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Figure 23. Distributions of the four measure of individual performance across the participant

sample (n = 111) and over the four experimental trials. *dependent on the player Transfer
and Identify actions, not on simulation events

Communication. Communication is operationalized as the percent of correct
Acknowledge actions. This was chosen as the measure of communication because the

Acknowledge action is used to inform a teammate that they have been heard, and even

Figure 22. Distribution of communication scores across the participant sample (n = 111)
over the four trials.
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Figure 24. Estimated Marginal Means and confidence intervals for the four measures of
individual performance by feedback helpfulness.

Does experience impact performance or collective efficacy?

To evaluate whether participants who play a higher proportion of cooperative video
games and play video games more often had higher overall collective efficacy (H9),
estimated marginal means for the interactions were calculated and tested. This hypothesis
was not supported, but an interesting interaction was uncovered. As shown in Table 24,
statistically significant differences were found in collective efficacy between high (EMM =
2.18, Cl = 1.48, 2.88) and low (EMM = 3.86, CI = 3.54, 4.18) levels of cooperative gameplay
experience within low levels of overall video game play frequency. A similar difference was
found between high and none (EMM = 4.33, Cl = 3.78, 4.87) levels of cooperative gameplay

experience within low levels of overall video game play frequency.
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Table 24. Hypothesis tests of the effects of the proportion of cooperative video game play by
the level of overall video game play on collective efficacy. Multiple-comparison adjustments
done using Tukey HSD.

Contrast Hypothesis test Effect size
Video games: High
High-Low t(237) = 0.915, p = .63 d=0.18
Video games: Moderate
High-Low 1(259) =1.23,p= .44 d=0.26
High-None t(265) = 0.06, p = 1.00 d=1.56
Low-None t(264) =-0.35,p=.94 d=113
Video games: Low
High-Low t(170) = -4.40, p = .001** d=-1.81
High-None t(154) = -4.67, p < .001** d =-0.96
Low-None t(218) = -1.56, p = .27 d=0.13
** significant at a = .01
* significant at o = .05

To evaluate whether participants with more frequent video game experience showed
higher individual performance than those with less experience (H10), estimated marginal
means were calculated and tested for each error source. As shown in Table 25, statistically
significant differences in missed transfers were shown between high (EMM = -0.52,

Cl =-2.66, 1.62) and low (EMM = 4.43, Cl = 2.53, 6.33), high and moderate (EMM = 1.58,
Cl1 =-0.08, 3.25), and low and moderate levels of frequency of previous video game
experience. Higher frequencies of video game play were shown to result in lower Transfer
errors, on average. A marginally significant effect was found for Assessment errors between
high (EMM = 9.03, Cl = 2.68, 15.4) and low (EMM = 17.19, CI = 11.38, 23.0) frequencies of
previous video gameplay experience, showing a similar trend for the sniper role. Therefore,
Hypothesis 10 was partially supported by the data; the hypothesis cannot be considered fully

rejected or supported.



99

Table 25. Hypothesis tests of the effects of video game play frequency level on errors.
Multiple-comparison adjustments done using Tukey HSD.

Errors
Contrast Transfer Acknowledge | Identify Assess
High-Low t(147) =-4.72, | t(148) =-1.62, | t(139)=0.44, t(64) = -2.31,
p <.001**, p =.24, p =.90, p = .06x,
d=-0.02 d=-0.34 d=0.20 d =-0.09
High-Moderate | t(120) =-2.45, | t(106) =-1.01, | t(105) = 1.01, t(52) =-0.79,
p = .04*, p=.57, p=.57, p=.71,
d=-0.43 d=0.25 d=0.21 d=-0.30
Low-Moderate | t(164) = 3.08, t(153) = 0.96, | t(161)=10.42, t(42) = 1.94,
p =.01**, p=.61, p=.91, p=.14,
d=-041 d=0.11 d=0.02 d=-0.19
** significant at a = .01
* significant at a = .05
a significant at a = .10

To evaluate whether participants with more frequent team experience had a higher
overall collective efficacy (H11), estimated marginal means were calculated and tested for
each contrast pair. As shown in Table 26, there was a statistically significant difference in
collective efficacy between participants who had high (EMM = 3.72, Cl = 3.41, 4.03) or
moderate (EMM = 3.41, CI = 3.11, 3.70) frequencies of team experience and those with low
experience (EMM = 3.80, Cl = 3.54, 4.05). Therefore, Hypothesis 11 was partially supported

by the data; the hypothesis cannot be considered fully rejected or supported.

Table 26. Hypothesis tests for the effect of the frequency of previous team experience on
collective efficacy. Multiple-comparison adjustments done using Tukey HSD.

Contrast Hypothesis tests Effect size
High-Low t(244) = 3.34, p = .003** d=0.23
High-Moderate t(262) = -0.04, p = 1.00 d=0.11
Low-Moderate t(241) = -4.57, p <.001** d=-0.11

** significant at o = .01

To evaluate whether participants with more frequent team experience will have
higher individual performance than those with less experience (H12), estimated marginal

means were calculated and tested for each error source. As shown in Table 27, this
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hypothesis was partially supported by the data. Individuals with a high frequency of previous
team experience (EMM = 0.05, CI =-1.94, 2.1) outperformed those with moderate
experience (EMM = 3.90, Cl = 2.29, 5.51) on Transfers, having fewer Transfer errors on
average. However, a trend counter to this hypothesis was also uncovered, where moderate
frequencies of team experience had more errors that low-frequency individuals (EMM = 1.54,
Cl =-0.62, 3.71).

