The Pennsylvania State University
The Graduate School

College of the Liberal Arts

THE EFFECTS OF STORYTELLING AND REFLEXIV ITY ON TEAM MENTAL

MODELS AND PERFORMAN CE IN DISTRIBUTED DE CISION-MAKING TEAMS

A Thesis in

Psychology

by

Rachel Tesler

© 2011Rechel Tesler

Submitted in Partial Fulfillment

of the Requirements

for the Degree of

Master of Science

May 2011



The thesis oRachel Teslewas reviewed and approved* by the following:

Susan Mohammed
AssociateProfessor of Psychology
Director of Gradute Training
Thesis Advisr

Richard A. Carlson
Professor of Psychology
Associate Head

Alicia Grandey
Associate Professor of Psychology

Melvin Mark
Professor of Psychology
Department Head

Michael McNeese
Professor of Information Sciences and Technology
Associate Dean for Research and Graduate Programs

*Signatures are on file in the Graduate School



Abstract
With the increasing number of virtual teams in the workforce, it is imperative to determine how
to facilitate their performance (Cascio & Aguinis, 2008rtins, Gilson, & Maynard, 2004).
While team training and team mental models have been found to have positive effects on team
performance, there are numerous unexplored team training tools and potential antecedents of
team mental models that could further facilitate successful team outcomestully addressed
these needs by investigating the effects of two tkev@l interventions, storytelling and guided
team reflexivity, on team mental model similarity and performanteomes. One hundred
seven 3person teams participated in NeoCITIEScaledworld simulation designed to mimic
emergency isis management situations in a distributed team environment. The presence of
bothstorytellingand guided team reflexivity wasanipulated.Results indicated that
storytelling,whencombined with rdéxivity, had a positive effect on team mental model

similarity and subsequent team performance.
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Introduction

Structural andechnological changes are becoming increasingly prevalent in the
workplace. Two particularly noticeable trends are the flattening of organizational hierarchies and
the inaease of sophisticated technology (Bell & Kozlowski, 2002b; Devine, Clayton, Phillips,
Dunford, & Melner, 1999; Lawler, Mohrman, & Ledford, 1992, 1995; Makkathieu,&

Zaccaro, 2001). Without a clear hierarchical power atredio direct employeea their
responsibilitiesteams are becoming a prevalent method of accomplisashkg in the workplace
(Kozlowski & llgen, 2006). Likewise, technology is enabling numerous employees to work
from remote locations (telecommuting). In fact, in 2003, over illl®mpeople were reported to
be telecommuting, with an average annual growth rate of 22% (U.S. Department of
Transportation, 2003). When telecommuters, or any workers distributed across different
organizations, locations, and/or tirmenesuse technologto worktogether as a team, this can be
considered a “virtual team” (Martins, Gilson, & Maynard, 2004; Townsend, DeMarie, &
Hendrickson, as cited in Bell & Kozlowski, 2002b).

While there has been an explosiorieadm research over the past decade, Cascio
Aguinis (2008) concluded that there are still areas requiring further study to bridge the gap
between science and practice. Based on their content analysidmfratl of Applied
PsychologyandPersonnel Psychologrticlespublished between 19G$hd 2007, they
recommended that “strategies for...managing the performance of members of global virtual
teams” be investigated in future research (p. 10Bécausever 60% of professional
employees are now involved in virtual teams (Kanawattanachai & X@fi9),it is important to
understand what facilitates their performanddisstudy looked astorytelling and guided team

reflexivity as two potential contributors to team mental models and virtual team performance. In



addition, team mental models (i.¢he overlapping of team membeosyanized mental
representations daskrelevant information; Mohammed & Dumville, 2001; TMMvere
examined as potentialmediator betweethe storytelling and guideteam reflexivity
interventionsand virtual team pérmance.

Storytelling is one of the oldest methods of transmitting knowledge across people and
generations (e.g., Bal, 1997; Denning, 2001; Rosen, Fiore, McDaniel, & Babasss). With
specific regard to teams, a story (also referred to as a ‘wafjatan be defined as a “structured
expression of a given team member, or team’s experiences” (Fiore, McDaniel, & Jentsch, 2009,
p. 29). Storytelling has been described anecdotally as improving team learning and performance
(e.g. Bartel & Garud, 2009;dnhning, 2001; Fiore et al., 2009; Rosen etirapres$, butto my
knowledge this has ndeen empirically tested as a plantedmintervention. Team reflexivity
refers to a team'’s overt reflection on its performance and goals (West, 1996), andepided
reflexivity specifically refers to a planned intervention to elicit team reflection (Gurtner, Tschan
Semmer, & Nagele, 2007). Reflexivity has been empirically investigated, but mainly as a
naturally occurring phenomende.g, Carter & West, 1998; ®Dreu, 2007; Schippers, Den
Hartog, Koopman, & van Knippenberg, 2008), as opposedjisided interventiorc{. Gurtner
et al., 2007). Therefore, the purpose of ghigly wago empirically investigate the impact of
storytelling, as well as guided teagflexivity, on two outcomes in virtual team&MM
similarity and team performance.

Four main contributins can be derived from thissearch, which are enumerated in the
paragraphs below. First, storytelling theargsextended to teams in the empiridalmain. A
small amount of anecdotal and thetwgsed literature has described the positive effects of

storytelling on outcomes such as team innovation and performance (e.g., Bartel & Garud, 2009;



Denning, 2001; Fiore et al., 2009), but no empirical rese@io my knowledge) has been
conducted to test teeexisting propositionsSimilarly, dthough there have been numerous
research efforts addressing tools and strategies for training teams (e.g., Blickensderfer, Cannon
Bowers, & Salas, 199Marks, Sabdh, Burke, & Zaccaro, 2002/olpe, CannofBowers, Salas,
& Spector, 199§ storytelling has notdenexaminedas a formal intervention for transmitting
knowledge but rather as a naturally occurring, informal evdntaddition, b my knowledge
there areno empirical investigations dhe effects of any kind of storytellingrhus, this research
not only expandshe storytelling construct toeérempirical domain, but d@lso leveragethe
potentialpower of storytelling as a team training intervention.

The second contributioof this research waidentifying a new potential antecedent of
TMMs. In their review of existing TMM research to date, Mohammed, FerzamdiiHamilton
(2010 stress that the outcomes of TNMave been the main focal point of TMMgsearch.
Indeed,TMMs have been shown to be important determinants of team performance (e.g.,
DeChurch & MesmeMagnus,2010s; DeChurch & MesmeMagnus,201(; Ellis, 2006;
Mathieu, Heffner, Goodwin, Salas, & CanrBowers, 2000Smith-Jentsch, Mathieu, &
Kraiger, 2005) but Mohammed and colleagu&910 recommend that more attention should be
given to potential antecedents of/tools for improving T&A8 well For example, Marks and
colleagues (2000) found that leader briefings and team interactioimgragd a positive effect
on TMM similarity and accuracyln addition Fiore et al. (200Psuggestedh a theoretical piece
that storytelling may have a positive impact on cognitive structures such as bividistering a
shared understanding of the staryheaning. However, storytelling has not been empirically

investigated as an antecedent of TBIMVith Mohammed and colleague&0(10



recommendabn in mind, there wawvalue inexaminingstorytellingasan additional predictor of
TMMs.

A third contributonwas the expansion of research gaoided team reflexivity.
Reflexivity is most commonly defined as “the extent to which group members overtly reflect
upon the group’s objectives, strategies, and processes, and adapt them to current or anticipated
endog@ous or environmental circumstances” (West, 1996, p. 558jilar to the occurrence of
storytelling, reflexivity can either naturally arise, or it can be used as a formal intervention to
encourage growth and awareness of a team’s circumstances arglestr@te, guided team
reflexivity; Gurtner et al., 2007; guided team sadirection training; Blickensderfer et al.,
2007). While there has been some research on the effects of naturally occurring team reflexivity
on outcomes such as mental health teaan performance (e.g., Carter & West, 1998; De Dreu,
2007; Schippers, Den Hartog, & Koopman, 20@7gppears thabnly one empirical articlbas
addressed the use of guided team reflexivity (Gurtner et al., 2007). Howear of the
reflexivity respmsibility wasplaced upornhe team leadeais opposed to team members in this
study Therefore, thcurrentresearch aimetb strengthen conclusions on the effectiveness of
using reflexivity as a planned team intervention in situations where all team nseimalve
potentially valuable information and insights to provide.

The final contribution of thiseseath is that itaddressdthe call from multiple
researchers for mostudieson virtual teamsg.g.,Cascio & Aguinis, 2008; Martins et al.,
2004). Martns and colleagues (200dYyen specifically notethat “higher level cognitive
outcomes..[in virtual teams] have not been examined extensively” (p. 822). Therefore, the three
prior contributions that #hstudy has providedan all fall under the larger coittution of

expanding research on virtual teams. In other words, the effects of storytelling and guided team



reflexivity werespecificallyinvestigated in aistributedcontext and the examination of TMM

development in such a context directly addreskeatbncerns of Martins and colleagues (2004)
Thisthesishas been organized to facilitate a background understanding of the relevant

constructs before describing tsieidy’shypothesesmethodologyand results Specifically, a

brief overview of virtuateams and related research will be presented. Bh@viewof TMMs

will be provided, followed by literature reviews on storytelling and guided team reflexivity. In

providing rationale for the hypotheses, thktertwo constructs’ proposed relationshiith

TMMs and team performance will be explored. Finally, an experiment designed to manipulate

storytelling and guided team reflexivity in a virtual teaomtext will be introducedfollowed by

results and discussion

Virtual Teams

Virtual teams (V'B) are defined as “groups of geographically and/or organizationally
dispersed coworkers that are assembled uscoyrdpination of telecommunications and
information technology to accomplish a variety of critical tasks” (Townsend, DeMarie, &
Hendrickson1998. Whilethere are variations on this definition, Bell and Kozlowski (2002b)
stress that spatial distance and communication method are the critical components that determine
“virtualness” More specifically, VT members are not-tarated, and regardleséwhether they
are only a few miles or countries apatrt, this affects the nature of how they communicate with
each other. While less virtual (e.g.;lo@ated) teams rely heavily on fateface interactions,
teams high on virtualness mainly rely on tedbgg-mediated communication such amail,

chat, and videoconferencing to communicate with each other.



Martins and colleagues (2004) note that virtual teams often do not differ from
conventional teams with respect to their end goals, but rather itheyvdefine and approach
their goals. Specifically, VTs may have more difficulty establishing shared goals due to
decreased interactions; therefore, Bell Kozlowski (2002b) recommend that leaders provide
formalized goals for virtual teams. In additim@me studies suggest that VTs communicate less
frequently, take longer to reach decisions, and have lower performance oufeamésidres
2002;Bhappy Zellmer-Bruhn & Anand1997;Graetz, Boyle, Kimble, Thompson, & Garlgch
1998. However, theseridings are not conclusive, as other studies have found that VTs
communicate just as frequently and make decisions of equal or greater quality as conventional
teamg(e.qg.,Hiltz, Johnson, & Turoff1986 JarvenpaaRao, & Huber1988;Schmidt, Montoya
Weiss& Massey, 2001).

In light of many inconsistent findings when comparing virtual and conventional teams,
Martins and colleagues (2004) recommend further empirical investigation of the effects of team
virtualness on team outcomes. In particular, the sheatt inconsistent findings may be
explained by a lack of research on mediating and moderating variables. Furthermore, they note
that although team performance has often been studied as an outcbhen®Tnliterature,
cognitive outcomes have noT herdore, thisstudy incorporatethese recommendations by
examining the TMM construct as both an outcome in itselfaaral mediatar TMMs are further
described below.

