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INTERRATER RELIABILITY:
The Development of

An Automated Analysis Tool

Michael R. Staley
Johnny J. Weissmuller

Air Force Human Resources Laboratory
Brooks Air Force Base, Texas 78235

INTRODUCTION

Within the United States Air Force, as well as many other military and
civilian agencies, there is a fundamental technology which supports
occupational analysis for both operational and research programs. The core
of this technology is called CODAP, an acronym for the Comprehensive
Occupational Data Analysis Programs. The CODAP "system" is a set of analysis
tools and procedures which use, as raw material, information provided by
members of the occupational field being studied (Thew & Weissmuller, 1979).
This system may be used to improve classification structures, assess
job-related skills, verify the relevance of training courses and support a
host of other applications for which an accurate knowledge of job content at
the task level is desirable (Weissmuller, Moore, & Thew, 1980).

Prior to the 1970's, the CODAP system primarily analyzed relative time
spent ratings from job incumbents. About 1970, it was decided that the value
of CODAP reports would be significantly improved if supervisors' ratings of
task importance could be reported alongside of incumbent performance data.
Because the concept of "importance" is multifaceted, a technology was
required to handle any number of factors which might be considered
"important" for tasks in any specific application. One of the more promising
"task factors" was Task Learning Difficulty, which allowed supervisors to
rate the relative difficulty of training new personnel to perform various
tasks within their specialties. A program called TSKDIF was added to the
CODAP system to compute the mean task difficulty ratings of supervisors
across all tasks in a job inventory. These ratings were used to resequence
the tasks in standard job descriptions into descending order based on average
task learning difficulty. Hence, within any specified job, Air Force
managers could easily see the tasks hardest to learn and the degree to which
journeyman level personnel were performing and spending time on those tasks.



About the same time, an interrater reliability program was being

developed within the Laboratory. Although reliability theory was developed
to measure the trustworthiness of test! instruments, the applications within

the Laboratory were concerned with assessing the level of agreement within a
group of raters. This interrater reliability program allowed researchers to
make some statements about the stability of the ratings they were collecting
and reporting. In order to increase the credibility of the CODAP reports, it
was decided that this procedure should be incorporated into the system and
routinely applied to the task learning difficulty ratings. This paper traces
the development and evolution of the interrater reliability technique within
the CODAP system.

PRE-CODAP VERSIONS: EARLY 1972

One of the earliest interrater reliability programs within the
Laboratory was developed by Mr. Manuel Pina. The program was later modified
and applied to aptitude rankings of 207 task statements from eight career
ladders. This work was accomplished by Mr. Charles A. Greenway in a
non-CODAP applications section. Although the use of ratings from 10 research
scientists was a modest beginning, the results were promising enough to
warrant further development. Subsequent uses in "real-world" settings
uncovered some operational shortcomings. The program required that all
raters rate ALL tasks. Some analyses had to drop as many as 80 percent of
the raters because they failed to meet this condition. As this was deemed
unacceptable, it was clear that further changes were required before
inclusion in CODAP.

THE FIRST CODAP VERSION: AUGUST - NOVEMBER 1972

Dr. Raymond E. Christal, then Chief of the Occupation and Career and
Development Branch of the Personnel Research Division of the Air Force Human
Resources Laboratory, assigned to Mr. William J. Phalen the responsibility of
integrating an interrater reliability procedure in the CODAP system.
Mr. Phalen worked with Master Sergeant (MSgt) William D. Stacey, head of the
CODAP Prograuing Unit, to coordinate the development of the required
program. MSgt Stacey assigned the programing task to Airman First Class
(A1C) Johnny J. Weissmuller. Many of the details of the first CODAP version
were worked out between Mr. Phalen and AIC Weissmuller (Stacey, Weissmuller,
Barton & Rogers, 1974).

