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We investigated the relationship between personality characteristics and
performance on a simulated large-aircraft instrument control task. The sample
comprised 155 undergraduates in China, who completed the Cattell Sixteen
Personality Factor Questionnaire to assess personality characteristics, and were
randomly allocated to one of 31 teams of five people. We used multiple
regression analysis to establish a predictive model of team performance based
on team personality elevation and team personality diversity integration models.
The results showed that when the team personality elevation integration was
used as the independent variable, an increase in rule consciousness led to
improvement in team performance, whereas an increase in vigilance,
dominance, and social boldness led to a deterioration in team performance.
When team personality diversity integration was used as the independent
variable, an increase in warmth and openness to change led to improvement in
team performance, and an increase in sensitivity led to deterioration in team
performance. The simulation task designed in this study provides a specific tool
for research involving flight crews on large aircraft. The findings provide a
theoretical reference for optimum allocation of flight crews.
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Article Highlights

Performance of the flight crew of a large aircraft was found to be better when the integration of team
personality elevation for the factor of rule consciousness was high and when vigilance, dominance, and
social boldness were low.
Flight crew team performance was better when the integration of team personality diversity for warmth
and openness to change were high and sensitivity was low.
The team instrument control task designed in this study forms a specific tool for research involving the
flight crew of large aircraft.

A is a group of two or more individuals who cooperate to achieve a common goal in a specific scenario, with team
performance generally being better than individual performance through individual effort (Khasraghi & Hirschheim,
2022). refers to how well the team’s expected goal is achieved; it can be measured by the output of
teamwork and reflects the effectiveness of a team (Lau & Jin, 2019). A refers to the crew of an aircraft who
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execute tasks during flight activities. Increasing the team efficiency of a flight crew and decreasing human error during
flight are important goals of crew resource management (Mallinson & Willis, 2020). Large aircraft, such as certain
military aircraft that perform special tasks and commercial aircraft that perform long-haul flights, are complex
man–machine systems (Nassif, 2019). Because of the complexity of their operation, the control of a large aircraft
requires cooperation among multiple individuals. The flight crew includes, among others, pilots and navigators
(Mgbemena et al., 2020). Since 64% of flight accidents of aircraft operated by the Civil Aviation Administration of
China over the past 10 years were caused by crews (Cullen-Lester et al., 2016), it is necessary to study how the
allocation of crews with multiple personnel on large aircraft influences team performance, in order to improve the
reliability and stability of aircraft operation (Wai et al., 2021).

Personality traits have long been considered important factors that affect team performance (Prewett et al., 2018),
because the unique thoughts, feelings, and behavioral modes reflected by personality characteristics influence not only
the contributions of members to the performance of the team’s tasks but also the behavioral modes of members
(Ormiston et al., 2022). Zhang et al. (2020) stated that the relationship between personality traits and team performance
can be attributed partly to differences in team tasks and team structure, and partly to differences in the methods of
integrating personality traits at the team level. Examining the influence of team structure on the team’s performance
under the condition of a specific task mode makes practical sense. Hence, in this study we constructed a team
simulation task and tested it to examine the characteristics of crews executing tasks on a large aircraft.

Studies on the influence of the personality characteristics of a team on the team’s performance must employ an
effective measurement method and integrate individual-level personality characteristics into a team-level personality
measurement. Both similarities and differences among team members in terms of personality characteristics will cause
differences in team behaviors. Inconsistency in such differences will also influence team effectiveness. Barrick et al.
(1998) proposed three different methods to integrate team features: the averaging method, the variance method, and the
extremum method.

The , also known as team personality elevation (TPE), reflects the average level of team members on a
specific personality characteristic (Chiu et al., 2021). The underlying assumption of TPE is that each team member can
affect the team’s operational process equally and, thus, can change the team’s performance level. Therefore, this method
focuses on calculating the overall level of personality traits without considering their distribution among members.
Scheutjens (2017) found that the TPE for the personality characteristics of openness to experience, conscientiousness,
and extraversion were positively correlated with the innovative performance of the team.