Team Mental Models

TMMs represent “team members’ shared, organized understandimgeantdl

representation of knowledge about key elements of the team’s relevant environment”

(Mohammed & Dumville, 2001, p. 90). This allows team members to have a similar



interpretation of what is occurring and to better adapt and coordinate their agtamdréss a
given task (CannoeBowers, Salas, & Converse, 1993). This can be especially difficult to
achieve in virtual teams due tiwam opacityor the absence of normally salient visual, auditory,
and social team member cues (Fiore et al., 2009). uBedhaese cues can be important
facilitators of group processes, team opacity could have a detrimental effect on the amount of
knowledge that is shared across team members (i.e., TMM similarity). Thus, it is especially

important to determine how to fatdte TMM development in virtual teams.

TMM Content

Two main types oTMM content have been examined in the literature:-takited (i.e.,
equipment and task requirements) and tealated (i.e., team member roles and team interaction
patterns)e.g., @nnonBowers et al., 198, Mathieuet al.,2000; Mohammed & Dumville,
2001). Furthermore, TMBIcan represent different types of knowledge such as declarative
(what), procedural (how), and strategic (context and application; RGaseaorBowers, &
Salas1992) Thus, team members often possess mulliMéls simultaneusly (Mohammed et

al., 2010.

TMM Similarity and Accuracy

The TMM constructcan repesent similarity/overlap amongrious team members’
models, and itan also represent the accuracyhaise models. TMM similarity is also often
referred to as “shared.” Whilmembers’ TMMs need nobe identical, some overlap is useful for
team performance (e.g., DeChurch & MesiltEgnus,2010s, 201M). The ideal amount of

overlap may depend on variowfors such as the type of task and the content of the TMM, but



has not been thoroughly invesdted (Mohammed et al., 2010 MM accuracy has not received

as much attention when compared to TMM similarity. If a team’s mental model is inaccurate,
thenhavng a shared awareness of that information may not enhance performance. Thus, TMM
similarity in tandem with TMM accuracy may have the most positive impact on team outcomes
(Mathieu et al., 2005; Mohammed et @010. However, research on TMM accura@sh

produced more mixed results as compared to TMM similarity (&larks et al., 2000Mathieu

et al., 2005; Webber et al., 2Q00T herefore, for th@urposes of this studyfécusedon TMM

similarity.

Outcomes of TMK!

Team performance has been the hegensively investigated outcome of TMM
similarity. Various studies and metaalyses have suggested that TMM similgpgitively
predicts teanperformance (e.g., DeChurch & Mesniagnus,201(, 201; Ellis, 2006;
Mathieu et al., 2000; SmibentschMathieu, & Kraiger, 2005), although there areonsistent
findings regarding the relative strengths of different content areas. For example, some research
has foundhat taskwork mental model similarity has a stronger effect on team performance than
teamwork models (e.g., Cooke et al., 2001; Mathieu et al., 2005), while other research has found
that only teamwork mental model similaritas a direct effect on team performance (Mathieu et
al., 2000). Still other research has found that the interactithedwo content areas has a
significant effect on performance (e.g., Smidgmtsch et al., 2005). Finally, team processes such
as communication and coordination have been found to metetelationship betweerviM

similarity and team performance (e.Gurtner et al., 2007; Mathieu et al., 2000).



Antecedents of TM#

Outcomes of TMM have clearly been the main focus of TMM research, aodavhmed
and colleagues (201@ecommend that more attention should be given to predictors and tools
that foster MM development. Existing research on antecedents of k&4 found that team
member characteristics, context, and team interventions influence the development 8f TMM
(e.qg., Ellis, 2006; Marks et al., 2000; Smitbntsch, Campbell, Milanovich, & Reynol@§01)

For example, job tenure and experienage positively related to shared TMMSmith-Jentsch
et al.,2001), while streswasnegatively related to shared TMNEIlis, 2006). Teanrtevel
interventions such as training (Marks et al., 2000) andxieilg (Gurtner et al., 2007) have also

been shown to be positively related to TMMs, as will be discussaabsequent sectien

Storytelling

Stories, or arratives, may be one of the oldest methods of retaining and transmitting
knowledge acrosgeneations (Denning, 2001; Fiore et al., 2009 he terms “narrative” and
“storytelling” have been used interchangeably, as they both reflect the concept of expressing
one’s experiences (Fiore & McDaniel, 2006; Fiore et al., 2009). They will continue tebde u
interchangeably in this paper.

A story’s purpose is to clearly structure and convey complicated ideas in a simple way
(Carter, 1993; Denning, 2001; Doyle & Carter, 2003; Klein, 1998). A story may also facilitate
problem solving when a situation immaiguous with no clearly defined correct solution (Bartel &
Garud, 2009; Roseet al, in press). The story’s content should be long enough and detailed
enough to contain specific features such as a protagonist, a setting, a central theme, and an

ending Klein, 1998; Fiore & McDaniel, 2006). In addition, to be considered a,dtmeye must



be various narrative components present (Bruner, 1991). For exaonext sensitivityefers
to how a story’s recipient may interpret the story based on his/lebagkground, while
canonicity and breacldescribes how a story must be interesting, with a surprising deviation

from the expected sequence of events (Bruner, 1991).

How Stories Convey Meaning

Stories are intended to be engaging, drawing the audierasaiallowing it to become
connected to the protagonist via empathy, thus elucidating and enhancing the deeper meaning of
the story (Denning, 2001; Klein, 1998). More specifically, a good story will allow the listener to
see the application to his/her nwontext, thus allowing learning to occur. This bridging of
ideas is termed “translation” and the story is the mechanism, or “boundary object,” by which
translation can occur (Bartel & Garud, 2009).

Some research on the application of narrativesd@asséd on the individual level. For
example, narratives have been explored as mechanismofdem solvingeffectively teaching
students new concepts, creating @tional computer programsndcomprehending blogs
(Abrahamson, 2005; Ang & Rao, 20@8ick & Holyoak, 1983;Pachler & Daly, 2008).

However, the use of storytelling may be particularly important for teams, who must foster a
sense of communication and collaboration in order to perform effectively. For examart, B
and Garud (2009heoriz how storytelling can effectively allow teammate collaboration in
innovative organizations. Specifically, teammates from different disciplines may find it difficult
to convey their solutions for thieam’s deep level issues without causing confusiorrasudt of

the more disciplinespecific, surfacdevel details. Thus, finding an effective story that can

10



“translate” across disciplines can help mdigciplinary teams and organizations achieve their
goals.

Fiore and colleagues (2009) furthikeorizehow storytelling may have positive
implications for distributed teams by connecting team members socially, cognitively, and
affectively. For example, storytellingpay enhance social interaction by overcomimg less
rich and perhaps asynchronous commaitii dynamics accompanying virtual teandsmore
cognitive-oriented question would be how distributdetisionmaking andTMM s are affected
by storytelling. Finally, storytelling may have an affective impact, such as improving cohesion
and trust in virtal teams. However, Fiore and colleagues (2009) stress that empirical research
needs to be conducted. Therefahe, proposed study specifically measures the use of narratives

in virtual teams.

Content of Stories

Fiore and colleagues (2009) ndhat te literature on storytelling tends to stem from
business and organizational science, where stories typically reflect actual experiences of
employees or group members. Similarly, Bartel and Garud (2009) discussed how employees
would help others understaadd incorporate the knowledge underlying their innovations by
describing the “set of events and the contextual details surrounding their occurrence” (p. 108).
FurthermoreFiore and colleagues (2009) and Rosen and colleagues (in press) describe how
stories can convey each team member’s-fianhd experiences, cumulating to an overall better
picture of the situation. While these examples certainly convey the possibility of imparting
knowledge via storytelling, they do not acknowledge whether the coritiéd story (i.e., first

hand experience versus more individually removed knowledge) differentially affects learning.

11



Denning (2001) takes the position that stories should be “close to home, but not too
close” (p. 128). That is, stories will have moreanfimpact when they involve a topic that a
person can relate to, but that has not been experienced personally or does not eexkanye
strong personal opinions. In that line of thinking, it may be that stories do not have to be based
in truth or fist-hand experience at all in order to facilitate understandiadong as they are
relatable This may be particularly important in the context of team training. In other words,
some of the existing literatuteasfocused on storytelling as an-hdc reaction to circumstances
that facilitates team member understanding and prebt@wing (e.g., Bartel & Garud, 2009;
Fiore et al., 2009). However, if a team encounters circumstances with which no member is
personally familiar, then reactive storytellingnist useful. Rather, if any story with relevant
content can be proactively shared in ftwen of a training intervention, then this could have a

positive effect on team members’ understanding and subsequent performance.

Storytelling as a Team Trainirlgtervention

Team training can be defined as “a set of strategies that create a context in which team
skills can be practiced, assessed, and learned” (Salas & GBomaas, 1997). There have been
numerous research efforts addressingrseapproaches ttraining teams. For example,
lectures, group activities, simulations, and feedback have all been suggested as useful tools for
improving team performandé&oldstein & Ford, 2001)Specific types of team trainingclude
crosstraining (i.e., training ezh team member on other team members’ tasks, duties, and
responsibilities; Blickensderfer, CannBowers, & Salas, 1997; Marks et al., 200]pe,
CannonrBowers, Salas, & Spector, 1996am coordination and adaptation training (i.e.,

improving teamworland team decisiemaking abilities; Kozlowski & llgen, 2006; Salas &

12



CannonrBowers, 2000), and team interaction training (i.e., “the training of task information
embedded in the necessary teamwork skills for effective team task execution”; Marks et al.,
2000, p. 974). However, little research has been conducted on the use of narratives as a tool for
team training.

As mentionegreviously teams may encounter novel situations, making it very difficult
for personal narratives to be effective. However, b&eedtus important for teams to be able to
adapt to varying situations and respond accordingly (Coovert, Craiger, & GBomaers, 1996;
Marks, Zaccaro, & Mathieu, 2000), then not only should storytelling be purposefully introduced
as a proactive trainingtervention, but it should address key teamwork skills that could be more
effective across a wide range of conditions than specificttaskng Marks et al., 2000;

Stevens & Campigril999.

Storytelling and Team Performance

Although there is not mucdémpirical research upon which to base hypotheses regarding
storytellingas a training interventioand team performance, prior studies have found that
training in general has a positive relationship with performéace, Salas, Nichols, and
Driskell, 207; Rapp & Mathieu, 2007; Volpe et al., 1996-or exampleYolpe and colleagues
(1996) found that crossaining improved team performance on a flight simulation task, while
Rapp and Mathieu (200d)jscovered thatchnologybased generic skills trainingcreased
MBA student team performancédditionally, Salasand colleague@007)conducted a meta
analysis of seven studies involving training strategies and found a small to moderate effect size

on team performance.

13



With respect to storytelling anc&eformanceFiore and colleagues (2009) suggested that
narratives “can be used to facilitate the transfer, comprehension, and retentiondlétad
information..to better improve...overall team performance” (p. 35)r examplestorytelling
can facilitde understanding of complex ideas, thus enabling team memlegage in
collaborative problem solving and achieve performance goals (Bartel & Garud, 2009; Denning,

2001: Rosen et al., in presshherefore, | propose the following:

Hypothesis 1: Storgtling is positively related to team performance.

