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Chapter 1

Introduction

In most organizations today teams exist at all levels, and they are there to
fulfill a wide range of purposes (Katzenbach & Smith, 2003). This is a product of
two long-growing trends toward the use of teams and the movement towards team-
based work designs (Devine, Clayton, Phillips, Dunford, & Melner, 1999; Lawler,
Mohrman, & Ledford, 1992; Morgeson, Johnson, Campion, Medsker, & Mumford,
2006). The importance of teams and the work they do is inestimable. In the current
literature the benefits of teams range far and wide: they help organizations to be
more competitive, to keep an edge in today’s knowledge market, and to compete in
the ongoing war for talent. Of more interest to management are the results of
productivity research showing that a properly implemented team-based approach
produces superior results over non-team-based approaches. In studies
documenting these superior results teams resulted in increased quality,
performance, and even shareholder return (Fisher, 1994; Mohrman, Cohen, &
Mohrman, 1995). Teams don’t just hold a potential monetary reward, but for
management interested in their human capital teams have been shown to have the
positive effects of empowering and benefiting workers (Salas, Sims, & Burke, 2005).
Interestingly, from as far back as 1996 (Denison, Hart, & Kahn) researchers have
reported that many organizations also use teams to cope with stress (Boone, Van

Olffen, Witteloostuijn, & De Brabander, 2004; Denison, Hart, & Kahn, 1996; Moon,



Hollenbeck, Humphrey, llgen, West, & Ellis, 2004). However, one principle that is
regularly overlooked in the practice of using teams is the idea that to achieve any of
these positive benefits organizations need their teams to participate in effective
teamwork. Effective teamwork is largely a result of teamwork processes, though
task interdependence and team size can moderate the relationship (LePine, Piccolo,
Jackson, Mathieu, & Saul, 2008; Marks, Mathieu, & Zaccaro, 2001; Salas, Sims, &
Burke, 2005). In the current teams literature, the effects of stress, a common
occurrence in most organizations, on the specific teamwork processes that result in
team performance has been overlooked. The current studies aim to address some
of these gaps and questions in the literature. This will be done by first meta-
analytically summarizing the available literature on these relationships to provide
an accurate picture of the true relationship between team stress and performance
and second investigating specifically how stress affects teamwork processes. The
literature review will cover current applicable research combining the topics of
interest (teams, teamwork processes, and team stress) before hypothesizing some

of the effects stress may have on teamwork processes.

Groups and Teams

The research on teams and groups originated in social psychology, which has
led to many different definitions of work teams (and work groups) being used

across the spectrum of organizations, practitioners, and academics. For the



purposes of this paper, a comprehensive definition of work teams has been used,

taken from Kozlowski and Bell’s review completed in 2003:

Two or more individuals who: (1) Exist to perform organizationally relevant
tasks, (2) share one or more common goals, (3) interact socially, (4) exhibit
task interdependencies, (5) maintain and manage boundaries, and (6) are
embedded in an organizational context that sets boundaries, constrains the

team, and influences exchanges with other units in the broader entity. (p. 334)
Teamwork Processes

Many theories intimate that the first step to understanding teamwork is to
recognize that all cognition originates within the individual. From that initial stance,
many researchers are intent on deducing how being a member of a team affects
individual cognitive processes and the processes that emerge at the team level
(DeShon, Kozlowski, Schmidt, Milner, & Wiechmann, 2004). Teamwork is viewed as
a set of interrelated thoughts, actions, and feelings of each member that are needed
for the individual members to function as a team. These combined thoughts,
actions, and feelings facilitate coordinated, adaptive performance and task
objectives which are intended to result in value-added outcomes (which are the goal
of using teams vs. individuals). Salas, Sims, and Burke (2005) reviewed the previous
findings on teamwork and aggregated the findings to define a model that consisted
of core components of teamwork and their supporting coordinating mechanisms,

see Figure 1. The core components were team leadership, mutual performance



monitoring, backup behavior, adaptability, and team orientation. These
components are believed to facilitate effective teamwork processes; however, they
need the following supporting mechanisms to function at peak: shared mental
models, closed-loop communication, and mutual trust. Prior to this theoretical
development, most
models of team
effectiveness did not
specify what teamwork
processes were (e.g.
Marks, Zaccaro, &
Mathieu, 2000; Stevens
& Campion, 1999).

Salas, Sims, and

Burke’s (2005)

Figure 1: Theoretical Framework of Teamwork Processes that Lead to
Effective Performance. Visual adapted from Salas, Sims, & Burke, 2005.
taxonomy focused on

those elements that were considered most important for team effectiveness. One of
the central arguments of their review was that a team could be guaranteed success
and high levels of performance if they engaged in both the supporting mechanisms

and core processes of teamwork.

Salas et al. (2005) provided detailed definitions of each of these teamwork

components and detailed behavioral anchors but, for the purposes of this study,



succinct explanations were provided here. Team leadership generally refers to a
leader who is able to coordinate, motivate, and assess the team performance among
other teamwork enhancing tasks. Mutual performance monitoring is an ability to
monitor other members’ performance and apply task strategies when needed.
Backup behavior is an ability to anticipate and help other team members, or to shift
workloads when needed. Adaptability refers to a team'’s ability to adjust when
needed (this can mean backing up others). Team orientation is considered by some
to be a state-like rather than a trait-like individual difference (Salas et al., 2005) that
reflects acceptance of team norms, cohesiveness of the group, and self-awareness as
a team member. Findings have shown that those with a high level of team
orientation assign a high priority to team goals and possess a willingness to
participate in team activities (Driskell & Salas, 1992). Higher team orientation
results in increased coordination and cooperation, which can facilitate team
performance and many other teamwork processes in this model. Shared mental
models refer to a shared understanding or knowledge about how members will
interact and relationships about the task. Mutual trust concerns the shared
perception that individuals in the team will perform particular actions important to
the group, and is thought to affect a variety of team processes. Trust fosters a
willingness to share information more freely throughout the team (Salas et al,,
2005). Mutual trust is considered extremely important within the task because it
affects how an individual interprets other team members’ behavior. If a negative

attribution is made (such as another team member acting out of self-interest or is



thought to be loafing) this usually leads to a negative spiral of team functioning.
Finally, closed loop communication is concerned with the exchange of information
between team members and is facilitative of many other teamwork processes,
though the chance of it being positive and occurring are dependent on the core
processes of the model (such as team orientation and mutual trust). The sum of this
model is that the team can be guaranteed success and high levels of performance if
they engage in both the supporting mechanisms and core processes of teamwork -

because that engagement results in effective teamwork.

Teams & Stress

Stress is generally defined in the organizational literature as “the
stimul[us] that place[s] demands on individuals and teams” (Lepine,
Podsakoff, & Lepine, 2005). Within this definition stress is viewed as a
precursor in the person or environment that leads to a cognitive appraisal of
different types of stress (Lazarus, 1993). The argument could be made, much
like with teamwork, that because stress is both perceived and experienced by
individuals - it may be best studied by focusing on those individual states and
cognitions. However, considering the differences in the teams stress
literature, the context the team is in is likely the source of the conflicting
results. Workplace stressors range across any conditions in the job, team, or
organization which require an adaptive response from the employee (Jex &

Beehr, 1992). In particular if we focus on the input-process-outcome (I-P-0)



framework of teams and group research there is a theoretical basis for
considering stress as a shared mental model of the team (Cohen & Bailey,
1997). In this framework the inputs are those work conditions which exist
prior to team activity, therefore if team members are working or recruited in
the same context, they should absorb similar stress stimuli from their work
environment. In the models that consider stress as an input variable
affecting team effectiveness, this shared mental stress model is well-
established (Edmondson, 2002; Kerr & Tindale, 2004; West, 2002). Stress
appraisals have been shown to be embedded in the social context (Hobfoll,
2001), which also means that for teams their members do not only have
similar stress input but also process stress in a similar way, and display
similar responses and emotional responses to stress (Gump & Kulik, 1997).
Overall, this maps well onto our previous understanding of the individual
cognitions which comprise teamwork and show that in much the same way
individual stress maps to become a shared team stress phenomenon.
Despite our establishment of team stress as a shared phenomenon,
depending on which study you read you may find stress limits teams or you

may find it enhances them.