Table 27. Hypothesis test results for the effects of the level of frequency of team experience
on errors. Multiple-comparison adjustments done using Tukey HSD.

Errors
Contrast Transfer Acknowledge Identify Assess
High-Low t(130) =-1.29, | t(126) =0.20, t(113) = 0.73, t(28) = 0.08,
p = .40, p=.98, p=.75, p =1.00,
d=-0.19 d=0.15 d=-0.36 d=0.63
High-Moderate | t(159) = -4.47, | t(140) = 0.25, t(149) = 0.28, t(29) = 0.50,
p <.001**, p=.97, p = .96, p = .87,
d=0.02 d=0.17 d=-0.22 d=0.18
Low-Moderate | t(120) =-2.60, |t(134)=-0.01, |t(110)=-0.66, | t(46)=0.46,
p =.03%, p =1.00, p=.79, p=.89,
d=0.19 d =0.06 d=0.12 d=-0.46
** significant at a = .01
* significant at o = .05

Does familiarity impact performance or collective efficacy?

To evaluate whether participants with experience in their role (H13) and whether
participants who were more familiar with their teammates (H14A) had higher individual
performance than those who had less experience or were less familiar with their teammates,
respectively, estimated marginal means were calculated and tested for each error source. As
shown in Table 28, Hypothesis 13 was partially supported by the data. Spotters (EMM =
13.3, C1 = 10.7, 15.9) had statistically significantly fewer Acknowledge errors than snipers
(EMM =18.4, Cl =14.9, 22.0). The data did not support Hypothesis 14A based off the

results of the t-test of the estimated marginal means, but Hypothesis 14A was considered
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partially supported by the data, however, for two reasons. First, the effect sizes for
differences between None and Total Familiarity was moderate. Second, the effect sizes for
differences between Partial and Total Familiarity was large. This indicates that the tests did

not have enough statistical power to uncover the differences via t-test.

Table 28. Hypotheses tests results for the effects of primary role and teammate familiarity on
errors. Multiple-comparison adjustments done using Tukey HSD.

Errors

Contrast Transfer Acknowledge | Identify Assess

Primary Role

Sniper-Spotter t(157) =-1.10, | t(201) = 3.26, | t(160) =-0.34, | t(65)=-0.72,
p=.27, p =.001**, p=.74, p=.47,
d=0.23 d=0.67 d =-0.04 d=0.14

Teammate Familiarity

None-Partial t(130) =-1.98, | t(96) = 1.31, t(112) =1.91, |t(37)=-0.38,
p=.12, p = .40, p=.14, p=.92
d=-0.14 d=0.08 d=0.18 d=0.31

None-Total t(32) =0.25, |t(37)=-0.89, |t(33)=-1.01, |t(19)=-0.07,
p=.97, p =.65, p =.58, p =1.00,
d=0.09 d=-0.28 d=-0.57 d=0.31

Partial-Total t(36) =1.17, |t(39)=-1.54, |1(36)=-1.93, |t(22)=0.16,
p = .48, p=.29, p=.15, p=.99,
d=0.22 d=-0.41 d=-0.81 d=-0.44

** significant at o = .01

To evaluate whether teams with members who are fully familiar with one-another
performed better than teams with no and partial familiarity (H14B), estimated marginal
means were calculated and tested for each contrast. As shown in Table 29, there was no
statistical evidence of any difference in team-level performance depending on how familiar

the team’s members were with one another. Hypothesis 14B was rejected.
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Table 29. Hypothesis test results for the effect of team member familiarity level on team
performance. Multiple-comparison adjustments done using Tukey HSD.

Contrast Hypothesis Test Effect size
None-Partial t(28) = 0.05, p=1.00 d=0.23
None-Total t(28) =-0.44, p =.90 d=-0.24
Partial-Total t(28) =-0.46, p = .89 d=-0.26

To evaluate whether collective efficacy increased across Trials 1 through 4 (H15),
estimated marginal means were calculated and tested for each of the contrast pairs. As shown
in Table 30, in Trials 2 (EMM = 3.70, Cl = 3.44, 3.97), 3 (EMM = 3.88, Cl = 3.61, 4.14), and
4 (EMM = 3.80, CI = 3.54, 4.07) participants reported statistically significantly higher
collective efficacy than in Trial 1 (EMM = 3.19, Cl = 2.92, 3.45). However, the incremental
increase from Trial 2 to Trial 3 was not significant, so the hypothesis is considered

supported, although it is only partially supported.

Table 30. Hypothesis test results for the effect of trial on collective efficacy. Multiple-
comparison adjustments done using Tukey HSD.

Contrast Hypothesis tests Effect size
1-2 t(233) =-5.15, p <.001** d =-0.56
1-3 t(233) =-6.92, p <.001** d=-0.76
1-4 t(233) =-6.06, p < .001** d =-0.69
2-3 t(233) =-1.77,p = .29 d=-0.23
2-4 t(233) =-0.94, p =.79 d=-0.15
3-4 t(23) = 0.83, p = .84 d=0.08
** significant at a = .01

Discussion and Conclusions

Several hypotheses regarding the effects of feedback audience, experience with
various expected influential activities, and familiarity with team roles and members on
individual and team performance as well as collective efficacy were tested. While not all

hypotheses were fully supported (see Table 31), the results are informative, nonetheless.
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Table 31. Hypotheses tested in this section and the result of the hypothesis tests

Hypothesis Supported?

