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ABSTRACT

Methods for estimating the standard deviation of performance in
dollars (SDy) proposed by Schmidt, Hunter, McKenzie, and Muldrow (1979)
(referred to as S & H) and by Burke and Frederick (1984) (referred to as
B & F) were compared with a modified procedure which incorporated the
Delphi and critical incident methodologies (referred to as Delphi).
Sixty-four nursing managers were randomly assigned to one of the three
methods. They provided estimates for the jobs of registered nurse and
licensed practical nurse. The three methods yielded similar estimates,
were equally sensitive to differences between the jobs, and conformed to
the assumptions of normality. The Delphi procedure yielded estimates
with lower variability thamn the other two procedures and was slightly
more acceptable to estimators than the S & H procedure. In addition,
the Delphi procedure produced a list of critical activities that the
human resource department believed was a valuable by-product of the
estimation process. Point estimates in all conditions were similar to
nurse's salaries. The results lend support for the increased use of SDy
estimation procedures in applied settings. However, future research
should examine manager's use of salary information in generating
estimates. The Delphi was an improvement over the previous procedures
and thus was recommended for most situations. However, the advantages
were not overwhelming and the simpler S & H procedure could be

appropriate under certain circumstances.
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ESTIMATING THE UTILITY OF JOB PERFORMANCE: THE INFLUENCE
OF THE DELPHI TECHNIQUE AND BEHAVIORAL EXAMPLES ON
SUPERVISORS' ESTIMATES
I. INTRODUCTION

Over the last decade, researchers and practitioners have devoted
increased attention to the management and development of human resources
(cf. Peters & Waterman, 1982). There are several reasons for this
phenomenon. One reason is the increased costs associated with human
resources. Killian (1976) estimated that the direct cost of payroll and
employee benefits typically amount to 707 of the total cost of an
organization's operation. The rising cost of human resources along with
increased competition from abroad, movement from capital intensive
production occupations into more labor intensive service occupations,
labor legislation, and a heightened concern with productivity have all
contributed to the increased attention organizations are giving to
managing people.

With the increased attention comes a greater need and a greater
potential for contributions by industrial/organizational (I/0)
psychologists. The research efforts of I/0 psychologists often result
in organizational interventions designed to improve productivity and
create a higher quality of worklife (e.g., selection, training,
performance appraisal, and job enrichment). However, for these
interventions to be implemented they must be successfully communicated

to managers. Only then can managers make informed decisions regarding

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



prospective interventions. The concept of utility provides an important
perspective that can improve the link between research developments and
practical application.

The utility of a program refers to the degree to which its use
improves the quality of individuals' performance beyond what would have
occurred had that program not been implemented (Blum & Naylor, 1968).

To extend this definition to reflect the current emphasis on economic
utility, the costs associated with the program must be included. Thus,
the utility of a program is the benefit derived from implementing the
program minus the cost of developing and maintaining the program. An
analysis of a program's relative utility can be conducted to decide
whether that particular program will be cost effective compared to other
programs.

Utility analysis is the determination of institutional gain

or loss (outcomes) anticipated from various courses of

action., When faced with a choice among strategies,

management must choose the strategy that maximizes the

expected utility for the organization across all possible

outcomes. To make the choice, management must be able to

estimate the utilities associated with various outcomes

(Cascio, 1982, p. 127).

Approaches that are similar to utility analysis include: cost-
benefit analysis (Ray, 1984), cost-effectiveness analysis (Levin, 1983),
and return on investment (Killian, 1976). These approaches are just
beginning to receive attention in the human resource field.

A human resource department has traditionally been viewed by
managers as a cost-center. Managers measure the contribution of a cost-
center to the organization by comparing actual expenses with budgeted
expenses for a specified period of time (Killough & Leininger, 1977).

Cost centers usually exist where difficulties are encountered in

relating financial measures to outputs. The legal and public relations
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departments are other examples of cost centers. In contrast, a profit
center is a division of an organization where contribution is based on
traceable revenues and expenses that are matched to determine the
division's net income (Killough & Leininger, 1977). A useful
summarization is that the focus of budgeting for cost centers is on
costs and for profit centers the focus is on utility.

As a cost-center, planned changes in a personnel department often
focus on reducing costs. Changes may include revising or eliminating
programs, or perhaps, reducing the size of the workforce. In many cases
these strategies are necessary and useful. However, cost-effective
changes can also be made by implementing a program, which increases
costs, as long as sufficient benefits are also generated. If a program
is presented so that decision-makers consider only the costs and not the
economic benefits associated with the program, the potential to improve
the organization and to influence the quality of worklife is greatly
minimized. In these cases, changes may be limited to those that focus
on cost reductions. Conceptually, utility amalyses provide decision-
makers with information from both the cost and benefit perspectives.
This should lead to more informed decisions.

If utility analysis is such a useful concept why has this technique
been used so infrequently? Early efforts to assess the utility of human
resource programs focused on personnel selection (Brogden, 1946, 1949;
Taylor & Russell, 1939). Later work led to refinements of the initial
efforts (cf. Cronbach & Gleser, 1965; Naylor & Shine, 1965). The
resulting Brogden/Cronbach—Gleser utility model is potentially the most
versatile utility model available for human resource applications.

However, difficulties in estimating a critical parameter in the model,
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the standard deviation of performance in dollars (SDy), minimized the
visibility and applicability of this approach (Zedeck & Cascio, 1984).

Recently, research has been directed toward estimating SDy. A new
method based on managers' estimates was developed by Schmidt and Hunter
and their associates (Schmidt, Hunter, McKenzie, & Muldrow, 1979). This
procedure holds great promise but concerns exist regarding its
usefulness (cf. Weekly, Frank, 0'Connor, & Peters, 1985). If this
procedure can be shown to provide valid information and is acceptable to
organizational decision-makers it will allow greater application of
utility analysis.

In light of the importance of utility concepts and the problems
associated with estimating SDy, the current research examined Schmidt
and Hunter's estimation procedure (referred to as S & H) and compared it
to two modified procedures: a structured feedback procedure developed
by Burke & Frederick (1984) (referred to as B & F) and a procedure
developed for this study which incorporated the critical incident and
Delphi methodologies (referred to as Delphi). Two critical questions
were addressed: (1) Is the S & H procedure scientifically sound and
acceptable to managers; and (2) Are either of the two modifications of
the S & H procedure (i.e., B & F or Delphi) improvements over that
procedure?

This study continues research that began over 50 years ago.
Therefore, it is important to examine the history and development of the
utility concepts. Following the discussion of history, the S & H
procedure is examined in detail, prior improvement efforts are
critiqued, and the rationale and hypotheses for the current study are

presented.
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History of Utility Concepts in Personnel Decisions

The earliest attempts at utility focused on personnel selection
(Hull, 1928; Kelley, 1923). These attempts were based entirely on the
selection test's validity. The first concept of utility was the index
of forecasting efficiency, which was a function of one minus the squared
validity coefficient. However, for a test with an extremely high
validity of .50, this index provides, "a very unrealistic pessimistic
interpretation of the test's economic value" (Schmidt, et al., 1979, p.
610).

The index of forecasting efficiency was replaced by the coefficient
of determination (i.e., the squared validity coefficient) as the
conception of utility. The coefficient of determination reflects the
amount of variance in performance that is accounted for by a selection
test. Thus a test with a validity of .50 accounts for 257 of the
variance of job performance. Schmidt et al. (1979) noted that the
"amount of variance accounted for has no direct relationship to
productivity gains resulting from use of a selection device" (p. 610).
Both of these concepts, the index of forecasting efficiency and the
coefficient of determination, suggest that test validity is the only
factor in determining utility. This of course is not true.

Taylor and Russell (1939) went beyond the validity coefficient to
incorporate two additional components of personnel selection: selection
ratio (the proportion of applicants hired) and base rate (the percentage
of applicants who would be successful without the use of the test). The
Taylor-Russell model was a significant improvement over the earlier
efforts. Utility was conceived as the increase in the percentage of

successful hires from using the test. The Taylor-Russell model
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indicates that, under certain circumstances, a test with modest validity
can substantially increase the percentage of successful hires. For
example, when the base rate is 507 and the selection ratio is .10, a
test with a validity of .25 will increase the percentage of successful
hires from 507 (base rate) to 67%. In the same way, a test with
extremely high validity will be of little value as the selection rate
approaches 100Z.

While better than the earlier efforts, the Taylor-Russell model has
two serious drawbacks which are related to its dichotomizing employees
as successful or unsuccessful on the performance criterion. The first
is that by categorizing all employees into two groups, a great deal of
information is lost. That is, all successful employees are considered
equally successful. The second drawback to the Taylor-Russell model is
that objective information on success or failure is rarely available,
thus, the decision about where to set the cutoff on the performance
criterion is usually arbitrary. Unfortunately, the utility of a test
can vary considerably on the basis of the particular cutoff score that
is selected.

Brogden (1946; 1949; Brogden & Taylor, 1950) was the first to
conceive of the utility of personnel decisions from a cost-accounting
perspective. He recommended transforming job performance into a dollar-
based metric using cost-accounting methods and noted the importance of
determining the standard deviation of performance in dollars. Brogden
(1949) used the principles of linear regression to demonstrate the
influence of selection rate and the standard deviation of performance
in dollars on the economic utility of a selection test. In addition,

Brogden (1949) noted that the cost of testing must be taken into account
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when determining utility. However, it was Cronbach and Gleser (1965)
who formally incorporated cost into their model. Cronbach and Gleser's
(1965) book was the basis for the modern utility model. They applied
decision theoretic principles to Brogden's approach as well as extended
it to consider placement, classification and other personnel decision
strategies.