Examples of how stress has been found to effect teams are:

Examples of Limiting Stress Examples of Enhancing Stress
e groupthink (Janis & Mann, e increased effectiveness
1977) due to more perspectives
e less interpersonal (Boone et al,, 2004)
communication and less e cognitive heterogeneity
team coordination (e.g. (Finkelstein & Hambrick,
Kelly & McGrath, 1985; 1996)
Moon, et al., 2004) e positive effects of diffusion
e inappropriate focus ( of responsibility (Driskell,
Driskell, Salas, & Johnston, Salas, Mangelsdorff, & Gal,
1999) 1991)
e threatreduction (West,
2002)

Going back to the general organizational stress literature may provide
an explanation for this conflict. When studies are conducted the specific
strains and stressors are identified within the stress-strain framework prior
to being linked to outcomes. Furthermore, while early studies distinguished
between two potential categories of stress, qualitative and quantitative, they
concluded that at the individual level they did not demonstrate separate
negative effects on health, well-being, or performance (Matteson &
Ivancevich, 1990; Siegrist, 1996). Similar to this, researchers using the Role
Episode Model concluded that their two categories of role stressors were
both similarly associated with diminished job performance (e.g. Glazer &
Behr, 2005; Jamal, 1984; Jordan, 1990). For example, a meta-analysis on

individual role stressors and job performance (Gilboa, Shirom, Fried, &



Cooper, 2008) found that stressors have negative effects on job performance
(Lazarus & Folkman, 1984). This furthered past reviews that link these
stressors with effectiveness, productivity and stress measures such as
absenteeism, counterproductive behaviors, accidents, and turnover. For
individuals at work, the consensus in these findings is that role ambiguity is
most unfavorable to job performance. However, one of the most serious and
rapidly increasing problems in both Western and European work
environments is role overload (Murphy & Sauter, 2003; Paoli & Merllie,
2005). Individual role overload has been related to interference in social
and family life, health problems, and absenteeism (Weiler, 2005). Individual
role overload is also strongly influenced by perception of role stressors and
leaders/managers, because leaders are often responsible for role definition
and for the moderation of workload (Kelloway, Sivanathan, Francis, Barling,
Barling, & Frone, 2004; Peterson, Smith, Akande, Ayestaran, Bochner, &
Callan, 1995). The findings supporting different categories of stressors
having similar effects has obscured the fact that stress categories, which
while not necessary in the research on individuals can provide meaningful
insights into team stress effects.

Quantitative vs. qualitative stress. As mentioned in the previous
section, earlier stress literature researchers did at times distinguish between
quantitative and qualitative stress (Caplan, Cobb, & French, 1975; Newton &

Keenan, 1996; Siegrist, 1996). In these studies quantitative stress is defined



as conditions that consist of accumulating demands, time pressures, and
overload such as when employees are given too many tasks to complete in a
given period of time, while qualitative stress refers to conditions that consist
of highly complex tasks, non-routine jobs, or performance standards which
are too high, such that employees might encounter difficulties in performing
them regardless of how much time they have (Caplan et al., 1975; Newton &
Keenan, 1990; Siegrist, 1996). The Role Episode Model’s similar dichotomy
built into its explanation of role stressors parallels these two categorizations
(Kahn, Wolfe, Quinn,& Snoeck, 1964). Quantitative stress is very similar to
the construct ‘role overload’, which can be described as having too many
requirements, responsibilities, and obligations with only limited resources to
fulfill them. Qualitative stress is similar to the construct ‘role ambiguity’,
which can be described as having inconsistent and uncertain tasks due to job
responsibilities being ill-defined. When we examine the terms role overload
and ambiguity in the general organizational stress literature, we can deduce
more information around the potential effects on team effectiveness and
therefore performance. Quantitative stress can also be understood by
examining the Attentional Focus Model (Karau & Kelly, 1992) which has
consistently found that this type of stress leads group members to focus on a
restricted range of cues and over focus on task completion (e.g. Karau &
Kelly, 1992; Kelly, Jackson, & Hutson-Comeaux, 1997; Kelly & Karau, 1999;

Parks & Cowlin, 1995). Other studies have found similar results, such as

10



showing teamwork and team meetings suffer while the team focus may shift
to individual focus under quantitative stress (Drach-Zahavy, Somech, Granot,
& Spitzer, 2004; Driskell et al., 1999; Weiss, Cambone, & Wyeth, 1992). In
sum, research supporting the limiting effects on teams argues that team
attitudes or interaction processes are negatively affected by working under
stress. In situations where one person could not handle or finish the task on
their own, such as an ambiguous role task, teams have very different results
than individuals. The effect of pooled cognitive resources allows the team to
meet those complex demands that would stress or overwhelm an individual
(Boone et al,, 2004). In particular when a team is tasked to solve complex
and non-routine problems (the definition of qualitative stress) effectiveness
increases as the diversity of their skills, knowledge, abilities increases (Jehn,
Northcraft, & Neale, 1999; Pelled, Eisenhardt, & Xin, 1999; Shaw & Harkey,
1976). Teams rise to the challenges inherent in qualitatively stressful
innovation activities (Bantel & Jackson, 1989; West, 2002). This condition
may be more common than we realize due to this effect being attributed to
teams themselves instead of a product of teams under qualitative stress.
Overall, the picture painted is one where quantitative stress explains the
limiting stress effects and qualitative stress explains the enhancing stress
effects (Drach-Zahavy & Freund, 2007).

Between the Role Episode model’s support and the previously

established definitions of quantitative and qualitative stress, many stressors

11



can be placed easily into one of the two categories. Currently the strongest
support for this distinction in the teams literature was provided by Drach-
Zahavy and Fruend in 2007, in a study where they revived this distinction
and found significant differences in the types of stress, their effects on team
effectiveness, and used different team structures to mitigate both types of
negative stress effects. Based on these findings, this study intends to focus
on team quantitative stress in two distinct ways. First, a meta-analysis is
presented to quantify the relationship between quantitative stress and team
outcomes (performance and effectiveness). Second, a lab study on teamwork

processes and quantitative stress was conducted.
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Chapter 2

Study 1: Meta-Analysis

As described in detail in the literature review, team stress has the potential
to positively or negatively affect team performance, but this is potentially due to
different types of stress not being categorized separately. Quantitative stress was
chosen in part because of the theoretical implications that this type of stress limits
team performance, and in part due to the availability in the literature of team stress
studies which studied this type of stress. Originally, the researcher intended to
meta-analyze both quantitative and qualitative team stress with performance
outcomes, but a lack of identifiable qualitative stress studies (1 was specifically
identified that also measured performance outcomes; Drach-Zahavy & Fruend,
2007) prevented that comparative analysis from being completed, this is further
addressed in the discussion of this study. In this meta-analysis our primary
research question focused on quantifying the true effect size of quantitative stress

on team performance based on analyzing the results of multiple team stress studies.

Method

Data collection. To identify studies for inclusion in the meta-analyses,
searches were conducted through several social science and business oriented
databases as well as national conference programs and the available in-press
sections of major journals using combinations of related key words: team, stress,

performance, effectiveness, org*, and work. Specifically, searches were conducted in

13



PsychINFO, PubMed, SSCI, Business Source Premier, Human Resources Abstracts,
WorldCAT, and Dissertation Abstracts International databases for relevant studies,
as well as through all available EBSCO Host databases. To obtain unpublished or in-
press research, the last ten years of the Society for Industrial and Organizational
Psychology and Academy of Management annual conference programs have been
searched using the above terms. Reviews of the reference lists of relevant articles to
identify articles that may have been missed in the computerized search were also

conducted.