The new CODAP program (RXXNDX) followed the example of previous versions
and reported the interrater reliability coefficients (R and Rk), computed
by Lindquist's intraclass correlation technique (Lindquist, 1953, p.361) and,
optionally, the mean rating for each task. In addition, this program
provided some new capabilities. It compensated for raters who did not rate
every task (Haggard, 1958, p.14) and, optionally, adjusted the ratings of
raters who tended to rate either high or low as compared to all other raters.
The program also reported the number of tasks rated, the rater's correlation
with the grand mean vector, the mean of the rater's ratings and the mean of
cask means for the tasks rated by the rater.
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As the program was nearing completion and several tests were being run,
it was noted that the mean of the task means was not 4.0 as would be expected
from a seven-point relative scale. The standard deviations also varied
widely from one data set to another. It was decided that if two different
factors were ever evaluated within a single analysis, it would be important
to standardize the task means to some common value with a specific standard
deviation. This would allow one to compare different ratings on a given task
and determine which factor was "more critical." The program was modified so
that if any adjustments were made to individual ratings, the task means would
be standardized to a mean of 5.0 and 1.0 standard deviation. This version of
the RXXNDX program was released in November 1972.

THE FIRST YEAR REVISIONS: NOVEMBER 1972 - NOVEMBER 1973

During the first year of use, several revisions were required to handle
ongoing research projects. One of the most prominent research streams was
the investigation of multiple rating scales conducted by
Lt. Col. James B. Carpenter (Carpenter, Giorgia, & McFarland, 1975).
Interrater reliability measures were desired for ratings on 7-, 9-, 25-, 99-
and 9999-point scales. It should be pointed out that the 9999-point scale
was actually a direct percent time spent estimate in which two decimals of
accuracy (e.g. 45.67) were permitted. The original version of RXXNDX only
permitted single digit ratings. These ratings were assumed to be in the
range of 1 to 7, with the SETCHK program doing all error-checking and
resetting out-of-range values to zero. The RXXNDX program was modified to
handle ratings of up to six digits.

Later in the first year, it became apparent that the report of rater
correlations with the grand mean vector was effectively identifying deviant
raters. As the reliability of a test instrument can be improved by the
removal or replacement of poor items, so can the reliability of the mean
ratings be improved by the removal of deviant raters. Since the primary
measure of stability is the R., removing too many raters may actually reduce
stability (Haggard, 1958, p.87, and hence the removals should not be done
indiscriminately. For this reason, a capability was added to the RXXNDX
program to bypass any analyst-specified raters. A t-value column was added
to the rater correlation report in order to help analysts evaluate the
significance of correlations based on the differing number of tasks rated by
each rater. Although the rules-of-thumb varied from analyst to analyst,
deviant raters were usually defined to be raters showing a very low (or
negative) correlation with the task mean vector across all raters, or those
having a t-value of 1.65 or less.

During this period the program name was changed because "RXXNDX" was
deemed unpronounceable. As the program was more commonly called "REXALL,"
the name change was made official to avoid confusion and was justified as

S"RXNDX with ALL options." As time went on, however, it became clear that ALL
*options had not yet been added.

3



THE EXPLOITATION OF TASK FACTORS: NOVEMBER 1972 - OCTOBER 1976

During this time frame, REXALL became a standard part of the Air Force's
operational occupational analysis procedures. By mid-1975 other task factors
were being considered and programs were developed to exploit this newly
acquired methodology (Christal & Weissmuller, 1976). Some of the motivation
for pursuing task factors at this time was the high-level discussion in the
Australian Department of Defence aimed at adopting a single occupational
analysis system as their DoD standard. Because there were two competing
systems being used in the Australian armed forces, their basic choice was
between the USAF version of CODAP adopted by the Australian Air Force and an
independently developed Australian Army system. A major advantage of the
Army system was its ability to effectively handle various task factors. As
these capabilities seemed highly desirable, the USAF developed and integrated
a generalized task factor capability into the CODAP system. This action may
have contributed to the Australians' final decision to adopt the CODAP
approach as their standard. The set of programs which comprise this
capability has become known as the Task Factor extension or the Task Factor
Applications Package.

