In the meantime,
methods such as  the delphi procedure reported by
Tantenbaum and Dickinson (1987), which combine reduced
hetween- judge variance, ease of use and face validity
may provide the best estimates of 8Dy for utility

analysis,
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APPENDIX A
QUESTIONNAIRES



RESEARCH QUESTIONNAIRE (A)

Given government budgetary restrictions, it is often necessary to
justify military personnel development and selection programs by placing a
dollar value on the benefits that will accrue to the CF if a program is
implemented., In order to accomplish this, it sometimes becomes necessary
to place a dollar value on the performance of military personnel. One way
to do this is through burdensome cost accounting procedures. An
alternative, but unproven method, is to have officers estimate the dollar
value cf performance in occupations which they have supervised. In this
questionnaire, you will be asked to make dollar estimates of the value of
the performance of MARS officers to the CF.

The dollar utility cstimates we are asking you to make are of the
type that could be critical in estimating the relative dollar value to the
Canadian Porces of different selection methods. 1In ansuwering these
questions, you will have to make some very difficult judgements. We
realize they are difficult and that they are judgements or eatimates. You
will have to ponder for some time before giving each estimate, and there
is probably no way you can be absolutely certain your estimate is accurate
when you do reach a decision., But keep in mind three things:

1. The alternative to estimates of this kind is application of

cost accounting procedures to the evaluation of job
performance. Such applications are wusually prohibitively

expensive and, in the end, they produce only imperfect
estimates like this estimation procedure.

veel2
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2, Your estimates will be averaged in with those of other
supervisors of MARS officers. Thus errors produced by too high
or too low estimates will tend to be averaged out, providing
more accurate final estimates.

3. The decisions that must be made about selection methods do not
require that all estimates be accurate down to the last

dollar, Substantially accurate estimates will lead to the same
decisions as perfectly accurate ones,

PART 1

Based on your experience with MARS officers omboard ships we would
like you to estimate the yearly value to your ship of the duties performed
by the "average" Sub-Lieutenant ('D' level trained) MARS officer. Consid;r
the quantity and quality of work typical of the average Sub-Lieutenant
MARS officer and the value of this work., In placing an overall dollar
value on his work, do not assume that an average SLt MARS officer is worth
exactly what he is paid. We want your opinion of the value of his
performance, which may be more or less than his salary. In making your
estimates, it may help to consider what the cost would be if it were
possible to contract his work outside to a civilian agency.

Based on my experience, I estimate the value to my

ship of the average Sub-Lieutenant MARS officer
at dollars per year.

We would now like you to consider the 'superior' Sub-Lieutenant
('D' level) MARS officer. Let us define the euperior performer as a MARS
officer who is at the 85th percentile. That is, his performance is betcer

than 857 of his fellow SLt MARS officers and only 15% turn in better

001/3
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performances. Consider the quality and quantity of the work typical of
the superior SLt. Then estimate the value of his services. 1In placing an
overall dollar value on his work, it may again help to cousider what the
costs would be of having an outside civilian agency perform this work.
Based on my experience, 1 estimate the value to my

ship of a superior Sub-Lieutenant MARS officer
at dollars per year.

Finally, we would like you to consider the "low performing" Sub-

Lieutenant ('D' level) MARS officer. Let us define the low performing
MARS officer as one who is at the 15th percentile., That is, 852 of all
SLt MARS officers turn in better performances than the low performing MARS
SLt, and only 15X turn in worse performances. Consider the quality and
quantity of the work typical of the low performing SLt. Then estimate the
value of his services. In placing an overall dollar value on his work, it
may again help to consider what the costs would be of having an outside
civilian agency perform this work,
Based on my experience, I estimate the value to my

ship of a low performing Sub-Lieutenant MARS officer
at dollars per year.

PART II

Having responded to Part I of the questionnaire you no doubt
appreciate the difficulty in trying to put a dollar value on the
performance of MARS officers. An alternative method of finding this value

might be to rate average and superior performers in terms of their

.ol/‘.
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relative value, FPFor exsmple, if a superior performer completas twice as
many tasks as an average performer in a dsy, then all else being equal, 5
superior’ performers are equal to 10 sverage perforumers,
Without referring to your dollar estimates above, we would lika you
to estimate the relative value of average ve. superior SLt MARS officers.
I estimate that, all else being equal, __ (number)

"superior" SLt MARS officers are equal to 10 aversge
SLt MARS officers.