Using these search procedures, over 40 studies were identified, which have
been screened to determine their relevance. Exclusions included non-empirical
studies (e.g. review articles and conceptual articles) and articles on topics
previously described as outside the purview of this review (not outcome oriented).
Interestingly, stress was rarely studied for direct effects on measurable
performance or effectiveness but the focus tended to be on attitudes. For this
reason and a lack of specificity in the literature, team performance and effectiveness
were considered an interchangeable dependent variable (Guzzo & Dickson, 1996).
The quantitative stress criteria included measures of acute stress, low and high
stress environments, workload, time pressure, threat, battle stress, strain, perceived
stress, stress appraisals, acute cognitive strain, acute emotional strain, and acute
physical strain. The researcher reviewed the studies and rated stress variables as
quantitative, qualitative, or unclear. If a particular stress condition was unclear

additional information regarding role definition was sought, if the stressor was

14



applied in a well-defined role it was deemed to meet the criteria for quantitative
stress. An independent reviewer rated the 14 unique effect sizes, with an inter-rater
reliability of 1. The researcher identified 10 studies, producing 14 unique effect
sizes for analysis. This resulted in a preliminary cumulative n = 8,250 across more
than 11 different organizations. All studies included in the analyses are indicated in

the reference section.

Data coding. Each study was coded on the following dimensions: team
performance or effectiveness score, stress measure, sample size, effect size, number
of items in the measure, and reliability of measures, this information is included in
Appendix A. Other information for potential moderator analysis was gathered such
as: qualitative vs. quantitative stress, stress perception vs. stress manipulation,
applied vs. academic samples, etc. However, best practices in meta-analysis
recommend against including multiple effect sizes from the same study. Therefore,
when multiple effect sizes were identified the one which focused on quantitative
stress and objective measures of performance or outcomes were selected, resulting
in 10 correlations for the main analysis.

Meta-analytic procedures. The meta-analysis was conducted using the
formulas from Hunter and Schmidt (2004), with the aid of version 1.1 (October
2005) of the meta-analytic software program developed by Schmidt and Le (2004).
The means and variances of the meta-analytic estimates were corrected for

artifactual variance due to sampling error. Reliabilities for the predictor and

15



criterion were not available for all studies. Therefore, artifact distributions were

used to correct for measurement error (Hunter & Schmidt, 2004).

Results

Table 1 presents the first set of results for the meta-analysis with
quantitative stress and team performance and effectiveness. Quantitative stress
was originally found to have a moderate negative correlation with team outcomes,
robs = -.37 when uncorrected for artifacts, p = -.44 when corrected for artifacts and
sampling error. The percent of variance in the observed correlation attributable to
all artifacts was less than half (47%) so there was evidence that moderators may be
present. However, given the small number of available articles with which to
conduct additional meta-analyses, and the homogeneity of the samples and
methods, moderator analyses could not be conducted, but this did lead us to

consider two potential outliers in the data.

Table 1: Meta-Analysis of correlations between quantitative stress and team outcomes

80% credibility
N k Fobs  SDobs p SDp interval
Quantitative
Stress 1,914 10 -37 136 -44  .076 -55t0-.33

Note. N=sample size, k= number of studies, ross= sample size weighted mean observed correlation, SDops=
observed standard deviation of correlations, p= corrected effect size, SDp= standard deviation of true score
correlations.

Within the studies considered for this meta-analysis (see Appendix A) there were
two separate potential outliers, one for the correlation (r = -.71; Minionis, 1995) and
one for sample size (n = 1467; Griffith, 2006). A second meta-analysis was run

removing Minionis (1995) with interesting results, see Table 2, which led us to re-

16



examine that study. In the re-examination it was found that the correlation thought
to represent only stress and performance was in fact moderated by training. In
Minionis (1995), training had been implemented to attempt to alleviate the effects
of quantitative battle stress on Soldiers in a simulation. The correlation presented
was strongly affected by this training, wherein those who had not received it but
were under high quantitative stress performed much lower than those who had
received training. Therefore, the meta-analysis produced without this outlier was
more representative of the actual relationship between quantitative stress and

performance.

Table 2: Meta-Analysis of correlations between quantitative stress and team outcomes without Minionis (1995)

80% credibility
N k Fobs  SDobs p SDp interval
Quantitative
Stress 1,794 9 -34 10 -41 .00 -41to -41

Note. N=sample size, k= number of studies, rors= sample size weighted mean observed correlation, SDobs=
observed standard deviation of correlations, p= corrected effect size, SDp= standard deviation of true score
correlations.

In fact, in this analysis quantitative stress was again found to have a moderate
negative correlation with team outcomes, rops = -.34 when uncorrected for artifacts,
p = -.41 when corrected for artifacts and sampling error. The percent of variance in
the observed correlation attributable to all artifacts changed to 100%, showing that
Minionis (1995) was clearly the key to the evidence of moderator variance. Without
this study, we essentially find no evidence of moderators. The 80% credibility
intervals reported for each meta-analysis in table 1 and 2 suggested generalizability

across situations (Hunter & Schmidt, 2004), as each interval did not include zero.
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Griffith (2006) could also be considered as a potential outlier for sample size
(n=1467) or as a validator for the meta-analysis instead. Critics of meta-analysis
have suggested that large studies examining the relationship of interest should be
conducted instead of using meta-analytic techniques to discover the true
relationship between two variables (Bailar, 1997). In response to this criticism, we
ran an additional analysis removing Griffith (2006) and found that our results
remained the same, and are very similar to the results in the Griffith article itself,
providing additional support to our moderately strong negative relationship

between quantitative stress and team performance.
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Chapter 3

Study 2: Process Analysis

The findings of the meta-analysis in Study 1 confirmed that quantitative
stress has detrimental effects on team performance and effectiveness. This presents
part of the picture, but leaves a large part of the equation in shadow: how does
quantitative stress affect team processes (in turn affecting their outcomes). In the
team stress studies available for meta-analysis, team processes were rarely
considered, instead the focus was on the outcomes. A noticeable gap in this
literature occurred in the combination of these constructs and theories. Study 2 was
conducted to resolve the some of the conflicts in the literature. Specifically are
teams being limited or enhanced by stress, are there preliminary indications of
stressor categorization effects, and how do these affect theories on team processes.
Based on these literature gaps this study converged on two related research
questions:

1) Do team processes predict performance under stress?

2) If so, how are team processes affected by stress?

To resolve these questions, a lab study was designed that had the potential to
provide strong conditions of low and high quantitative stress in which team

processes could be assessed.
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Method

Participants. Participants for this study were a sample of 26 undergraduate
student teams (of 2 students each, resulting in a total n of 52 students) enrolled in
psychology courses at a mid-sized public university in the eastern United States.
Participants were asked not to participate if they could not speak English.
Participants acted in teams of 2 individuals according to the time they agreed to
participate. Individual demographic data was not collected, though some teammate
composition information focusing on teammate relationships was collected to allow
for potential controls and is available in Appendix B.

Design. This study employed a between-subjects design. The independent
variable in this study was team stress, which was manipulated using workload.
Participant teams were alternately assigned to either the high stress or low stress
conditions based on the session they choose to participate in, though attempts were
made by the research team to balance teams where participants had a previous
relationship with those who did not. Independent team process variables of interest
(e.g., team orientation, leadership, backup behaviors, shared mental models, and
closed loop communication) as well as the workload manipulation check (NASA-
TLX) were assessed by questionnaire. Team orientation was assessed upon the
team members’ arrival, while all others were assessed post completion of the
simulation. Team performance was measured by the simulation program.