H7A: Teams receiving private feedback will perform better than Partial Support
teams receiving public feedback

H7B: Private feedback will result in higher individual performance Partial Support
than Public feedback

H8: Participants who use or find the feedback more helpful will Partial Support
have higher individual performance than those who do not use
the feedback or do not find it as helpful

H9: Persons who play a higher proportion co-op video games and Rejected
play video games more often will have higher overall collective
efficacy

H10: Participants with more frequent video game experience will Rejected
have higher individual performance than those with less
experience

H11: Participants with more frequent team experience will have a Partial Support
higher overall collective efficacy

H12: Participants with more frequent team experience will have Partial Support
higher individual performance than those with less experience

H13: Participants with experience in their role will have higher Partial Support
individual performance than participants with partial naiveté

H14A: Participants who are more familiar with their teammates will Partial Support
have higher individual performance than those who are less
familiar

H14B: Teams with members who are fully familiar with one-another | Rejected
will perform better than teams with no and partial familiarity

H15: Collective efficacy will increase across Trials 1 through 4 Full Support

Feedback

First, feedback audience did affect individual performance — specifically on the
Acknowledgment errors of participants, although the size of the effect was negligible. Private
feedback resulted in fewer missed Acknowledges than did public feedback, and this pattern
existed for Transfers, but with a small effect size and no statistical significance. No effect
was seen for Identify or Assess errors nor for team performance. While there was some
statistical significance, the differences between Public and Private feedback did not garner a

large enough effect size for one to conclude that the differences are important to tutor design.



104

This could indicate that the feedback needs to be better calibrated for the communication and
coordination actions measured in this study or that team-level performance may not be so
easily measured by a single number meant to represent coordinated action.

Since ldentify actions only received private feedback, the absence of effect for that
specific action may indicate, more specifically, that the feedback should be redesigned and
re-evaluated. Or, it may indicate that the Identify action is representative of a skill which is
not best trained with just-in-time feedback. Research is needed to classify types of actions
integral to teamwork and the types of feedback that are most effective for each classification.

Self-identified feedback use was shown to impact performance, as those participants
who used the feedback and found it more useful saw decreases in errors over participants
who did not use the feedback or did not find it as useful. A weak to moderate effect was seen
for Transfer and Identify errors, wherein errors were higher for participants who did not use
the feedback compared to those who used the feedback selectively, either reporting ignoring
it or noting it as distracting. Assess errors were not significantly affected by level of feedback
attention, although there was a difference with a weak effect size between participants who
ignored the feedback and those who reported it as at least somewhat helpful. The lack of
significance of self-reported feedback use could be due to a lack of power due to sample size.

Counter to expectations, Acknowledge errors trended higher, on average, for
individuals who paid more attention or found the feedback more helpful. Again, the effects
were weak for the difference between not using it and ignoring it or finding it distracting, but
the effect size for the difference between not using it and finding it somewhat helpful was
large. This could be evidence of an effect of feedback on communication, as the

Acknowledge action is fundamentally different from the other actions which are trained by
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the ITTS. Acknowledgment, at its base, is a communicative action, whereas the other actions
are largely task and coordination based. Since feedback is in-itself a form of communication
between users and the tutor, it could detract from communication within the teams. More
work is needed to evaluate the impact of real-time feedback on task performance, especially
in the same modality.

Overall, the relationships between self-reported feedback use and performance are
likely an indication of the actual impact of feedback on performance, but more research is
needed to elucidate the relationship between users’ self-reported attention and eye-tracking
data showing attention to feedback within each trial. Additionally, while ignorance of the
feedback could be an indication of non-compliance, these data were not excluded because
there are a multitude of reasons why someone may not look at the feedback and not many of
them are malicious. Supportive of this is the fact that no participants ignored the feedback
during all four trials. Lastly, feedback use and communication with human teammates may
be at odds with each other, and a future demarcation of the types of tasks and their most
effective feedback style would help to solidify this conjecture into theory.

Video game and team experience

Second, experience was shown to affect collective efficacy and individual
performance. While not in alignment with the original hypothesis, cooperative video game
experience had an interesting effect on collective efficacy. Only participants who played few
video games overall showed differences in collective efficacy, depending on how many of
those video games involved teamwork. These differences were statistically significant and
had large effect sizes. It is expected that this result indicates an individual’s teamwork ability

is impacted by their video game task skill, as a person who does not play video games very
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often could be expected to have less skill in the roles of that game, which would then be
amplified by the team’s success rate.

Video game experience additionally was shown to affect individual experience.
Across all error types, except Identifies, higher levels of video game experience were tied to
lower average errors. The effect sizes of the differences between high and low frequency
were small for Acknowledge errors; the differences between high and moderate frequency
were also small for all actions. Identifies showed a break from this general pattern, as high
video game experience resulted in higher average errors, although this effect was weak or
negligible and not statistically significant. It is possible that playing video games only
prepares participants for certain kinds of tasks, although more work to classify the tasks in
the SwS and in popular video game genres must be done to be able to test this.

Relatedly, experience with teams affected individual performance and collective
efficacy. For individuals who work in teams at a low frequency, collective efficacy is
statistically significantly lower than those who work in teams at a moderate or high
frequency, although these levels were not significantly different from one another.
Additionally, the size of the effect of the difference between high and low frequency was
small, while the other two differences were negligible.

As noted in the literature, collective efficacy depends more on the team outcomes
than on the frequency of experience in teams (Katz-Navon & Erez, 2005; Tasa et al., 2007).
If a person works in teams daily, but these teams make no progress toward accomplishing
goals, that person’s collective efficacy would be understandably low. However, daily
teamwork would hopefully improve performance over time if the team was committed to

accomplishing the task. The data were interpreted to reflect this, as a low frequency of
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teamwork was related to lower levels of collective efficacy than a moderate or high
frequency of team experience.