PART 111

In Part 1 of this questionnsire, we assumed that the distribution
of job performance among SLt MARS officers is normal as repreaented in the
greph below., That is, most MARS SLte are average performers, with equsl
nunbers (15%) falling into the “superior" and "poor" categories.

Perhaps, in your experience, you have found that this is not the
case, ‘In this last exercise, we would like for you to place & check
mark ::!_ in the opace beside the greph which, in your opinion, best

reflects the distribution of job performance among SLt MARS officers.

normal distribution: most are

average performers, with 15% .
superior and 15% poor wriiem —
p‘l‘foml‘l 196 PrOSPOtLYS a“ie m

- emeomoe e -

trme) - MRGEY MR . BwI@)
Ll
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most are above average to
superior performers with
few poor performers

e e e e B e B e e e

most are below average to
poor performers with few
superior performers

performance tends to be
above average or below
average, with few average
performers

s e B mel By B B e et e ey B o
performance tends to be
evenly distributed among
above average, average and
below average performers
with superior and poor
performance not going beyond
certain limits (limited by
gselection, etc.)

e e B B B e B o R st = 8
1f, in your opinion, none of the above figures retlect the distribution of

job performance amongst SLt MARS officers, please indicate below with a

graph or written explanation how you see the distribution,

oo./6
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following information is required for research purposes:
What is your present rank? Cdr = LCdr ___ Lt(N)
Are you currently supervising a MARS officer? YES NO

If no, how long has it been since you last supervised a MARS
officer? yrs.

How many years experience do you have as a supervisor of MARS
officers? yrs,



RESEARCH QUESTIONNAIRE (B)

Given government budgetary restrictions, it is often necessary to
justify mililary personnel development and selection programs by placing a
dollar value on the benefits that will accrue to the CF if a program is
implemented. In order to accomplish this, it sometimes becomes necessary
to place a dollar value on the performance of military personnel, One way
to do this is through burdensome cost accounting procedures. An
alternative, but unproven method, is to have officers estimate the dollar
value of performance in occupations which they have supervised. In this
questionnaire, you will be asked to make dollar estimates of the value of
the performance of MARS officers to the CF.

The dollar utility estimates we are asking you to make are of the
type that could be critical in estimating the relative dellar value to the
Canadian Forces of different selection wathods. In answering these
questions, you will have to make some very difficult judgements., We
realize they are difficult and that they are judgemeuts or estimates. We
also appreciate the difficulty of placing a dollar value on military
performance where success or failure in wartime could be measured in
lives. But we want you to make the estimates based on your peacetime
experience. You will have to ponder for some time before giving each
estimate, and there is probably no way you can be absolutely certain your
estimate is accurate when you do reach a decision. But keep in mind three

things:

0../2
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1. The alternative to estimates of this kind is the application of
cost accounting procedures to the evaluation of job
performance. Such applications are wusually prohibitively
expensive and, in the end, they produce only imperfect
estimates like this estimation procedure.

2. Your estimates will be averaged in with those of other
supervisors of MARS officers. Thus errors produced by too high
or too low estimates will tend to be averaged out, providing
more accurate final estimates.

3, The decisions that must be made about selection mecthods do not
require that all estimates be accurate down to the last

dollar. Substantially accurate estimates will lead to the same
decisions as perfectly accurate ones.

PART I

Before providing dollar estimates, we would like you to consider
the duties performed by the typical SLt ('D' level trained) MARS officer.,
Given the performance areas listed below, what percentage of a SLt MARS
otficer's total work time is spent performing the duties required in each
area. List the percentage Peside each performance area in column 1 so
that the percentages total 100%.

In column 2, rank the performance areas as to their importance to
your ship, in your opinion., (From lst = most important, to 5th = least
important).

% time ranking

1, Performs the duties of officer of the day
in harbour.

2. Performs the duties of officer of the watch
a4t sea.

000/3
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3. Performs general/secondary duties as a
ships officer.