A preliminary power analysis was conducted to achieve an estimate of the

sample size needed (Lenth, 2006) to obtain sufficient power for the expected effect
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size for this type of study. This power analysis indicated that with 8 potential
independent variables in the regression equation for team performance, 22 teams
(or a minimum of 44 participants) would provide a 95% chance of obtaining

statistical significance at the .05 level.

Materials

Process control simulation. The task used in this second study was a
process control (PC) simulation where subjects monitored the functioning of a
simulated chemical plant and ensured that they maintained safe levels of operation
while maximizing the amount of throughput (Switzer & Idaszak, 1989). This
simulation was used in a dissertation by Walker (2010) that established its ability to
effectively manipulate both team and individual stress levels based on adjusting
workload (quantitative stress). The following explanations are adapted from that
study which established our ability to use this simulation to analyze the effects of

stress on teamwork processes.

Drwt M

XPlant
Subsystem A

Unit A1 Unit A2

Figure 2: Process Simulator Photos, on left example of two tanks one operator is responsible for, on right is
the center console that requires teamwork to operate.
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The PC simulation contained 5 tanks that were monitored so that the above
mentioned goals were attained. Each team member, or operator, was personally
responsible for 2 of the tanks (Figure 3). Another tank was located between them
and was a shared responsibility, requiring effective teamwork processes to manage.

Each tank had 3 gauges that had to be monitored and adjusted: temperature, level,

and pressure. The only exception  ErE  — — — ——
M Refrigerant
was the center tank, where only i e

& QFF

Temp Level Press

Input pump

R ——".
- Pressurizer

level and pressure were adjusted,

and temperature was controlled

automatically. The temperature
parameter represented the
temperature of a tank that was
manipulated by turning, on and Figure 3: Zoomed in view of one tank.
off, a heater and refrigerator. The level parameter represented the amount of
“product” that passed through a particular tank, which was adjusted by increasing
or decreasing the input and output for that tank. The pressure parameter
represented the amount of pressure that had built up within a tank, which was
adjusted by turning the tank’s pressurizer or opening a vent.

Operators had to monitor both of their tanks simultaneously and zoom in on
one tank when one or more of its gauges deviated from safe levels in order to

correct the problem (Figure 3). Both operators had to be aware of the shared tank

in the middle and communicate with each other so that its parameters stayed within
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teamwork for high Team Performance (low error) to be achieved. A full correlation

matrix is available in Appendix J.

Team Member Performance Perceptions. The final set of exploratory analyses
investigated whether team member’s perceptions of their team performance and
their individual contributions to team performance had any meaningful
relationships. Before looking at all of the variables and the operator perceptions
separately, an initial comparison between Operator A’s performance perceptions as
found to be significantly correlated with Operator B’s, but only moderately so (r =
46). Alarge number of significant correlations were found in both the high and low
stress conditions, which are summarized here in Table 7 (see Appendix ] for full

correlation matrix).

Table 7: Team Member Performance Perception Significant Correlates by Condition

Condition Team Variable Perception Variable Correlation
g:;de]ss Observed Team Coordination ﬁ;g;gizinfsmmate -0.80%*
Team Leadership A: Perc. Team Perf. 0.75%*
B: Perc. Team Perf. 0.64*
Backup Behaviors A: Perc. Team Perf. 0.58*
Shared Mental Models A: Perc. Team Perf. 0.66*
Closed Loop Communication  A: Perc. Team Perf. 0.74**
Adaptability A: Perc. Team Perf. 0.67*
Mutual Trust A: Perc. Team Perf. 0.59*
High Team Performance A: Other Teammate
Stress Responsible -0.59
o B: Other Teammate
Observed Team Coordination Responsible 0.61
Backup Behaviors B: Individually Responsible -0.70**
A: Perc. Team Perf.
A: Individually Responsible 0.76**
Shared Mental Models A: Other Tearr}llmat(f -0.61*
Responsible 0.58*
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Condition Team Variable Perception Variable Correlation

Closed Loop Communication A: Per.c. Team Perf. . 0.81*

A: Individually Responsible -0.74%*

A: Individually Responsible
ﬁggil?(l)rfzﬁrgformance A: Other .Teammate 0.63*

Responsible -0.65*
Adaptability A: Perc. Team Perf. 0.80**
Mutual Trust A: Perc. Team Perf. 0.64*

Note. **p <.01, * p <.05 (2-tailed). N = 26. A & B represent which operator’s perceptions are being reported.
Perceived team performance and all other items were measured on a 1-5 Likert scale, with 5 representing high
performance and high responsibility respectively.

Within all of this information several trends can be observed - Operator B seems
more aware of the team performance, while Operator A seems more aware of team
processes. In the low stress condition perceptions of performance were aligned
with actual performance. In the high stress condition team processes did not predict
performance - this led Operator A to perceive high performance based on high team
processes when performance was not high. No significant differences in
performance or responsibility attributions were found based on teammate
relationships. Attribution of responsibility emerged as an important predictor
under high stress conditions where these perceptions of who was more responsible
for the team performance become predictive of many different factors. This
suggests that when the team is under high quantitative stress responsibility or
blame becomes much more important to team members. However, the correlations
between some of these items do show that team member’s did not necessarily agree
with themselves about who was most responsible for the team'’s performance, see

Table 8. In particular Operator A did not show the expected negative correlation
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Table 8: Correlates between Team Member Responsibility Performances

Variable 1 2 3 4
1. A - Felt Ind. Resp. for Team Perf. -

2. B - Felt Ind. Resp. for Team Perf. -0.11 -

3. A - Felt Other Resp. for Team Perf. 0.61**  -0.44 -

4. B - Felt Other Resp. for Team Perf. 0.12 -0.61** 0.05 -

Note. **p <.01, * p <.05. N = 26.

between feeling individually responsible vs. feeling the other teammate was
responsible for the team’s performance (r =.61) - which may confirm that team
members were not able to parse out who was responsible, where team performance
originated, or perceive how well the team actually performed on the task. To
further explore this idea, paired t-tests were conducted to compare Operator A to
Operator B’s perceptions of responsibility and performance within teams. No
significant differences were found which indicates that teammate’s felt similarly

about their performance and responsibility; the results are presented in Table 9.

Table 9: Exploratory Paired t-tests for Teammate Attribution Differences

A-B Mean SD t df Sig.
Perceptions of Team Performance 0.15 1.08 0.72 25 0.48
Felt Individually Responsible for T. Per. 0.08 0.69 0.57 25 0.57
Felt Other Responsible for T. Perf. 0.15 0.54 1.44 25 0.16

Note. (2-tailed)
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Chapter 4
Discussion

The results of the present research provided both theoretical and
empirical support, clarification, and guidance regarding team stress and team
process measurement. The meta-analysis supports the arguments of Drach-
Zahavy and Freund (2007) regarding quantitative team stress effects on
team performance. The lab study found clear quantitative stress effects on
performance, but surprisingly self-reported team processes did not reveal
what led to these effects in high stress teams. We replicated quantitative
stress effects but despite looking at each team process individually in
multiple ways we did not identify where those effects occurred. Both studies
supported the contention that team stress required categorization in order to
correctly predict the effects of stress on teams. The process analysis finding
that quantitative stress accounts for nearly all the variance in team
performance has several important potential implications beyond the added
support for categorizing team stress. Specifically: 1) When teams are
quantitatively stressed, self-report measures of team processes do not
capture actual team process information, and 2) team members may be
aware of their workload but unaware of the effects on their teamwork (team

processes).
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Quantitative and Qualitative Team Stress