A pattern was less easy to elucidate for the effect of the level of frequency of previous
teamwork experience on errors, and most of the effects were negligible. High frequencies of
past team experience were related to low Transfer errors, but the same was not true for
Identify, Acknowledge, or Assess errors, in which high frequencies of past team experience
resulted in the highest average errors. It is proposed that this lack of pattern is due to an
interaction of the participant backgrounds and the SwS task. Most participants reported being
involved in teams (N = 107, 96%), but individuals with military experience were specifically
excluded from the study, meaning that these teams were not of the same type as the team
required by the SwS task. When experience is not directly transferrable, it is less likely to
help task and team performance (Orvis, Belanich, & Mullin, 2005). Therefore, it is likely that
past team experience may affect communication, coordination, and task actions differently.

Familiarity with role and teammates

Lastly, familiarity with role was found to influence collective efficacy, such that
collective efficacy tended to increase as participants gained experience in their role. The
effect of the difference was small from Trial 2 to 3, which is not surprising, since prior
evaluations of the learning effects showed that the largest difficulty drop off was from Trial 1
to Trial 2 (Ouverson, et al., 2018). It is worthwhile to note that Collective Efficacy was
relatively high, even though performance was low, overall. This could indicate that a better
scoring mechanism should be developed for the task, or it could be an example of the
Dunning-Kruger effect, in which participants are underperforming but believe themselves to

be performing fairly well (Dunning & David, 1999). Indeed, previous research aligned with
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this finding, with a reduction of this effect only for team-level feedback (Ostrander et al.,
2019).

Familiarity with teammates was not found to have an effect on either individual or
team performance; however, there was a moderately-sized trend in the Identify action for
individuals who were totally familiar vs not familiar and a large-sized trend for those who
were partially familiar vs not familiar. Participants who had partial familiarity with their
teammates tended to have fewer Identify errors that those who were either fully or not at all
familiar with their teammates prior to the team activity. Additionally, participants who had
no familiarity tended to have fewer missed Transfers than those with partial familiarity.
Neither of these trends was statistically significant, but the effect sizes for the identify trends
were fairly strong, indicating that sample size may have played a role. More investigation is
needed to understand why familiarity impacts these coordination actions and under what
circumstances.

Limitations

Lastly, it is worth noting a few limitations of the study. As with any study, the
ecological validity of the sample is called into question, and this study is no exception. On
the one hand, the individuals being trained on the SwS task needed to be brought up to speed
on military terminology and had no experience with the task or anything adjacent to it, which
could make the learning experience more difficult, potentially beyond the scope of the tutor’s
abilities. In the present study, mitigation for this limitation was via extensive training prior to
the four trials. On the other hand, the users are in a total naive state, so if the tutor can train
these participants how to complete the task successfully, users with prior experience should

also be trained effectively by the system.



109

Relatedly, teamwork has been recognized as a core competency for college graduates
(National Academies of Sciences, Engineering, and Medicine, 2017); therefore, college
students can be expected to have been exposed to a great deal of teamwork experience. In
addition to sheer exposure (nearly all students in the sample reported engaging in teamwork),
affinity for teamwork among participants was high, as 88% of the sample reported that they
enjoyed teamwork. Since recruitment materials specified that the study involved some degree
of teamwork, this sample is expected to have included some degree of self-selection.

In order to reduce the volume of feedback that is given in the public feedback
condition, Transfer actions were only given feedback in the private feedback condition. This
was something that was deemed important when this legacy of ITTSs was being designed,
starting with STT. This means that the Transfer action’s response to feedback is
automatically different in the public feedback condition, but that does not mean those results
are not useful to further ITTS development.

Finally, there is little validation of the claims that Acknowledge actions are most
similar to communication or that Transfer and Identify actions are coordination events. These
ideas could be useful to future ITTSs, if true, and it would be useful to know how to
categorize other user actions, just as others have categorized actions in face-to-face teams
(Rosen et al., 2011; Salas et al., 2007). Future research could be directed to create a

taxonomy of team skills relevant to ITTS-based training.
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CHAPTER 7.

GENERAL DISCUSSION & CONCLUSIONS

When considering all of the results of this study (Table 32), there are several strands

to tie together. The following section offers a discussion of the conclusions for each of the

components of the critical considerations framework used in this study: Cognition,

Coordination, Communication, and Cooperation.

Table 32. A round-up of all hypotheses tested in this thesis and whether they were accepted
or rejected, or if the result was partially supported.

higher overall collective efficacy

Alternative Hypothesis Supported?
H1A: For the participants who experience more than one role, Team | Rejected
Task Awareness will be higher.
H1B: For primary spotters who experience the sniper role, Sniper Partial Support
Goal Awareness will be higher.
H1C: For the participants who experience more than one role, Shared | Rejected
Role Awareness will be higher.
H2: Participants who are familiar with at least one teammate will Partial Support
have fewer Acknowledgment errors.
H3: Persons who work in teams more often score higher on Shared | Rejected
Role Awareness.
H4: In Trials 1 and 4, Acknowledge errors for participants will be Partial Support
higher than in Trials 2 and 3.
H5: Public feedback will result in higher Shared Role Awareness Rejected
than private feedback.
H6: Public feedback will result in lower Acknowledgment errors. Rejected
H7A: Teams receiving private feedback will perform better than Partial Support
teams receiving public feedback
H7B: Private feedback will result in higher individual performance Partial Support
than Public feedback
H8: Participants who use or find the feedback more helpful will Partial Support
have higher individual performance than those who do not use
the feedback or do not find it as helpful
H9: Persons who play a higher proportion co-op video games and Rejected
play video games more often will have higher overall collective
efficacy
H10: Participants with more frequent video game experience will Rejected
have higher individual performance than those with less
experience
H11: Participants with more frequent team experience will have a Partial Support
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Table 32. (continued)