With the increased emphasis on new factors and the intention of making
more use of these data, the practice of removing so-called "deviant" raters
came into question. Some researchers felt that the raters who were removed
might represent a consistent, valid, albeit minority viewpoint. Squadron
Leader (SQN LDR) Kenneth Goody, an Australian exchange officer working at the
Laboratory, investigated this hypothesis. He concluded that, in general,
raters removed using the REXALL process were simply uncooperative
(Goody, 1976).

During the course of this analysis, however, he wondered if the deviant
raters were members of a smaller, easily identified subgroup with a different
policy. He hoped that these groups might be identified by some background
characteristic such as grade level, major command, etc. SQN LDR Goody
obtained a copy of the REXALL program and modified it to permit the screening
of raters based on predetermined catege~ies. He had trouble in testing these
ideas because background data were not routinely collected from the
supervisory raters. Even when he obtained the necessary information, his
technique required the use of special programing to code each rater
according to the category of interest prior to running REXALL. Although this
was inconvenient, the potential use of that option was considered important
enough to warrant making his version of the program the CODAP standard.
Also based on his recommendation, data collection procedures were modifild to
solicit more background information from raters.

THE IMPACT OF TRAINING EMPHASIS: 1978 - 1979

Training Emphasis is a task factor designed to capture a field
supervisor's recommendations about which tasks ought to be included in
entry-level training and how much relative emphasis should be placed on each
task (Ruck, Thompson, & Thomson, 1978). This task factor departed from the
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CODAP standard 1 to 9 rating scale. For this factor, raters were asked to
use a scale of 0 to 9, in which zero meant "Do not train." Although this is
quite logicab, there were some problems in using these data in the REXALL
program. REXALL considered ratings of zero to be nonresponses and
substantial program changes had to be made. In addition, the SETCHK program
which range-checks the data was also modified to permit zero as a valid
rating.

Training emphasis continued to impact on REXALL. Although many career
fields produced stable vectors of task means, some Air Force specialties
failed to achieve a minimally acceptable value for interrater agreement.
These specialties were labelled "complex specialties" and further analyses
were conducted. It was thought that there might be different rater policies
for various subsets of tasks. Various policy-capturing techniques were
attempted without much success. One subsequent attempt involved using REXALL
to identify not only a reduced set of raters, but also a reduced set of tasks
on which there would be general agreement. The REXALL program was modified
to make multiple passes of the data and compute interrater agreement on sets
of tasks that were rated by at least a specified percentage of raters
(e.g. 107., 207., 40%). Of course, for these purposes, a zero had to be
considered a nonresponse.

Unfortunately, this modification also failed to achieve the desired
results. It was next hypothesized that the 0 to 9 scale was inadequate to
fully represent the range of emphasis intended by the raters. Because zeroes
were averaged in with the typical I to 9 ratings, the overall means for tasks
only reached a maximum value of about 3 for the most important tasks. The
proposed solution was to reweight the responses so that 9's became 512, 8's
became 126, and so on. This line of thought was explored by another
Australian exchange officer, SQN LDR Michael J. Cassidy, and several such
weight substitutions were suggested. The REXALL program was modified to
permit this capability, but none of the substitution schemes seemed to solve
the problem.

The next approach to complex specialties was to try clustering raters
using the standard CODAP procedures. Using these procedures, the research
analyst was provided with a cluster-merger diagram from which to identify
rater groups of interest. It was hoped that these empirically defined'groups
would represent the various rating policies. Using this approach, a problem
was identified in that the REXALL program was designed to use all raters on
the input file with the exception of those it was specifically told to
ignore. The clustering programs, on the other hand, produced short lists of
raters to be used instead of the longer lists of raters to be ignored. For
example, in this analysis groups typically consisted of 20 to 30 raters,
while the rest of sample usually contained 300 raters. Rather than require
researchers to specify all raters NOT included in each group, a new version
of REXALL called "REXNON" was made which used only the raters requested. The
new program caused "REXALL' to be reinterpreted as "interrater reliability on
ALL raters" and "REXNON" to mean "interrater reliability on NONE but the
specified raters."
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THE IMPACT OF STRENGTH & STAMINA: 1979 - 1980