The Brogden/Cronbach-Gleser model includes selection rate, SDy, and
validity information as well as the cost of testing and/or recruiting in
the conception of utility. Under the assumptions of the model, the
interpretation of the validity coefficient is quite different than those
of the earlier conceptions. According to the Brogden/Cronbach-Gleser
model, the validity coefficient of a selection device is the proportion
of maximum utility which is attained for particular conditions of the
selection ratio and the standard deviation of performance. Thus, with
other factors held constant, a selection device with a validity
coefficient of .50 would yield one half the utility that would result
from the use of a selection device with a validity of 1.00. This is a
more optimistic and accurate interpretation than either the index of
forecasting efficiency or the coefficient of determination (Landy, Farr,
& Jacobs, 1982).

While Cronbach & Gleser (1965) recommended extensions beyond
selection, subsequent researchers have clarified or further extended the
model. For example, Schmidt, Hunter, and Pearlman (1982) clarified
Cronbach and Gleser's recommendations for training applications, and
Landy et al. (1982) presented suggestions for performance appraisal
feedback. Furthermore, Boudreau provided detailed demonstrations of the

impact on utility of tax rates, variable costs associated with changes in
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productivity, and employee flows (1983a, 1983b).

Implementation of the Brogden/Cronbach-Gleser Model

The Brogden/Cronbach-Gleser utility model is "potentially the most
versatile model available, but to date it has not received widespread
attention" (Cascio, 1980, p. 43). Although considerable effort has been
directed toward refining the model, there have been few reported
applications of the model. The difficulty of estimating SDy has been
the primary reason that the powerful Brogden/Cronbach-Gleser model has
been neglected (Schmidt et al., 1979).

Cost—-accounting was originally recommended as the appropriate
method for estimating SDy. Brogden and Taylor (1950) recommended the
use of cost-accounting procedures to estimate the dollar value of
performance for a number of employees. A standard deviation was then
computed from this data. This method was used in Roche's dissertation
with radial drill operators as reported in Cronbach and Gleser (1965,
pPP. 256-266). A detailed and complex procedure called standard costing
was used to determine the contribution of each employee to the profits
of the company. Cost estimates for each piece of material machined,
direct and indirect labor costs, overhead, and perishable tool usage
were all considered. In addition, there was also a burden adjustment
for below standard performance. Despite the apparent objectivity of
these cost accounting procedures, Roche noted that the procedure
included many subjective estimates and arbitrary calculations. Cronbach
commented that some of the procedures were unclear or questionable and
that the accountants did not appear to understand fully the utility
problem. Experimental research with accountants has suggested that even

routine judgments can be quite unreliable (Razek & Bernstein, 1976).
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Thus, cost accounting appears to be costly and time consuming and to
yield a questionable estimate of SDy.

Recently, Schmidt, Hunter, McKenzie, and Muldrow (1979) presented
an alternative procedure for estimating SDy. Their procedure is based
on the following rationale: If job performance is normally distributed,
then the difference between the value to the organization of the average
performer and either the 15th percentile or 85th percentile performer is
equal to one standard deviation of performance in dollar terms. They
asked supervisors to estimate the value to the organization of the
products and services produced by a low performing (15th percentile),
average performing (50th percentile), and superior performing (85th
percentile) computer programmer. The differences between the 85th and
50th percentile performers and between the 50th and 15th percentile
performers were two estimates of SDy. Kotler (1970) applied a similar
rationale to gather estimates for risk analysis. Clearly, the S & H
procedure is less time consuming and expensive to collect than the
traditional cost accounting method. The recent interest in revising and
extending the Brogden/Cronbach-Gleser model is probably attributable to
the ease of the S & H procedure.

While researchers have suggested alternative methods for estimating
SDy (e.g., Cascio's CREPID model, 1982), the S & H procedure has generated
the greatest interest in the research literature. If proven effective,
the S & H method would allow for greater application of the Brogden/
Cronbach-Gleser utility model.

Research on the S & H Estimation Procedure

The S & H procedure for estimating SDy has attracted the most

attention in I/0 psychology, and it seems the most likely candidate for
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continued use in the future. However, several concerns remain regarding
its appropriateness (Weekly et al., 1985). These concerns can be
classified into three categories: (1) validity; (2) psychometric
properties; and (3) acceptability.

Eleven studies were located that used the S & H procedure. These
studies contained 39 SDy estimates from 17 independent samples of
supervisors. Table 1 lists the studies and includes information about
the jobs that were examined and the number of managers who provided
estimates (i.e., sample size). The results from these studies were
examined to address the concerns with the technique.

Validity. The validity of SDy estimates is unknown. The ideal way
to validate the S & H procedure would be to compare SDy estimates
against an objective value of SDy. However, for any job a truly
objective value of SDy does not exist. It is impossible to quantify
objectively all components of performance that determine its dollar
value. In this sense SDy is similar to the concept of the ultimate
criterion. Thus, a direct assessment of validity is not possible.
Fortunately, indirect evidence can be collected regarding the validity
of SDy estimates by examining the convergence of estimates collected by
several methods and the sensitivity of the estimates to job differences
and changes.

Estimates that are derived from multiple methods should yield
similar results; this convergence of methods is evidence for validity.
Systematic differences across methods is evidence of undesirable method
bias. Some convergence between the S & H procedure and other methods

has been demonstrated (See Table 2).
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One validation effort was Bobko, Karren, and Parkington's (1983)
comparison of S & H estimates to those based on archival sales data.
They found strong evidence of agreement between the methods. However,
Bobko et al. compared the archival data with SDy estimates based
strictly on sales value and not on overall performance value as is
usually done. As Brandon and Jacobs (1985) noted, "the fact that
objective performance data existed is one indication that estimating the
SDy of the sales force hardly compares to a similar estimation process
for middle managers" (p. 13). More accurate estimates are likely when
the job criterion is specific and objective (e.g., sales). For example,
Karren & Bobko (1984) cite the health care industry as a potentially
difficult area to generate accurate estimates. The current research
collects data from that industry.

While convergence with other SDy methods is desirable, a strong
convergence with salary may be problematic. Salary will not always be
indicative of performance value. Many organizations do not have
accurate compensation systems. Those that do use systematic job
evaluation techniques usually adjust salary according to market
conditions. While salary may serve as a useful reference point for
generating estimates other factors should be considered. As noted by
Bobko et al. (1983), one should be suspicious of an estimation method
that yields estimates that are too reliant on salary.

A valid estimation procedure should also be sensitive to
differences between jobs and to changes in jobs over time. The
estimation procedure should yield different point estimates for jobs of
differing worth. The estimates for a more critical job, that is one

where success and failure have greater benefits or costs for the
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organization, should be larger than those for a less critical job.
There has been some evidence that the S & H procedure is sensitive to
job differences (Brandon & Jacobs, 1985; Mathieu & Leonard, 1984).

In addition, Landy et al., (1982) noted that if organizational
changes occur (e.g., layoff of 20% of workforce on the basis of
performance), SDy estimates should change accordingly (e.g., SDy should
be reduced with a layoff). There has been no research conducted in this
area.

As long as an objective standard remains elusive one must continue
to gather evidence for construct validity to assess the accuracy of
subjective estimation procedures. Research should continue to
accumulate along these lines.

Psychometric Properties. A prerequisite for any useful measurement

tool is psychometric soundness. Psychometric issues of concern for the

S & H estimation procedure include: normality, and variability of

estimates.

The S & H procedure is based on the assumption that performance is
normally distributed. Managers should provide estimates that conform to
that distribution. Only if the assumption of normality is met can the
differences between point estimates be treated as standard deviations.
Operationally, this has been examined by testing for significant
differences between 50-15 estimates (SDy lower) and 85-50 (SDy upper)
estimates. Non-significant differences are taken as evidence of
normality. Most studies have reported non-significant differences
between the two estimates. The general finding of non-significant
differences between the upper and lower SDy estimates is encouraging.

However, future studies should continue to examine the estimates. It is
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probable that generating estimates for some jobs may be more difficult
than for others. Differences between upper and lower SDy estimates may
highlight estimation difficulties.

Two attempts were made to collect 97th percentile estimates in
addition to the 15th, 50th, and 85th percentile estimates (Bobko, et
al., 1983; Burke & Frederick, 1984). The rationale for collecting 97th
percentile estimates was that in a normal distribution the 97th
percentile lies two standard deviations above the mean. Therefore, the
difference between the 97th and 85th percentiles would equal other
percentile differences. In both studies, SDy estimates based on the
97th percentile estimates did not equal other estimates. This lack of
equality for 97th percentile estimates appears troublesome. However, it
is possible that estimators simply have a difficult time at the extremes
and that the 15th, 50th, and 85th percentile estimates meet the
necessary requirements. A more troublesome issue is variability of
estimates.

Previous researchers have expressed concern with the lack of
agreement among estimators as evidenced by high variability in SDy
estimates. Extreme variability is seen as evidence of low interrater
reliability. Estimator reliability is critical since reliability is a
prerequisite for validity.