4, Performs the duties assigned in the actinn
organization of a ship.

5. Performs the duties of a Divisional Officer.

Based on your peacetime experience with MARS officers onboard shipa,
and keeping in mind the above duties, we would like for you to now
estimate the yearly value to your ship of the duties performed by the
"average" Sub-Lieutemant ('D' level) MARS officer. Consider the quantity
and quality of work typical of the average Sub-Lieutenant MARS ificer and
the value of this work, In placing an overall dollar value on his work,
do not assume that an average SLt MARS officer is worth exactly what he is
paid, We want your opinion of the value of his performance, which may be
more or less than his salary., In making your estimate, it may help to
consider what the cost would be if it were possible to contract his work
outside to a civilian agency.

Based on my experience, I estimate the value to my

ship of the average Sub-Lieutenant MARS officer
at dollars per year.

DO NOT MOVE ON TO THE NEXT STEP UNTIL YOU HAVE RECORDED YOUR
£STIMATE FOR THE AVERAGE SLt.

In the next two steps you will be required to estimate the per-
formance of officers at differeni levels of performance., The questions
will refer to ‘'percentile" points. The percentile represents an

individual's relative position in a group, A person at the 50th percent-

‘0./"



—lym
ile, for example, would be the middle or average individual. The
performance of a person at the 60th percentile would be such that 60% of
the group would fall below him in performance and 40% would perform

better., The diagram below illustrates percentile ranks in a normal

distribution.

HUNDER

OF

OFF ICERS 85th PERCRNTILE

150 PERCHNTELE

BOTTON 157

v ¥ T
IPERFURMANCE  RANGE (SUPERIOR)

We would now like you to consider the "superior" Sub-Lieutenant
('D' level) MARS officer., TLet us define the superior performer as a MARS
officer who is at the 85th percentile, That is, his performance is better
than 85% of his fellow SLt MARS officers and only 15% turn in better
performances. Consider the quality and quantity of the work typical of
the superior SLt. Then estimate the value of his services. In placing an
overall dollar value on his work, it may again help to consider what the
costs would be of having an outside civilian agency perf;rm this work.

Based on my experience, 1 estimate the value to my

ship of a superior Sub-Lieutenant MARS cfficer
at dollars per year.

.00,5
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DO NOT MOVE ON TO THE NEXT STEP UNTIL YOU HAVE RECORDED YOQUR
ESTIMATE FOR THE SUPERIOR SLt.

Finally, we would like you to consider the "low performing" Sub-

Lieutenant MARS officer. Let us define the low performing MARS officer as
one who is at the 15th percentile. That is, 85% of all SLt MARS officers
turn in better periormances than the low performing MARS SLt, and only 15%
turﬁ in worse performances. Consider the quality ard quantity of the work
typical of the low performing SLt., Then estimate the value of his
services, In placing an overall dollar value on his work, it may again
help to consider what the costs would be of having an outside civilian
agency perform this work.
Based on my experience, I estimate the value to my

ship of a low performing Sub-Lieutenant MARS officer
at dollars per year,

PART 11

Having responded to Part I of the .queationnaire you no doubt
appreciate the difficulty in trying to put a dollar value on the
performance of MARS officers, An alternative method of finding this value
might be to rate average and superior performers in terms of their
relative value. TFor example, if a superior performer completes twice as
many tasks as an average performer in a day, then all else being equal, 5
superior performers are equal to 10 average performers.

Without referring to your dollar estimates above and considering
the quality of their work and the amount of supervision they require, we

.00/6
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would like you to estimate the relative value of average vs. superior SLt
MARS officers.

1 estimate that, all else being equal, ____ (number)

“guperior" SLt MARS officers are equal to 10 average
SLt MARS officers.

PART II1

In this part of the questionnaire, we would like you to consider
again the "typical" SLt MARS officer and rate his performance relative to
the five principal activities we used in Part 1 and which are repeated
below. Even though his overall performance may be average, a SLt may
perform each of the principal activities at a different level. Use the
rating scale below for each of the listed principal activities to rate the

performance of a "typical" SLt.

