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The results show significant differences between both experimental
conditions. For example, with CRP teams scored 24.3 hits on aver-
age as compared to 21.1 with IRP only. In contrast, the number of
shots at empty cells (Fail) ranged from 0 to 14 for CRP and 0 to 20
for IRP, resulting in a standard deviation of 3.3 and 4.5 respectively. 

The relative frequency of the Task efficiency (TEF) over the entire
sample is shown in Figure 3. The difference between the graphs
underscores the above stated general advantage of CRP. 

Figure 3. Task efficiency results for CRP and IRP.

Test of Hypotheses 

Table 3 presents the zero-order correlations between all indepen-
dent, control, and dependent variables including significance levels.
Hypotheses on the relationships between independent variables and
team performance were tested on the basis of the regression analy-
ses compiled in Table 4. 



Table 3. Correlations among dependent and independent variables.

a Pearson correlation coefficients; significance levels (two-sided): + p < 0.10;  
* p < .05;  ** p < .01;  scale reliability scores are reported in the principal axis.  

Zero-order variable intercorrelationsa 1 2 3 4 5

1. MBTI®  Extraversion-Introversion (.81)

2. MBTI®  Sensing-Intuition .28** (.67)

3. MBTI®  Thinking-Feeling .34** .25** (.81)

4. MBTI®  Judging-Perceiving -.33** -.22* -.16+ (.82)

5. Locus of Control (internal) -.06 .07 -.06 -.12 (.74)

6. Ambiguity Tolerance .04 .28** .17+ -.15+ .05

7. Intellectual ability numeral -.01 -.06 .19* .06 -.08

8. Intellectual ability figural -.14 -.18* -.14 .07 -.07

9. Social Cohesion .19* .15+ .10 -.14 .20*

10. Task Cohesion .15+ .15+ .09 -.06 .16+

11. Age .00 -.09 -.07 .12 -.40**

12. Number of females in the team .17* .14 .03 .05 -.04

13. TEF IRP .20* .08 .03 .01 .11

14. TEF CRP .22* .07 .07 .08 .19*

15. SSA IRP .15+ .17+ -.01 .06 .17+

16. SSA CRP -.03 .03 .03 .10 .15+



Table 3. Continued.

6 7 8 9 10 11 12 13 14 15

(.76)

-.07 (.92)

-.05 .28** (.71)

.11 -.06 -.00 (.86)

.08 -.10 .03 .88** (.81)

-.05 .04 .02 -.14 -.09

.21* -.19* -.04 .08 -.02 -.16+

.07 -.07 .08 .31** .39** -.18* .03

-.04 .06 -.06 .27** .24** -.19* .04 .44**

.05 .01 .21* .46** .54** -.16+ -.06 .51** .28**

.05 .11 .03 .39** .47** -.11 -.11 .22* .50** .43**
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Regression Results

To test the proposed hypotheses, the independent variables were
regressed on the dependent variables using multiple regression anal-
yses. This procedure simultaneously assesses the degrees to which
each of the proposed predictors individually contributes to the vari-
ance of a given dependent variable. Table 4 reports the results of the
regression analyses for the teams’ task efficiency (TEF), including
the variables entered into the regression equation, the proportion of
explained variance (R²), standardized beta weights, T statistics and
related significance levels. 

Table 4. Regression Results for Effects on Task Efficiency (TEF).

a standardized beta weights; b number of females in the team; 

+ p < 0.10;  * p < .05;  ** p < .01

CRP  IRP

Variables R² Betaa T Variables R² Betaa  T

(Absolute term)

.16

-.00 (Absolute term) .12 .01

Extraversion-
Introversion 

.30 3.07** Extraversion-
Introversion 

.29 2.86**

Sensing-
Intuition 

.03 .26 Sensing-
Intuition 

.03 .27

Thinking-
Feeling 

-.01 -.12 Thinking-
Feeling 

-.03 -.33

Judging-
Perceiving 

.22 2.38* Judging-
Perceiving 

.14 1.51

Locus of 
Control 

.17 1.81+ Locus of 
Control 

.07 .69

Ambiguity 
Tolerance

-.03 -.38 Ambiguity 
Tolerance

.09 .91

Intellect. ability 
(num.)