Alternative Hypothesis Supported?
H12: Participants with more frequent team experience will have Partial Support
higher individual performance than those with less experience
H13: Participants with experience in their role will have higher Partial Support
individual performance than participants with partial naiveté
H14A: Participants who are more familiar with their teammates will Partial Support
have higher individual performance than those who are less
familiar
H14B: Teams with members who are fully familiar with one-another | Rejected
will perform better than teams with no and partial familiarity
H15: Collective efficacy will increase across Trials 1 through 4 Full Support
Cognition

Cognition was defined as each team member’s understanding of the team experience.
From the perspective of a participant in this experiment, this was the combination of an
understanding of his or her primary task’s responsibilities and goals, his or her teammate’s
responsibilities and goals, and the whole team coordination to fulfill those requirements.
Specifically, the effects of feedback, experience, and familiarity on shared SA of the
participants were explored within the journal manuscript, and these results add to this thesis
in important ways.

Overall, shared SA was not shown to be very influenced by role familiarity or prior
teamwork experience, which was an unexpected result when considering the literature.
Previous work had shown that shared SA is improved by familiarity with required tasks and
with team familiarity (MacMillan et al., 2002), but the contradiction revealed in this work
may be more telling of the tutor than of the understanding of teamwork. However, teamwork
experience, more broadly, had not been examined in relationship to shared SA development.
In the case of broad experience with teamwork, while the skills in acquiring shared SA may

be formed, there was no conclusive evidence that prior team experience impacts current
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development of shared SA (Setrevik & Eid, 2014). On the other-hand, Shared SA, as it
related to understanding the goals of the team, was shown to be marginally affected by role
experience. Specifically, spotters who did not switch roles scored marginally lower on Sniper
Goal Awareness.

Feedback privacy did not have a significant impact on shared SA. It was expected
that since cross-training had been shown to be effective in fostering the development of
shared SA (MacMillan et al., 2002; VVolpe, Cannon-Bowers, Salas, & Spector, 2006),
experience with feedback for other roles through publicly-presented feedback would also
increase shared SA. However, no such relationship was shown in these data.

Coordination

Coordination was defined as the conversion of team-member resources into team-
level outcomes. For participants in this experiment, coordination was realized through the
handoffs of OPFOR from one spotter to the other as those OPFOR moved across zones and
from the receiving spotter to the sniper after the OPFOR entered the new zone. In some
sense, this refers to task performance, but these tasks were set up to require teamwork on the
level of coordination in order for the tasks to be completed successfully (Gilbert et al., 2017).

This work revealed that coordination was impacted by feedback privacy, where
private feedback was shown to positively impact coordination performance. Self-reported
feedback use also had an effect on coordination, where coordination errors were higher for
participants who reported not using the feedback compared to those who used the feedback
selectively, either reporting ignoring it or noting it as distracting.

Additionally, information about role and teammate familiarity as well as experience
with teams and their nuanced impact on performance was gleaned. Familiarity with

teammates did not statistically significantly affect team performance. On coordination
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(individual performance), there was a moderately-sized effect for individuals who were
totally familiar vs not familiar and a large-sized effect for those who were partially familiar
vs not familiar. Neither of these effects were statistically significant, but the effect sizes for
the identify trends were fairly strong, indicating that this lack of effect may be due to sample
size.

Communication

Communication was defined as the information exchange among team members
which guides teams to a common goal and a common understanding of that goal. For
participants in this experiment, communication was realized both through verbal indications
of the actions of targets within the game environment and through key-presses which alerted
the tutor to player actions. Again, only the acknowledge key-press, which was deemed purely
a communication task, was analyzed as communication. No verbal data was examined in this
thesis.

The effects of feedback, experience, and familiarity on communication of the
participants were explored within the journal manuscript, and these results add to this thesis
in important ways. Communication was not affected by teammate familiarity. Previous
research had examined quantity of communication for familiar and non-familiar teams and its
effect on performance (Marlow et al., 2016), but not quality of communication in relationship
to teammate familiarity. From the result revealed in this work, it is possible that while
familiarity may make less communication necessary, it does not make the communication
align with training expectations, despite the presence of feedback. It could also be that the
communication measured within this study was extremely formulaic and structured, thereby

overriding any impact of familiarity.
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Additionally, feedback privacy did not have a statistically significant impact on
communication. While public feedback was expected to lead to better communication
performance (Alsharo et al., 2017; Cramton et al., 2007; Satrevik & Eid, 2014; Windeler et
al., 2015), private feedback was shown to result in better performance with a small effect
size. This could be indicative of the effect of the tutor’s communicative presence on human-
human interactions, since the tutor had to vie for participant attention in order to give
feedback. While steps were taken to limit the feedback volume differences between private
and public feedback-receiving teams, this could be evidence that more should be done to
mitigate this difference. However, this result could also signify that private feedback is better
for performance even on more interpersonal skills, such as communication.

Communication was shown to be impacted by the trial from which the data was
collected. Specifically, role naiveté put a strain on communication when that role was fresh,
resulting in less accurate communication during those trials (in this case, Trial 1 and Trial 4).

Cooperation

Cooperation was defined as the beliefs of the members of the team which motivate
teamwork behavior. For participants in this experiment, cooperation was measured via
collective efficacy. There were impacts of task experience, frequency of previous team
experience, and frequency of video-game specific team experience on collective efficacy.