Originally, this study attempted to conduct a meta-analysis of both potential
categorizations of team stress. Quantitative stress is the type of stress actively
manipulated or measured in the majority of team stress studies. However, in an
exploration of the literature qualitative stress became difficult to distinguish due to
lack of situational specificity of many team studies. In other words, situations of
overload are easy to distinguish - while it is rarely clear how defined team roles and
objectives are in any given situation. In fact, there is some room to speculate that
qualitative stress is in part responsible for the positive outcomes often associated
with teams in general. Teams are often implemented in response to a need of some
kind, from a need for more innovation to a need for higher performance (Mohrman,
Cohen, & Mohrman, 1995; Fisher, 1994). When needs are present and teams are
implemented, this could be broadly categorized as qualitative stress scenario. As
stated in the literature review, several studies have shown that when a team is
tasked to solve complex and non-routine problems (the definition of qualitative
stress) effectiveness increases as the diversity of their skills, knowledge, abilities
increases (Jehn et al., 1999; Pelled et al., 1999; Shaw, 1976). In many cases of past
research where teams have been shown to produce positive effects, it could be due
in part to a qualitatively stressful scenario enhancing teamwork (Drach-Zahavy &

Freund, 2007).
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The Job Demands-Resources Model

Recently, Ellis and Pearsall (2011) applied the Job Demands- Resources
Model to alleviate team stress effects with positive results (JD-R Model, see Bakker
& Demerouti, 2007; Bakker, Demerouti, De Boer, & Schaufeli, 2003; Bakker,
Demerouti, & Verbeke, 2004). The JD-R Model focused on the specific issue of
increased demands on employees and the stress effects this engendered, and could
be used to categorize stress as quantitative or qualitative. This article was a prime
example of how they have actually focused on one particular type of stress, without
indicating this was the case, because team stress was being referred to in the same
way it usually was for individuals. Based on their results, Ellis and Pearsall (2011)
concluded that the JD-R and other resource theories operate similarly at the

individual and team levels but with added complexity. They noted that

“...the unique nature of teamwork introduces interdependencies that are not
present at the individual level, yet are instrumental in the stress process at

the team level (see Ellis, 2006).”

The effect of pooled cognitive resources allows the team to meet complex demands
that would stress or overwhelm an individual (Boone et al., 2004) and rise to the
challenges inherent in qualitatively stressful innovation activities (Bantel & Jackson,
1989; West, 2002). Conditions like this may be more common than we realize due
to this effect being attributed to teams themselves instead of being a product of

teams under qualitative stress.

38



Attentional Focus Model

Quantitative stress can be understood by examining the Attentional Focus
Model (Karau & Kelly, 1992. This model has consistently found that this type of
stress lead group members to focus on a restricted range of cues - team members
tended to adopt a more individual focus and ignore team information (task overload
resulted in reduced attention) (e.g. Karau & Kelly, 1992; Kelly, Jackson, & Hutson-
Comeaux, 1997; Kelly & Karau, 1999; Parks & Cowlin, 1995). Other studies have
found similar results, showing that teamwork and team meetings suffer while the
team focus shifts to individual focus under quantitative stress (Drach-Zahavy et al.,
2004; Driskell et al., 1999; Weiss et al., 1992). The exploratory analyses of team
processes in this study supported these findings. When viewed through this model,
our lack of evidence for team processes explaining team performance effects was

more understandable.

Implications

The findings of this study offered several theoretical and practical
implications. Research associated with the meta-analysis served as theoretical
support for categorizing team stress and as a warning to research and practitioners
that team stress has yet to be fully understood. While team stress did seem to
operate similarly to individual stress, it had different effects on teams than it does
on individuals. When the results of Study 2 are viewed through two models, the |D-

R Model and the Attentional Focus Model, our lack of support for team processes
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explaining team performance effects is readily explained. In situations of cognitive
overload, where team members were unconsciously reducing attention to
teamwork and focusing on their individual load (perhaps on what they are
responsible for specifically), self-report measures of processes were no longer valid

measures of these predictors.

These initial results also suggested that previous team stress research results
should be interpreted cautiously in that generalizations may be limited by the type
of stress experienced by the team. Furthermore, team stress research and team
process research should be interpreted cautiously in that generalizations may not
have taken into account that team processes may not be accurately reported by
individual team members experiencing quantitative stress. This is a troublesome
implication for the teams research literature in general and the team stress
literature in particular, but could also help us to generate more meaningful studies

like that of Drach-Zahavy & Freund (2007).

Limitations

Although the primary objective of this study was to address limitations and
contradictions in previous team stress research, the present research also had its
own limitations. First, a major limitation of the current meta-analysis was one that
reflected the current state of the literature on this topic - the lack of available
studies on this topic. In particular, team stress had only been categorized in the way

our research suggested that it should be in one study(Drach-Zahavy & Freund,
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2007). The results of the current meta-analysis were suggestive of a true
relationship between team outcomes (performance and effectiveness) and
quantitative team stress, however, it is the author’s hope that researchers will
continue to examine this relationship. Second, the data collection for Study 2 was
performed in a laboratory setting, using a real-time team task with dyads composed
of a small homogenous sample of psychology undergraduates. Third, team
processes were all measured by self-report in this laboratory setting and our
findings support the contention that self-report measures may be invalid in the kind
of high cognitive load task that is common in quantitative team stress. While this
task was realistic, the student participants had few anchors with which to rate their

team performance and processes as ‘good’ or ‘effective’.

Future Research

In particular the main recommendations for future research were focused on
categorization - both of the team situation and therefore stress, and measurement.
Previous team research has overlooked the fact that team stress does not function
as individual stress does, and an appeal to researchers to re-qualify past work to
allow for coding for quantitative and qualitative stress research would allow for the
development of a comprehensive model of team stress. Team process measurement
in situations where cognitive load could be a factor should move beyond self-report
measures. Many other potentially effective measures of team processes exist

ranging from physiological measures (e.g. eye tracking, cortisol measurements,
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team physiological responses) to simple data tracking (e.g. word counts in verbal
and written exchanges) to more sophisticated semantic and communication coding
that could be used to supplement or supplant survey measurements of team

processes.

Conclusion

In summary, the findings supported future categorization of the stress
situation teamwork takes place in. Furthermore, quantitative stress may have
limited team member cognition to the point that self-report measures of team
processes are not valid. Several new research directions were explored and
supported in the present research: the categorization of team stress, individual
theories that can be applied at the team level, and finally, potential issues with past
studies and future teams studies in regards to identification of study situations and
measurement of team processes. As this research provided a preliminary
exploration of these new research directions, given the implications of the results,
future research is needed to further confirm, explore, and extend the present
findings. Above all, the findings of the present study should be interpreted as an
appeal to future researchers to develop a comprehensive model of team stress,
situations, and processes to support effective teamwork designs. Until an
overarching theory of team stress is established that conceptually, theoretically, and
empirically unifies the team stress and processes literature, the conclusions drawn

from research will continue to be restricted. However, with the establishment of
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Appendix C: Process Control Simulation Task Tutorial Script

This script was accompanied by a flash video which utilized screen-casting and video
technologies to introduce participants to the simulation.

Welcome to the XPlant chemical plant simulator. In this study you’ll be operating a
simulated chemical plant. The exact chemical process isn’t important and you don’t
need to know any chemistry, but what is important is that you learn how to operate
the plant efficiently and safely as a team.

Please look at the diagrams in front you. You'll see that fluid enters the plant from the left
side, goes through the pipes into unit A1, then into A2, then into the center section,
then into B1, then B2, and then out of the plant. Your job is to monitor the
processing tanks as a team and make sure that the plant is running correctly.

The left operator will have control over tanks A1 and A2 and the right operator will have
control over tanks B1 and B2. You’'ll both have control over the center tank. All of
the controls for your tanks can be controlled with your mouse. But the center panel
pumps are manual controls - these are the black knobs on either side of the center
panel lights.