Storytelling and Team Mental Models

According to Salas, CannéBowers, and Johnston (1997), team training is intended “to
foster in team members an accurate and sufficient mental representation of theeskteam
structure, team role, and the process byctvthe two interact” (p. 362). Therefore, training has
been investigated asmechanism for TMM development (Mohammed et2811,0. For
example, Marks and colleagu&900) demonstrated that team intéi@c training had a positive
effect onTMM similarity, while SmithJentsch et al. (2001) found their comptliesed training
on generic teamwork skills positively affected teamwork mentadels. Furthermore, Marks et
al. (2002) sbhwed that crossraining elicited similar teaminteraction mentamodels. These
experimentsupport the idea that training can have a positive impact on TMMs, but no prior
empirical research appears to have addressed the use of storytedlitrgiasg tookdespite
anecdotal ad theoretical support, as well as the call for more research on antecedents f TMM

(Mohammed et al2010.
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There has been conceptual literature discussing how narratives can eelamce
cognition by allowing thétranslatiori of ideas across disciples (e.g., Bartel & Garud, 2009;
Fiore et al., 2009). If translation allows different parties to have a shared understanding of a
narrative’s deeper meaning, then this is presumably a result of developing shared mental models.
Fiore and colleagues (2008pecifically indicate that narratives should be investigated for their
potential as a tool in cognitive learning task$eypropose that when information is presented
“through the lens of...narrative perspective...[this] may strengthen a team’s sharetl menta

model associated with their task and teammates” (p. 34). Thus:

Hypothesi®: Teams whee membergeceive a storjrave more similar team mental

models than teams wb® memberdo not receive a story.

Hypothesis3: The relationship betweestoryklling and team performance msediated

by team mental model similarity.

Reflexivity
Reflexivity is most often defined as “the extent to which group members overtly reflect
upon the group’s objectives, strategies, and processes, and adapt them to cunt@ipated
endogenous or environmental circumstances” (West, 1996, p. 559). Reflexivity involves an
analysis of what the group has accomplished, what it needs to accomplish, and how it can do so.
This can either be an individual process, whereby teamb@enindependently reflect on their
performance and do not necessarily communicate with each other (e.g., Barge, 2004; Barry,

Britten, Barber, Bradley, & Stevenson, 1999; Gurtner et al., 2007) or an interactive team process,

15



which involves explicit commuanation in the form of a group discussion (e.g., De Dreu, 2007;
Gurtner et al., 2007; Schippers et 2007). However,Schippes and colleagues (2007) poolit
that team reflexivity is most often conceptualized and measured as the latter: an overt group
process.

West (1996) proposed that reflexivity is most useful in complex deemaking teams
(CDMT). This is because these teams operate in environments that can change and present new
challenges/tasks over time, tasks are often complex, theighisdam member interdependence,
and team members have autonomy over their work. In contrast, a simple de@aging team
may perform the same tasks repeatedly without the autonomy to alter how the task is
approachedypnce the task is understood, natlier dscussion may be necessa®y.CDMT may
need to reflect on its objectives mdrequentlybecause therare oftenno predefined correct
solutiors to tasks thatould often change. By reflecting on whether goals are being met, and
collaboratively igntifying strategies and processes to better achieve those goals, a reflexive
CDMT can more readilpdaptto an ambiguous or changing environment. Thus, reflexivity can
represent the idea of “doubleop learning” (Argyris, 1993\wherebygroups may reflet on
objectives, plan strategies to accomplish them, and then enact those plans, which can
subsequently lead back to addi@neflection on the plans’ effectiveness. The relationship

between reflexivity and learning is further detailed below.

Reflexivty and Team Learning
Although team reflexivity and team learning have stemmed from different literatures, the
constructs are closely linked, and their idistion is not clear (Edmondson, Dillon, & Rolpff

2007; Kozlowski & llgen 2006). For example, Wil Goodman, and Cronin (2007)
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acknowledged that the sharing stage of learning is “closely related” to reflexivity (p. 1046)
because group members discuss information that needs to be learned and create a common
strategy for using that knowledge in theultg. Furthermore, Edmondson (1999) explicitly

defined group learning as an “ongoing process of reflection and action” (p. 353), whereby group
members discuss what they’ve done and how to improve. In fact, in their development of a team
learning behaviomstrument, Savelsbergh and colleagues (2009) utihzederoustems from
reflexivity measures.

Team learning itself has not been defined in an entirely consistent manner. For example,
Argote, Gruenfeld, and Naquin (2001) define it as when individudlisctoshare, and combine
information with each other, while Argyris and Schon (199$8 a more simply definition of
error detection and correctiof.eam learning has been categorized in terms of outcome
improvement and group proceg&xMmondsoret al.,2007) Outcome improvement views
learning as performance improvement, usually via efficiency. This stream of research focuses
primarily on objective performance outcomes such as time and cost reduction. Group process,
the most similar to the team reflgity construct, refers to team members’ learning behaviors,
which include seeking feedback, discussing errors, and openly evaluating the team’s work (e.g.,
Edmondson, 1999, 2002; Van der Vegt & Bunder2005).

Edmondson and colleagues (200i)their review of the extant literature on team
learning,agree that team learning is a very broad term that “should remain an encompassing
rubric” (p. 300). Likewise, Kozlowski and ligen (2006) concluded that “the research base to
specify the meaning of teanmalaing as a construct distinct from other team cognitive

constructs...[is] not yet sufficiently developed” (p. 87). Therefore, while recognizing the
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parallels between the team learning and team reflexivity consttutraw more heavily from

the reflexivity literature in deriving hypotheses.

Reflexivity and Team Outcomes

Various studies have found that reflexivity has a positive relationship with team
outcomes (e.g., Carter & West, 1998; De Dreu, 2007; Gurtner et al., 2007; Schippers et al., 2008;
Schipgers et al., 2007). For example, Gurtner and colleagues (2007) found that team reflexivity
led to better performance on a military air surveillance simulation, while Schippers and
colleagues (2008) discovered that team reflexivityigirtmediatedthe paitive relationship
between transformational leadership and team performance. In addition to team performance
outcomes, team reflexivity has been linked to information sharing and learning (De Dreu, 2007),
satisfaction and commitment with one’s team (Bphrs et al., 2003), and communication and

strategy implementation (Gurtner et al., 2007).

Guided Team Reflexivity

While there has been some research on team reflexivity and its effect on team outcomes,
there appears to have been little empirical resean using reflexivity as an active intervention
tool. In other words, most studies have measured team reflexivity in correlational studies, rather
than investigating the causal effects of “an intervention to induce reflection in groups” (Gurtner
et al.,2007, p. 128), which has been termed guided reflexivity. Guided reflexivity appears to
have only been empirically investigated omtéhe published literaturdy Gurtner and
colleagues (2007). Using participants in a laboratory setting, they asssgmesl of three (one

leader and two subordinates) to participate in seven simulated tactical aviation scenarios,
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assessing the threat levels of various planes. Halfway through the seven scenarios, team
memberdn the reflexivity conditionwho could only ommunicate via-enail, were given three

guestiongyuiding them on how to engage in group reflexivity, with thqeestiongepresenting

reflecting, planning, and implementing/adapting.

Gurtner and colleagues (2007) found that teams in the reflexivititamm performed
significantly better than teams in the control condition, even when controlling for prior team
performance.These results suggest tmot only may reflexivity be useful when it naturally
occurs in teamécf. Carter & West, 1998; De DreR007; Gurtner et al., 2007; Schippers et al.,
2008; Schippers et al., 200 Dut that actively introducing reflexivity can be beneficial as well.

In fact, some researchers have suggested that spontaneous reflexivity is less likely to occur when
it is mog necessary. For example, Weingart (1992) found that teams facing a complex task
engaged in less planning than those facing a simple task, and West (1996) proposed that the
longer a team is together, the less its members will be aware of environmentgEschad the

less reflexive they will become. Even before the concept of reflexivity was introduced,

Hackman, Brousseau, and Weiss (1976) suggested that teams would not strategize without
prompting. Therefore, there may be circumstances where it woyldrbeularly beneficial to

formally intervene with an initiative that directly encourages team reflexivity.

Furthermore, guided reflexivity may be useful fortaxt teams and for training purposes.
First, if teams are more likely to be receptive to tngastrategies and plans early in their tenure
(e.g., Hackman & Wageman, 2005; West, 1996), then making certain that they are exposed to
reflexivity opportunities at that time is crucial. In addition;hext teams are new, and members

may therefore fealncomfortable initiating group reflexivity on their own due to a lack of
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psychological safety (Edmondson, 1999). A formal intervention may compel team members to
engage in more productive reflexive discussions.

Second, guided reflexivity could prove udafusituations where team members need to
be trained to work together in complex or changing environments. Researchers have suggested a
concept similar to team reflexivity termed “team smifrection,” whereby team members
provide each other with feedtlaon their task performance (Blickensderfer et al., 1997; Smith
Jentsch, CanneBowers, Tannenbaum, & Salas, 2008). Specifically, the process begins by
objectively reviewing what occurred during the task to form an overall group picture, followed
by idertifying errors and what should be done to avoid those errors in the future. This concept is
very similar to guided team reflexivity, and Smiténtsch, Zeisig, McPherson, and Acton (1998)
even recommended that team smfrection should be structurede(i. “guided”; SmithJentsch
et al., 2008) to avoid focusing efforts and strategies too narrowly to particular tasks, as opposed
to more generally applicable contexts. Thus, guided reflexivityteetection training would
prove particularly useful in aanvironment where tasks are complex or often changing.

Although the two concepts are similar, one manner in which guided teaoos@ttion
differs from guided team reflexivity is that it revolves around a-§pecified expert model of
teamwork” (SmithJenstch et al., 2008, p. 312). Gurtner and colleagues (2007) argue that these
expert models cause guided team-selfrection to be more taspecific than guided team
reflexivity. SmithhJentsch and colleagues (2008), on the other hand, explain tlesjpeme
model consists more of general teamwork behaviors, such as information exchange and
supporting behavior. Another distinction between the two concepts is that guided team self
correction training involves using a trained facilitator to review parésce and guide team

members in creating strategies using an expert model as a frame of reference, while guided team
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reflexivity is not quite so structured and allows team members more flexibility in their
discussion. However, despite these distinctitres{wo constructs appear very similar, and
Gurtner and colleagues (20089serthat if an expert model or formal facilitator is not readily
available, then reflexivity is a Ve, less expensive alternativ&herefore, while
acknowledginghte distincions, this studylraws from both sets of literature in developing
hypotheses.

Although existing research on team reflexivity has revealed a relationship with team
performance and meeting deadlines (e.g., Gevers et al., 2009; Schippers et alth@@d&),
published study oguided team reflexivityife., Gurtner et al., 2007Titilized teams with an
asymmetrical distribution of information and power. Thatafiexivity mainly depended on the
leader’s naking strategy suggestiots the two subordinate mbersbased on information that
only he/she hadBecause of this imbalance of power, it is unclear whether tedimse
members havequalpotential to contribute constructively to guided team reflexivity will
demonstrate similar increases in performandewever, SmithJentsch and colleagues (2008)
did find that guided teasself correction training was positively related to the performance of
Navy lieutenants, so | expect similar results for guided team reflexivity, and hypothesize the

following:

Hypothesis4: Teams that engage guided team reflexivitgemonstrate better team

performance than teams that do not engage in guided team reflexivity.