Brandon and Jacobs (1985) examined variability in SDy estimates for
a number of different jobs. They reported the standard deviation of a
set of estimates as a percentage of its mean. This ratio is an
indication of the relative variability of SDy estimates. The greater
the percentage, the more variable the estimates. This ratio can also be

computed for the 15th, 50th, and 85th percentiles.
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The ratios were computed for each study reported in Table 2 for
which means and standard deviations were available. Table 3 displays
ratios for percentiles and Table 4 for SDys. The standard deviations
ranged from about 207 of the mean to over 3007 of the mean. Clearly,
the variability of the estimates could be a problem in many studies,

Schmidt et al. (1979) suggest that the standard error of the mean
is the appropriate indication of estimate variability and not the
standard deviation of the estimates. Of course, the magnitude of the
standard error of the mean is a function of sample size. Thus, the
greater the sample size the less the problem of estimator variability.
In many organizations and for many jobs, however, a large number of
supervisors simply are not available to generate estimates. The median
sample size for the 17 independent samples reported in Table 1 was 26.
This value may be a high estimate because researchers are likely to
select jobs with a "sufficient" number of supervisors to allow for
statistical analysis. Other jobs may have even fewer available
supervisors. Therefore, controlling the variability of estimates
remains a critical issue.

Outliers or extreme estimates often contribute to high variability
and are potentially problematic. Extreme estimates also have a great
influence on mean SDy estimates. It is possible that outliers are
accurate reflections of performance differences. However, outliers may
also be indicative of hasty responses or distorted frames of reference
regarding performance. If the outliers are randomly distributed and
sample size is large, then, theoretically, these values should not be
problematic. However, if there is a systematic component to outliers,

e.g., ceiling or floor effects, or if a large sample size is not
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available, outliers may distort SDy estimates (Einhorn, Hogarth &
Klempner, 1977). Schmidt, Mack, and Hunter (1984) found systematic
differences between lower and upper estimates. They stated:

supervisors may fail to recognize variation along the entire
spectrum of performance because they have developed a mental
set focused on avoidance of errors on the part of the low
performers rather than attending to outstanding performance.
Supervisors may find themselves in the position of
responding to complaints from the public...such behavior
might create a cognitive set on the part of the supervisors
to focus on errors or deficiencies.. (p. 494).

Acceptability. Any useful estimation procedure must be acceptable

to managers. Since utility analysis is a decision aid, any procedure
that elicits resistance is potentially valueless. A useful estimation
procedure should be understandable, have face validity, and should yield
estimates that are perceived to be accurate.

Inconsistent estimates have been reported (e.g., 85th percentile
estimates less than 50th percentile estimates) in several studies. This
is an indication that managers did not understand or attend to the task.
More directly, managers have expressed concern about the ambiguity of
the estimation task and some resistance has been reported in performing
this task (Bobko et al., 1983; Mathieu & Leonard, 1984; Wroten, 1984).
This is an important issue because estimators' confidence in their
estimates and their acceptance of the estimation procedure will
facilitate the use of these estimates.

There are two ways to deal with the issue of acceptability. One is
to ignore it and to present final utility estimates to decision makers,
assuming (or hoping) that they will not be concerned with estimator
acceptability. The second way to deal with this issue is to consider
changes in the estimation procedure that may lead to improvements in

acceptability.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




16

Utility analyses cannot be viewed as decision makers. Instead,
utility analyses are simply decision aids. That is, one cannot point to
the conclusions of a utility analysis and say, "it's obvious - we must
change the selection system." Quade (1970) noted that cost
effectiveness analyses are often designed and carried out as if to
assist an individual decision maker to a discrete decision. However, he
added that typically several decision makers are usually involved who
can counter or at least degrade recommendations. In addition, it is
often impossible to implement the recommendations without cooperation.
All this suggests that acceptance of the process is crucial if decision
makers are to use the results of this decision aid; disbelieving
estimators can only serve to short-circuit implementation.

Previous Efforts to Improve the S & H Procedure

The concerns associated with the S & H procedure (i.e., validity,
psychometric properties, and acceptability) have prompted researchers to
attempt to examine and revise it. These efforts have met with mixed
success.

One attempt to improve the quality of the estimates was conducted
by Bobko, Karren and Parkington (1983). They hypothesized that an
estimation procedure that encompassed two standard deviations of
performance would provide more accurate estimates of actual variations
of job performance than one that encompassed only one standard
deviation. On the basis of the Tchebyshev inequality they inferred that
if the underlying distribution was not normal the 15th and 85th
percentiles may not encompass any of the population values. For this
reason they added a 97th percentile estimation task in order to estimate

SDy as the difference between the 97th and 85th percentile estimates.
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However, inclusion of the 97th percentile did not improve the estimates.
They concluded that "in spite of intuitions based on the Tchebyshev
inequality, estimates based on extreme percentiles do not enhance the
accuracy of estimates of SDy" (p. 174).

Other improvement efforts left the 15th, 50th, and 85th percentile
estimates intact but instead revised the procedure by which the
estimates were collected. In these studies, managers were provided with
50th percentile estimates as anchors to use for making subsequent
estimates. In one case the anchor was generated by the researcher. In
the other studies the 50th percentile estimates were generated initially
by the managers and an average 50th percentile estimate was fed back as
an anchor for subsequent estimates.

In one part of an elaborate study, Wroten (1984) provided managers
with a 50th percentile anchor based in part on accounting information.
The actual procedure used to develop this anchor is unclear. He found
no differences between the mean SDy estimates generated in this
condition and those collected using the S & H procedure. In contrast,
he did find greater agreement (i.e., lower variability) among percentile
estimates in the anchored condition. However, he found less conclusive
results regarding the variability of the SDy estimates. An additional
manipulation in Wroten's study was to feed back artificially high or low
50th percentile anchors. Manager's SDy values were adversely affected
in those conditions where bogus feedback was provided. Wroten's
research provides evidence that providing managers with an anchor does
affect their estimates and may be useful in reducing variability.

Unlike Wroten's research, which incorporated an externally

developed anchor, Karren and Bobko (1984), Burke and Frederick (1984),
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and Burke (1985) used mean estimates as anchors for subsequent
estimates. Managers in Burke and Frederick's (1984) study first
generated 15th, 50th, and 85th percentile estimates. In a second round,
they were given the meanr 50th percentile estimate and asked to re-
estimate their 15th and 85th percentile estimates. In contrast,
managers in the Karren and Bobko (1984) and Burke (1985) studies only
generated 50th percentile estimates in the first round. Next, they
received the mean 50th pecentile estimate and were asked to estimate the
15th and 85th percentiles., In all three studies, the procedure was
structured so that estimates in the second round were generated without
verbal interaction with other group members.

The mean estimates generated by the structured feedback groups in
these studies did not differ significantly from the S & H mean
estimates. However, in the Burke and Frederick study there was greater
agreement among the estimators after feedback. Since time one estimates
were essentially S & H estimates, the improved estimator agreement is an
encouraging finding. A similar improvement in estimator agreement did
not occur in the Karren and Bobko study. This finding may be
attributable to the low variance of the initial estimates.

Burke and Frederick (1984) and Wroten's (1984) research also
examined a procedure that allowed verbal interaction among group
members. In both studies, the verbal interaction procedure failed to
reduce estimator variability.

The research to date provides no support for the use of verbal
interacting groups. However, there is support for additional research
on the use of structured feedback groups, with Burke and Frederick's

research providing the most encouraging results to date. Additional
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improvements may be possible. Research from the group decision-making
literature was examined to identify potential improvements.

A Further Revision to the S & H Technique: Behavioral Examples and the

Delphi Procedure.

The basis of the S & H procedure is the pooling of estimates from
multiple estimators. This poolingvbf estimates is called a statistized
pooling. As noted before, previous efforts to improve the S & H
procedure have attempted to involve the group in some form of
interaction.

"The empirical literature clearly points to the superior accuracy
of judgments resulting from interacting groups in comparison to a
baseline of statistized sets of individuals" (Rohrbaugh, 1975; p. 75).
This has been demonstrated in a variety of contexts and tasks (cf.
Dalkey & Brown, 1971; Larreche & Moinpour, 1983; Miner, 1984; Uecker,
1982).

Steiner (1966, 1972) identified three critical factors in
conceptualizing how well a group will perform: (1) the expertise of the
different group members, (2) the process used by the group, and (3) the
type of task. For a given group of managers (i.e., fixed expertise),
improvements can be made by altering either the group process or the
task.

Group process is important because many groups suffer process loss
(Van de Ven & Delbecq, 1971). For example, social pressures may force
less powerful group members to agree with more powerful group members.
With an ambiguous task, such as dollar estimation of performance, people
are susceptible to social pressure (Einhorn, Hogarth & Klempner, 1977).

It is likely that the poor performances that were exhibited by the
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freely interacting or unstructured groups in the SDy research (Burke &
Frederick, 1984, Procedure A; Wroten, 1984) were due to process loss.

One method that has been used successfully for controlling process
loss is the Delphi technique. The Delphi technique has been viewed
primarily as a technological forecasting tool. However, as Martino
(1983) noted, the Delphi technique can be used as a method for improving
many group decision making tasks. There are several Delphi procedures
but three common characteristics distinguish the Delphi from
conventional face-to-face group interaction: (1) anonymity through the
use of questionnaires, (2) iteration with controlled feedback, and, (3)
statistical group response (Martino, 1983).