For each tank there are three important parameters to monitor: the level of the fluid in each
tank, the tank temperature, and the tank pressure. Note that the one exception is
the center panel - you only have to monitor the fluid level and pressure in this tank
- temperature is taken care of automatically.

All of the tanks, including the center panel tank, have color coded visual indicators or lights
that will tell you the status of the various parameters. If the indicators or lights are

green, then everything is okay. Yellow means you're a little too high or low (the
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visual indicator will tell you which) and red means you’re way out of limits and need
to take corrective action immediately.

The most complicated part of the system is the fluid level. For each tank, the fluid level
depends on the amount of fluid going into the tank and the amount of fluid coming
out of the tank. The amount of fluid going in and out of the tank is controlled by
adjustable pumps. Each tank has a pump coming into it and going out of it. But
because the tanks are linked, the pump that controls the fluid coming out of a tank
also controls the amount of fluid going into the NEXT tank. So you have to be careful
when you change a pump - it will affect both the tank in front of it (“upstream” from
it) and the tank after it (“downstream”). This is especially important to remember
for the center panel. The operator on the left controls the pump that is the input for
the center tank and the operator on the right controls the pump that is the output
for the center tank. Turning the knobs to the right increase flow and turning to the
left decreases flow. It is essential that both operators cooperate and communicate
to control both the center panel tank and the inputs and outputs of their own tanks.

You also have to monitor and control the temperatures and pressures in each individual
tank. This is relatively simple. Most (but not all) of the tanks have heaters that you
can switch on if the temperatures get too low, or refrigerator units that you can
switch on if the temperatures get too high. Note that not all of the processing tanks
have both heaters and refrigerators. You'll just have to work with these limitations.
Likewise pressure can be controlled to some extent using either the vents (to reduce
pressure) or the “pressurizers” to increase tank pressure. Some of the pressurizers
have manual controls but it should be obvious how to use them. The pressure for

the center panel is controlled by the pressurizer switches to either side of the gauge.
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Switching on both of the pressurizers will raise the pressure faster. There is no way
to reduce the pressure in the center console. Also, be sure to keep the center
pressure at the blue mark on the gauge. You will also have to monitor the fuel and
refrigerant supplies for your tanks. Operator A controls the Refrigerant Supply for
the entire system and Operator B controls the Fuel Supply for the entire system. On
screen messages will notify you when either is low. When you see those messages
you must inform your teammate so that they can increase your supply of either fuel
or refrigerant. This is accomplished by clicking the button at the bottom of the
screen that says either Fuel Supply or Refrigerant Supply, and increasing the level.

Another goal of this task is to maximize the amount of chemical you produce. This is
represented by the production units in the top right of Operator B’s screen. These
production units are increased or decreased by increasing or decreasing the output
of tank B2. Also be aware that in order for the plant to operate efficiently you need
to match the output units with the input units in the upper left of Operator A’s
screen. Input units are controlled by the input pump for tank Al.

We're about ready to begin. Remember that your goals for the plant are to work as a team
to keep all the tanks within their safety parameters, but also to maximize production
- to move as much fluid as you can through the plant. But your first priority is
keeping the tanks within their safety ranges. So we recommend that you start slow
- make only small changes to the fluid levels at first. Remember this is a team task
that requires communication and coordination in order to be completed

successfully.
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Appendix D: Difficulty curves for available simulator parameters

Note: “sin” = sin wave variability (Frequency, amplitude, offset)
A1 = component 1 of Subsystem A (i.e, first tank), B2 is the last tank, etc. CP is Center Panel.

Ranges & optimal Pressure Temp Level

Starting & optimal: 6 bar 70C 500Kkl

Total range: 1-11 20-120 0-999

Green range: 5-7 60-80 400-600

Yellow range: 3-5,7-9 30-40,80-90 200-400, 600-800

Team difficulty (except for CP these are starting levels; ---- = 500)*

Low Stress Condition High Stress Condition
Al level no computer-initiated variability 70,310, 500
A2 level no computer-initiated variability no computer-initiated variability
CP level no computer-initiated variability sin 70, 310, 500
CP press no computer-initiated variability simple leak = -0.20/sec
B1 level no computer-initiated variability no computer-initiated variability
B2 level no computer-initiated variability 76.5, 225,500

Performance Score Calculations

As previously stated the process control simulation provides performance scores on both
the individual and team level. Individual performance is measured by how much each
temperature, level and pressure parameter deviated from preset, optimum values. The
more successful the operator is at controlling his or her tanks, the smaller the deviation. To
create comparable and composite scores, all the raw scores produced by the program are
transformed into z-scores, to allow us to compare the varying levels of error. From there,
the researcher consulted with a subject matter expert who wrote the initial program to
determine that the most accurate reflection of team performance was a composite of the z-
scores for all error across the simulation; operator a, b, and the center consoles’ error for
level, pressure, and temperature. There were several other potential process and outcome
variables which could be computed with the available information. These were used in
exploratory analyses only and are listed here along with the method used for computing
them from the program output.

Team Performance (error): (A Level 1 + A Pressure 1 + A Temperature 1 + A Level 2 + A Pressure 2
+ A Temperature 2 + Center Level 1 + Center Pressure 1 + Center Level 2 + B Level 1 + B Pressure 1 +
B Temperature 1 + B Level 2 + B Pressure 2 + B Temperature 2)/15

Observed Team Coordination: (Output of B - Input of A) + (Output of Center Panel - Input of Center
Panel)

Center Panel Error: Center Level 1 + Center Pressure 1 + Center Level 2
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Appendix E: NASA-TLX Workload Questionnaire

Fill in the letter on your scantron that corresponds to the place on each
scale that best represents your experience of workload during the
simulation.

11. Mental Demand: How much mental and perceptual activity did the simulation
require of you (e.g., thinking, deciding, calculating, remembering, looking, searching,

etc.)?
a b C d e
Low Medium High

12. Physical Demand: How much physical activity did the simulation require of you (e.g.,
pushing, pulling, turning, controlling, reaching, etc.)?

a b C d e

Low Medium High

13. Temporal Demand: How much time pressure did you feel due to the rate or pace at
which the tasks or task elements occurred?

a b C d e

Low Medium High

14. Performance: How successful do you think you were in accomplishing the goals of
the task? How satisfied were you with your performance in accomplishing these

goals?
a b C d e
Low Medium High

15. Effort: How hard did you have to work (mentally and physically) to accomplish your
level of performance?

a b c d e

Low Medium High

16. Frustration: How insecure, discouraged, irritated, stressed and annoyed versus
secure, gratified, content, relaxed and complacent did you feel during the task?

a b c d e

Low Medium High
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For each of the following pairs, fill in the circle that represents the choice that had
more of an effect on your experience of workload. (In other words - indicate which
one caused the workload to be more stressful.)

KEY

Effort: Mental and physical work required to accomplish your level of performance.

Temporal: Pressure due to the rate or pace at which the task or parts of the task occurred.
Physical: Physical activity required (e.g., pushing, pulling, turning, controlling, activating, etc.).
Performance: Satisfaction with your performance.

Frustration:
the task.

Frustration (i.e., insecure, discouraged, irritated, stressed, and annoyed) felt during

Mental:

Mental and perceptual activity required (e.g., thinking, deciding, calculating,

remembering, looking, searching, etc.).

17. (a) Effort 18. (a) Temporal Demand 19. (a) Performance
or or or
(b) Performance (b) Frustration (b) Frustration
20. (a) Temporal Demand 21. (a) Physical Demand 22. (a) Physical Demand
or or or
(b) Effort (b) Frustration (b) Temporal Demand
23. (a) Physical Demand 24. (a) Temporal Demand 25. (a) Frustration
or or or
(b) Performance (b) Mental Demand (b) Effort
26. (a) Performance 27. (a) Performance 28. (a) Mental Demand
or or or
(b) Mental Demand (b) Temporal Demand (b) Effort
29. (a) Mental Demand 30. (a) Effort 31. (a) Frustration
or or or
(b) Physical Demand (b) Physical Demand (b) Mental Demand
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Appendix F: Modified Team Factors Questionnaire

Note: The Team Orientation questions were administered separately at the beginning of the
experiment prior to starting the task.