Guided Team Reflexivity and Team Mental Models

If team members have the opportunity to discuss their exjpeseand collaborate to
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create strategies for future performance episodes, then this should enktihicamilarity, thus
allowing teammates to approach tasks in similar ways (Blickensderfer et al., 2007; Gurtner et al.,
2007; SmitkJentsch et al., 2008}-or example, Mathieu and colleagues (2000) fotlnad

without any form of afteaction review, team members participating in a flight combat

simulation did not develop greater levels of mental meuheilarity over time, concluding that

“teams need guideeixperiences...if we expect them to learn” (p. 280). Supporting this

argument, Gurtner et al. (2007) found that guided team reflexivity increased TMM similarity,

and SmithJentsch et al. (2008) found results in the same direction for guided team self

correcton training, though they were not significant for the 25 teams studied. Together, the

evidence would suggest that guided team reflexivity is positively related to TMM similarity.

Hypothesi®h: Team members whengage in guidd team reflexivithave moresimilar

team mental models than those that do not engage in guided team reflexivity.

If guided team reflexivity is positively related to TMM similarity, and many researchers
have also found that TMM similarity is positively related to team performange BeChurch
& MesmerMagnus,201(a, 201M; Ellis, 2006; Mathieu et al., 2000; Smiflentsch, Mathieu, &
Kraiger, 2005), this could suggest that TMM similarity mediates the relationship between guided
team reflexivity and team performance. In fact, Blickderfer and colleagues (2007)
specifically proposed that team setirrection would improve team performance via TMM
similarity, and a mediated relationship was supported by Gurtner et al.’s (2007) findings.

However, since direct relationships betweetffexivity and performance have also been found
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(e.g., De Dreu, 2007; Schippers et al., 2008), it is likely that TMM similarity serves as a partial

mediator between guided team reflexivity and team performance. In other words:

Hypothesis 6The relationfip between guided team reflagywand team performance is

partially mediated by team mental model similarity.

Storytelling and Guided Team Reflexivity

Although it has been theorized (Fiore et al., 2009), the use of narratives for improving
TMMs and/orteam performance does not appear to have been empirically tested, and certainly
not in combination with guided team reflexivity. If on their own, narratives and guided team
reflexivity are hypothesized to improy@M similarity andteamperformance, thett is
possible that when uséatandem their effects are enhanced. For example, if teams are exposed
to a story and then subsequently engage in guided team reflection, the story could provide a
structured framework (as recommended by Stddthtsch et g1 1998) that could help to focus
the team’s discussions (Fiore et al., 2009). That is, instead of discussion strategies that are too
general (e.g., “We need to work together better”) or too-spsekific (e.g., “Remember that next
time you see a planeyfhg at thatexactaltitude, it's an enemy”), a storytelling intervention
could encourage discussi onparticularteamwork skills that are useful across various tasks.
This may beespeciallysalient when there are fewer social cues available to fagitiediexivity,
such as is the case with virtual teams (Martins et al., 2004). Therefore, a modelaionship

is hypothesized, potentially impacting team performance or TMM similarity:
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Hypothesis & The relationship betweestorytellingand team prformance isnoderated
by guided team reflexivitysuch thastorytellinghasa stronger effect on team
performance when there is alsoeflexivity intervention, and a weaker eftevhen there
is no reflexivityintervention.
Hypothesis 7b: The relationghbetween storytelling and team mental model similarity is
moderated by guided team reflexivity, such that storytelling results in more similar
mental models for teammates who have also received a reflexivity intervention, and less
similar mental models lven there is no reflexivity intervention.
If Hypothesis 7a or 7b is supportehd there is also support for a mediated relationship as
described in Hypotheses 3 and 6, then there would be a possibitigdiited moderatioas

well. All sevenhypothesesare summarized ian overall research model, presenteBigure 1.

Method
Participants

Overall, ths studyrecruited413 participant203 male, 201 femal® unknown)in 145
teams Participants werdrawn from the undergraduate psychology researgeduytool, as well
as recruitedrom Information Scienceand Technology (ISTRsychologyand Human
Development and Family Studies (HDR8)dergraduate classasthe Pennsylvania State
University. A total of38 teans were droppedbefore conducting angdes. Specifically, 29
teams were droppetlie toprocedural otechnicalerrors four teamswere droppediue to
incomplete dataandanadditional fouteamswere dropped due to the participants not following
directions during the reflexivity sessionBinally, one team was dropped for failing to answer
the manipulation check questions correcflihereforefinal analyses were conducted on 321

students, comprising 107 thrperson teams.
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The NeoCITIES Team Simulation

This study consisid of a laboratorgexperiment using a computer simulation called
NeoCITIES. NeoCITIESuses emergency management evengsloav anexamination of the
behaviors and performance of spatially distributed decisiaking teams (McNeese, Bains,
Brewer, Brown, Connors, & Jeffensp2005). The mat recent version, NeoCITIES 3Mas
developed by thenformation Sciences and Technology Multidisciplinary Initiatives in
NaturalisticDecisionSystemgMINDS) labthroughfunding by the Office of Naval Research. It
is an outgrowth ofeveral prior versions, dating back to Wellens and Ergener’s (1988) original
CITIES (Gmmand, Control, and Communicatior’Thteractive Task for Identifying Emerging
Situations)task (Hellar, 200p NeoCITIES 3.1s a webbased application that uses a#t chat
technology and three team members each assigned to a unique role: Police, Fire, or Hazardous
Materials (Hazmat). Within each role are three types of resources. For example, within the Police
role, there are Investigators, Squad Cars, and SWAT 3 ama complete listing of the
resources withinales, please refer to Appendiy.C

The objective of the simulation is to dispatch the relevant type and number of resources
to emergency management events that appe the screen (see AppendiXdd a £reenshot of
the simulation console). These events are scripted, appearingdsspgyaated times and all
taking place on the University Park campus. Specifically, each participant is tasked with
“determining the severity of incoming events, decidindtlo®] appropriate measure of response,
and coordinating [his/her] actions with the managers from the two other [roles]” (Hellar, 2009, p.
56).

Events can vary in timing, duratipand intensity. Amall routine event can usually be

solved by a singleesam member and represents typical events that could occur for emergency
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response teamsvhile aher events are more complex, requiring resources from multiple
teammatesFor example, a smadicale independent event could be the Fire team member
putting ou a trash can fire. A larger, interdependent event doelld terrorist who has released
an airborne chemical on campus, which would require the resources of Policané&ldazmat.
If suchevents are not addressed quickly and/or correctly, the cormyptéxthe event could
escalate further, requiring even more resources and ultimately leading to failure of the event if
not properly addressed.§., the fire spreads to nearby buildings, the airborne chemical spreads
across the whole campusellar, 2009) Thus, not only is teamwork emphasized in this
simulation by requiring participants to collectively solve many of the events, but the importance
of temporal dynamics (i.e., deadlines, pacing, and sequencing) has been infused into the
simulation as well.

The NeoCITIES simulation represents a key strength of the study. It is set up to
accommodate teamwork and is flexible enough to vary the intensity of the esperience
(Hellar, 2009). Its portrayal of realistic events in a familiar seftiueg, thePenn State campus)
creates a more salient and meaningful @seounter Participantsonsistentlyreport that the
simulation is engaging and holds their attenti@@cause events can be custorade the
experimenter can create events that reflect niyttone pressurée.g., Police needs to disarm a
bomb in the next 60 seconds, three separate events appear at the sgrhattime) reflect a
range of magnitudes and types of potential loss (e.g., destruction of a building from a firé, loss o
money fran a bank robbery, or loss of life from a car bomb). Furthermore, because teams are
working in a selcontained system and can carry out tasks without outside (i.e., leader)
intervention, as well as engaging in technologgdiated communication, this simtidan setup

is also very representative of selinaging virtual team®.g., Manz & Sims, 1987)
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Laboratory Setting

There are two laboratories, and each is set up so that two teams can be run at once. One
lab is located in the Psychology Department, thiedother in the College of Information
Sciences and Technology. The two labs are set up in a similar fashion, with three computer
stations in a row on one side, separated by dividers, and another three computer stations directly
across from the first romalso separated by dividers. There are also two server computers used
by the experimenters at the front of the two rows (see Figures 3 and 4 for diagrams of the two lab
setups). These labs are supported by a grant from the Office of Naval Reseatiol,stndy

was part of the output from this grant.

Experiment Design
The study designonsisted of dully-crosse® (guided team reflexivity vs. none) x 2
(storytellingvs. nong factorial design.Therewerefour conditionswith the number of

participantdteamgrandomly assignedi each conditioshown in Figure 2.

Preliminary Study

A preliminary studywvasconducted to investigate the effect of storytelling on team
performance inhe NeoCITIES simulatiofMohammed & McNeese are the principal and co
principal investigators, respectively). The current study armextension of thipreliminary
study and used similar experimental design, which will be describethe Experimental

Procedure sections below. There are only three notable differeztee=en the two studies.
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First, the preliminary study didot address the camnsct of reflexivity, which wasa
formal intervention irthe currentstudy. Second, there werfeur storytelling conditions in the
preliminary study, with each story containmgrying teamworkraining content (see Appdix
E for an example of a story scriptppecifically, there wertwo stories that detalvith a patient
with postoperative complications in a hospital setting, and two stories thatvegah victim of
chemcal burns in a NeoCITIES setting (i.e., an event on the Penn State campusdnvo
Police, Fire, and HazmatWithin each othese pairs, one story descrilibd negative
consequences when teammates do not communicate and collaborate with each atter, and
other story descrilokthe negative consequences when teammates do not meet their deadlines or
addresgheir tasks in the correct order.

In the current stdy, | chose to investigatbe effectof only one of these stories,
intending for the resultsf the preliminary study to inform ngecision However, few
differences were found between story types as they related to TMMs or performaecefore,
the choice ofvhich story to utilize was based on previous literature (e.g., Gentner, 1983; RossS,
1989) and reactions from participants the cognitive science literature, structure mapping
theory (Gentner, 1983) describes how an analog (base) that hagdsepmilarities to the
problem (target) at hand can help with problem solving, even guffacelevel details are not
similar. However, in the absence of extensive training, a person tends t@anegalog with a
similar surface structure more easily (e.g., Gentner & Landers, 1985; Ross, 1989). Therefore, in
this experiment, the storyahwas most analogous to the experimental setting in both surface and
deep level structure (i.e., the story within the NeoCITIES settirag) selectedFurthermore,

because the story involving deadlines and sequengsgeported tocontain a greater arat
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of applicable lessons, as opposed to the general message of “Communication ishgood,”
NeoCITIES storywith timing content was chosen.

The third difference between tipeeliminary and current study wahatthe storytelling
intervention in the prehinary study was consistently introduced after all of the basic experiment
training, but prior to any performance scenariblewever,if a newly formed team facing a
series of tasks is bombarded with both taskd teanrelated training information alt@ance,
then team members may not retain as much as if the information had been presented in a more
sequential manner over tignallowing a more gradual accumulation of knowledgerrthermore,
Hackman and Wageman (2005) raised the point that certaindias&d strategies should be
introduced after a team has already gained some experience with the task. In other words, if
teammembersalready hae a solid grasp of the task through firgind experience, theheywill
be able to better identify how atidnal team interventions can be applied to future tasks of a
similar nature Following this logic and the past example of Gurtner and colleagues (@@Q07)
their team interventignn the current studshe storytelling intervention was introduced in

between the two performance scenarios.