0 25 50 75 100 125 150 175 200
$ommmmmme $ommmmmea jmmmmeaae Fmmmmmmena | == ¢ | - m e |
performs these better than bester than better than
duties better than 50% 75% 992

25% of MARS officers
I have seen perform them

In your opinion, based on the principal activities below and
relative to all SLt MARS officers you have seen perform these duties, how
does the job performance of the "typical" SLt compare? (Use any number of

the 0-200 scale above).
Rating 0 to 200

1. Performs the duties of officer of the day
in harbour,

~-~/7



-7~

Rating 0 to 200

2, Performs the duties of officer of the watch
at gea.

3. Performs general/secondary duties as a
ships officer.

4, Performs the duties assigned in the action
organization of a ship.

5. Performs the duties of a Divisional Officer.
PART 1V

In Part 1 of this questionnaire, we assumed that the distribution
of job performance among SLt MARS officers is normal as represented in the
graph below. That is, most MARS SLts are average performers, with equal
numbers (15%) falling into the "superior" and "poor" categories.

Perhaps, in your experience, you have found that this is not the
case. In this last exercise, we would 1like for you to place a check
mark :}L in the space beside the graph which, in your opinion, best

reflects the distribution of job performance among SLt MARS officers.

normal distribution: most are ™**
average performers, with 152 "
superior and 15% poor

performers

Mok pERrrRLINY

utg et

most are above average to
superior performers with
few poor performers

i
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v
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most are below average to
poor performers with few
superior performers

R p——

L et ) —)—}

performance tends to be
above average or below
average, with few average
performers

—— o ——

S JEUP N S S S

performance tends to be
evenly distributed among
above average, average and
below average performers
with superior and poor
performance not going beyond
certain limits (limited by
gelection, etc,)

Lt f—t—p— | | — b=
1£f, in your opinion, none of the above figures reflect the distribution of

job performance amongst SLt MARS officers, please indicate below with a

graph or written explanation how you see the distribution.

The following information is required for research purposes:

1. What is your present rank? Cdr LCdr Lt(N)
2. Are you currently supervising a MARS officer? YES NO
3. If no, how long has it been since you laat supervised a MARS

officer? yrs.

4, ' MHow many years experience do you have as a supervisor of MARS
officers? yrs,
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Canadian Yorces Personnel
Applied Research Unit
. Suite 600
4900 Yonge Street
Willowdale, Ontario

M2N 6B7

30 March 1987
Research Participants
PERSOUNNEL RESEARCH QUESTIONNAIRE
1, As part of a research project sponsored by Maritime Command

Headquarters, the enclosed questionnaire is being distributed to naval
officers with supervisory experience in the MARS classification, The
purpose of the questionnaire is to evaluate different methods of
estimating the dollar value of job performance in the MARS classifica-
tion. Estimates of the doliar value of performance are required in
calculating the cost-tenefit or utility, of personnel selection and
development programs, such as the Naval Officer Selection Boards.

2. The questionnaire will take only a few minutes to complete and
your responses will help to ideatify a less costly and less difficult
method for estimating performance value than the cumbersome and
disruptive cost~accounting techniques which are currently in use.

3. You are nnt required to identify yourself on this questionnaire
and individual responses to questions will be seen only by the research
officers directly involved in the project. If you have any questions
or conserns about the questionnaire, or if you would like a summary of
the results, you may contact Capt V.W. Johnston, the research officer,
through the MARCOM CPSO office, 427-2324.,

4, Your participation in this research and early return of the
questionnaire is greatly apprcciated. Please return your completed
questionnaire in the attached self-addressed envelope to CPSO, MARCOM.