The , also known as team personality diversity (TPD), reflects the heterogeneity or degree of variation
in personality characteristics among team members. The underlying assumption of TPD is that each team member has
an equally important influence on the team’s operation, but more emphasis is placed on the differences in the
characteristics of the team members. TPD is typically expressed in terms of the variance, standard deviation, or
coefficient of variation of team members on a certain personality trait. Researchers have also found positive
correlations between TPD and the personality characteristics of emotional stability and extraversion in the context of
team performance of sales teams, whereas TPD and the characteristics of openness to experience and conscientiousness
have been found to be negatively correlated with team performance (Prewett et al., 2018).

The focus in the is on the team member with the highest or lowest scores for specific personality
characteristics. The highest score for specific personality characteristics refers to the maximum value of a certain trait
among team members. The lowest score for specific personality characteristics refers to the minimum value of a certain
trait among team members.

With respect to the selection of an integration method, scholars have most commonly used TPE and TPD in previous
studies. Most authors argue that TPE is an accurate predictor of team performance. However, the prediction results
based on TPD are inconsistent. Some authors argue that team performance is positively related to team heterogeneity
(Kelsen & Liang, 2019); others argue that the relationship between these variables is negative (Mourelatos et al., 2022).
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Other studies have obtained different and even opposite conclusions for the prediction of the same personality
characteristic (Soutter et al., 2020). The integration method used may underlie these inconsistencies. LePine et al.
(2000) argued that the selection of integration method is closely related to the type of task the team is undertaking. The
task classification method of Steiner (1972) provides a basis for the selection of team combination indices: (a)

the task is completed by utilizing all of the team’s resources. In this case, the averaging method is
suitable. The resources of all team members are needed for team performance and all team members occupy positions
of equal importance. (b) different resources provided by different team members can compensate
for each other. In this case, the variance method is suitable. The team members’ different resources contribute in
diverse ways, helping the team to achieve better performance. (c) requires each team member to
achieve the minimum standards of a task. The lowest score for each team member’s personal resources plays a crucial
role in team performance. Hence, the minimum extremum method is the most appropriate. (d) : the
performance depends on the strongest member. As long as one person in the whole team completes the task, the task
goal of the whole team will be achieved. Therefore, the maximum score of each team member’s personal resources is
the best index; accordingly, the maximum extremum method is the most appropriate.

To complete a task on a flight, the resources of all members of the crew of an aircraft are necessary. Moreover, team
members’ different abilities and interpersonal collaboration are required. The team’s performance will be influenced by
an individual member’s poor performance. Thus, to provide a comprehensive investigation of the effects of personality
characteristics on flight crew team effectiveness, in this study we used four measurement indices: the average level
TPE, heterogeneity TPD, and maximum and minimum scores for each personality characteristic in the team.

Most previous studies on team personality characteristics have focused on the relationship between team performance
and the Big Five model of personality traits. Although all personalities are considered in this model, its restriction to
five dimensions may not allow for an understanding of the complexity and fine distinctions of individuals’ personality.
Thus, in this study we utilized the Cattell Sixteen Personality Factor Questionnaire (Cattell & Mead, 2008) to provide a
more comprehensive insight into team personality.

Pilot Study

The crew of a large aircraft includes pilots, a navigator, and other personnel. The tasks of the crew include monitoring
information related to the flight instruments, navigation system, and working state of the aircraft. Information is mainly
obtained from aircraft instruments. Thus, most of the tasks of the crew involve checking/scanning and reading of
various instruments. These tasks require the operators to monitor task information continuously, perform comparative
analyses in relation to expected parameters of what they read on the instrument screen/dial, and judge whether the
system is operating as expected. When the instrument reading shows that the system deviates from the expected state,
corresponding measures must be adopted immediately to ensure the system operates normally according to the
requirements of the task. On this basis, we designed a task involving successive monitoring and discrete control tasks.
Using OpenGL, we developed an instrument control task for a team of five members to simulate successive monitoring
and discrete control tasks during the team operation of a crew on a large aircraft.