The Strength and Stamina research project was designed to help identify
career ladders and tasks within career ladders that warranted a further
in-depth study of various physical demands (Gott & Alley, 1980). As in the
Training Emphasis area, a 0 to 9 scale was used. Because of the lessons
learned, however, raters were required to enter an actual zero digit to
signify "no lifting requirement" and an "X" to signify "unknown requirement."
Again, REXALL had to be modified -- this time to interpret an "X" as a
nonresponse. The SETCHK program edits the data file that is later used by
the REXALL program. This program also had to be changed and the required
changes were not straightforward. For this reason a new version of SETCHK
called "SETCKR" was developed.

As this project had short suspenses and spanned nearly all career fields
within the Air Force, a large level of effort was required within a short
time frame. For this reason a major portion of the logistics was completed
under contract. In order to minimize training time, many of the computer
runs were preprogrammed to require only clerical support. In the REXALL
program, an option was added to record which raters were deemed "deviant" and
on subsequent passes, automatically remove those raters.

TRAINING EMPHASIS, CONTINUED: 1980

In the intervening time period, several approaches outside of the REXALL
methodology were tried with the training emphasis ratings in the "complex
specialties." In 1980 another REXALL-based approach was suggested by
William J. Phalen in which only those tasks with low standard deviations
would be considered for inclusion in a stable, majority viewpoint. Instead
of adding another option like the "percentage of raters" mentioned above, a
more generalized approach was taken that reduced the task set based on the
values of any specified task factor. For example, with this new option one
could investigate the training emphasis for only those tasks that are
performed by a high percentage of members. This and other approaches are
,till being considered but to date, no operational method has been adopted.

CURRENT RESEARCH & FUTURE REQUIREMENTS - REXSPC: 1981 - 1982?

There are two projects currently underway which would be greatly
facilitated by program changes. The first is a continuation of the Training
Emphasis research project and is being done by the most recent Australian
exchange officer, SQN LDR Hans P. Jansen. This analysis is exploring factor
analysis techniques and addresses both the question of sample sizes and the
reliability of task means. A large number of raters is being randomly
subdivided into various grops and the stability of the interrater agreement
cofficient is being monitored. Under the present system, approximately six
computer runs are required to prepare the data, identify samples, select
subsets and compute interrater reliability for each sample. A program called
"REXSPC" is currently being developed which will reduce this to two runs.
This may not seem significant, but there are over 300 random subsamples to be
processed and this could save over 1200 computer runs.
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The second project, being done by Captain James H. Gilbert at th' USAF
Occupational Measurement Center, is designed to evaluate the difference in
training emphasis policies between supervisory personnel for maintainance of
different aircraft systems. In this analysis, over 20 different aircraft
systems are represented, and the intent is to produce a task mean vector for
each system. Again, under the current system, this requires three computer
runs, while the new REXSPC program would handle this in one run. If
Capt. Gilbert's research finds significant differences between these groups
of supervisors, this approach may become the operational standard for all
future analyses. If this happens, REXSPC will result in a greater savings
impact than is expected for the 20 systems currently being studied.

Not all questions have been answered -- indeed, not all questions have
yet been asked. New questions usually require new tools; hence, all
development has not yet been completed. The interrater reliability
capability began simply as a method to produce a single number representing
the confidence in mean ratings. It has expanded and is helping to form new
guidelines for the types of raters and ratings that are necessary to provide
Air Force managers with sound information on which to base their policy
decisions. As long as Air Force managers face new challenges, the
development and evolution of automated analysis tools will be required to
meet their changing needs.
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