Collective efficacy, or cooperation, was impacted by role experience. As participants
moved through the experiment, they felt more confidence in their ability to perform as a
team.

Additionally, cooperation beliefs were impacted by past team experience. For

individuals who had a high-frequency history of teamwork (more than once per week),
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collective efficacy tended to be higher than for those with low past frequencies of experience.
This trend was not statistically significant, and the effect sizes of the difference was small.

While not in alignment with the original hypothesis, cooperative video game
experience had an interesting effect on collective efficacy. Only participants who played few
video games overall showed differences in collective efficacy, depending on how many of
those video games involved teamwork. A person who did not play video games very often
could be expected to have less skill in the roles of that game, and as such, he or she reported
lower levels of collective efficacy. During a cooperative video game, lower skill levels could
amplify feelings of incompetence, as team members weigh-in on personal performance and
team scores.

Future Work

Altogether this thesis offers insight into where future research is needed. ITTSs are
arguably at the moment in which ITSs found themselves in twenty to thirty years ago. Few
ITTSs have been developed and validated.

Future work should be focused on elaborating a number of the results of this thesis.
First, the impact of an ITTS on the development of shared SA and shared mental models
should be further explored. The scales used to evaluate this construct need to be re-evaluated
and more systematically developed so as to properly assess the participants’ understanding of
the team’s roles and the task. There is also room to tease apart the match between the
participant’s mental model and the mental model that is trained at the beginning of the
experiment, either by coding the answers to the questions in a way that accounts for backing-
up behaviors or by giving the quiz more frequently to observe the way the mental models

shift over time.
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Second, while evaluating the communication actions recorded by keypress as per
request of the experimenters was a useful method for evaluating the effects observed by the
tutor, this is not the only way to evaluate communication. The content of the spoken
communications between teammates, the vocal tone, and the frequency of interruptions were
not evaluated in this work. In the future, the recordings of participant verbal interactions
should be parsed and evaluated to give a fuller picture. Another solution would be to
incorporate sociometric badges that evaluate tone, frequency, and timing of utterances
(Pentland, 2012).

Third, the nuanced effects of feedback privacy on individual performance, team
performance, and communication highlight an important future step for ITTS research: truly
adaptive tutoring. While the SwS tutor used evaluations of performance on predetermined
behavioral markers to give feedback adapted to each individual’s unique performance and
only after a certain number of actions at a level outside of the user’s current performance
level, more sophisticated adaptation could be employed in the future. For example, the ITTS
could monitor electrodermal activity (EDA) or electrical brain activity (via an EEG) to
maintain a certain level of arousal or attention in its users, giving less feedback in times of
particularly high-workload, or changing feedback content to foster attention and motivation,
as in work done in human-agent teams by Szafir and Mutlu (2012).

Alternatively, feedback on specific types of actions could be adaptively triggered to
account for user mastery or task-necessitation of that action. If the user has not missed a
single Identify but he or she has recently begun to initiate more Identifies, this might be an
indication of backing-up behavior rather than individual error. Further, if the tutor notices a

certain action is less important to reaching team outcomes, the tutor could give less feedback
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on that behavior, focusing more attention on the important actions. Lastly, the tutor could
adapt the frequency and choice of feedback based on behavioral changes noted over time by
the teammates, taking a more complex performance history into account.

Feedback use should also be considered in future work. A combination of self-report
measures or interviews and eye-tracking data would be the most informative for any future
study hoping to understand the effect of feedback on performance. It is also advised that a
control condition with no feedback be included. As mentioned, such a condition was not
included here to reduce the number of manipulations and, therefore, the required size of the
sample. However, this severely limits the conclusions that can be made about the
performance of the tutor and its impacts on participant performance in the SwS task. In the
present experiment, feedback use’s tie to individual performance indicated the tutor had
some effect, but without a control condition, the clarity of the relationship is muddled at best.

The work described here introduced a three-person iteration of a scalable team
tutoring task and evaluated the effects of that tutor on teamwork components. This may serve
as an exemplar for future work in developing real-time ITTS systems. Additionally, the
results regarding the specific effects on different aspects of teamwork can be used help tailor
the tutor to best meet the requirements set by the developing team.

More broadly, this research represents further exploration of team training, team
tutoring, and socially capable tutors that seek to train team skills in addition to task skills.
There is exciting progress being made toward the goal of virtual, software- or web-based
team skill-training tutors, and future work should build on the basis of this and other work

which has aimed to set the arrow of progress going in a productive direction.
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APPENDIX A. ADDITIONAL TABLES

Table 33. Count and percentage of the number of participants who noticed the feedback in
each trial, and to what degree they found it helpful.