Method

Design
The design comprised five similar pointer-type instrument dials on a panel. The middle dial was the master controller
and the other dials were for the other team members. Team members have an impact on others when they perform
tasks, as determined by the setting of the coefficient K. The task program required participants to monitor information
shown on the dials continuously and take action to correct any deviation of the pointer from the designated position.
That is, participants performed a continuous monitoring discrete control task. Success was assessed by how well the five
team members worked together to control the joystick, overcome mutual influences, and keep the pointers of all dials at
the designated position (scale 0). Each team completed a formal test for 60 seconds. The number of times that a
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successful readjustment was made so that the pointer resumed the designated position during the test period of 60
seconds was taken as the measure of team performance. The task framework is shown in Figure 1, where the collective
influences of the team members on the task can be seen. The influence coefficient was K = K2/K1, where K1 is the
coefficient of the independent joystick controls and K2 is the coefficient of the interaction of team members for the
joystick controls. The test instrument panel for the team control task is shown in Figure 2. The panel for the
experimenter is shown in Figure 3.

Figure 1. Team Instrument Control Task
Note. The blue circles with the arrows represent the five dials on the control panel.
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Figure 2. Team Members’ Instrument Control Panel

Figure 3. Experimenter’s Instrument Control Panel
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members working on large aircraft in China are men, especially in the military field, all of our participants were
men. We used random sampling to select students at Air Force Medical University, China, and allocated each student
to one of 31 teams, with five members in each. Participants had a mean age of 18.98 years ( = 0.56) and all were
right-handed. None had participated in a similar experiment before. All experimenters received standard training
on the instruction and process. For each group, preparation before the experiment took 20 minutes. First, the
experimenters presented the standard instructions and described the task content, which took 10 minutes. The
participants then had 5 minutes to practice the task and familiarize themselves with the rules. Next, each team had 5
minutes to discuss the task before completing the official test. In the process of task completion, team members were
allowed to communicate to determine the strategy. The same participants completed the task a second time 2 months
after the first test to examine the test–retest reliability. Between the two task completions, they received no
training related to the task content. Performance data for the team were collected automatically by the computer
program used for the task. Descriptive statistics were calculated, and  tests and correlation analyses were performed 
using SPSS 21.0 software.

Results

The results in Table 1 show that team performance was normally distributed, meeting the requirements for parametric
analysis. According to the 27% rule (Drach-Zahavy & Somech, 2002), participants were selected for high- and
low-performance groups, respectively, based on their performance on the team instrument control task. The pass rate
was calculated according to mean score/highest score. The mean pass rate of the high- and low-score groups was used as
the coefficient of difficulty, P = (PH + PL)/2. The difference in the pass rate between the high- and low-score groups
was used as the measure of discrimination for the task (D = PH − PL). The P (difficulty) and D (discrimination) values
are shown in Table 2. The results indicated that the task was moderately difficult and had good discrimination. It
reached the project identification index (.40) proposed by Furr (2021).

Table 1. Descriptive Statistics and Normality Test of Team Performance

. KS-Z = value (Z) of a single sample in the Kolmogorov–Smirnov test.

Table 2. Analysis of Difficulty and Discrimination of Task

When we conducted the test again 2 months later, there was no significant difference in the performance of the two
groups between the first and second tests and the correlation was relatively high (see Table 3). This task was based on
psychomotor ability, which is a unique ability. There is a very low correlation between psychomotor performance on
operational tests and pen-and-paper tests, and the correlation between psychomotor performance on a motor test and the
speed and quality of movement is low. The reliability of psychomotor skills is lower than that of other skills (e.g., basic
cognitive skills), which may be affected by practice or exercise, ranging between .70 and .87 (Labbé et al., 2020).
Accordingly, we used this task for the subsequent experiment.
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Table 3. Test–Retest Reliability of Simulated Task

 **  < .01.

Main Study

Method

Participants
Participants were 155 undergraduates at Air Force Medical University in China, who were majoring in aerospace
medicine and who volunteered to take part in the experiment. All the students were men aged 17–19 years, with normal
or corrected vision, and had not previously participated in similar experiments. At the end of the experiment the
participants were provided with feedback based on their results for the 16PF Questionnaire, and compensation of RMB
200 (USD 27.67) was issued to each participant. Our study received ethical approval from the Medical Ethics
Committee of the First Affiliated Hospital of the Air Force Medical University (KY20213086-1), and all participants
gave informed consent.

Procedure
First, the participants completed the 16PF Questionnaire on a computer. They were randomly allocated to one of two
groups that were tested on consecutive days between 9:00 am and 11:00 am.