T.J. Prociuk
Lisutenant-Colonel
Comsanding Officer

Canada
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SUUBJ: NOSB RESEARCH QUESTIONNAIRE

REFS: A. NDHQ DPSRSC 5762-2-14 8 JUN 84

B. MARCOM 3440-1 (DCOS P AND T) 4 JUL 84

1. AS PART OF THE NAVAL OFFICER PRODUCTION RESEARCH APPROVED
AT REF A AND B, TWO SURVEY QUESTIONNAIRES RELATED TO THE
EVALUATION OF THE EFFECTIVENESS OF NAVAL OFFICER SELECTION
PROCEDURES WILL BE DISTRIBUTED TO SAMPLE GROUPS OF MARS
OFFICERS DURING THE WEEK 21 APR

2. THE QUESTIONNAIRES WILL BE MAILED DIRECTLY TO INDIVIDUAL
OFFICERS AND PARTICIPATION WILL BE VOLUNTARY AND ANONYMOUS.
RESULTS OF THE QUESIONNAIRE WILL BE USED TO IDENTIFY AN
EFFECTIVE AND EFFICIENT METHOD OF DETERMINING THE COST
BENEFIT OF SELECTION PROCEDURES

3. ANY QUESTIONS REGARDING THE QUESTIONNAIRE OR REQUESTS FOR
A SUMMARY OF THE RESULTS OF THE SURVEY SHOULD BE DIRECTED TO
THE RESEARCH OFFICER CAPT V.W. JOHNSTON THRU CPSO MARCOM

BT
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APPENDIX B
COMPARISONS OF PERCENTILE POINT ESTIMATES
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T-TESTS

Differences in Percentile Points
Estimates Between Estimation Methods

Schmidt et al. 94 22840,09 7427.86 78B6.75 1.04 0.299
Madi1fied Method. 109 21741, 65 7322.39 701.36

S50th PERKLCENTILE
Schmidt et al. 94
Modified Method. 109

. 36 8091.03 834.52 ¢.90 0.371
.31 7317.21 700.87

ML
o
[N
[ |
&

A%th FERCENTILE
Schmidt et al, 94 36403,49 [0629.48 1096.35 0.09 0.931
Modi1fied Method. 109 36274, 31 10394.18 495.58

F~ Yalues

Differences Between Variances in
Ferventiie Estimates by Questionnaire Type

Schwi1dt et al, 94 22840.09 7
Moditied Method. 109 21741.65 73

S0th PERCENTILE
Schmidt et al. 94
Modifred Method. 109

go9L. 03 834,52 1.22 0.313
731731 700,87

d
P

3
-

il ok
ot K
— o

- 3

£ oL

85th PERCENTILE
Schmidt et al. g4 3564073.49 10629,48 1094,35 1,05 0,819
Modified Method. 1Q9 36274, 31 10394.18 993,58
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F-Values

Pairwise Comparison of
Percentile Foint Estimates By Rank

F 2-tail
n mearn 5D SE Value prob.,
I5th PERCENTILE  —-orrTTTmTomTmmmmmmmmmmmmmmmmmmmmmmmmmme
Cammander 20 286560.,00 8215.99 1837.1% 1.04 0, 680
Lt Commander 62 21794.31 8046,81 1021.95
S0th PERCENTILE
Commander 20 33175.00 11649.79 2604,97 2.41 0.010
Lt Commander 62  30001,97 7501.20 952,69
Bith PERCENTILE
Commander 20 42375.00 17976.69 4020.16 2.58 (. 005
L.t Commander 62  37031.10 11197.97  1422,14
1S5th PERCENTILE
Lt Commander 42 21796.30 8046.81 1021.95 1.32 0,202
Lieutenant 121 22086.76 7011.36 637,40
§0th PERCENTILE
Lt Commander 62 30001,97 7501.20 952,65 1.20 0.395
lLieutenant 121 29145,62 847,01 622,44
85th PERCENTILE
Lt Commander 62 37031.10 11197.97 1422,14 2.03 0.001
Lieutenant 121 24978.501 7854,88 714,08
15th FERCENTILE
Commander 20 28650.00 B215.99 1837.15 1.37 0.3084
Lieutesant 121 2208B6.26 7011.38 637.40
S0th PERCENTILE
Commander 20 33175.00 11649.79 2604,97 2.89 0,000
Lieutenant 121 29145,62 6847.01 522,46
BSth PERCENTILE
Commander 20 42375.00 17978.69 4020,14 Ga24 0,000

Lieutenant 121 34978.51 78%4.,88 714,08



Pairwise Comparison 0f Percentile FPoint
Estimates Ry Years of Supervisory Experience