Experimental Procedure

Participantsveredirected to computer cubicles separatediliders. The participants
signed a consent formalsokeepirg a copyfor themselves. fie experimenter@ypicaly two per
sessionthenintroducel themselves to the grogmd instructedhe participant$o put on
headphones, whiatemaired on for the duration of the experiment to minimize distractions from
outside noisg, includingauditory nonverbal cues from teammates, such as. sitine

participants thefill ed out a short online questionnaire assessing demographic inforreation
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as gender, age, familiarity with teammates, school major, knowledge of emergency response
protocol, and experience working in virtual/distritditeams. Some of these data wefo
descriptive purposes, and otheesvedas control variables because they cqdtentiallyaffect
team performance.

The participantshen vieved an 8minute training video on how to plahe NeoCITIES
simulation (see Appendik for a sample othe slides used to make the vigled/ithin this
training, it wasstressed that participants should not try to look around the dividers at each other,
and that all communication should be restricted to the chat function whidnsirhulaion.
Participants weréhen directed to a unique set of slides that inftthem of the role to which
they hadbeen assigned (Police, Fire, or Hazmat) and the typical duties of each of the resources
within that role. In addition, they revied a brief sunmary of the duties of the other team
members’ roles.t should also be noted that in order to prevent unintended effects of
demographics such asmger and age, participants we be aware of who wassigned to
which role.

After completing the videtraining session NeoCITIES participantseengagd in two
sets of interactiv@racticesessionslastingapproximately five minutes each. The purpose of
thesepracticesessionsvas to allow participants to becom&periencedt solving routine
scenariosn NeoCITIES. The firspracticesession consist of simple, spaced out events that
requira no interdependence (i.e., no resourcesifroultiple roles; see Appendix fér a
examples of events from tisessions). At the end of the session, participaats able to view
their team performance score as well as the solutions to the eventsh@heyewed brief one
minute video explaining how to work together with their teammates. Specifically, the use of the

chat function and team resource monitor @hhallows a participant to see what resources
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his/her teammta has sent to an event) waglained. The participants then enghgea second
practicescenario so they coulaktter understand and correct their previous errdre second

set of eventsnirroredthe first, but wereslightly more difficult (though not taxing, as determined
by pilot testing) in terms of time pressure and role interdependence.

At this point, the participantseretold that the firsofficial performance scenario wa
about to legin. Participantsverereminded to only communicate via chat and to keep their eyes
on their own computerThis first performancescenaridastedapproximately 15 minutes.
Eventsweretimed at a slightly faster pace than the trarsessions, and thewasa mix of
independent and interdependent events varying in magnitude (e.g., breaking up a bar fight,
containing a riot on the football field). Specifigaithere werea total of 19events all revolving
around the theme of a football game againsoCHtate University.Thirteenof these events
were independent (i.e., only requiringsources from one participynand 6wereinterdependent
(i.e., requiring resources from at least two participants). As determined by pilot testing,
participants viewdthe events as interesting and engaging, maintaining their attention throughout
each scenario.

During thefirst scenario, one information briefingaadigributed to participants. This
briefing contaired information critical to correctly responding tertain events, particularlyitt
regard to temporal dynamics. Howewude information waslistributed in a hidden profile
format, wherebyach team member receivede unigue piece of information. For example,
Policewastold what the time limit is foresponding to the event (e.gankrelatedthreats must
be addressed withihs secondy while Firewastold the order in which the team shou&bspond
to the event (e.gRire should arrive first tdreat injuries, then Police should search the area for

evidence, and Hazmat can then clean up any chemical substances onHeeredfpre, the
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participants needed &hare the information in their briefings to successfully detesuch
events (see Appendix fér an example of a briefing

At the conclusiorof the first performance scenario, the participamds/edtheir team
performance scoge They then filledout online questionnaires assessing their reactions to and
perceptions of the scenario, followed by a storytelling and/or reflexivity manipulatiowither,
depending on the condition.

At this point, the second performance scenbeigan It revolvedaround the theme of
final exams week, analso lastechbout 15 minutes. hereagainwasa mix of independent ()1
and interdepedent (§ events, wh two sets of information briefings being distributdgiach set
contained unique information for each radgain allowing a hidden profile taskollowing the
scenario, reactions werseasured online, followed by the participants’ filling out pamesed
grids designed to measure TMMs (see Measures section). This cahitiadeperiment, and
the participantsveredebriefed and dismissed.he studytook approximately 2.5 hours to

complete.

Storytelling Manipulation

After viewing their performancm the first performance scenariarticipantsvatchecda
4.5 minutevideotelling the story of a graduate student who had serious health injuries incurred
due to a lack of coordination and timing by his emetcgersponse team (see Appendifor
the compete script). The surfadevel structure of the stoigontained features analogous to the
NeoCITIES simulation such as involving the roles of Police, Fire, and Hazmat teams, and events
taking place on a university campuseldeegevel structurgi.e.,the deeper meaning of the

story) alsoreflectedparallels to the NeoCITIES simulatiby illustratingthe importance of
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meeting deadlines (e.g., a student did not receive assistance in time to prevent nerve damage
from a spilled chemical in the lab), commeation (e.g., Hazmat did not tell Fire what the
identity of the chemical substance was)d sequencing (e.d?plice needed to clear the roads of
snow so Hazmat and Fire could reach the student, followed by Hazmat identifying the chemical
substance, whh would then allow Fire to administer the appropriate treatinent.

In the storytelling iterventionto establish credibility, the participants were first told that
past participants had found the upcoming story useful in improving their performdimeedb
by the claimthat it was based on a true story.n@rator’'svoice wa heard while slides showing
pictures and other visual summaries of the key pointseo$tay were displaye. The objective
of the story wa to convey the message that team tvens 1 must collaborate with each other and
time their responses well (i.e., meet deadlines, arrive atswetiie proper order) if they weto
succeed in their scenario. As described in the Preliminary Study seb&iddeoCITIES analog
story wasseleted for the storytelling manipulation in this studhased on the fact that people
tend to recall an analog with a similar surface structure more easily than one with only a similar
deep level structure (e.g., Gentner & Landers, 1985; Ross, 1989).

Forthe storytelling contril groups, the participantsewed a 1-minutevideo summarizing
the same deep structure points as the story, but without the context of a story. To avoid any
possible implications of this intervention lasting less time than the, st as émptytime”
that could allow for additionglrocessg of the meaning of the video’s message, the video was
preceded by a 3.5 minute filler surveyhe survey was sufficiently long enough to preclude
anyone finishing within 3.5 minutes, and thavey did not affect the participants’ mood or

experiment engagement, as determined during pilot testing.
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Guided Team Reflexivity Manipulation

Between the first and second performance scenamolsafte the storytelling
manipulation participants irthe guided team reflexivity conditiomere given six minutet®
reflect on their performance véhat First, theexperimentedistributed the instructions and
three discussion quest®im paper form. He/she theead the instructions from a script,
informing the participants that when teams can reflect upon and discuss their task performance
and strategies, they can improve their scofld® participantsvere told that this waan
opportunity to discuss their performance and how theyedHaotimproveit, but that theyould
only communicate via chaflThey were also reminded to take into account their training, the
video, and performandeom scenario 1 during their discussion. The experimenter then briefly
explained the three discussion questiongplgasizing that participants sHdunot discuss a
given questionuntil instructed to do soThe teams were given all of the questions in advance so
that they could have an overall sense of the purpose of their discussion session, and to help them
understad how their discussion should be targeted for each quedRitmt testing revealed that
this was the most favorable way to present the questions.

The participants ere logged into a private group chat room, and at predetermined times
the experimenter ped each of three questions into the chat to help guide the discussion.
However, at no pointid the experimenters actually participate in the chat discussiofact,
they maintained “invisible” statutiroughout the discussion, with their user id lbeihg listed in
the list of members in the chat room.

The three questions thakreused to guide the discussiom dased on the questions
used by Gurtner and colleagues (2007) in their reflexivity study, as well as West’s (1996)

definition of reflexivty. They are:
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1. What were the main points you learned from the video you just watched that could
apply to playing NeoCITIES?
2. How well do you think you and your team performed in Scenario 1? What went right?
What went wrong?
3. You will be playmg another performance scenario shortly. As a group please come up
with strategies for how to improve your performance on this upcoming scenario.
Teams wergiven 1.5, 1.5, and 3 minutes, respectiyédyanswer the three questions. Pilot tests
revealedthat this gave participants adequate time to answer each question.
In the control group, the participam®regiven a top to discuss that was unrelatied
the NeoCITIES experiment or reflexivitySpecifically they were given six minutes to discuss
the following question:
Is the use of technology a benefit or detriment to society and interpersonal relationships?

For thecompleteexperimenter script and all discussion qises, please refer to Appendix |

Measures

Team Performance

A team’s wverall performance consisteaf scores from idependengevents (i.e., those
requiring the resources of only one team member) and interdependent events (i.e., those
requiring the resources of two or three team memb@&wsgause the storytelling and reflexivity
interventians were aimed at improvirtgamperformance via TMMs, it stands to reason that the
eventsrequiring teammates to work togetheould be most affected. Therefore, only
performance on interdependent events was examined. Specifically, team peréowasn

opeaationalized as the number of interdependent events successfully solved within a scenario.
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TMM Similarity

Because TMMs need to be tailored to the specific context, there is no consistent method
in which they have been measured (Mohammed 2@10. However, bdt content and
structureare considered crucial components of any TMM measurement approach, aes/dady
the pattern of relationships between TMM elemébiesChurch & MesmeMagnus,2010Q
Mohammed et al2010. Meeting both of thescriteria, TMMs were evaluated usirgpncept
mapping, where “participants place researdgmemerated concepts in a geecified hierarchical
structure depicting the sequence of activities required to perform the team task” (Mohammed et
al., 2010. Concet maps are a popular TMM measurement tool in the literature (e.g., Ellis,
2006; Marks et al., 2000, 2002).

In this study, a concept map consisted of three dmdicating the order in whialmits
were supposed to respbto a given interdependent evelih each performance session, there
were three interdependent evetiitat included order requirement§hus, a complete concept
map for a performance sessicontained three sets of three borashto fill in. For a visual
example of a concephaps, fease refer to Appendix J

Similarity in participants’ responses to the concept maps indithé¢ teammates were
communicating and collaborating with each other, particularly since for some events information
about order requirements was only given te teammate in the form of an intelligence briefing
as described in the experiment procedure abdivilnat team member did not share his/her
information, then the other teammates would most likely not have the same anbwers.
measure similarity, corrpending boxes were compared across pairs of teammates for the same

answer, regardless of whether the answers were correct or not. A pair with the same answer
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received a 1 for that box, and a pair with different answers received a 0. Because there were
three possible pawise comparisons for a team of three, and a total of nine boxes in the concept
map measure, this resulted in 27 total values of O or 1. These values were ateeragsssent

the final concept map similarity score: the percentage oécbmatches between teammates

with regard to theespons@rderfor interdependent events.

Manipulation Checks

Storytelling. The manipulatiorcheck for storytelling was evaluated using objective
measuresAfter viewing the storielling videq particpants werejiven two categorical
guestions asking whether they hearst@ay during the experimeand what theontent of the
story was

Reflexivity. After the reflexvity session, participants wegivenquestions to both
objectively and subjectivelgvaluate the reflexivity manipulatiorSpecifically, they were given
categorical and scaled questioidrst, participants answered an objective multiple choice
guestion asking what thediscussion session was abduotlowed byLikert-style questions
intended to assess whether they felt they were given the opportunity to discuss their performance
scores and devise strategies for improvemeétight items from Carter and West’s (1998) task
reflexivity scale wereadaptedand used for this purpos&amplequestions include, “The team
reviewed its performance so far” and “The methods used by the team to dispatch resources to
events were disssed.” All of these items wermeeasured on &point scale, ranginffom 1=
“strongly disagree” to 5 “strongly agre.” The adaptedeflexivity scale had a reliabilitgf .94
in the current studyFinally, | reviewed theeflexivity chat logs taconfirm that the teams stayed

on task and engaged in a reflexdiscussion as they were instructed.
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Affective responseBecause | was specifically interested in the cognitreehanisms
underpinning any relationships found between the tegmventions and team outcoméswvas
necessary to rule out other possible explanations, such as affective changes. Therefore, two
items measuring team members’ evaluation of bonding with their teammates, as well as the
PANAS scale BRVLWLYH.$SITHAWDWLYH $]Wwdre@dministered after the team
interventions.