This questionnaire asks about various aspects of working in a team. Please fill in the
circle on your scantron with the letter that best describes your answer.

Neither
Strongly Agree or Strongly
Disagree Disagree Agree
1. Ilike working with other people. a b c d e
2. I could probably do better at most
tasks by myself. a b ¢ d €
3. Itrustwhen I work in teams that a b c d o
we will all do our best.
4. 1 'gene.rally enjoy working in a team a b c d o
situation.
5. Iexpect that my team will work a b c d o
well together.
6. Larger teams are usually worse for
a task, two people is usually a b C d e
enough.
7. 1expect that my team members will a b c d o

have some useful skills I don’t have.

8. I'm ok with the fact that when I do
teamwork I get judged as a team, a b o d e
rather than as individuals.

This questionnaire asks about various aspects of working in a team. Please fill in the
choice on your scantron with the letter that best describes your opinion.

Neither
Agree
Strongly nor Strongly
Disagree  Disagree Agree
32. I was so focused on my own actions it was
hard to keep track of what my teammates a b c d e
were doing.
33. I felt like my team was able to change our
strategy when the situation changed.
34. My team members and I exhibited good
leadership skills when it was necessary.
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35.

36.

37.

38.

39.

40.

41.
42.

43.
44,

45,

46.

47.

48.

49.

50.

51.
52.

53.

54.
55.

My teammates came to my aid whenever [
needed help.

At least one person in our team was good at
coordinating our actions.

[ knew that my teammates would do what
they said they would.

For most of this task we were all “on the
same page”.

We usually had an alternative plan when
something went wrong.

My team lacked firm leadership.

It'’s not my job to do my teammates’ work.

I was aware of it when someone else made a
mistake.

My team and | communicated effectively.

When a team member is overloaded I'm
typically able to help them.

It was hard for us to change our tactics when
things did not go as we expected.

My team had a hard time seeing things from
my perspective.

My team had a high level of trust in each
other.

We usually looked to one person to make the
most important decisions.

I was usually aware of how my teammates
were performing as we went through the
task.

We usually overcame unexpected obstacles.

It's not my job to do my teammates’ work.

My team and I usually had the same opinions
about what to do.

I’'m more concerned about completing my
tasks than what other team members are
doing.

We had good non-verbal communication.

My teammates trusted me with important
tasks.
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56.

57.

58.
59.

60.

[ usually knew what my teammates were
doing.

If a team member is overloaded I'm usually
willing to help them.

We were good at giving each other feedback.

My teammates looked to me for cues and
ideas.

[ was comfortable changing our plan quickly.
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Appendix G: Modified Team Factors Questionnaire Correlations

Note: The first 5 variables were used to study team processes in Study 2. The choice to exclude
variables was based on theory (Figure 1; Salas, Sims, & Burke, 2005) showing that the
excluded constructs should covary (e.g. Mutual Performance Monitoring depends on Team
Orientation, Team Leadership, Shared Mental Models and needs Closed Loop Communication
for optimal operation). Adaptability was excluded due to the nature of the task not being
believed to allow for true variance in that construct.

Table 13: MTFQ Correlations

Variable (Teamwork

Process) 1 2 3 4 5 6 7
1. Team Orientation -

2. Team Leadership .33 -

3. Backup Behaviors -.04 31 -

4. Shared Mental Models .08 .38 56" -

5. Closed Loop -21 .30 457 73" -
Communication

Not included in primary analyses:

6. Mutual Performance -12 19 22 -.04 -.18 -
Monitoring

7. Adaptability 16 .59 49" .64™ 67" 17 -
8. Mutual Trust -.13 46" 24 .68™ 74" -04 54"

Note. **p <.01, * p <.05 (2-tailed). N =26, no deletions necessary. Internal reliability coefficients for measures
are presented in the methods section; all reliabilities a=.70.
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Appendix H: Proctor Records Form & Experimenter Script

Tearn 1
Tearn 2
Tearn 3
Tearn 4
Teamn 5
Tearmn &
Tearmn 7
Team &
Team 9
Tearmn 10
Team 11
Team 12
Team 13

Proctor mmno«MmrE,:,.

: Team Process Study

Teammate Relationship

Tallies: LL
Just Met:
Know:

HH

Length (¥rs, Mons, Whs

Experimenter Initials & Motes
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Procedure: Team Process Study
(B. Brown Dissertation, Spring '11)

Lab Preparation:
- Turn on power strip (corner behind computer B)
- Turn on computer A & B (button on front of towers)
- Enter password on each computer: fred
- Click ok on error on PC A
- Besure to leave the door a little open so students can find the lab, place the sign on
the door

Before Team Arrives:

- Choose condition (use Proctor Records Form based on time of day and past runs)
- Mark Scantrons with identifier (Team#+Computer+Condition)
- Put materials at each station (marked scantrons, questionnaire sheet)
- Setup PC’s for training run
o Run setup programs on each PC, choose LL
o Run xplant B, wait
o Runxplant A
- Make sure the middle console level knobs are aligned with the small marks
- Be sure the HPR sign in sheet and informed consent forms are by the main door
entrance

When Team Arrives:

O»"Please do not touch the computers until instructed.”
- Have them fill out:
o HPR sign-in sheet (keep this separate, by the door, far from the other
materials)
o Informed consent (take up immediately, file while they watch the training
video)
o Show them where to sit, the scantron, and have them complete the Initial

Questionnaire

Once they’ve completed the initial questionnaire:

“Now we'll watch a short orientation for the process control simulator.”
- Play the video
nswer any questions; remind them that some pressure may just have to drop back
down if there is no vent.
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- Let them run through the program on LL for 5 minutes. Feel free to encourage
teamwork and communication verbally, restart the program if need be, but they
ONLY GET 5 MINUTES.

Once they’'ve completed the training and you’ve answered questions:
LOW STRESS CONDITION:

O:We’re about ready to begin. Remember that your goals for the plant are to work as
a team to keep all the tanks within their safety parameters, but also to maximize
production - to move as much fluid as you can through the plant. But your first
priority is keeping the tanks within their safety ranges. So we recommend that you
start slow - make only small changes to the fluid levels at first. Remember this is a
team task that requires communication and coordination in order to be completed
successfully. Any questions before we begin?”

- Begin simulation experiment
o Run xplant B, wait
o Runxplant A
- Allow operator A to start. TIME THEM FOR 10 MINUTES ON THE SIMULATION,
have them choose emergency shutdown when the time is up.

HIGH STRESS CONDITION:

O:We’re about ready to begin. This task will be more difficult than the test run
ou just completed; the plant conditions will be less stable. You are very likel
to experience stress while managing the plant. Remember that your goals for
the plant are to work as a team to keep all the tanks within their safety parameters,
but also to maximize production - to move as much fluid as you can through the
plant. But your first priority is keeping the tanks within their safety ranges. So we
recommend that you start slow - make only small changes to the fluid levels at first.
Remember this is a team task that requires communication and coordination in
order to be completed successfully. Any questions before we begin?”
- Setup PC’s for high stress condition
o Run setup programs on each PC, choose HH
o Run xplant B, wait
o Runxplant A
- Allow operator A to start. TIME THEM FOR 10 MINUTES ON THE SIMULATION,
have them choose emergency shutdown when the time is up.

Once they’ve completed the experiment simulation:

“Please complete the final portion of your questionnaires. Once you've completed
them, your participation will be complete.”
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Once they’'ve completed the questionnaires, check their scantrons (should have 63
bubbles) and allow them to leave.