F 2-tail
n mean 8D 8E Value prob,
184h PERCENTILE
0-2 years 4 22447.33 7069.80 912,71 1,04 0.864
3-5 years 1. 20918.14 6920, 24 851.82
50th PERCENTILE
0-2 vears &0 29352,00 65946.94 B851.44 1.24 0.400
2-% years bé 27689,39 5928,92 729.80
8%th PERCENTILE
Q-2 years b 35323.33 7836.99 1011,75 1.42 0.145
3-5 years bb 33681.82 568,36 80B, 51

e h G 6 B e g b4 G AR v a4 b G am ke ke e i ke e BB AN S0 N BE B R S BE WM Em B HE S R W 41 B P e e b e ek e o e S8 Gm e e By e e Ay 4 e v de B

18th PERCENTILE
3-5 years b4 20918B.14 $5920.24 B3i{.B2 1.38 ¢.188
4 or more years 77 23238.58 Bi16.16 924,92

50th PERCENTILE
3-5 years b  27689.39 5928.92 739,80 2,39 0,001
b or more years 77 3977 17 173,48 1045,42

BSth PERCENTILE
3~% years 46 33681.82 b568.36  B08.51  4.42 0. 000
b or more years 77 39395.17 13813.44 1574.19

19th FERCENTILE
0-2 years &0 22487.33 7049.80 912,71 {.32 0,270
b or more years 77 232318,58 Bllbd. 16 924,92

50th PERCENTILE
0-2 vears 60 29352.00 6596,94 851,46 1.93 ¢, 009
5 or mare years 77 31977.17 9173.48 1045,42

85th PERCENTILE
0-2 years & 353

8323.33 7836.99 1011.75 3.4 0.000
b or more years 77 39395.17

13813.44 1574.19
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ANOYAs for BS5th Fercentile Estimates
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P L e e e ek R L P R L L L

197

202

124968, 424
490801909.829
132065408,077
249315373.519
106244442,016

109785801.706

4,620 0,011
1,243 0,291

2,347 0,043

e S L L L L R R R e e e ket

Sources of Variation 85
Estimation Method 124968,424
Rank 9814603819, 457
Method X Rank 264130816,1583
Explained 12465746867.597
Residual

Total

Sources of Variation 85

df

MS

. st 0 S o ave e he S bh B AE W e e e e e Se B o bm 0 B W B B4 o PR GR  ed o b B L g b G ek R s bm N B G B N A e A S e e e S S

Ectimation Method 15500962, 399

Yre Supervisory

Experience 1261742173, 326
Method X
Evperience 1990G2732,848
Explained 1282487137.979
Residual

!

15600962, 399

630871086.663

9951366.433
256497427.59%
106062156.379

109785801.706

8ignif.
F of F
0,146 0,703

5.948 0.003

0,094 0.910
2,418 0.0%7



124

i

TE IR

-104-

NOVAs for 50th Percentile Estimates

Signif.
Sources of Variation 88 d+ Ms F of F

T G R D N e WD M W BT e WS W Y W e B TR gy e 0t 9 PR P ) W 0 B A A TG e b B BT 6% BY m b e G b 6 R e R s e b R s L R ]

Estimation Method 43800878, 869 I 43800878.869 0.786 0,135

Rank 277920909,517 2 13B960454,759 2,400 0.09%3
Method X Rank 1857414695,682 2 92870B47.841 1.604 0.204
Explained 511944046.822 5 1023668809.364 1.748 0,121
Residual 197  57904684.233

Total 202 §9005778.390

R Signi+
Sources of Variation 88 df M8 F of F

ek P B G an B - b A G b A A B bR e e e ek A e s A e A e e d e T e S 3 g e e ) B4 S bt ek e e b S S T A4 G R G R R e

Estimation Methed 818681745,063 1 81881745,063 1,445 0.231

Yre Supervisory

Experience T4024375.597 2 352312187.798  6.219 0,002
Method X

Experience 5965978.0845 2 29682969.423  0.053 0.949
Explained 758871795, 065 5 191774359.213  2.4679 0,023
Residual 197  56651245.0881