Research has demonstrated the superior quality of the Delphi
procedure over freely interacting groups and statistical pooling
(Dalkey, 1969; Dalkey & Brown, 1971; Larreche & Moinpour, 1983; Van de
Ven & Delbecq, 1974). Statistized pooling avoids process loss but does
so at the loss of interaction among group members. Freely interacting
groups allow information exchange but are subject to process loss. The
Delphi technique captures the advantages of both freely interacting
groups and statistized pooling while avoiding their respective problems.

The Delphi procedure should lead to the enhanced acceptance on the
part of individual participants (Quade, 1970). This is because
participants are able to compare their estimates with others (unlike
statistized pooling) and have the option of changing or retaining their
estimates without group pressure (unlike many freely interacting
groups). One additional benefit of the Delphi technique is that adding
group members increases reliability up to 10-15 members. Increasing the

size of groups beyond 10-15 people does not greatly improve reliability
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(Fusfeld & Foster, 1971). Thus, reliability should be possible without
the large number of managers required by the S & H procedure.

The structured feedback procedures employed in previous SDy
research (e.g., Burke & Frederick, 1984) were based on the Delphi
technique. However, they did not provide feedback for all estimates
(i.e., they only provided 50th percentile feedback, not 15th and 85th),
and no iterations were allowed on the 50th percentile (i.e., the 50th
percent estimate was fixed for the second round). Because SDy is a
function of the 15th and 85th percentile estimates, managers should
receive feedback about all three percentile means. This will maximize
agreement regarding SDy estimates. The procedure developed for the
current research incorporates a Delphi procedure with more extensive
feedback to attempt to improve upon the S & H and B & F procedures.

As Steiner noted, another way to improve group performance is to
alter the task. The addition of the 97th percentile was an effort,
albeit an unsuccessful one, to alter the task. A criticism of the S & H
estimation procedure is that some managers find it ambiguous. Task
ambiguity can contribute to the problems of consistency and bias.
Nowakowski (1973) and Einhorn et al. (1977) suggested that the more
ambiguous a task or stimulus the more likely it is that systematic bias
may enter into judgments.

The estimation task could be revised to reduce its ambiguity. One
change could be the initial generation of critical behavioral incidents
related to the value of performance (Karren & Bobko, 1984). These
incidents could be combined into a summary activity list and provided as
part of the controlled feedback of the Delphi procedure prior to the

generation of dollar estimates.
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The rationale for developing a summary activity list is to provide
a common frame of reference for managers to use when making estimates.
This list of positive and negative incidents contains information about
the range of performance, and should serve as a frame of reference to
reduce the ambiguity of the estimation task. The shared information
regarding the range of performance should reduce the variability of SDy
estimates. Furthermore, the behavioral focus of the incidents should
minimize the need of managers to rely strictly on salary when generating
estimates.

The current research incorporated both the Delphi procedure and the
summary activity list. This procedure was compared to the S & H
procedure and to the most successful revision to date, the Burke and
Frederick structured feedback procedure. The three methods were
compared with regard to the concerns raised in the previous SDy
research: validity, psychometric properties, and acceptability.

Research Hypotheses

It was hypothesized that the estimation procedures would yield
useful estimates of SDy. This would be evidenced by convergence across
methods, sensitivity to job differences, and conformity to the
assumption of normality. However, it was also hypothesized that,
overall, the Delphi would be the best estimation procedure. Both of the
modified procedures (Delphi and B & F) were hypothesized to match or
exceed the performance of the S & H procedure without requiring as many
managers to provide estimates. The modified procedures should
demonstrate less reliance on salary, lower estimator variability, and

greater acceptability than the S & H procedure.
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1. Validity
A. Convergence

1, The three procedures should yield similar estimates.

2. Managers using the Delphi procedure should report less
reliance on salary than those using the B & F procedure, who
in turn should report less reliance on salary than those
using the S & H procedure.

B. Sensitivity

1. All three procedures should be sensitive to differences

between the jobs.

2. Psychometric Properties

A. Normality

1. None of the three procedures should violate the underlying
assumption of normality.

B. Estimator Variability

1. Managers who use the Delphi procedure should provide SDy
estimates with less variability than managers using the
B & F procedure who, in turn, should provide SDy estimates
with less variability than managers using the S & H procedure.

3. Acceptability

Managers using the Delphi procedure should report greater
acceptability (i.e., better understanding, sufficient
information, less ambiguity, more confident that they
completed the task properly, and higher perceived accuracy)
than those using the B & F procedure, who in turn should
report greater acceptability than managers using the S & H

procedure.
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II. METHOD

Participants and Organizational Setting

The study was conducted at an urban hospital that employed
approximately 2,500 people. Participants were managers from the
nursing, surgical, and ambulatory care sections. All participants were
female. The sample included first-line managers (head nurses),
assistant managers (supervisors), support managers, and upper level
managers (nursing directors and the vice-president of nursing).

The hospital employed approximately 70 nursing managers. Of these,
64 or 91.47 volunteered and were able to participate. Six managers were
dropped because of incomplete or unusable data, leaving 58 or 82.97 of
all managers in the study. There was no pattern to the loss of
managers, either with regard to research condition or demographics
(i.e., no differential mortality). Demographic data for the complete
and reduced samples are presented in Table 5.

Recruitment of participants. After receiving approval from

hospital administrators, a series of presentations were made to small
groups of the managers. The purpose of these presentations was to
elicit support and encouragement for the project and to educate the
managers about utility analysis. During these presentations the purpose
and nature of the study were explained. The managers were told that the
hospital administration supported the project but that participation was
not mandatory. To help ensure independence of research conditions, the

managers were instructed that once they received their questionnaire
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package they were not to discuss its contents nor the estimates they
generated. Lastly, pre-questionnaife data were collected, including
information on each participant's unit, tenure, familiarity with budget
data, and the extent of contact with subordinate nurses (Appendix A
contains a copy of the pre—questionnaire). Managers were told they
would receive feedback at the conclusion of the project.

Managers were told, in advance, that their name would appear on the
packages to allow for the collection of follow-up data. If a manager's
package was not returned by the specified date, the manager received a
phone call or a note from the investigator. Discussions with
supervisors prior to the project indicated that because estimates were
not being made about specific individuals the data were considered non-
threatening and anonymity was not necessary. Only one manager expressed
concern about anonymity.

Assignment to conditions. It was hypothesized that the revised

procedures (B & F and Delphi) would produce SDy estimates that would
match or exceed the quality of those produced by the S & H condition
without requiring as many managers to provide estimates. Twice as many
managers were assigned to the S & H condition than to either the B & F
or Delphi conditions to evaluate this hypothesis. Since some attrition
was anticipated, 16 managers were assigned to the B & F and Delphi
conditions to allow for groups of optimal size (i.e., 10 to 15).
Managers from each nursing unit were randomly assigned to one of
the three research conditions. The only exception to the random
assignment process was that prior to the project each participant was
asked to provide information about her anticipated leave time during the

study; no nurses were assigned to any conditions that required their
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participation during leave time. There was no relationship between
leave time and any of the other pre-data.

Treatment conditions (coded 1, 0, -1; see Cohen & Cohen, 1983, p.
205) were regressed upon demographic information to ensure that the
randomization process yielded non-significant differences between

treatment groups. No significant relationships were found (p > .05).

Jobs

Participants generated estimates of the value of job performance
for the positions of registered nurse (RN) and licensed practical nurse
(LPN). Results must be interpreted within the context of these jobs.
For this reason, information about the RN and LPN jobs is provided.

The RN and LPN positions are similar, but the RN position requires
greater educational preparation and has greater responsibilities (see
their job descriptions in Appendix B). For example, a LPN cannot give
intravenous medications to patients. The relative similarity of the
positions allows for a rigorous test of the sensitivity of the various
SDy estimation procedures to discriminate between jobs. All the
managers in the study indicated that they were familiar with both jobs.

The actual duties performed by a given nurse varied from unit to
unit. For example, critical care nurses performed some duties that med-
surgical nurses did not, and vice-versa. Even greater differences may
have existed between operating room nurses and nurses in other units.
There is some question as to whether it is appropriate to consider these
nurses from different units as performing the same job. However,
interviews with the managers suggested that there was sufficient
similarity across units to consider the nurses as either registered or

licensed practical nurses. Nonetheless, the unit that the manager
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supervised (i.e., critical-care, med-surg, operating room, and other)
was coded for analysis. None of the study results were related to unit.

The salaries for the RN and LPN positions had been determined using
the point system of job evaluation with adjustments made according to
the market., The salary range for LPNs was $13,000-17,000 X =$16,711),
and for RNs $17,000-23,000 (X =$21,407). The pay scale for these
positions was similar for all units.

Design and Procedure

Participants were notified as to when they could expect the
delivery of their questionnaire packages. Packages containing the
estimation materials were left in mailboxes or delivered directly to a
participant, All packages were delivered on Mondays, and managers were
requested to complete and return the package, via interoffice mail, by
Friday. A one or two week interval occurred between deliveries. A two
week interval was necessary to avoid deliveries during the Christmas and
New Year holidays when many of the managers were on leave. The time
allotted between deliveries allowed the investigator to contact those
managers who did not return their packages and to collate the previous
reponses for feedback at the next administration.

All participants were asked to respond to the open-ended statement,
"please describe the factors that you considered in making your
estimates for the RN (LPN) position." This statement was presented to
participants on the first occasion that they were asked to generate a
complete set of estimates (i.e., 15th, 50th, and 85th percentiles).

