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Dimensions of Air Force Pilot Combat Performance

Introduction

The continuous search to improve military pilot selection procedures has compelled many researchers
to focus attention on individual differences in human attributes as predictors of pilot performance (e.g.,
Carretta, 1990; Croll, Mullins, & Weeks, 1973). Proper interpretation of pilot selection research requires a
suitable framework for conceptualizing the dimensions of combat performance. Validating models of pilot
performance requires attention both to measures of individual differences, such as aptitude and personality,
and to measures of flying performance. Most validation research has concentrated on predicting early pilot
training performance (Carretta & Ree, in press).

Other than during World War II (WWII), there have been few attempts to analyze combat performance.
A review of the literature identified several characteristics related to effective pilot performance. Jenkins,
Ewart, and Carroll (1950) examined peer ratings from 2,872 combat pilots and identified the following
characteristics associated with higher ratings of combat effectiveness: leadership/responsibility, teamwork,
practical intelligence, combat aggressiveness, skill/interest in flying, conscientiousness, steadiness, and
sociability. Bair (1952) performed a qualitative analysis of data describing best and worst cadets known by
WWII combat Navy pilots. The characteristics found were teamwork/consideration for others, desire to
fly/flying skill, personal stability/calmness, social adaptability/easy-going temperament, and
conscientiousness/ability to accept responsibility.

More recent research contributes to the understanding of job performance dimensions, both for jobs in
general and specifically for pilots in crew aircraft. Campbell (1990) has proposed a taxonomy of major
performance components that acknowledges the multidimensionality of job-related behavior. The eight
components include: job-specific task proficiency, non-job-specific task proficiency, maintaining personal
discipline, demonstrating effort, communication, facilitating peer and team performance, supervision, and
management/administration. These components are comparable to those from other models of
performance, such as Helmreich and Foushee's (1993) model of flight crew performance which includes
aircraft control tasks, procedural tasks, situational awareness, communications and decision tasks, and team
formation and management tasks. The present research was stimulated by the belief that an exploratory -
analysis of operational and combat experiences during Desert Shield/Storm would provide the most current
snapshot of pilot combat performance in the context of present combat operations doctrine and the latest
weapon system technology.

Method

Participants

The participants were 265 Air Force pilots. The sample consisted of instructor pilots,
co-pilots, and pilots who were assigned and on current flying status with one of seven aircraft weapon
systems: bombers (B-52), fighters (F-15, F-16, F-111), transports (C-141, C-130), and special operations
(AC/HC/MC-130). The majority of these pilots were captains with a minimum of six years in service.
Many of the pilots had combat flying experience in Desert Shield/Storm (n = 138).

Procedure

Data collection took place at seven Air Force bases. On each data collection trip, the research team
randomly assigned pilots to one of two groups (Group I, Group II). The team informed Group I (n = 91) of
the purpose and goals of the research project and instructed them on how to write a critical incident
according to methods outlined by Smith and Kendall (1963). The instruction included an emphasis on
writing incidents involving combat experience. However, if a pilot believed a non-combat incident more




clearly illustrated the difference between the exceptional and average pilot, the incident could be included.
The format of a critical incident (Bownas & Bernardin, 1988) included a very brief background which
established the scenario, followed by one specific observable behavior, and an immediate outcome or
consequence of that behavior.

Each pilot in Group II (n = 49) independently read the incidents generated by Group I. The task for
subjects in Group II was to sort incidents into categories where the incidents in a category were more
similar to each other than to incidents in any other category. Constraints on the sort were that each pilot had
to have greater than or equal to two categories of incidents but less than or equal to 15 categories. The
pilots in Group II did not receive any predetermined category names in which to sort incidents because the
purpose was to discover the dimensions underlying performance without the influence of experimenter
effects. The pilots were instructed to focus on the behavior portion of each incident rather than on the
resultant outcome or consequence to avoid sorts into only good and bad categories. After completing this
sorting task, the Group II pilots provided labels for each category. The sorting data were used to generate
inter-incident co-occurrence associations to use as proximity data for multidimensional scaling (MDS)
analyses (Rosenberg & Kim, 1975).

The reliability of the sorting results was assessed during a subsequent data collection trip. Group III (n
= 125) was selected to re-perform the sorting task (i.e., retranslate). None of the subjects in Group III had
participated in the previous exercises. Group III's task was to read incidents for their aircraft and then to
sort the incidents into named categories where the category names issued from analyses of Group II's
sorting decisions.

Analyses

Constraints on analyses were to discover structure underlying combat performance while maintaining
an empirical anchor in the form of pilots' actual observations of combat performance. The first analytical
approach was MDS. This approach is like exploratory factor analysis in that it is a descriptive statistical
technique used to determine data structure based on associations.

For each pilot in Group II, an m by m matrix of inter-incident associations was generated, with m being
the number of incidents sorted into categories for a particular weapon system. The entries in the matrix
represented the frequency with which any two incidents were sorted into the same category. These data
were accumulated across pilots for each of the seven weapon systems using the accumulation rule for co-
occurrence proximities defined by Rosenberg and Kim (1975). Each of seven matrices representing one of
seven aircraft platforms was then analyzed using Alternating Least Squares Scaling (AL.SCAL; Young &
Lewyckyj, 1979) MDS analysis. The objective was to locate all incidents from a given platform in
multidimensional space and from this geometric representation to identify the minimum number of
dimensions that account for the observed data structure.