For a complete list cdll the manipulation checkems,please refer to Appendix.K

Covariates

As previous experience has been found to affect TMMs (e.g., Rentsch & Klimoski, 2001,
Smith-Jentsch et al., 2001), | controlled for video game experience as well as knowladgde o
experience iremergenchhospitalresponse settings. Specifically, | wanted to ensure that team
outcomes were not due to experienced gamers learning the simulation more quickly, or an unfair
advantage for participants with greater insight into how emergency events should be solved
Thesevariableswereassesseth the demographics survey given at the start of the experiment
(e.g., “Hease indicate the amount of time you have worked in an emergency response setting”).
In addition, when analyzing any relationships with team performanceemaBo 2 as the

outcome variable, team performance on Scenario 1 was entered as a eoiatinde v

Results
Manipulation Checks
Storytelling. To assess whether participants answered the storytelling manipulation

check questions correctly, the freques of responses were examined by conditibime results
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indicated that thetorytelling manipulation check was effectatetheindividual andteam leved.
Overall,only two (.6%) participantsincorrectlyanswered the question arether they heard a
story, and onlysixteen (4.9%)ncorrectlyanswered the question about wtie story was about
with the majority of these being attributed to a typing mistake in the question that was fixed after
the first few days of the experimer®nly oneteam had tw members who answered the
storytelling manipulation chedjuestiongncorrectly(no team had three incorrect answeasid
that team was subsequently dropped from analyses.

Reflexivity. There were two types of questiomsed to check the reflexivity
manpulation: categorical and scal&or the one categorical iteasking what the discussion
session was aboutequencies of each response option were examined by condition. This
manipulation check was effectiveladththeindividual andteam leved, as only 7 (2.2%)
participants answered the question incorrectly, mmteams had two or more members who
answeredhis reflexivity manipulation check question incorrectly.

Although the reflexivity scale items were measured at the individual level, timégiced
a team referent, so it was necessary to determine whether the cesldtbe aggregated to the
teamlevel. To make this determination, intraclass correlation coefficient (ICC) analyses were
conducted to confirm that there was sufficient witGnoup agreement in the ratings and that an
adequate amount of individukelvel variance could be explained at the grteyel (Bliese,
2000) ICC analyses revealed tH&% of the variability in participantséflexivity scoreswvas
explained by team memiship (ICC(1)=.79). Furthermore, the group means on this scale had
reliable internal consistency (ICC(2)=.92). Therefore, there was justificati@yfegating the

reflexivity scale scores to the team level.
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After aggregating the reflexivity scalesttee team level, an independent samplest
was performed on the reflexivity scale to ensure that team members in the reflexivity condition
had a greater opportunity to collectively review their performance and set strategies for
improvement. The ressltevealed that there were significant differences between nafiex
and norreflexivity participantan their reflexivity scale scoreswvith those in the reflexivity
(M=4.04 SD=40) grouprating higher on the Reflexivity scale than those in the cogtolp
(M=1.76 SD=47; t(105 =-26.9], p< .01, see Table L.

Finally, only four teams were dropped due to failure to follow directions/stay on task
during the reflexivity discussigras assessed through reading the chat logs from the reflexivity
condtions.

Affective responsedAs expectedan independent samplesest revealed thahere were
no significant differences in team member bonding or positive/negative affexds conditions
(see Table 2or corresponding t valuesBecause the inteentions were not found to have
differential effects on affective outcomes, affectild not explain any relations between the

interventionsand team performance.

Correlations

Means, standard deviations, and correlations of the study varaliles teantevel are
presented in Tabld. There wereno significantcorrelationsbetween theovariates of interest
and team outcomesside from knowledge of emergency hospital protocols WM similarity
(r=-.26, p<.01) and witkeam performance (r=29, p<.Q). Interestingly, this mearthat the
more such emergency knadige team membehad, the less similar their TMMs atite worse
their performanceAlthough developed to be as realistic as possible, simulation events were also

scripted to be relevant tondergraduate students. As such, NeoCITIES scenarios may have

40



differed from hospital procedures, thereby resulting in negative transfer for those who were more
familiar with emergency protocols in that environment.
Despite these being the only signifitaorrelations among the original control variables,
| retained them alln my analyses to providee more conservative test of the hypotheses.
In addition,gendercomposition (measured by usiagoroportion of women index, which is
currently the least sgeptible to Type Il errors; Williams & Mean, 20d#gda significant
relationship with team performanée- -.32 p<.01), with groups with more males performing
better than groups with more femal&sincegender composition was not of primary interest i

this study, it was also included as a covariate.

Hypothesis Testing

Hypotheses were tested at the tdawel using hierarchical regression. The reflexivity
and storytelling conditions were dummy coded and centered. Mediation was tested using
MacKinnon,Lockwood, Hoffman, West, and Sheets (20jai)t significance test for mediation.
Results of all hypothéstests can be seen in Tables 4 through 6

Hypothesis 1 predietdthat those who received the storytelling manipulatwomld
perform bettern the NeoCITIES simulationHowever, a indicated inTable 4 there was no
significant difference betwedhose in the storytelling conditicand tlose in the control
condition ( .003, ns).

Hypothesis 2 predicted that those in the storytelling conditionld have more similar
TMMs than those in the control condition. This was supported by the data, with storytelling
leading to greater Performance 2 concept siayilarity (r=.24, p<.05; .25, p<.05 (%5.06)
after controlling for demographicariablegsee Table . Therefore, teams who received a story

demonstrating the importance of collaboration and timing were more similar in their view on
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how events should be solved than teams who were given the same instructionstorynéorm.
Furthermorepy regressing Performance 2 scores onto Performance 2 concept map similarity
(after controlling for demographics and Performance 1 scores), | found support for a positive
effect of TMM similarity on team performance=(26, p<.05; .21, p<.05 0 5=.04;refer to

Table §. Thus,based orihe joint significance test for mediation described by MacKirguach
colleagueg2002),thelatter two findings confirm that TMM similarity mediat¢éhe effect of
storytelling on team performancés such, Hypothesis 3 was supported.

Moving on to a similar set of hypothesis tests usingéflexivity intervention | first
regressed Performance 2 scores on reflexivity, using the same control vaaatlésindno
VLJQLILFDQWiLnS)V@sWheé presence or absence of guided team reflexivity did not
directly impact team performance, contrary to the prediction of Hypothedigkdwise, there
was nosignificant effect of reflexivity on TMM, such that after controlling for the demogcaph
variables described previously, those who were in the reflexivity conditiotheaghme levels
of concept map similarity as those in gentrol FR Q G L VW@ RS Becausklypothesis 5
was not supported, this precluded any test of mediasgoredicted iypothesis 6

Hypothesis @ posited that the presence of guided team reflexivity and storytelling
together would have the greatest positmpact on team performance. | did not fisapport for
thisrelationship  -.08, ns refer to Table ¥ However, in support of Hypothesis 7laid find
support for a moderated effect on TMM similarity (see Table 5). That is, the interaction of
reflexivity and storytelling significantly predicted team members’ concept map similarity during
SHUIRUPDQFH EH\RQG VWRU\WHOOLQJOQB.U4).UFHgL@HS[LYLW\ DOR

displays the nature of the interaction.
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The pattern of the interacticsuggests that when participants received a story and were
able to subsequently engage in guided team reflexivity, they had the most similar mental models,
and when they did not receive a story but did have guided team reflexivity, they had the least
similar mental models. Those who had no reflexivity session, regardless of storytelling
condition, had similar levels of TMM similarity, which were a little worse than having
storytelling with reflexivity and a little better than having no storytelling watifexivity.

Formal posthoc contrast tests revealed a significant difference between teams who received a
story and were able to have a discussion (M=.47, SD=.15) and teams who did not receive a story
but were still allowed to have a discussion (M=.37=39; t(50)=-2.35, p< .05). Although no

other posthoc contrasts were significant, perhaps due to power limitations, the pattern of the
interaction suggests that receiving both interventions was better than receiving neither or just the
story, which in tirn were better than just participating in guided team reflexivity with no story.

While there was no evidence of a direct effect of the storyteléfigxivity interaction
on team performance, the significant effect on TMM similarity, along with thmefsignt
positive relationship of MM similarity with team performance (as described for Hypothesis 3),
suggests a mediated moderation relationship (MacKinnon et al., 2002). That is, the interaction of
storytelling and reflexivity appears to have exeitsdnfluence on team performance via TMM

similarity.

Ancillary Analyses

Although reflexivity was fond to be useful in conjunctiomith storytelling, additional
analyses were conducted to help determine why it did not independently predict TMM similari
or team performance. It is interesting to note that the reflexivity condition did have a

immediatesignificant effect on peasved helpfulness (t(105)4.3.65 p<.01) That is, those is
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the reflexivity condition believed that their discussion sessiounld be more helpful for

improving their performancm the next scenariM=3.77, SD=.61) than those in the control
group (M=1.99, SD=.75) Furthermore, after completirtbe finalperformancenarioteam
members in the reflexivity conditiondicated that they hadghdeedthought about their

discussion while playing and that they still believelathdped them to perform better

(M=4.01, SD=.51), all to a greater extent than those in the control condition (M=2.56, SD=.70;
t(105)=12.28, p<.01).

In addition to garnering favorable reactions from team members, the reflexivity
intervention also had a significant effect on whether tdagheved theyame up with certain
strategies for improving their performance. Specificalipse in the reflexivity @ndition
indicated that they more often strategized to communicate, share briefing information, dispatch
in the correct order, and meet deadlines more often than those in the controkgedigble 7
for means adt valuey. However, it is crucial to nie that there were no significant differences
across conditions with respect to the extent which teams actually implentezgedstrategies
(see Table 7). In other words, although team members in the reflexivity condition reported
coming up with specifistrategies useful for improving performance, they did not rate
themselves as using these strategies to a greater extent than those in the control cohdition.
could potentially explain why thegarticipants rated the reflexivity session as helpfaldid
not exhibit significantly different team outcome&ll of the survey items used for these ancillary
andyses can be found in Appendix L

As previously mentioned, research on TMM accuracy has produced more mixed results
for team performance than TMBMmilarity (e.g., Marks et al., 2000; Mathieu et al., 2005;

Webber et al., 2000). In addition to ancillary analyses on reactions to the reflexivity
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intervention, | also chose to investigate whether concept map actw@a@ny relationship with
theinterventionsor team performance. Accuracy was measured by lookiegah box in the
concept maprbm each team member (27 boxes total), and assigning a value of O if the answer
was incorrect and a value of 1 if the answer was corfBuis involved no subgive judgment,
as the correct answer was always indisputably Police, Fire, or HaZimase values were
averaged to create a final TMM accuracy score.