Since a comparison between the final estimates that were generated
under each procedure was of primary interest, treatments were staggered

so that final estimates, and participants' reactions were collected
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during the same time period for all reseach conditions. This was done
to minimize threats to internal validity associated with the date of
experimental manipulation. Figure 1 graphically depicts the research
design.

Participants were told prior to the study that they were not to
share their packages or their estimates with the other managers. 1In
addition, the cover letter in each package reiterated this point to help
ensure the independence of the research conditions. Each research
condition is examined below in some detail.

S & H condition. This research condition is a replication of the

Schmidt et al. (1979) procedure. Since Schmidt et al. investigated the
job of computer programmer, minor revisions in wording were necessary to
fit the nursing jobs. Specifically, the phrase "products and services
produced" was replaced with the phrase "overall performance." This was
necessary because nurses do not produce a product. This wording change
is consistent with previous research dealing with service occupations.
The instructions to the managers in this condition were as follows:

The dollar estimates that you provide are critical for
determining the utility of the programs that the Human
Resource Department offers at the Hospital. In providing
these estimates, you are required to make some difficult
decisions. You will have to ponder for some time before
making each estimate. Although there is no way you can be
absolutely certain your estimate is accurate, keep in mind
these three things:

(1) The alternative to estimates of this kind is the
application of cost accounting procedures to the
evaluation of job performance. Such applications
are usually 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 managers. Thus, errors produced by too high
and too low estimates will tend to be averaged
out, providing more accurate estimates.
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(3) The decisions about human resources programs do
not require that estimates be accurate to the
last dollar. Substantially accurate estimates
will lead to the same decisions as perfectly
accurate estimates.

Based on your experience with RNs, we would like you to
estimate the yearly dollar value to the Hospital of the

overall performance of the 50th percentile, or average RN.

Let us define an average performer as an RN who is at the

50th percentile. That is, of 100 RNs this RN performs

better than 50 RNs. Consider the quality and quantity of

performance typical of the average RN and the dollar value

of this performance. In estimating a dollar value for this

performance, it may help to consider what the cost would be

of having someone from an outside firm provide this service.

Based on my experience, I estimate the value to the

Hospital of the average RN to be dollars per

year.,

Managers were provided with six estimation forms, three for the RN
position and three for the LPN positions. Naturally, the wording was
designed to fit the job and performance level in question (e.g., "better
than 85 LPNs"). Within a job, the order in which estimates were
presented was held constant: average, superior, low. However, in all
conditions, the order in which jobs were presented was counterbalanced.
That is, half the participants received the RN estimation forms followed
by the LPN estimation forms; the other half received the LPN estimation
task first. Appendix C contains the set of the forms used in this

condition, including the accompanying cover letter.

B & F condition. This research condition is essentially the same

as procedure B in Burke and Frederick's study (1984, p. 484); it is a
modification of the S & H estimation task, incorporating a structured
feedback component. In this condition, each manager generated an
estimate for the 15th, 50th, and 85th percentile performer based on the
S & H global estimation instructions (see Figure 1). The 50th

percentile estimates were then averaged. This average was provided to
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the managers, and they were asked to provide dollar estimates for the
15th and 85th percentiles.

Minor revisions were necessary in the wording from the Burke and
Frederick study to allow for direct comparisons between research
conditions in the present study. Instructions for the T3 estimates were
revised to be identical to those in the S & H estimation task. Appendix
D includes a set of the forms used in this condition.

Delphi condition. This condition was a further revision of the

S & H estimation task. It incorporated: (1) the critical incident
methodology (Flanagan, 1954) to generate a summary list of behavioral
examples that describe the yearly value of nursing services; and, (2)
the Delphi technique to allow for the iterative refinement of estimates.

At T1 managers were asked to generate three or four examples of
staff nurses activities that influence the total yearly value of their
services, The instructions read as follows:

In this part of the project we are asking you to
provide examples of staff nurses activities that influence
the total yearly value of their services. We want to know
what RNs and LPNs do that may affect the dollar value of
their performance. These can be activities that generate
revenue, save costs, or on the negative side, activities
that cost the Hospital. You should provide examples of
activities that you have observed in the past.

Examples: Forgot to shut off oxygen valve on wall outlet
after suctioning which causes wasting of oxygen
and increases cost of use.

Courteous to patients' families enhancing the
hospital's image and encouraging further
business.

Unless it is self explanatory, please include the
consequences of the activity (e.g., "which causes wasting of
oxygen and increases cost of use"; "enhancing hospital's
image and encouraging further business").
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These instructions were pilot tested and were accompanied by job
descriptions to help managers with their task.

The 16 managers in this condition generated 80 examples for an
average of 4.4 examples per manager. The high number of examples
suggests that managers were motivated to cooperate in this task.

The researcher and a senior level personnel psychologist
independently sorted the incidents into categories or dimensions and
then met to discuss them. The data were qualitatively clustered into
four dimensions for the RN examples and three dimensions for the LPN
examples. Finally, three examples were selected as representative of
each dimension. The dimensions and their three examples constituted the
critical activity list (see Appendix E for a copy of the RN and LPN
lists). Managers were provided with a copy of this list and the
relevant job descriptioms at T2, T3, and T4. Managers were instructed
to refer to them when making their estimates.

The principles of the Delphi technique were used in this condition
to reduce estimate variability and to increase acceptability in the
estimation process. In all Delphi groups, members could not associate
specific responses with other members. This allowed managers to change
their estimates during a subsequent round without publicly admitting to
the other participants that they had done so. In addition, participants
could not be pressured into agreeing with managers with greater
authority.

Four iterations were used, including one round to develop the
critical activity list (see Figure 1). In rounds three and four,
the median of all managers' estimates and each manager's own estimates

from the previous round were provided.
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At T1, critical incidents were collected from the participants.
These data were collated and returned to the panel at T2 as the critical
activity list. In addition to the activity list, at T2, T3, and T4
participants were provided with a summary of the project to date and were
asked to make estimates regarding the RN and LPN positions. The
instructions that accompanied the estimation component of this condition
(at T2, T3, and T4) were similar to those used for the global estimation
task. However, the following statement was added to focus attention on
the critical activity list:

You should refer to the RN (LPN) job description and

the RN categories and example activities [critical activity

list]. Remember that employees will perform these

activities at differing levels of proficiency and/or

frequency. That is, superior RNs will demonstrate some

cost-saving or revenue generating activities more often (or

cost-producing activities less often) than average RNs, who

in turn will do better than below average RNs.

At T2 only 50th percentile estimates were collected. At T3 and T4,
six estimates were requested, i.e., 15th, 50th, and 85th percentile
estimates for each job.

The feedback component incorporated in this condition was similar
to the structured feedback procedure used in the B & F condition.
However, there were several key differences. The most obvious
difference is the qualitative data collection and feedback, i.e., the
critical activity list. Other differences were that for the Delphi
condition: (1) The initial estimation task only focused on the 50th
percentile such that estimates of the performance extremes were not
requested until participants received the 50th percentile feedback; (2)
Participants were allowed to reestimate their 50th percentile estimates,

while in the B & F condition, after initial estimates, participants used

the average of 50th percentile estimates; (3) Feedback was in the form
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of medians; (4) An additional iteration was used such that participants
were able to revise their estimates twice; and, (5) Participants were
provided with more detailed feedback such that the group's 15th and 85th
percentile averages, as well as the 50th percentile averages, were
provided as feedback. Clearly, the Delphi condition is more akin to
previous applications of the Delphi procedure than is the B & F
condition. Appendix F includes a set of the forms used in the Delphi/
behavioral example condition.

Post—questionnaire. All participants received a post—questionnaire

at T4, This questionnaire consisted of 13 to 15 statements (i.e., two
statements were condition specific). Fach statement used a 5-point,
agree-disagree, Likert-type scale, with 1 anchored as "strongly
disagree", 3 as "neither agree nor disagree" and 5 as "strongly agree".
Several statements requested participants' reactions to: (1) the
estimation task (e.g., task ambiguity, time requirements); (2) the
estimates they generated (e.g., the accuracy of their estimates); and,
(3) the use of the estimates (e.g., to evaluate a training program).
Two statements pertained to the overall performance of nurses.

Finally, one statement pertained to the critical activity list and
was only administered to the Delphi participants, and one statement
addressed group feedback and was administered to B & F and Delphi
participants. Appendix G includes a copy of the post-questionnaire,

including instructions.
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III. RESULTS

Analytic Approach

A series of mixed model ANOVAs, with SDy estimation method (i.e.,
research condition) as the between factor, were used to address the
validity and psychometric property hypotheses. The within factors
varied by analysis but included: jobs (RN, LPN), percentile (15, 50,
85, linear and quadratic), and SDy (upper, lower). 1In addition, Hartley
F-max tests were conducted on SDy variances to test the estimator
variability hypothesis. Finally, one-~way ANOVAs were conducted on the
post—questionnaire responses to assess the relative acceptability of the
three conditions.

Descriptive Statistics

Tables 6 and 7 present the means and standard deviations for each
percentile estimate and for each SDy estimate (SDy lower; SDy upper;
SDy total) across the two jobs (RN & LPN). Table 6 contains the data
from T3; Table 7 contains the data from T4. The average SDy totals for
the RN and LPN jobs, collapsed across conditions, at T4, were: $4367.31
and $3324.93, respectively. The average percentile estimates for RN
were: 15th percentile = $17,749; 50th percentile = $22,792; 85th
percentile = $26,483. The estimates for LPN were: 15th percentile =
$12,211; 50th percentile = $16,223; 85th percentile = $18,860.