Once data collection is complete for the day:

File all papers appropriately
On each computer:

o

COPY the data files created by the program into a new folder labeled with
the date (you may want to check them, and do this very very carefully)
COPY this new folder with the folders in it onto a thumb drive

Take those files and using your own computer, save them in your own
folder, and then e-mail them to brandy.a.brown@gmail.com,

Enter participants into hpr immediately

Shut down both the computers

Turn off the power strip, be sure everything is ready for the next session
(pencils sharpened, etc.)

Close up the lab (be sure door locked, closed all the way, etc.
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Debriefing:

Thank you for participating in this research study. You have helped increase the knowledge
of how stress affects teamwork.

This study was an examination of how different levels of workload affect teamwork
variables. Stress happens at work, but it is unknown just how it affects teamwork. In
reviews of the literature it was discovered that there are different types of stress teams can
experience - so our teams experienced either a normal workload or a very high workload.
Then you reported information regarding your teamwork in the task, which will allow us to
compare teamwork under different levels of stress and discover. Your results, along with
those of the rest of the participants, will be analyzed in order to draw conclusions about just
how teamwork is affected by stress.

If you'd like more information regarding teamwork please see:
Salas, E., Sims, D., & Burke, C. (2005). Is there a 'Big Five' in Teamwork?. Small Group
Research, 36(5), 555-599.

If you'd like to receive a short report on the results of this study when it is completed,
please e-mail brandy.a.brown@gmail.com with the subject line: Team Stress Results.

Thank you so much for your participation!

(If you’d like a copy of this debriefing form, please ask your proctor.)
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Appendix I: Teammate Composition & Performance Perception Questions

Note: The following questions appeared on the initial questionnaire below those measuring
Team Orientation.

9. Do you know your teammate? (a) no (b) yes
10. If yes, how well do you know (a) just (b)
this person? met casually (c) well  (d) very well

If you have not just met, tell your proctor how long you have known this person.
They will record this information with your session number; no identifying details
will be noted.

Note: The following questions appeared at the end of the final questionnaire below those
measuring teamwork.

Very Very
Poorly Okay Well
61. In your opinion how well did your team b d
perform this task? a ¢ €
Not
At Regggzlsli)l’)le EDLILE Y
All
62. To what degree were you individually
: ) a b C d e
responsible for the team’s performance?
63. To what degree was the other person . b . d o

responsible for the team’s performance?
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Appendix J: Exploratory Correlation Analyses

Table 14: Team Process and Alternate Performance Metric Correlations by Condition

Condition 2 3 4 5 6 7 8 9 10
Low 1. Team Performance (Error) -
Stress 2. Center Panel Error 0.67* -
3. Observed Team Coordination 0.05 0.25 -
4. Team Orientation 0.22 0.30  0.59* -
5. Team Leadership -0.22 -0.15  -0.07 0.23 -
6. Backup Behaviors -0.05 -0.07 -0.15 0.20 0.63* -
7. Shared Mental Models -0.10 -0.01 -0.12 0.10 0.70*%* 0.63* -
8. (Closed Loop Communication -0.45 -0.59*  -0.24 -0.20 0.56* 0.40 0.66* -
9. Mutual Perf. Monitoring 0.27 0.09 0.15 0.29 0.20 0.12 0.18 -0.16 -
10. Adaptation 0.08 -0.19 -0.13 0.20 0.76** 0.59* 0.64* 0.67* 0.32 -
11. Mutual Trust -0.06* -049 -0.18 -0.19 0.48 0.18 0.66* 0.82** -0.25 0.42
High 1. Team Performance (Error) -
Stress 2. Center Panel Error 0.63* -
3. Observed Team Coordination 0.08 -0.54 -
4. Team Orientation -0.24 0.40 -0.45 -
5. Team Leadership -0.11 0.22 -0.08 0.44 -
6. Backup Behaviors 0.24 -0.08 0.10 -0.23 -0.08 -
7. Shared Mental Models -0.39 -0.24 -0.30 0.06 0.00 0.50 -
8. (losed Loop Communication -0.22 -0.26 0.00 -0.23 -0.06 0.51  0.81** -
9. Mutual Perf. Monitoring 0.53 -0.01 0.47 -0.50 0.10 0.26  -0.23 -0.23 -
10. Adaptation -0.22 -0.23 0.21 0.2 0.33 0.38 0.65* 0.68*  -0.03 -
11. Mutual Trust -0.16 -0.22 0.02 -0.09 0.42 0.30  0.71** 0.65* 0.17 0.69**

Note. **p < .01, * p <.05 (2-tailed). N = 26. Performance was measured using error scores; low error is equivalent to high performance.

63



Table 15: Team Member Performance Perceptions Correlates with Team Performance Metrics by Condition

Observed Team

Condition Variable Team Performance Center Panel Error Coordination
Low Stress  A: Perc. Team Perf. -0.11 -0.29 -0.19
B: Perc. Team Perf. -0.42 -0.24 -0.35
A: Individually Responsible -0.05 -0.10 -0.15
B: Individually Responsible 0.01 0.15 0.23
A: Other Teammate
Responsible -0.05 -0.10 -0.15
B: Other Teammate
Responsible -0.03 -0.41 -0.80**
High Stress  A: Perc. Team Perf. -0.27 -0.24 0.01
B: Perc. Team Perf. 0.05 0.05 -0.18
A: Individually Responsible 0.21 -0.16 0.51
B: Individually Responsible 0.07 0.41 -0.49
A: Other Teammate
Responsible -0.59* -0.23 -0.51
B: Other Teammate
Responsible -0.28 -0.51 0.61*

Note. **p <.01, * p <.05 (2-tailed). N =26. A & B represent which operator’s perceptions are being reported. Performance was measured using error scores;
low error is equivalent to high performance.
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Table 16: Team Member Performance Perceptions Correlates with Team Processes by Condition

A: Other B: Other
A: Perc. Team B:Perc. Team A:Individually B: Individually Teammate Teammate

Condition Variable Perf. Perf. Responsible Responsible Responsible Responsible
Low Team Orientation -0.11 -0.15 -0.34 -0.31 -0.34 -0.20
stress Team Leadership 0.75** 0.64* -0.12 -0.47 -0.12 0.09

Backup

Behaviors 0.58* 0.01 -0.11 -0.36 -0.11 0.08

Shared Mental

Models 0.66* 0.41 -0.09 -0.64* -0.09 0.14

Closed Loop

Communication 0.74** 0.38 0.04 -0.54 0.04 0.31

Mutual

Performance

Monitoring -0.02 0.11 -0.05 -0.36 -0.05 0.01

Adaptability 0.67* 0.23 -0.25 -0.54 -0.25 0.20

Mutual Trust 0.59* 0.50 -0.26 -0.39 -0.26 0.24
High Team Orientation 0.02 -0.40 -0.18 0.14 0.30 -0.01
Stress Team Leadership 0.12 -0.01 -0.11 0.17 0.01 -0.24

Backup

Behaviors 0.36 0.02 -0.11 -0.70** 0.01 0.26

Shared Mental

Models 0.76** 0.40 -0.61* -0.45 0.58* 0.15

Closed Loop

Communication 0.81** 0.52 -0.74** -0.41 0.46 0.24

Mutual

Performance

Monitoring -0.26 0.05 0.63* -0.30 -0.65* -0.02

Adaptability 0.80** 0.17 -0.43 -0.55 0.18 0.41

Mutual Trust 0.64* 0.45 -0.43 -0.31 0.25 -0.01

Note. **p <.01, * p <.05 (2-tailed). N =26. Perceived team performance and all other items were measured on a 1-5 Likert scale, with 5 representing high performance

and high responsibility respectively.
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