Trial
Response T1 T2 T3 T4 Total
| ignored the 12 2 3 7 24
feedback 10.8% 1.8% 2.7% 6.6% 5.5%
No, it was actually | 1 2 9 2 14
distracting 0.9% 1.8% 8.1% 1.9% 3.2%
No, it was not very | 20 12 19 20 71
helpful 18% 10.8% 17.1% 18.9% 16.2%
Yes, it was 38 57 36 31 162
somewhat helpful | 34.2% 51.4% 32.4% 29.2% 36.9%
Yes, it was very 7 17 30 28 82
helpful 6.3% 15.3% 27% 26.4% 18.7%
Did not notice 32 20 13 17 82
feedback 28.8% 18% 11.7% 15.3% 18.7%
Total 111 111 111 106 439
Table 34. Correlation Matrix of all variables measured at an individual level
1 2 3 4 5 6 7 8
1 Familiarity Score 1.00
2 Team Task Awareness -0.19 | 1.00
3 Sniper Goal Awareness | -0.04 | 0.21 ] 1.00
4 Shared Role Awareness | -0.12 | 0.23| 0.43| 1.00
5 Video Game Experience | -0.19 | 0.17 | 0.12| 0.14| 1.00
6 Co-op Video Game -0.02| 0.02| -0.01| -0.04| 0.31| 1.00
Frequency
7 Feedback Use 0.02]-0.00| 0.16| 0.22| -0.00 | -0.12 | 1.00
8 Collective Efficacy 0.04| 0.08| -0.07 | -0.02| 0.12| 0.03| -0.13 | 1.00
9 Team Experience -0.17| 0.05| -0.04 | 0.03| -0.07| 0.04| 0.10| 0.09
10 Communication -0.04| 001 0.02| 0.09| 0.03| 0.06| -0.11| -0.01
performance
11 Communication Errors | 0.12 | -0.08 | -0.09 | -0.03 | -0.18 | 0.15| -0.08 | -0.26
12 Assess Errors -0.04 | 0.03 | -0.20| -0.04 | -0.09 | -0.28 | -0.14 | 0.13
13 Identify Errors 0.12 | -0.19| -0.04 | -0.23| 0.08| 0.14 | -0.13 | 0.00
14 Transfer Errors 0.00|-0.16| 0.10| 0.04| -0.13| 0.00| 0.09| 0.13
15 Feedback Type -0.08| 0.14| 0.11| 0.14| -0.04| -0.09 | -0.11 | -0.01
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10 11 12 13 14 15
9 Team Experience 1.00
10 Communication -0.08 | 1.00
performance
11 Communication Errors -0.04| 041 1.00
12 Assess Errors 0.07] -0.29 | -0.21| 1.00
13 Identify Errors -0.07 | -0.27 | -0.16 --| 1.00
14 Transfer Errors 0.01| -0.13| -0.10 -1 0.09| 1.00
15 Feedback Type -0.11| 0.14| 0.08| 0.14| -0.07| -0.16 | 1.00
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APPENDIX B. ADDITIONAL FIGURES

The normality of each model was evaluated by visual inspection of the residual plots and the
quantile-quantile plots for the error term. These plots are included here. While the
assumption of normality was not so clearly met for all models, they were considered “normal

enough” and results were interpreted with that understanding.
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Figure 25. Quantile plot of the random effect of
team for the Communication model.
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Figure 26. Scatterplot of the fitted Communication

model against its residuals.
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The model of the effect of teammate familiarity, feedback condition, and trial on

Communication was evaluated for normality of errors (Figure 25) and the normality of the
residuals (Figure 26). The model of the effect of the role switch on Sniper Goal Awareness
was evaluated for normality of errors (Figure 27) and the normality of the residuals (Figure

28).
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Figure 27. Quantile plot of the random effect of
team for the Sniper Goal Awareness model.
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Figure 28. Scatterplot of the fitted Sniper Goal
Awareness model against its residuals.
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The model of the effect of the role switch, the feedback condition, and the frequency of prior
team experience on Shared Role Awareness was evaluated for normality of errors (Figure 29)

and the normality of the residuals (Figure 30).
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Figure 29. Quantile plot of the random effect of
team for the Shared Role Awareness model.
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Figure 30. Scatterplot of the fitted Shared Role
Awareness model against its residuals.

The model of the effect of the role switch on Team Task Awareness was evaluated for

normality of errors (Figure 31) and the normality of the residuals (Figure 32).
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Figure 31. Quantile plot of the random effect of
team for the Team Task Awareness model.
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Figure 32. Scatterplot of the fitted Team Task
Awareness model against its residuals.

The model of the effect of trial, the frequency of prior team experience, and the interaction of
the amount of prior cooperative video game experience and the frequency of total prior video
game experience on Collective Efficacy was evaluated for normality of errors (Figure 33)

and the normality of the residuals (Figure 34).
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Figure 33. Quantile plot of the random effect of
team for the Collective Efficacy model.
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Figure 34. Scatterplot of the fitted Collective
Efficacy model against its residuals.

The model of the effect of the feedback condition and the level of teammate familiarity on
Team Performance was evaluated for normality of errors (Figure 35) and the normality of the

residuals (Figure 36).
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Figure 35. Quantile plot of the random effect of
team for the Team Performance model.
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Figure 36. Scatterplot of the fitted Team Performance
model against its residuals.

The model of the effect of the feedback condition, primary role, the frequency of prior video

game experience, the frequency of prior video game experience, the level of self-reported

feedback use, and the level of teammate familiarity on Transfer Errors was evaluated for

normality of errors (Figure 37) and the normality of the residuals (Figure 38).
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Figure 37. Quantile plot of the random effect of team

for the Transfer Errors model.
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Figure 38. Scatterplot of the fitted Transfer Errors

model against its residuals.
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The model of the effect of the feedback condition, primary role, the frequency of prior video
game experience, the frequency of prior video game experience, the level of self-reported
feedback use, and the level of teammate familiarity on Acknowledge Errors was evaluated

for normality of errors (Figure 39) and the normality of the residuals (Figure 40).
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Figure 39. Quantile plot of the random effect of team
for the Acknowledge Errors model.
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Figure 40. Scatterplot of the fitted Acknowledge Errors
model against its residuals.
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The model of the effect of the feedback condition, primary role, the frequency of prior video
game experience, the frequency of prior video game experience, the level of self-reported
feedback use, and the level of teammate familiarity on Identify Errors was evaluated for

normality of errors (Figure 41) and the normality of the residuals (Figure 42).
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Figure 41. Quantile plot of the random effect of team
for the Identify Errors model.
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Figure 42. Scatterplot of the fitted Acknowledge Errors
model against its residuals.
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The model of the effect of the feedback condition, primary role, the frequency of prior video
game experience, the frequency of prior video game experience, the level of self-reported
feedback use, and the level of teammate familiarity on Assess Errors was evaluated for

normality of errors (Figure 43) and the normality of the residuals (Figure 44).
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Figure 43. Quantile plot of the random effect of team
for the Assess Errors model.
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Figure 44. Scatterplot of the fitted Assess Errors model
against its residuals.
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APPENDIX C. IRB 15-399