Tests of Hypotheses

Convergence. It was hypothesized (1A.1) that the three conditions

would yield similar estimates at T4. Several analyses were conducted to
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test this convergence hypothesis.

A condition (S & H, B & F, Delphi) x job (RN, LPN) x percentile
(15, 85) analysis was conducted using the percentile data collected at
T4. The 50th percentile estimates were not included because the B & F
procedure does not require these estimates at T4, A significant
condition main effect or condition interaction would indicate that the
estimation procedures yielded different point estimates at T4. As seen
in Table 8, the main effect for condition and the condition interactions
were non-significant., This supports the convergence hypothesis (1A.1)
with regard to percentile estimates. A similar analysis was conducted
to assess the hypothesis with regard to SDy estimates.

As seen in Table 9, all condition effects for the SDy estimates at
T4 were non-significant. This supports hypothesis 1A.1 with regard to
SDy estimates. In sum, the three estimation procedures yielded final
point estimates and SDy estimates which were not statistically
different.,

All post—questionnaire items were evaluated with one-way ANOVAs.
Ttem 10 pertained to the use of salary in generating estimates. It was
hypothesized (1A.2) that the Delphi condition and to some extent, the
B & F condition would reduce managers' reliance on salary. As seen in
Table 10, there were no differences between the conditions (F (2,55)
= .84; p > .05). Thus, managers in the Delphi condition and the B & F
condition did not report less reliance on salary than S & H managers in
generating their estimates.

Sensitivity. It was hypothesized (1B.1l) that each of the three
conditions should be sensitive to differences between the jobs. In

particular, the more critical position (RN) was hypothesized to
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demonstrate greater mean percentile estimates than the less critical
(LPN) position. A job effect and a job x percentile interaction would
be an indication of this sensitivity to jobs.

A repeated measures analysis which included all three percentile
estimates was required to allow for the best test of hypothesis 1B.1.
Since managers in the B & F condition did not provide 50th percentile
estimates at T4, T3 estimates were used for the B & F condition along
with T4 estimates for the other conditions.

A condition x job x percentile ANOVA was conducted to test the
sensitivity hypothesis. This analysis is susceptible to violations of
the assumption of sphericity, a common problem for effects with more
than one degree of freedom in repeated measures designs (0'Brien &
Kaiser, 1985). This problem is compounded because no useful method for
testing for sphericity violations is available (Rogan & Mendoza, 1978).
Therefore, the percentile effects were broken down into linear and
quadratic components, each having one degree of freedom to evaluate the
hypothesis and to avoid violating the sphericity assumptions (see
O'Brien & Kaiser, 1985). Specifically, the job effect and the job by
linear percentile effect were tested to address hypothesis 1B.1l.

Table 11 presents the results of this analysis. As hypothesized,
the job effect (F (1,55) = 746.06; p < .0l) and the job x percentile
linear effect (F (1,55) = 38.55; p < .0l) were both significant.

A contrast was evaluated for the significant job x percentile
linear effect to ensure that the differences between jobs were in fact
due to differences in slope. The (85 - 15 RN job) vs. (85 - 15 LPN job)
contrast was signficant (p < .05). Thus, as hypothesized (1B.1) the

three conditions were sensitive to differences between the jobs.
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Normality. It was hypothesized (2A.1) that the three methods would
meet the underlying assumption of normality. Normality was tested by
assessing differences between the lower (50 - 15) and upper (85 - 50)
estimates of SDy. If these differences were non-significant, the
hypothesis was supported. Table 9 presents data which address this
hypothesis. The non-significant SDy effect (F (1,55) = 2.84; p > .05)
suggests that overall, the normality assumption was not violated.
Furthermore, the non-significant SDy x condition effect (F (2,55)
= .00; p > .05) indicates that none of the conditions separately
violated the normality assumption.

Estimator Variability. It was hypothesized (2B.l) that the Delphi

and the B & F conditions would yield final SDy estimates with lower
estimator variability than the S & H condition. Xarren and Bobko (1984)
and Burke and Frederick (1984) examined estimator variability. However,
they did not report any inferential statistics but merely inspected the
data to reach conclusions. ¥Wroten (1984) reported ratios of variances
(apparently Hartley's F-max tests) to address the estimator variability
issue.

Consistent with Wroten's analysis, Hartley's F-max tests were
conducted on each pair of SDy total variances (See Table 12). These
variance tests indicated that for both jobs, the Delphi condition
yielded estimates with significantly smaller variances than either the
B&F or S & H conditions. The B & F condition did not exhibit lower
variability than the S & H condition.

Acceptability. It was hypothesized (3) that for the Delphi

condition, and to a lesser extent for the B & F condition, managers

would report greater acceptability than managers in the S & H condition.
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Table 10 presents the means, standard deviations, and one-way ANOVAs
that were conducted to test these hypotheses. Two of the post-
questionnaire items were significant. Managers in the Delphi condition
reported that they felt more confident that they had completed the task
properly than did managers in the S & H condition (F (2,55) = 3.95;

p. < .05). Also managers in the B & F condition were more likely to
agree that their final estimates were more accurate than managers in the
S & H condition (p < .05). Although an examination of Table 10 reveals
that for most items managers in the Delphi condition provided more
favorable responses than those in the S & H condition, only the two
items mentioned were significant. Thus, hypothesis 3 regarding

manager acceptance of the procedures was only partially supported.
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IVv. DISCUSSION

It is important that I/O psychologists clearly communicate their
findings to organizational decision-makers. Utility analyses convert
personnel decisions into a dollar metric; this facilitates communication
and allows managers to make informed decisions regarding prospective
interventions. Unfortunately, an obstacle to the effective use of
utility analysis has been the estimation of SDy. Until a valid,
psychometrically sound, and acceptable method of estimating SDy is
available utility concepts will not be applied to practical problems.
The S & H procedure for estimating SDy had been hailed as a
breakthrough, but some skepticism remained. Clearly, the S & H
proceiure needed to be evaluated with consideration given to both
scientific standards (e.g., psychometric properties) as well as manager
acceptability. Thus, the current research attempted to address two
questions. First, is the S & H procedure scientifically sound and
acceptable to managers? Second, are the B & F and Delphi modifications
of the S & H procedure improvements over that procedure?

This study's findings with regard to the convergence, sensitivity,
and normality hypotheses suggest that the S & H procedure does yield
useful estimates. Several additional findings suggest that the Delphi
modification was an improvement over the S & H procedure. Specifically,
it was found that: (1) The Delphi procedure reduced estimator
variability relative to the S & H and B & F procedures; (2) Despite a

greater time requirement, managers in the Delphi condition reported
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slightly higher acceptability than managers in the S & H condition; and
(3) The critical activity list was a valuable by—product of the Delphi
estimation procedure.

The discussion section examines these results in detail and looks
at each of the proposed hypotheses: Validity (convergence and
sensitivity); Psychometric properties (normality and estimator
variability); and, Acceptability.

As hypothesized (1A.l1), the three procedures yielded convergent
estimates. Since each procedure attempted to measure the same construct
this is an encouraging finding. As noted earlier (see Table 2) the
S & H procedure has converged with some methods (e.g., archival sales
data) but not with others (e.g., CREPID). In the current study, the
three procedures yielded estimates that were not different
statistically. However, this convergence does not imply that the
estimates were identical. SDy estimates for the RN position differed as
much as 387 across procedures (i.e., $4733 vs. $3488).

Although non-significant statistically, this difference could have
practical implications., If the different SDy estimates lead to
different human resource decisions, then a problem exists. At the
hospital, the estimates were used to determine the utility of the
performance appraisal system. Regardless of which SDy estimate was used
(e.g., $4733 vs. $3488), the utility of the system was demonstrated. At
least in this instance, the difference between procedures was non—
significant from both a statistical and a practical perspective.

Convergence across procedures is desirable. However, a close
convergence of percentile estimates with actual salary may be an

indication that estimators relied heavily on salary in generating their
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estimates. Hypothesis 1A.2 was not confirmed. Managers in the Delphi
condition did not report less reliance on salary than managers in the

B & F condition, nor did B & F managers report less reliance than managers
in the S & H condition. While S & H managers did report the greatest
reliance on salary the differences were non-significant.

The data suggest that the managers in all conditions may have
relied heavily on their knowledge of nurses' salary when they made their
estimates. The minimum, average, and maximum salaries for the LPN
position were: $13,553, $16,711, and $17,270. For the RN position, the
salaries were: $17,826, $21,407, and $23,223. A comparison of these
salaries with the data contained in Tables 6 and 7 reveals a close,
though not identical, correspondence between the nurses' salaries and
the mean percentile estimates provided by managers. This hospital had a
well developed job evaluation system so it is possible that the
similarity between the estimates and the nurses' salaries is an
indication of accuracy. On the other hand, since the jobs had no
production or sales data for managers to refer to when they made their
estimates this convergence may simply indicate that managers relied on
salary. Unfortunately, the data do not allow for a comparison of these
interpretations. Future research should address the relationship of
salary and percentile estimates, since a strong correspondence suggests
an overly simplistic estimation strategy.

The jobs that were chosen for this study were highly similar
service jobs. This was done to allow for a rigorous test of the
procedures' sensitivity to differences across jobs. The more similar
the jobs and the less quantifiable the jobs' performance criteria the

more difficult it should be to differentiate between jobs.