Total 202 §9005778.390

b b e A e ha e e B 16 G G ke B AE e Kk Gd A B M b e ) 0 b AR A A b b e A 6 G bl B e D4 $4 R AL §3 (5 da SR As A3 0K 6R e M 3 e b aw v S w0 e



ANOVAs for 1S5th Percentile Estimates
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8ources of Variation

O L e e L R R R L Y -2

Estimation Method
Rank

Method X Rank
Explained
Residual

Total

56411615, 186
126719879, 022
123967611,B6b

311385611,414

1
2
2
5
197

202

96411815,186
63359786.511
61983805,517
62317122,283
55989439.198
99755966.077

oW e o e e el n s e S e e ek e S W e S AN e o 6 a5 43 ) LA M Bl et et et O B o i g hE D A G N e ey o ek ) e e e ) o e e 0y e e )

of F

B S L L L Ll T L L T O L Y

Estimation Method

Yrs Supervisory
Experience

Method X
Experience

Explained
Residual

Total

e e e e e e G L B e 06 K e G2 G A8 B4 b 63 A ke LA 4R e Gl SR D S G5 B N Ga e b B 64 e ) AU AR S B B4 AR S0 B8 A ke N A dn el ek me deb e S A e e A

75231679.794

208996512, 088

670&3907:899

337518841.314

2

r3

75221679.794

104498256.029

23811953.950
b7505768,263
55457798, 437

55755966.007

1.884

0.610

1.217

0,246

0,155

0,545

0.302
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AFFENDIX D

WILGOXIN MATOMED FATRES STENED-RANE TEST
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Wilcoxin Matched~Pairs Signed

_Ranks Test

TOTAL SAMFLE

8Dy1 less than §Dy?2 = 47
8Dyl greater than 8DY2 = 84
ties = 70
Total 203 z = -3.2542
BCHMIDT ET AL METHOD
80yl less than 8Dy2 = 18
80yl greater than 8DY2 = 39
ties = 37
Total 203 z = -3.2542
MODIFIED METHOD
80yl lass than S5Dy2 = 29
8Dy!1 greater than 8DY2 = 47
ties = 33
Total 203 2 = =1,9933

2~tailed p

2-tailed p

2-tailed p

i

0011

. 0081

0442

A..A.‘“jlkni:
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AFFENDIX E

CHI-BOUARE ANALYSES
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Ditferences i 8Belection of Normal
Distribution Diagram By Estimation Method

- Sl Oy o Y o e M N N WS e P P Y S 1 ke N M et S 1SS A PR Y T e ey e b e el R G o M B M o W ey e

Method  Observed Expected Residual CHl-square df Significance

1 o Pt e e wp Ner o e e P TH S s et e mn sie W bt HO e e v e e A e Sl A S A T NP WD A W G e W S W MR e e ) e e ey ey G ) e A e e o

gemidt 30 38,58 -8,58
et al.
Modi fied 50 41.41 8.58 3. 684 1 0.085

A e o o 0 s o o N ) o ks 4D M S A s e 4 e (et ek O A S e M e e P D ) T b e el 8 gm0 o

Differences in Selection of
Normal Distribution Diagram By Rank

o T L e N L T L R D T T T ]

Cases
Rank Observed Exupected Residual CHI-square df Significance
Commander 10 8.24 1.74
Lieutenant
Commander 22 24,31 ~2.4
Lirutenant 48 47,45 55 0.739 2 D.739

gt S e G B Lk e M R WD G RS S e e e e e B e Bk by b e de e o m Bd e be BB A i AR MR b e G A G hb bk he e e AL D G e e e e ke B Ak e e e a4 A e b

Differences in Selection of Normal
Distribution Diagram By Years of Supervisory Experience

Supervisory Cases
Experience Observed Expected Residual CHI-square df Significance

s o s et R R O A R G ) B s e e b sk e B ke A s b e L M b R e A e e R A G e e e S e S G e e S A e e e G D SAL M R

0-2 yrs 29 23.583 5.47
3"5yr5 23 251 88 "21 88
or more yre 28 30.59 -2.89 1.812 2 0.404

e R A e G A R M LA U L e ) e A M R e R A b e o sk D e e L W L ey B S U SE AT R S WE b 4 G ) R M A G e A G G s s e e e e