Interestingly, TMM accuracy was not significantly predictedstoyrytelling or guided
team reflexivit\ -.05,-.07, ns; see Table 8). Howeverditl predict team performance

S VHH 7TbBug&thbugh in this case TMM accuracy did prove to be related

to team performance, its antecedents did not include the interventions of interestpporting

my decision to investigate TMM similariipstead.

Discussion

While there has been strong support for the effects of TMM similarity on team
performance outcome®€Church & MesmeMagnus,2010a, 2010b), there has not been equal
focus on he antecedents of TMMs (Mohammed et al., 2010). Likewise, the effects of
storytelling and guided team reflexivity as formal team interventions have not beestwasdd
in an empirical context. Furthermore, all of these issues have been studied gvwenitésal
teams, where it is especially important for teams to develop interventions to facilitate shared
understanding in the absence of melth cues. Therefore, this study investigated the effects of
storytelling and guided team reflexivity on TM&/milarity, as well as the subsequent effect of

TMM similarity on team performance, all within a distributed team context.
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Storytelling was found to have a positive effect on TMM similarity. That is, team
members who learned the importance of collalmmaand timing for successfully playing
NeoCITIES via a story had more similar views on how to solve interdependent events than team
members who were taught the same lessons through a more straightforwastrmapproach.

In fact, even though both nteds contained the same underlying message/deep structure, those
in the storytelling condition rated the video as more helpful (t(314)=4.36, p<.01). Thus, | found
support for Denning’s (2001) proposition that a story allows someone to better relade to an
internalize a messageén addition, although there was no support for a direct relationship
between storytelling and team performance, the positive effect of storytelling on TMM
similarity, and the subsequent effect of TMM similarity on team performauggests a

mediated relationship. That is, storytelling had an indirect effect on performance via TMM
similarity.

It is noteworthy that although storytelling was found to positively impact team outcomes,
the manipulation utilized a very passive metbdtearning. That is, instead of participants
actively being engaged in the act of storytelling itself, they were the passive recipients of a vide
with an unseen narrator’s voice. While | attempted to increase the credibility of the story by
prefacing i with a staément that past participants Hadnd the story helpful for improving their
performancethis may nohaveadequately substitutifor the dynamism and fidelity of a live
storytelling experience. Yet despite this passive and potentially wstkgtelling
manipulationa significant effect oMM similarity wasstill found. Thusthe effect found may
actually be a conservative estimate of the true potential of storytelling interverfionse
studies could investigate how different typéstorytelling interventions could enhance these

positive results.
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By itself, quided team reflexivity did not have a significant relationship with TMM
similarity or team performande this study That is, simply being given the opportunity to
discuss leir performance and strategize for timuire did not improve team outcomes
However, this does not mean that reflexivity is unimport&itst, the content of team members’
strategies must be taken into consideration. Every team given the opyddiengage in
reflexivity did not necessarily come up with the same quality of strategies. Some strategies may
havebeenuseful, while others mayavebeentoo general (e.g., we should communicate more)
or too complex (e.geverytime someone dispatchesdn evenhe/sheshould tell the team).
Although not assessed in this study, it may be that the quality of the ideas gedergigdhe
reflexivity interventiondoes have a relationship with team outcomes.

A second indication that reflexivity may beportant despite this study’s findings is that
those who had the opportunity to engage in guided team reflexivity had positive reaatiags,
it asuseful for improving subsequent performance in the simulatidve pfoblem may lie in
that although reftevity participants indicated they came up with specific performance
improvement strategies to a greater extent tharrefdexivity participants, they did not actually
use these strategies a greater extent. Therefoperhapsadditional measures shdude taken
to ensure that team members are able to put their plans into aetiother words, this study’'s
reflexivity intervention allowed strategy generation, but did not facilitate strategy
implementation.

The third, and perhaps mdsiling, indicaton that reflexivity is indeedhfluential on
team outcomes is thahalysesuggesthat a planned reflexivity session actua&hhanced the
positive effects of storytellingas indicated by their significant interaction on TMM similarity

In other wordsstorytelling mayhaveprovided the content but reflexivity providel the
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mechanism by which the content coudd morefully processed.However, laving a discussion

to create strategies and “get on the same pags”detrimentalf teammatesid not have

common knowledge owhich to base their discussiopecifically, they needed a clear
understanding of the importance of timing and collaboration, as emphasized in the story, to have
a productive discussion session that would improve, rather than hiealer putcomesln fact,

if a team wa not exposed to gtorytelling intervention, it was better if there wasreflexivity

session eitherBased on the patterns indicated by the interaction, where promising option
would be to havéothstoryteling and guided team reflexivity, in the absence of storytelling,
guided team reflexivity should not be used.

One final noteworthy point about this study’s results is timafositive redtionship of
the storytellingreflexivity interaction with TMM simlarity, and the subsequent positive
relationship between TMM similagitand team performance, suggestnediatednoderation
relationship. Thus,this study supports the notion that storytelling paired with reflexivity will

maximize the potential fdavorable team performancga TMM similarity.

Limitations and Future Studies

As a 2.5 hourexperiment] only examined shotterm learning effects that could be
demonstrated minutes after an intervention was introduced. Wdidefind that storytellingin
combination with reflexivity, can affect TMM similarity, it is unclear whether this effect is-long
lasting. Future studies should therefore investigate the longitudinal impact of these interventions
on TMM similarity and subsequent team performance

As mentioned previously, this study utilized a fairly passive method of storytelling, but

still found significant results. It would be interesting to utilize differentsydestorytelling
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interventions in future studies to determine how they may enlthegmsitive effects on team
outcomes found here, both directly and through their interaction with guided team reflexivity.
Some possibilities could involve participants sharing their own applicable experiences with their
teammates, or having a confederahare a prscripted story at a préetermined time.This

could potentially lead to greater affective commitment and a better internalization of the story’s
lessons, which could in turn enhance the positive effects on TMM similarity and subsequent
perfaomance, and perhaps even enhance or alter the role of reflexivity.

Finally, due to the nature of the TMM that was used in this study (concept mapping), it
was impossible to administer the measure at an optimal time to make conclusions about
mediation. hat is, theconcept map measure ideally should have been administered after the
storytelling and/or reflexivity intervention, but priortiee second performance scenario.

However, becausthe contents of the concept map were inextricably entwined vatbahtent

of Scenario 2, it wasecessary to complete the measure #fteperformance task was

completed Other studies have also measured team cognitiontaéerccurrence deam
outcomeqde.g.,Ellis, 2006 Gurtner et al., 2007; Mohammed & Ringsé&l801).Rather than
interrupting the performance task to administer team cognition measures, which could potentially
have artificial negative effects on performance, | followed the example of such prior studies and
chose to administer the TMM measure inamagely following thesecondperformance session.
Therefore, even though the results support mediatienplacement of the measures does not

allow me to make firm statements about causality.

Conclusion

This study ventured into largely unexplored itery: the effect of planned storytelling
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and reflexivity interventions on TMMs and team performaniceaddition topossiblybeingthe

first empirical study of the effects of storytelling on team performance, it has expanded limited

empirical researchroguided team reflexivity, and it hatsoexplored new antecedents of

TMMs, all within thecontext of virtual teams. The results provaeouraging evidence that

these interventions may help overcome the collaborative obstacles faced by team members in
distributed environments, particularly when used in tandem. This study will hopefully provide a
steppingstone for further exploration of interventions that can enhance TMM similarity and

subsequent team performance.
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Appendix A

Tables
Table 1
Summary ofndependent Samplest@sts on Reflexivity Manipulation Gtie
Manipulation Check Item M SD df t p
Reflexivity Scale 105 -26.91 .00
Reflexivity group 4.04 .40
Control group 1.76 A7

Table 2

Summary ofndependent Samplest@sts on Affective Response Manipulation Check Items

Manipulation Check Item M SD df t p

Affective Response
This group discussion session allowed me to bond with my

teammates. 105 -1.17 24
Reflexivity group 3.58 .60
Control group 3.43 74

Positive Affect Scale
105 -1.04 .30

Reflexivity group 2472 5.16
Control group 23.68 5.20
105 1.12 27
Storytelling group 23.66 5.61
Control group 24.78 4.70
Negative Affect Scale
105 -.49 .63
Reflexvity group 13.86 2.61
Control group 13.62 2.36
105 .29 a7
Storytelling group 13.67 2.11
Control group 13.81 2.82
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Table 3

Descriptive Statistics and Correlations of Study Variables

Variable Mean SD 1 2 3 4 5 6 7 8
1. Gendef 149 0.33
2.
Average hrs/wk 10.77 12.60 -.30%
playing video games
3. Experience in
emergencyesponse 0.13 0.45 .09 .05
settings
4. Knowledge of hospital
emergency response 1.59 0.50 .27** -16 .12
protocols
5. Reflexivity 05  1.00 .01 .07 .00 .04
6. Storytelling -0 1.00 .07 .03 .12 .04 .01
7. Ti
Time 2 conceptmap g 45 913 .02 -00 .21 -26% -03 .24*
similarity
8. Time 1 number of
interdependent events 0.77 0.14  -.16 .04 .01 -10 -07 .04 .193
completed
9. Time 2 number of
interdependent events 0.45 0.24 -32* .15 -19 -29* -11 -01 .26* .27*

completed

& Composition of gender within the team, ranging from 1 (all males) to 2 (all females).

® Dummy-coded variable: control=; reflexivity/storytelling= 1.

*p <.05
**p<.01
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Table 4

Summary of Hierarchical Regssion Analysis for Storytelling and Reflexiwgtgdicting
Team Performance in Scenario 2

Variable B SE "5

Step 1 22%*
Gender -15 .07 -.21*
Average time playing video games (hrs/wk) .00 .00 .06
Experience in emergency response settings -07 .05 -14
Knowledge of emergecy hospital response protocols/procedure99 .05 -.20
Team Performanca Scenario 1 .38 .16 .23*

Step 2 .01
Gender -16 .07 -.21*
Average time playing video games (hrs/wk) .00 .00 .07
Experience in emergency resposs#ings -07 .05 -15
Knowledge of emergency hospital response protocols/procedur@@ .05 -.19
Team Performanc@ Scenario 1 37 .16 .22*
Storytelling .01 .02 .03
Reflexivity -03 .02 -11

Step 3 .01
Gender -15 .078 -.21*
Average time playing video games (hrs/wk) .00 .00 .09
Experience in emergency response settings -08 .05 -15
Knowledge of emergency hospital response protocols/procedur@@ .05 -.19
Team Performanc@ Scenario 1 39 .16 .23
Storytelling .01 .02 .03
Reflexivity -03 .02 -11
Storytelling x Reflexivity -.02 .02 -.078

N= 107 teams

*p<.05

**p<.01
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Table 5

Summary of Hierarchical Regression Analysis for PrediclivM Similarity

Variable B SE 5

Step 1 .10*
Gender .019 .041 .048
Average time playing video games (hrs/wk) -.001 .001 -.130
Experience in emergency response settings .040 .031 127

Knowledge of emergency hospital response protocols/procedur@83 .027 -.319**

Step 2 .06*
Gender .014 .040 .037
Average time playing video games (hrs/wk) -.001 .001 -.144
Experience in emergency response settings .028 .031 .089
Knowledge of emergency hospital response protocols/procedu@83 .026 -.320**
Storytelling manipulation .032 .013  .246*
Reflexivity manipulation .000 .013 -.002