42

A1l three procedures were sensitive to the differences between the
jobs; this supported hypothesis 1B.l. This finding is critical because
utility analyses may compare personnel decisions across jobs. If SDy
estimates are not sensitive to job differences, comparative utility
analyses are meaningless. Unfortunately, the optimism associated with
the semsitivity results must be tempered by the concern that emerged
regarding the use of salaries in generating estimates. If the
differences in the estimates across jobs merely reflect salary
differences, then any company that has a salary structure that does not
reflect the actual value of performance cannot use utility analysis.
This would be a serious limitation.

Overall, the convergence and sensitivity findings provide
supporting evidence for the validity of SDy estimation procedures.
However, because of the possible contamination with salary information,
additional data are needed to confirm the validity of these procedures.
For example, research which determined the sensitivity of these
procedures to organizational changes (e.g., a layoff of 207 of the
workforce on the basis of performance should reduce SDy) would be a
valuable addition to the construct validation effort (Landy, et al.,
1982).

Normality has been operationalized as a non-significant difference
between upper and lower SDy estimates. All three procedures
demonstrated non-significant differences, and thus, the assumption of
normality was not violated.

While the normality findings were encouraging, estimator
variability is probably the more critical of the psychometric

properties. It was hypothesized (2B.l) that the Delphi condition
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managers would demonstrate less variability in their estimates than
managers in the B & F condition who would demonstrate less variability
than the S & H condition managers.

As hypothesized, managers in the Delphi condition did demonstrate
lower estimator variability than managers in the S & H and B & F
conditions. This finding is extremely encouraging and demonstrates that
the Delphi procedure addresses the concerns raised regarding
variability.

The Delphi procedure incorporated both the critical incident and
Delphi techniques. The critical activity list, which was based on the
critical incident technique, provided a behaviorally based, common frame
of reference for Delphi managers. In addition, the iterations of the
Delphi technique provided group feedback which managers could use to
revise their previous estimates. These features of the critical
incident and Delphi techniques should have helped reduce estimator
variability. However, the current research was not designed to assess
the relative contributions of each component. In light of the success of
the Delphi condition in the current study, future research should seek
to identify the degree to which each component was responsible for
reduced estimator variability.

While the Delphi procedure demonstrated lower estimator variability
than the S & H procedure, the B & F procedure did not. This finding is
surprising since the B & F condition was essentially a replication of
Burke and Frederick's (1984) procedure, which did demonstrate lower
variability. In fact, two replications were built into the current
study. One was T3 versus T4 within the B & F condition; this was an

exact replication of Burke and Frederick's original study. The second
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was a comparison of the B & F and S & H results at T4. This was a
similar comparison but between independent groups. Neither comparison
replicated Burke and Frederick's original findings. Why were their
findings not replicated in the current research?

One reason why the current study did not replicate Burke and
Frederick's (1984) results is due to the variability of estimates before
feedback (i.e., S & H procedure). Tables 3 and 4 provide data on the
variability of estimates (ratio of standard deviations to means) in all
of the previous studies that employed the S & H technique. In the
current study, the S & H procedure exhibited estimator variability well
below the average of the previous studies. This was true for both
percentile and SDy estimates and for both the RN and LPN positions. In
other words, there was relatively high agreement among estimators at the
beginning of the current study. In contrast, the S & H condition in
Burke and Frederick's original study exhibited above average estimator
variability in all cells. Thus, in Burke and Frederick's study there
was greater room for improvement and the structured feedback process was
able to reduce variability. The same phenomenon seems to have affected
Karren and Bobko's (1984) unsuccessful attempt to replicate Burke and
Frederick's study. An examination of Table 4 reveals that in Karren and
Bobko's study, estimator variability in the S & H condition was also
below average. In addition, the only other study which reported reduced
variability (Wroten, 1984) exhibited above average estimator variability
in the S & H condition.

It becomes clear them, that in those studies where initial
agreement was high (e.g., Karen and Bobko; the current study) the B & F

procedure was unsuccessful in reducing estimator variability.
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There are several factors which may affect initial variability.
First, it may be difficult for managers to agree on the value of
performance for certain jobs. Logically, generating estimates for jobs
where performance can be quantified would seem to be easier. However, in
those studies which examined jobs with quantifiable performance indices
(e.g., sales managers, insurance counselors, and bank tellers) initial
variability tended to be high. In contrast, it would appear more
difficult to generate estimates for service jobs (e.g., park rangers,
enforcement specialists, secretaries, and nurses), yet estimates for
these jobs have demonstrated lower initial variability. One possible
explanation for this paradox is that for those jobs without a
quantifiable criterion, managers focused on salary. As long as
estimators were all familiar with salary data, agreement could be high.
For the jobs with quantifiable criteria, some estimators may have
focused on salary while others focused on the criteria itself. This
would have increased variability.

A second factor which could affect estimator variability is the
degree to which unit or departmental performance is homogeneous within
an organization. If performance varies dramatically across units, then
managers would be basing their estimates on different samples of
employee performance. Under these circumstances an 85th percentile
performance in one unit may in fact be higher than an 85th percentile
performance in another unit. This would increase initial estimator
variability.

In addition to differences in jobs or in employee performance, the
motivational level of the estimators could also influence variability.

If managers are motivated to provide accurate estimates and if they
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understand the task, then variability should be lower. In the current
study, managers demonstrated high motivation (e.g., they provided more
critical incidents than they were required to provide) and were given a
detailed explanation of utility concepts and the purpose of the study.
High estimator motivation may have minimized the number of hasty
responses thereby reducing initial variability.

Regardless of the reason, it seems logical that low initial
variability minimizes the amount of eventual reduction in variability
that is possible. This could explain why the B & F condition did not
demonstrate the reduction in variability that it had in the previous
research. In light of this, it is particularly encouraging that the
Delphi procedure demonstrated the reductions that it did. It would be
interesting to see how well the Delphi procedure reduces estimator
variability when initial variability is higher.

The revised procedures were also hypothesized to improve estimator
acceptability (hypothesis 3). Of the ten items that specifically
addressed acceptability, five items favored the Delphi condition and five
favored the B & F condition. None favored the S & H condition.
However, only two of the differences were significant. Estimators who
used the Delphi procedure were more confident that they completed the
task properly than estimators who used the S & H procedure. In
addition, managers who used the B & F procedure were more likely than
S & H managers to believe that their final estimates were accurate.

It appears that the modified procedures were more acceptable than
the S & H procedure but the effect was not particularly strong. However,
acceptability did not appear to be a severe problem in any of the

conditions in this study. In contrast with some previous studies (e.g.,
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Bobko et al., 1983), there were few complaints or dropouts and only one
manager provided inconsistant estimates (i.e., 50th percentile lower
than 15th percentile). In addition, there were no major acceptability
problems noted on the post—questionnaire (i.e., most means were above
the scale mid-point in all conditions).

The high level of acceptability for all procedures may be the
result of several factors: (1) a thorough orientation was provided to
all participants on utility concepts and the purpose of the study; (2)
participation was voluntary; and (3) managers at this hospital regularly
participated in personnel research and thus, were accustomed to
completing questionnaires.

In summary, the modified procedures were only slightly more
acceptable than the S & H procedure. However, even this is encouraging
since the B & F and Delphi procedures were more time consuming than the
S & H procedure. Apparently, the greater time requirements of the
modified procedures did not elicit resistance.

Finally, there is a unique advantage associated with the Delphi
procedure. The critical activity lists that were generated as part of
the Delphi procedure are valuable by-products of the estimation process.
These lists identified activities that contribute to or detract from a
nurse's value to the hospital. Interestingly, the human resources
department felt that these lists could also be used to help identify
high payoff training needs. In addition, the lists could also be used
to facilitate performance counseling. By examining and discussing the
content of the lists, employees could be informed that some of their
activities have a greater influence on the organization. That is,

discussing the list in a performance appraisal interview should focus
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employees' attention on activities which managers perceive to be
critical. Managers could compare an employee's past performance with
activities noted on the critical activity list. This comparison should
enable managers and employees to identify performance goals. In sum,
the critical activity list must be considered a valuable contribution of
the Delphi procedure independent of other considerations.

Selecting a SDy Estimation Procedure

The results of the current research are useful in identifying when
to use each SDy estimation procedure. With the caveat that additional
research is needed addressing the role of salary in estimate generation,
several recommendations can be made.

The Delphi procedure demonstrated some clear advantages over the
S & H and B & F procedures. If the necessary time is available, then in
most instances the Delphi procedure is recommended. This is
particularly true if the organization plamns to use utility analyses on a
continuing basis, The educational value of the critical activity list
and the slight improvement in acceptability should facilitate the
programmatic use of utility analysis. In addition, when a limited
number of supervisors are available as estimators (i.e., less than 20)
then the Delphi procedure should be used to control estimator
variability.

While the Delphi procedure is an improvement over the S & H
procedure, its advantages are not overwhelming. The results of this
study suggest that the S & H procedure is a useful method for estimating
SDy. If an estimation procedure is needed that is not time consuming
and a large number of supervisors are available, then it is appropriate

to use the S & H procedure. This is particularly true if low estimator
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variability is anticipated.

On the basis of the current results, the B & F procedure cannot be
recommended. However, in Burke and Frederick's (1984) original study
their procedure did reduce variability. Perhaps when time is
unavailable to conduct the Delphi, but high estimator variability is
anticipated, then the B & F procedure may be useful. However, this
recommendation is based on Burke and Frederick's findings and not the
current study.