.07 .78 Intellect. ability 
(num.)

-.11 -1.16

Intellect. ability 
(fig.)

-.04 -.44 Intellect. ability 
(fig.)

.15 1.62

Age -.16 -1.69+ Age -.18 -1.83+

Genderb -.03 -.28 Genderb -.09 -.99
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Hypothesis 1 suggested a team’s average preference for Extraver-
sion to be positively related to team performance. Since Extraver-
sion refers to the “lower” end of the Extraversion-Introversion scale,
this is the case if the coefficient of the correlation between Extraver-
sion-Introversion and TEF is negative. Table 4 shows that Extraver-
sion-Introversion reveals positive significant regression weights for
CRP (  = .30, p < .01) and IRP (  = .29, p < .01), which indicates
that Extraversion is related to TEF, but in the opposite than the
assumed direction. Thus, hypothesis 1 is not supported.   

Hypothesis 2 suggested that Sensing, at the “lower” end of the
dimension Sensing-Intuition, would be positively related to TEF.
However, the results for both CRP (  = .03, n.s.) and IRP (  = .03,
n.s.) did not reveal a significant contribution of this variable to TEF
variance. Hypothesis 2 is hence not supported. 

Hypothesis 3 assumed a positive relationship between a team’s
Thinking preference and TEF, but is not supported by the observed
data (CRP:  = - .01, n.s.; IRP:  = - .03, n.s.). 

Hypothesis 4, suggesting a positive relationship between a team’s
Judging preference and task efficiency, was not supported since the
positive regression weight of Judging-Perceiving points in the oppo-
site than the hypothesized direction. It is significant for CRP (  =
.22, p < .05), but not for IRP (  = .14). 

Hypothesis 5 proposed a positive relationship between team inter-
nality and task efficiency. The regression weights for internal Locus
of Control were significantly positive for CRP at least at the .10 level
(  = .17, p < .10), but not for IRP (  = .07, n.s.). Thus, hypothesis 5
can be considered as partially supported. 

Hypothesis 6 suggested an inverted-U-shaped relationship between
a team’s Ambiguity Tolerance and task efficiency. However, this
predictor had to be considered in a different manner. Even though
the observed data for this variable were normally distributed (Table
1), the total sample average of 2.83 on the scale ranging from 1 to 6

β β

β β

β β

β

β

β β
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indicates that the sample is biased to the lower end of the overall
scale. It hence appeared less useful to assume that the observed data
would show the inverted-U-shaped relationship with the team per-
formance measures that had been hypothesized for data that would
be normally distributed over the entire given scale. The observation
that all observed data fall in the area below the center of the 1–6
scale suggests that a positive (linear) relationship within the range of
the observed data would be compatible with the original hypothesis
6. We thus tested hypothesis 6 for a linear positive relationship
between the observed Ambiguity Tolerance values and the team
performance measures. Table 4 shows no significant positive regres-
sion weights for task efficiency in the CRP (  = - .03, n.s.), or IRP
(  = .09, n.s.) condition. 

Hypothesis 7 assumed that a team’s social cohesion would be posi-
tively related to team performance. Table 3 shows that social cohe-
sion was positively related to task cohesion to a highly significant
degree (r = .88, p < .01). Thus, social and task cohesion seem to
interact in producing positive effects on TEF, which makes it diffi-
cult to identify the isolated effects of either predictor. However, the
positive correlations of social cohesion with TEF for CRP (r = .27, p
< .01) and IRP (r = .31, p < .01) as well as of task cohesion with
TEF for CRP (r = .24, p < .01) and IRP (r = .39, p < .01) support
hypotheses 7 and 8.  