Then, the participants were each randomly allocated to one of 31 teams, with five members in each, and they completed
the instrument control task we had designed for five-member teams. All experimenters received standard training on the
instruction and process. The experimenters presented the standard instructions, described the task, and gave the
participants 5 minutes to practice and familiarize themselves with the rules. Then, the participants were given 5 minutes
to discuss the task as a team before the official test ran for 5 minutes. During the official test, team members were
allowed to communicate with each other and determine task strategies. Team performance was measured automatically
by the computer. To control for the influence of biological rhythm on performance, out of the 31 teams, four were
randomly selected on each of the days of testing; two of these teams were tested between 9:00 am and 11:00 am, and
two were tested between 2:00 pm and 5:00 pm.

Measures
We used the Cattell Sixteen Personality Factor Questionnaire (16PF; Cattel & Mead, 2008) to

measure personality traits.

We used a test of basic cognitive ability in spatial rotation and instrument comprehension
that was developed by a civil aviation company in China for use in recruitment. It has shown good validity.

Team Task
The task used in this study was the team instrument control task used in the pilot study. The number of successful
adjustments to the instrument panel within the test time was taken as the measure of team performance.
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.  = 31.

The individual-level personality characteristics, as measured by the 16PF, were integrated and presented as TPE, TPD,
and team personality extremum. The descriptive statistics for these four team-level integration indices are presented in
Table 5.

Table 5. Descriptive Statistics for Team-Level Personality Characteristic Indices

.  = 31.

The four team personality integration indices were included in a partial correlation analysis in SPSS. We controlled for
basic cognitive ability. The relationship between team personality characteristics and team performance was tested, and
the results are presented in Table 6.
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Results

Scores for team performance were generated by the computer at the conclusion of each task. These were used for
descriptive statistical analysis, as shown in Table 4.

Table 4. Descriptive Statistics on Team Performance



Table 6. Correlations Between Team Personality Characteristics and Team Performance

.  = 31.
*  < .05. ** < .01.

The results showed that when TPE was used as the independent variable to integrate the team personality
characteristics, rule consciousness was positively related to team performance. The higher the team level of rule
consciousness, the better the team performance. The characteristics of dominance, social boldness, vigilance, and
openness to change were all negatively correlated with team performance. Yang et al. (2022) found that if the team
levels of dominance and social boldness are high, team members will be reluctant to obey others’ instructions, which
will make it difficult for the team to cooperate effectively, thus impacting performance.

When TPD was used as the independent variable to integrate the team personality characteristics, warmth and openness
to change were positively correlated with team performance, and sensitivity was negatively correlated with team
performance. When the team members have great differences in degree of warmth, they can balance the team roles,
which will improve team performance. Warmth in the 16PF is correlated with extraversion in the Big Five personality
traits (Gerbing & Tuley, 1991). Researchers have also found that heterogeneity of extraversion in team members is
conducive to the improvement of team performance (Drach-Zahavy & Somech, 2002). Members with high extraversion
may be more inclined to cooperate and more suitable for the role of leader, whereas introverted team members are
more agreeable and compliant. This combination may increase the cohesion of the team and reduce conflict, facilitating
the cooperation needed for task success (Hui et al., 2023). Team heterogeneity of openness to change was found to be
positively correlated with team performance. Team members with a high level of openness to change are inclined to
explore novel methods and approaches, whereas those with a low level of openness to change tend to adopt more
conservative approaches. The presence of both personality types in a team can foster a harmonious, cooperative
atmosphere and lead to the proposal of superior task solutions (Grailey et al., 2023). When the integrated team
personality extremum was used as the independent variable, privateness minimum was positively related to team
performance, and sensitivity maximum was negatively related to team performance. Descriptors of privateness in the
low-score range are forthright, genuine, and spontaneous. Descriptors of privateness in the high-score range are polished
and socially aware (Cattell & Mead, 2008). Members of the teams with low privateness exhibit spontaneousness and
highly emotional responses, which may be adverse to teamwork (Goran et al., 2012), impacting the level of cooperation.

According to the above partial correlation analysis, among the four integration modes of team personality, the results
show that more of the 16PF dimensions affected team performance either negatively or positively when team members’
scores were integrated using TPE and TPD than was the case for maximum and minimum values for the 16 dimensions.
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Therefore, we conducted a backward multiple regression analysis using TPE and TPD integration of team personality
traits as independent variables and team performance as the dependent variable, and compared the coefficient of
determination ( 2). On the basis of the significance level of the regression equation distribution test, we selected the
best regression model. The regression model results for team performance are shown in Table 7.