Regardless which procedure is selected, it is suggested that
managers be provided with a thorough orientation, including a
presentation on utility concepts. A contact person should be made
available to answer any questions about the procedure. In additiomn, it
is probably best to select as estimators, only those managers who are
intimately familiar with the job in question and then, to solicit
volunteers. These suggestions may help minimize the problems of
estimator acceptability and hasty responses which can undermine the
application of utility analysis.

Conclusions

This study continued the line of utility research which began over
50 years ago. It focused on the standard deviation of performance in
dollars, the parameter which has been the achilles heel of the modern
utility model. The study contributed to the research on SDy estimation
in several ways: (1) A modification of the S & H procedure was presented
that incorporated the Delphi and critical incident methodologies and
which exhibited several improvements over the S & H procedure; (2) For
the first time, the relative acceptability of several SDy procedures was

explicitly examined; and (3) A rigorous test of the procedures' ability
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to discriminate between jobs was conducted by collecting data from two
highly similar jobs within the health care industry.

This study provided some additional support for the scientific
soundness of the S & H estimation procedure. Specifically, the findings
regarding the convergence, sensitivity, and normality of estimates were
encouraging. However, a serious concern emerged. There was a close
correspondence between employee salary and manager's percentile
estimates. This suggested that managers may rely too heavily on
employee salary when making their estimates. The optimism associated
with the positive findings must be tempered by this concern.

There was evidence that the Delphi procedure was an improvement
over the S & H procedure. The Delphi procedure was slightly more
acceptable to managers than the S & H procedure. This was true even
though the Delphi procedure required a greater time commitment. In
addition, the critical activity list was a valuable by-product of the
Delphi estimation process. Lastly, the Delphi procedure demonstrated
less estimator variability than the B & F and S & H procedures.

Overall, this study provided additional support for the use of
utility analyses in organizational settings. The Delphi procedure was
recommended for many situations, but the S & H procedure may also be

appropriate under certain circumstances.
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Table 1

Previous Studies That Have Used the S & H SDy Procedure

57

Study

Jobs

Sample Size

Weekly, Frank, O'Connor,
& Peters (1985)

Janz & Etherington (1983)
Burke & Frederick (1984)
Schmidt, Mack, & Hunter (1984)

Bobko, Karren, & Parkington
(1983)

Karren & Bobko (1984)

Schmidt, Hunter, McKenzie,
& Muldrow (1979)

Mayer (1982)

Branden & Jacobs (1985)

Store Managers

Staff Accountants
District Sales Managers
Park Rangers

Insurance Counselors

U.S. Marshall Service
Enforcement Specialist
Witness Security Specialists
Supervisory Deputies

Budget Analysts
Computer Programmers

Bank Tellers

Service Organization
Supervisor

Processing Clerk

Data Entry

File Clerk

Processing Specialist
Mail Clerk

Secretary
Manufacturing Organization A
First Line Supervisor
General Foreman
Industrial Engineer
Purchasing Manager
Production Controllers
Manufacturing Organization B
Buyer

Industrial Nurse
Laborer/Cleaner
Machine Attendant
Screen Operator
Secretary

Technician

110

42
26
114
13

10

62
105

51

10

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



58

Table 1 (continued)

Study Jobs Sample Size
Wroten (1984) Petroleum & Chemical Industry
Operations Jobs 34

Head Operator

Outside Operator

Pump Operator

Maintenance Jobs 29
Instrument Technician

Outside Mechanic

Welder

Mathieu & Leonard (1984) Head Bank Teller 19
Operations Manager 25
Branch Manager 18

Note. 11 studies contained 117 independent samples that provided 39
estimates of SDy. The arithmetic mean of the sample sizes was 40.2, and
their median was 26.
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Table 2

Convergence of SDy Estimates Based on the S & H Technique With

Alternative Methods

Study Alternative Method(s)

Convergent

Wroten (1984) Anchored 50th percentile estimation procedure

Bobko, Karren & Archival sales data
Parkington (1983)

Burke & Frederick (1984) Consensual feedback of 50th percentile

Mayer (1982) Value added accounting procedure

Janz & Etherington (1983) Behavior rating method (rated frequency of
performance outcomes for one effective, two
average, and one ineffective individual and

used "market-value" of outcomes to get SDy)

Nonconvergent

Mayer (1982) Estimates generated by non-managers

Janz & Etherington (1983) Behavior trisection method (rated frequency
of outcomes for lower, middle, and upper
one-third performers and used "market-value
of outcomes to get SDy)

Weekly, Frank, O'Connor CREPID
& Peters (1985)

Wroten (1984) Estimating dollar value of individuals and
computing standard deviation directly

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table 3

60

Ratio and Percentage of Standard Deviation to Mean for 15th, 50th, and

85th Percentile Estimates from Previous S & H SDy Studies

15th Percentile

50th Percentile

85th Percentile

Study Ratio YA Ratio % Ratio %

Weekly et al. 13,148 = 88.6 23,399 = 85.0 43,799 = 102.4
(1985) 14,837 27,537 42,772

Store Managers

Burke & Frederick 64,000 = 158.8 101,900 = 135.5 148,400 = 137.2
(1984) 40,300 75,200 108,200
District Sales

Managers

Schmidt, Mack, 2,869 = 34.4 3,836 = 28.4 5,437 = 31.4
& Hunter 8,347 13,531 17,317

(1984)

Park Rangers

Bobko et al. 2,200 = 19.6 7,800 = 48.8 18,000 = 80.4
(1983) 11,200 16,000 22,400
Insurance

Counselors

Mayer (1982) 4,380 = 51.1 29,889 = 125,1 130,646 = 249.1
Bank Tellers 8,576 22,129 52,441

MEANS 70.5% 86.67% 120.1%
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Table 4

Ratio and Percentage of Standard Deviation to Mean for SDy lower, SDy

upper, and SDy total from Previous S & H SDy Studies

SDy lower (50-15) SDy upper (85-50) SDy total
Study/Job(s) Ratio A Ratio % Ratio 7

Janz & Etherington

(1983)
Staff Accountants 4,814 = 54.8
8,786

Burke & Frederick

(1984)

District Sales 58,000 = 155.1 52,100 = 157.9 53,102 = 146.8

Managers 37,400 33,000 36,163

Schmidt et al.

(1984)

Park Rangers 3,813 = 74.8 2,546 = 67.0
5,101 3,801

Bobko et al.

(1983)

Insurance 7,000 = 148.9 10,400 = 162.5

Counselors 4,700 6,400

Karren & Bobko

(1984)

Enforcement 4,700 = 60.3 4,300 = 74.1

Specialist 7,800 5,800

Witness Security 3,900 = 52.7 3,300 = 76.7

Specialist 7,400 4,300

Supervisory 5,200 = 70.3 3,100 = 44.9

Deputies 7,400 6,900

Schmidt et al.

(1979)

Budget Analysts 8,819 = 77.9

11,327

Computer 10,606 = 106.5 17,143 = 157.7

Programmers 9,955 10,871

Mayer (1982)

Bank Tellers 29,640 = 218.7 101,927 = 336.3 65,222 = 297.4
13,553 30,312 21,932
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Table 4 (continued)
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SDy lower (50-15) SDy upper (85-50) SDy total

Study/Job(s) Ratio VA yA Ratio %

Brandon & Jacobs (1985)

Service Organization 1,787 = 38.5
4,647

Processing Clerk 1,163 = 35.3
3,294

Data Entry 784 = 27.1
2,898

File Clerk 708 = 33.5
2,112

Processing Specialist 1,140 = 33.4
3,418

Mail Clerk 982 = 50.4
1,949

Secretary 1,239 = 34.7
3,569

Manufacturing Organization A

First Line Supervisor 6,026 = 46.9
12,857

General Foreman 11,404 = 46.3
24,643

Industrial Engineer 14,059 = 77.2
18,214

Purchasing Manager

Production Controller

24,398 = 55.1
44,286

16,947 = 65.0
26,071

f
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Table 4 (continued)

SDy lower (50-15) SDy upper (85-50) SDy total
Study/Job(s) Ratio A Ratio A Ratio %

Manufacturing Organization B

Buyer 47,314 = 93.7
50,500

Industrial Nurse 17,111 = 124.4
13,750

Laborer/Cleaner 5,165 = 98.4
5,250

Machine Attendant 10,442 = 74.3
14,050

Screen Operator 7,070 = 87.3
8,100

Secretary 18,926 = 75.1
25,200

Technician 18,277 = 96.7
18,900

Wroten (1984)

Operations Jobs

Head Operator 28,684 = 114.6
25,036

Qutside Operator 17,449 = 88.0
19,830

Pump Operator 11,533 = 79.0
14,595

Maintenance Jobs

Instrument Technician 31,266 = 90.6
34,502

QOutside Mechanic 21,828 = 91.0
23,980

Welder 18,177 = 83.4
21,805
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Table 4 (continued)

SDy lower (50-15) SDy upper (85-50) SDy total
Study/Job(s) Ratio % Ratio A Ratio %

Mathieu & Leonard

(1984)

Head Tellers 3,775 = 94.7 1,016 = 41.9 2,166 = 67.6
3,987 2,424 3,206

Operations 45,080 = 232.5 28,725 = 213.3 36,885 = 224.5

Managers 19,386 13,467 16,427

Branch Managers 40,042 = 183.9 8,570 = 73.4 23,767 = 142.1
21,777 11,683 16,730

Means 127.13% 127.797% 85.97%
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