The second analytical approach was to conduct an analysis of the category labels provided by each
pilot. This amounted to conducting an analysis of the sorting data at a higher level of generality than at the
incident level. This analytical approach was based on the dimensional coordinates obtained from the MDS
analysis of the incident data. The objective was to locate the category labels provided by each pilot along
each of the six dimensions. The assumptions of this analysis were: first, the dimensional coordinates that
best represented a pilot's category label were the average of the coordinates for all incidents in that
category; second, the structure underlying combat performance consisted at a minimum of six dimensions.
This second assumption was adopted because of the exploratory nature of the study and to avoid imposing
an arbitrary ceiling on the number of dimensions in addition to that imposed by the MDS program.

This second analysis was conducted for each platform. For each pilot there were available from 2 to 15
categories with a label for each one. Different pilots had different numbers of incidents in each category,
different number of categories, and therefore a different number of category labels. For each platform and
each dimension, to locate the category labels for all pilots on the first dimension, the labels were assigned a
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coordinate value equal to the average of the coordinate values of the incidents in the category with which it
was associated. After label coordinate values for all pilots were determined, the values were ranked from
high to low, and labels at the extremes of the ranking were evaluated to ascertain the meaning of the
dimension. This procedure was followed for each of the six dimensions so that label coordinate values for
all pilots were ranked six times, once for each dimension using coordinate values from that dimension.

Results

Table 1 lists the number of pilots in Group I, the total number of incidents they produced, the number
of pilots in Group II, and the average number of categories produced from the sorting exercise.

Table 1
Critical Incident Production and Categories

Weapon System N Group I N Incidents N Group II Average N Categories
AC/HC/MC-130 12 143 6 72
B-52 11 110 11 ) 8.5
F/EF-111 11 100 7 7.1
C-141 13 122 8 7.8
F-16 17 163 6 6.8
C-130 13 80 6 7.8
F-15 14 116 5 5.0

At the incident level of analysis, the ALSCAL solutions for some weapon systems (C-141, C-130, and
F-16) appeared to suggest two underlying dimensions, whereas the solutions for other aircraft systems
suggested only one dimension. For all platforms, the one dimensional solution yielded R?s greater than or
equal to .85. For several platforms, examination of the location of individual incidents at the extremes of
the first dimension indicated effective behaviors at one extreme and incidents with ineffective behaviors at
the other extreme. Evidently, despite precautions to avoid a good versus bad behavior category, this
structure resided in the inter-incident associations and masked the existence of underlying dimensions.

At the label level of analysis, category labels were identified at the extremes of each of six dimensions
by specific weapon systems. Representative category labels include high knowledge and ability in flight
versus procedural errors, ability to prioritize versus no situational awareness, working with people versus
poor communication, takes charge versus guits doing the job, poor mission preparation versus prepares for
all contingencies and adherence to directives versus breaking the rules. Inspection of the labels at the
extremes suggested several dimensions common across aircraft and informed the subsequent content
analysis.

The content analysis of the category labels suggested eight performance dimensions that were common
across all seven weapon systems. Due to significant overlap with other performance categories, two of
these categories (Personal/Interpersonal Factors and Decision Making) were not applied by Group III
during their re-sort task. The two omitted categories appeared to belong at a higher, more general level of
classification and could be described as having a function in almost every one of the remaining six
performance categories. The resuiting pilot performance dimensions were as follows: (a) Compliance with
Regulations (compliance or noncompliance), (b) Knowledge, Skill, and Ability (flying skills and
knowledge), (c) Crew Management (crew management and utilization/mutual support), (d) Leadership, (e)
Situational Awareness, and (f) Planning.

Analysis of the retranslation data indicated that on the average 69 percent of the critical incidents were
sorted into one of the six performance dimensions, with 61 percent being the minimum (C-141s) and 73
percent being the maximum (F-15s).




Discussion

The results from this study replicate earlier research findings (i.e., Bair, 1952; Jenkins et al., 1950) and
also provide empirical support for conceptual models of pilot performance previously mentioned. The six
performance categories identified in the present study are consistent with the taxonomy of job performance
discussed by Campbell (1990) and with Helmreich and Foushee's (1993) flight crew performance model.
Moreover, the results of the present study suggest that the Helmreich and Foushee (1993) model extends to
military aircrews in both crew and single-seat aircraft.

In terms of applying the results of the present study to performance measurement, the data suggest that
pilots should be evaluated on six dimensions. For this purpose, the incidents collected for this study can
serve as material for the development of pilot performance rating scales. To enhance the value of such
scales, data are being collected on the effectiveness level of the behavior from each incident that was
successfully retranslated into one of the six performance categories. These effectiveness level ratings can
then be used to produce Behaviorally Anchored Rating Scales (BARS; Bownas & Bernardin, 1988) which
also can be used in test validation research.

Finally, the results of the present study have implications for pilot selection test research. Examination
of the content of the present, automated test battery specifically used for pilot selection (Carretta, 1990)
indicates that it measures abilities that underlie flying skills and situational awareness and currently does not
measure attributes that would underlie leadership and crew management. This emphasizes the importance
of studying the validity of interpersonal behavioral skills and personality measures as pilot selection factors
in future research. '
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