Table 7. Regression Models of Team Personality Characteristics and Team Performance

. The variables included in Model 1 for team personality elevation (TPE) are dominance, social boldness, vigilance,
openness to change, warmth, and rule consciousness. The variables in Model 2 TPE are dominance, social boldness,
vigilance, openness to change, and rule consciousness. The variables in Model 3 TPE are dominance, social boldness,
vigilance, and rule consciousness. The variables included in Model 1 team personality diversity (TPD) are warmth,
sensitivity, liveliness, emotional stability, and openness to change. The variables included in Model 2 TPD are warmth,
sensitivity, liveliness, and openness to change. The variables included in Model 3 TPD are warmth, sensitivity, and
openness to change.

As can be seen from Table 7, when the TPE personality model of integration was used, the independent variable
explained 38.9% of the variance in team performance, and the regression model was optimal. The regression
coefficients are shown in Table 8.

Table 8. Regression Coefficients of Team Personality Elevation

. The constant term was 28.56.

As can be seen from Table 7, when the TPD team personality model of integration was used, the independent variable
explained 34.7% of the variation in team performance, and the regression model was optimal. The regression
coefficients are shown in Table 9.

Table 9. Regression Coefficients of Team Personality Diversity

. The constant term was 7.425.
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In this experiment we developed an instrument control panel task for teams to simulate continuous monitoring on flights
by a five-member crew of a large aircraft. It was an interdependent task; the behaviors of each team member had
mutual influences, so that close cooperation was needed to achieve the goals through continuous monitoring of
information and discrete operations to control changes. These features are consistent with the requirements of long-haul
flights and missions on large military aircraft.

The results reveal that personality factors that were positively correlated with team performance included rule
consciousness, warmth, openness to change, and privateness. A team with high TPE for rule consciousness usually
exhibits a high constant level of responsibility and insists on completing the formulated task goal (Kraska, 2020).
Compared with other teams, a team with this characteristic is better able to form a long-term cooperative relationship
by focusing on meeting the needs of the task, thus facilitating successful completion. In the actual implementation of
long-haul flights and military missions, high TPE of rule consciousness is beneficial to task execution.

When heterogeneity of team warmth is relatively high, the team can still achieve relatively good performance. High
warmth heterogeneity reflects great differences in the degree of extraversion among team members. This avoids team
cohesion problems that may arise when many members are extraverted, while also avoiding the potential for a lack of
communication when members are all introverted. A combination of extraverted and introverted team members can
provide a balance in team roles to facilitate improvement in team performance. Similarly, we found that heterogeneity
in openness to change within the team was positively correlated with team performance. Being very open to change and
experiment reflects that team members are relatively radical. They like to explore new ways and means. On the
contrary, team members who are not very open to change prefer to use familiar methods and approaches to work. The
coexistence of members with both high and low openness to change in a team offers a relatively more harmonious
cooperative atmosphere and leads to proposals of superior task solutions (Grailey et al., 2023). A team with minimum
privateness is assessed according to the member with the lowest privateness level. Those with low privateness are
forthright, genuine, and spontaneous (Cattell & Mead, 2008), which may be adverse to teamwork (Goran et al., 2012).
If the privateness level of this member is too low, they may become an erratic influence on the team and may impact
the cooperation level of the team.

Factors that were negatively correlated with team performance in our study included dominance, social boldness,
vigilance, and sensitivity. When team vigilance is relatively high, that is, the members are suspicious and skeptical
(Cattell & Mead, 2008), there is reduced trust among team members. In the task developed for this study the behavioral
dependence among members was very high and a sense of distrust decreased effective cooperation among members,
thus influencing team performance. The same thing is true in the context of crew on long-haul flights or military
missions. When team dominance is relatively high, most team members are assertive (Cattell & Mead, 2008). They all
hope to stick to their own assertion. It is difficult to form effective cooperative relationships in such a team, and
conflict can easily occur, which will influence the successful completion of team tasks. Similarly, when the team social-
boldness level is relatively high, team members will tend to be careless and ignore details, although they are
adventurous. Team members in our study had to observe carefully and pay attention to dynamic information. Thus, high
social boldness would surely influence the cooperation process. Descriptors of sensitivity in the low-score range are
tough-minded and utilitarian. Descriptors of sensitivity in the high-score range are tender-minded and sensitive (Cattell
& Mead, 2008). These two different personality types will lead to different modes of interaction between team
members, which might cause unnecessary disputes, thus hindering the team cooperation process.