\ ? 7 Institutional Review Board

IO A STATE U N [VERS ]TY Office for Responsible Research

OF SCIENCE AND TECHNOLOGY Vice President for Research
2420 Lincoln Way, Suite 202
Ames, lowa 50014

515 204-4566

Date: 03/23/2018

To: Stephen Gilbert

From: Office for Responsible Research

Title: Team Training in Virtual Environments

IRB ID: 15-399

Submission Type: Modification Review Type: Full Committee

Approval Date: 03/20/2018 Date for Continuing Review: 07/20/2018

The project referenced above has received approval from the Institutional Review Board {IRBE} at lowa State
University according to the dates shown above. Please refer to the IRB |ID number shown above in all
correspondence regarding this study. Approval is granted with the following condition:

Before the activities described in this application can be initiated, approval must be obtained from the
Human Research Protection Official {HRPO) within the Department of Defense.

To ensure compliance with federal regulations {45 CFR 46 & 21 CFR 56), please be sure to:

* Use only the approved study materials in your research, including the recruitment materials and
informed consent documents that have the IRB approval stamp.

* Retain signed informed consent documents for 3 years after the close of the study, when
documented consent is required.

* Obtain IRB approval prior to implementing any changes to the study.

* Inform the IRB if the Principal Investigator and/or Supervising Investigator end their role or
involvement with the project with sufficient time to allow an alternate Pl/Supervising Investigator to
assume oversight responsibility. Projects must have an eligible Pl to remain open.

* Immediately inform the IRB of (1) all serious and/or unexpected adverse experiences involving risks
to subjects or others; and {2} any other unanticipated problems involving risks to subjects or others.

+ Stop all human subjects research activity if IRB approval lapses, unless continuation is necessary to
prevent harm to research participants. Human subjects research activity can resume once IRBE approval
is re-established.

IRB 03/2018
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APPENDIX D. SHARED SITUATIONAL AWARENESS QUIZZES

The following quizzes were used to assess participant understanding of the goals of
each of the roles (Sniper and Spotter) as well as the predefined task sequence. The Spotter
Goal Awareness quiz was only used in the Shared Role Understanding measure, which was
created by coding each participants answer not as correct (1) or incorrect (0), but as matching
both teammates (2), matching one teammate (1), or matching no teammates (0). All scores
were divided by the total possible score to create a percentage correct.

The Team Task Awareness quiz was scored using a Spearman rank correlation of
each participant’s response to the key of correct answers, which was generated according to
the information taught in the tutorial video.

The correct answers to all three of these quizzes, as compared to a key based on the
tutorial video, are included alongside the original quizzes themselves, which are featured
below. These quizzes were edited after an analysis of internal consistency to produce the
versions which are detailed in the text, above.

Sniper Goal Awareness

For the following questions, think back to the two main roles (Spotter and Sniper)
that were present in the task. Select as many items that apply to the following questions.

What are the Goals of the Sniper in this Task?

O To identify targets new to their zone O To keep count of how many targets have
left and entered their zone

O To identify targets leaving their zone O To keep count of how many OPFOR are
on the map

O To locate targets in their zone O To keep count of how many civilians are
on the map

M To assess the treats posed by targets 0 To count the number of OPFOR wearing
vests

™ To acknowledge what their teammates say
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Spotter Goal Awareness

What are the Goals of the Spotters in this Task?

@ To identify targets new to their zone

O To identify targets leaving their zone

@ To locate targets in their zone

O To assess the treats posed by targets

™ To acknowledge what their teammates say

00 To keep count of how many targets have
left and entered their zone

O To keep count of how many OPFOR are

on the map

O To keep count of how many civilians are

on the map

O To count the number of OPFOR wearing

vests

Team Task Awareness

For the following question, imagine a scenario in which a single target is crossing

between zones.

Please order the following steps in the order that they would be completed when

transferring a single target in this task:

Steps

True to the task

Not true to the task

Spotter 1 sees a target approaching the 1 pole

1

Spotter 1 transfers a target by pressing the 1 key

2

Spotter 1 transfers a target by pressing the E
key

Spotter 2 acknowledges his/her teammate’s
communication by pressing the E key

Spotter 2 acknowledges his/her teammate’s
communication by pressing the 1 key

Spotter 2 sees a target by the 1 pole

S

Spotter 2 identifies that a target has entered
his/her zone by pressing the SPACEBAR key

o1

Spotter 2 identifies that a target has entered
his/her zone by pressing the E key

Spotter 2 identifies that a target has entered
his/her zone by pressing the 1 key

Spotter 2 informs Sniper that a target has
entered his/her zone

Sniper acknowledges his/her teammate’s
communication by pressing the E key

Sniper searches for a target in Spotter 2’s zone
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Steps

True to the task

Not true to the task

in the direction of the 1 pole

Sniper spots a target and assesses the threat
level posed by the target

9

Sniper believes target to be a civilian and
presses the C key

Sniper believes target to be a civilian and
presses the X key

Sniper believes target to be a civilian and
presses the Z key

10