Discussion 

The results of the simulation games confirm the significant benefits
of a common situational picture for collaboration in networked
teams. Analysis of the team processes revealed that high perfor-
mance teams were distinguished by parallel and “self-synchronized”
allocation of search assets that required comparatively few interac-
tions during the search phase to complete the game. In contrast,
when no common operational picture was available well-perform-
ing teams had the tendency to adopt a search strategy where players
allocated their search assets sequentially conditional to the results of

β

β
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the actions of the preceding players. Thus, one might conclude that
unless a common situational picture is available networking might
quickly degenerate into building de facto hierarchies for task process-
ing. However, this need not necessarily be considered as a disadvan-
tage because it could also be interpreted as a sign of a team’s agility.

As regards the impact of the individual and team variables on
team performance measures, the results show that Locus of Control,
Social Cohesion, and Task Cohesion were positively related to the per-
formance measures, whereas Extraversion and Judging were nega-
tively related to team performance. Subject to the findings of a
later qualitative evaluation of the team communication protocols,
a number of key conclusions can be drawn from the respective
quantitative analysis. 

Extraversion – Introversion

New types of communication media require that criteria for person-
nel selection be reviewed. Contrary to expectations, teams with a
tendency toward Extraversion (which represented the majority in the
sample) do not communicate as efficiently as teams with a tendency
toward Introversion, given that online text chat will be the preferred
communication medium for collaboration of networked teams.
Current operational experience suggests that responsiveness in a
complex mission environment requires a high degree of parallel
information processing, which is more easily performed by text chat
than voice chat preferred by extraverted teams.

Judging – Perceiving

Complex and dynamic operational environments require cognitive
flexibility. Teams with a preference for Perceiving performed better
than teams with a preference for Judging. The implication for future
C2 in networked environments is that cognitive flexibility in terms
of staying open for new information and a willingness to spontane-
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ously adapt to changes in a complex and dynamic environment (i.e.,
a preference for Perceiving) appears to be superior to the tendency to
act in an organized and decisive manner and to reach conclusions
early in the decision process (i.e., a preference for Judging), which has
been prioritized in traditional C2. Thus, in addition to a change in
staffing policies, a major cultural change may be required to adapt
to scenarios of the twenty-first century.  

Locus of Control

Agile organizations imply flat hierarchies where decision rights are
widely distributed to self-organizing networked teams. This requires
team members to display substantial degrees of action orientation,
which is fostered by a team’s belief to be in control of the outcomes
of their actions (high degree of Internality). Although this belief is a
generalized expectancy, it can to some extent be enhanced through
the experience of one’s own competence. A corresponding implica-
tion referring to training and leadership is to provide teams with an
appropriate performance feedback and thus to support emergence
of a sense of team efficacy.

Social Cohesion

Social cohesion is a strong promoter of team performance. In our
experiments, this has been shown to be true even for randomly
compiled “ad hoc” teams that were given hardly any preparation
time. This implies that, from the very beginning of a team process,
emergence of social cohesion is an invaluable asset for future perfor-
mance and thus bonding should be promoted by team leaders in a
sensible way.
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Task Cohesion

The results stress the significance of task cohesion for team perfor-
mance. This points to the importance of shared commitment to the
team goal and, more generally, to the super-ordinate mission pur-
pose. The more future C2 relies on delegating decision rights to
“the edge,” the more future staffing and training efforts need to
focus on preparing team members not only for their tactical or
operational task, but also on helping them to develop a sense of
understanding of the strategic significance of the mission. 

These conclusions are highly relevant for a role-dependent defini-
tion of personnel selection and staffing criteria, education and train-
ing, and team building. 

Way Ahead 

It should be pointed out that the research presented in this paper
merely scratches the surface of what needs to be done to better
understand the implications of human factors for command and
control of networked operations. For one thing, they need further
clarification on the basis of a qualitative evaluation of the collabora-
tion behaviour captured by the numerous chat messages sent in the
collaboration experiments. In addition, the research results raise a
number of questions that need to be given high priority including,
among others, the degree to which task complexity affects team per-
formance; the impact of intercultural differences on collaboration in
multinational teams and between teams of different nations; and the
degree to which team collaboration is affected by mission-specific
training and/or field experience of team members. 
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