In this study we used backward regression to obtain two optimal regression equations with TPD and TPE as independent
variables and team performance as the dependent variable, in order to explore the predictive effect of personality
factors on team performance. According to the correlations between the Big Five personality traits and personality
characteristics included in the 16PF, we found that the regression results for vigilance TPE and for both rule
consciousness and dominance TPE on team performance were consistent with those reported in a previous study
(Schmutz et al., 2019).
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the study Williamson and Lounsbury (2016) conducted with librarians, where the work required
cautiousness and deliberateness. The team task in our experiment required a high level of rigor from the members,
including careful observation of information changes and timely correction of coordination methods. In this case, high
social boldness in the team is not conducive to careful and cautious cooperation, thus adversely impacting performance.

The vigilance factor was a significant predictor of performance. This highlights the importance of trust in the flight
team. Flight personnel are exposed for long periods of time to a working environment that includes oxygen deficiency,
noise, vibration, and pressure change. This can lead to sustained physical and mental stress. The crew also needs to
process and interpret information rapidly under conditions of high mental pressure. In this situation it is necessary to
recognize others’ interpretations and behavior patterns to avoid unnecessary disputes and conflicts, so that interpersonal
trust among crew members is particularly important for ensuring flight safety.

With the development of technology and improvements in the reliability of equipment, the main causes of flight
accidents have changed from mechanical and weather factors to human factors. As aircraft crews are the direct
manipulators of the aircraft, the judicious match of personality characteristics of crew members is crucial to improving
flight safety. As such, attention should be paid to team building to avoid serious consequences from the mistakes or
negative acts of one weak crew member. When assigning crew members to a flight, according to the results of our study
three aspects should be considered: First, TPE is related to team performance. Therefore, the baseline of skill levels
should not be the only consideration for selection of crew. Specifically, the TPE of the personality characteristics of the
team, in terms of rule consciousness and vigilance, should be considered. To reach a certain baseline to promote the
optimal operation of the flight crew in completing flight tasks effectively, members must be able to form mutual trust
and communicate and cooperate well.

Second, the results of this study indicate that heterogeneity of the team in the personality factors of warmth and
openness to change enhanced team performance. The heterogeneity of team members in certain personality traits may
be positively correlated with team performance. A lack of a central authority to distinguish between the primary and
secondary controller may result in program confusion and blind spots the team cannot address. Differences in the
personality characteristics of the crew members can help achieve this. As such, members with complementary
personality characteristics should be chosen, especially in relation to the personality dimensions of warmth and
openness to change.

Third, according to the results of this study TPE was closely related to team performance, with an extremum effect in
team personality. Specifically, the minimum value of privateness was positively associated with team performance. This
indicates that when a crew includes an individual who cannot communicate well with other members, team cooperation
may be impacted, which will negatively influence the performance of the aircraft crew.

Limitations and Future Research Directions

Our findings provide insight into the relationships between the independent variables of TPE and TPD, as well as the
dependent variable of team performance, without involving team processes. In subsequent research the relationships
between team performance and team processes could be examined. Further, in this study we included only men as
participants, and although they were undergraduate students majoring in aviation medicine, there are some differences
between students and people who are actually employed as pilots. In future research our findings could be verified with
a sample of pilots. In addition, the proposed regression model for team performance was not validated in this study.
Future research could examine the predictive effectiveness of the model with a sample of pilots.

Conclusion

This study provides theoretical guidance for selecting crew members for aircraft that perform long-haul flights or
certain military missions. The multiple regression equations constructed in this study can be used for personnel
selection. The team task designed for this experiment provides a useful tool for further studies of crews in the operation
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of large aircraft. However, in the actual application process, it is still necessary to combine the specific conditions such
as aircraft model, task type, and team size, and to allocate different weights of team personality, to select appropriate
collocation methods and produce more efficient flight teams.
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