Step 3 .04*
Gender .009 .040 .023
Average time playing video games (hrs/wk) -.002 .001 -.180
Experience in emergency responsiisgs .035 .031 110
Knowledge of emergency hospital response protocols/procedu@89 .026 -.344**
Storytelling manipulation .031 .013 .236*
Reflexivity manipulation .001 .012 .011
Storytelling x Reflexivity .025 .013  .193*

N= 107 teams

*p<.05

**p<.01

Table 6

Summary of Hierarchical Regssion Analysis for TMM Similarity Predicting Team
Performance in Scenario 2

Variable B SE 5

Step 1 23**
Gender -17 .08 -.24*
Average time playing video games (hrs/wk) .00 .00 .06
Experience in emergency response settings -06 .06 -.12
Knowledge of emergency hospital response protocols/procedur@d .06 -.19
Number of completed team events in Scenario 1 36 .16 .22*

Step 2 .04*
Gender -19 .08 -.26*
Average time playing video games (hrs/wk) .00 .00 .08
Experience in emergency response settings -08 .05 -.14
Knowledge of hospél emergency protocols/procedures -06 .05 -.13
Number of completed team events in Scenario 1 29 .16 .17
TMM Similarity (Concept Map) 39 .19 .21*

N= 107 teams

*p<.05

**p<.01
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Table 7

Summary ofndependent Samplest&sts on Ancillry Analysisitems

Manipulation Check Item M SD df t p
Reflexivity Helpfulness Immediately after intervention 105 -13.65 .00
Reflexivity group 3.77 .61
Control group 1.99 75
Reflexivity HelpfulnessEnd of experiment 105 -12.28 .00
Reflexivity group 4.01 51
Control group 2.56 .70
Strategy Generation
Communication 105 20.81 .00
Reflexivity group 1.04 0.11
Control group 1.78 0.24
Share briefings
Reflexivity group 1.32 031 105 11.49 .00
Control group 1.88 0.17
Send units in correct order 105 18.38 .00
Reflexivity group 1.12 0.20
Control group 1.85 0.21
Arrive at everg in time 105
Reflexivity group 1.29 0.29 12.04 .00
Control group 1.86 0.18
Strategy Implementation
Communication 105 -1.95 .05
Reflexivity group 4.32 0.53
Control group 4.10 0.63
Share briefings 105 .79 43
Reflexivity group 3.77 0.91
Control group 3.90 0.80
Send units in correct order 105 -.67 .50
Reflexivity group 3.77 0.69
Control group 3.67 0.82
Arrive at events in time 105 1.43 .16
Reflexivity group 3.39 0.68
Control group 3.59 0.78
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Table8

Summary of Hierarchical Regression Analysis for PredicliM Accuracy

Variable B SE 5

Step 1 .05
Gender -06 .04 -15
Average time playing video games (hrs/wk) .00 .00 -.03
Experience in emergency response settings .01 .03 .03

Knowledge of emergency hospital response protocols/procedu@3$ .03 -.13

Step 2 .01
Gender -06 .04 -15
Average time playing video games (hrs/wk) .00 .00 -.02
Experience in emergency response settings .01 .03 .04
Knowledge of emergency hospital response protocols/procedu@3$ .03 -.13
Storytellingmanipulation -01 .01 -.05
Reflexivity manipulation -01 .01 -.07

N= 107 teams

*p<.05

**p<.01

Table 9

Summary of Hierarchical Regssion Analysis for TMMccuracyPredicting Team Performance
in Scenario 2

Variable B SE 5

Step 1 23**
Gender -17 .08 -.23*
Average time playing video games (hrs/wk) .00 .00 .06
Experience in emergency response settings -06 .05 -.12
Knowledge of emergency hospital response protocols/procedur@d .05 -.19
Number of completed team events in Scenario 1 36 .16 .22*

Step 2 .06*
Gender -15 .07 -.21*
Average time playing video games (hrs/wk) .00 .00 .06
Experience in emergency response settings -07 .05 -13
Knowledge of hospitalreergency protocols/procedures -07 .05 -.15
Number of completed team events in Scenario 1 .33 .16 .20%

TMM Accuracy(Concept Map) A4 17 .24%

N= 107 teams

*p<.05
**p<.01
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Appendix B

Figures
Guided Tean
Reflexivity N
Team Menta Team
Model Similarity | Performace
Storytelling %
(Narrative
Figure 1. Summary of the remrch model.
Reflexivity
Present None
Present 84 (28) 75 (25)
Storytelling
None 84 (28) 78 (26)

Figure 2.The experiment design. The numbers in each cell indicate the
number of participants (teams) in each condition.
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Appendix C

NeoCITIES Roles and Resources

POLICE FIRE HAZMAT
# # #
Resource Avail. | Resource Avail. | Resource Avail.

Investigator Investigator 3 Investigator
Squad 5 Fire 4 Chemical 3
Car Truck Truck
SWAT 2 | Ambulance 3 |Bomb 4
Team Squad
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Appendix D

Screenshots of the NeoCITIES Simulation

w c x .uﬁi I@‘httu:l,'pndtmm1.\a.psu.edu:EOBO,’NEchEsF\Ex,’Neocmes.hlml ] Ib'lﬂmg
| [ http:f/pndtcatol... feoGities html % | |

Team Monitor Briefings

FIREIEIT\E Recent Event:

Q@ @6

Hﬂaﬁ\ﬂ‘r Recent Event:

Q@@

Event Tracker

POLICE

All emergency response personnel need to be on the
lookout for the hijinks of Pi Rho, a group of pranksters that
| were recently banned from campus by the Dean.

All Pi Rho events need to be addressed by all emergency
management personnel within 30 minutes (simulation time)
of notification of the event (i.e. 30 seconds actual time)

Resources: @ n @ 5 @ 20 System Monitor
Unit Status Field Report Current Location
Open Incidents:
Dispatch | Incident Status On Scene This unit lacks the proper credentials and is unable to help for
| this event. Flying Laptops
08:34 AM| §p FlvingLaptops On Scene
09:15 AW @ Collapsed Student On Scene I e. On$Scene | This unit lacks the proper credentials and is unable to help for
09:45 AW @ Missing Belongings New this event. Collapsed Student
10:15 AW @ Overused Toilet Hew
10:45 AN @ How NOT to cook How
Closed Incidents: —
End Incident Status
@ Finals Briefing

| Transferring data from prdtcato Lia.psu.edu...

bl @ 0 [@]
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Appendix E
Story Script

Please Note: The following is based on a true story. The names have been changed, but the facts
are real.

Dan, a 22yearold graduate student, was workilage on an experiment in the Chemistry Lab

while a severe snow storm raged outside. Just as he was carrying a beaker full of hydrochloric
acid across the room, there was a power outage. In thelankripped on his backpack and

fell, spilling the contats of the beaker all over his left arm. Dan howled in pain, causing a
student in the adjacent lab to come running over. The lights from the backup generator flickered
on to reveal Dan lying on the floor unconscious with severe chemical burns on arsnefthe

student immediately called 911, but since the beaker had shattered during the fall, the student
could not telithe 911operator what the specific substance was that had burned Dan’s arm. The
operator then notified all emergency response depatsnad the incident, which included

Police, Fire, and Hazmat.

The operator also conveyed a written message to all of the units using a data terminal, a small
wireless computer that can be accessed by each department. In this briefing, the operator
descibed the incident and stated that both Hazmat and Fire were requested on scene. Hazmat
was needed to identify the chemical before Fire could administer the appropriate treatment. The
briefing also notified all units of the severe weather conditions. Seeads were impassable
because ofieavy snow buildip and debris. There were also many small accidents along the
major roadways. According to the briefing, Polgere to be on hani clear the roads of traffic
andto supervise snow removing crelherebre Policeneeded to be dispatched to the incident

to clear the way for Hazmat and Fire to arrive on scene and treat Dan.

A few minutes went by and Hazmat noticed that Police had not responded to the incident. Their
data terminal showed that no one waso@ne. Due to the extent of Dan’s injuries, it was critical
to treat himquickly. Standard protocol dictates that chemical accidents need to be addressed
within 10 minutes of notification. Because Police was busy respondingeteea sf fender
bendershey hadnot take the time to read the briefing. They were therefore not aware that they
needed to respond to the incident. Frustrated, Hazmat and Fire tried to save time and get to the
Chemistry Building without the help of Police, but to no avail. Thaits both ended up getting
stuck in the snow.

With all other options exhausted, Hazmat and Fire contacted PélienPolice responded and
arrived to clear the roads almost 45 minutes had passed since the original dispatch notification.
After clearingthe roads, it took an additional 15 minutes to tow the Hazmat and Fire units out of
the snow. Once on scene, Hazmat was able to identify the chemical substance as hydrochloric
acid, which then enabled Fire to correctly treat Dan’s burns. However, sias d@rucial for

them to arrive within 10 minutes, their late arriiiad led to tragic consequencé&ge tissue

damage from the toxic chemicals had reached Dan’s nerves causing his left arm to be completely
paralyzed. Dan never fully recovered and hadvis lis life knowing that he would never again

have any feeling or use in his left arm.

70



If Police had read the briefing and dispatched units to clear the roads, if Hazmat and Fire had
waited to dispatch units in the proper order (Police, then Hazmati-tlegnand if all of the

units had arrived at the scene on time, this terrible tragedy would not have occurred. Hazmat and
Fire would not have left first and gotten stuck in snBadjcewould nothave wastetime

towing Hazmat and Fireut of the snowand Dan would not haveeen paralyzed becauide
chemicalsstayed todong on his arm

SurfaceStructureSimilarities

NeoCITIES Story
1. Three distinct roles (Police, Fire, Hazmat). Three emergency response units (Police, Fire,
Hazmat).
2. Takes m@ce on the Penn State campus. | Takes place ia Chemistry lab on a university
campus.
3. Events involve university students. Protagonist is a student.

Deep Structuref Story

NeoCITIES Story

1. Sequencing Police had to clear the roads so that
Hazmatcould identify the chemical and
then Fire could treat Dan.

2. Deadline According to standard protocol, chemical
accidents need to be addressed within
10 minutes.

3. Communication Hazmat didn’t tell Fire what the chemical
involved in the accident vga

4. Interdependence Fire couldn’t treat the chemical burn no

matterhow hard they tried as long as they
didn’t have the correct chemical
information from Hazmat.
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Appendix F

Sample Screenshots of the Basic Training Video

~ Basic
Training Guide

The MAIN functions of your role are to:

1. INTERPRET event descriptions and decide whether or not
to respond to it.

2. ALLOCATE the correct number and appropriate type of
resources to events.

3. MONITOR the resources that are sent to events and recall
them if necessary.

CITIES Basic

4 Training Guide

~ Basic
Training Guide

The MAIN functions of your role are to:

1. INTERPRET event information and decide if you should
respond to it:

* New events appear in the Event Tracker .
« Double-Clicking an event will open the Incident

Inspector pop-up window that contains the
description of the event.

CITIES Basic

4 Training Guide

The MAIN functions of your role are to:

1. INTERPRET event descriptions and decide whether or not
to respond to it.

2. ALLOCATE the correct number and appropriate type of
resources to events.

e As adispatcher for the FIRE / EMS team,
you have 3 types of Resources at your disposal.
« Allocating resources to events is a 3-step process.

The MAIN functions of your role are to:

1. INTERPRET event descriptions and decide whether or not
to respond to it.

2. ALLOCATE the correct number and appropriate type of
resources to events.

3. MONITOR the resources that are allocated to events and
recall them if necessary.

e Once your allocated resources are On Scene, you
will receive a feedback message on the success or
failure of that unit in solving the event.

e If a unit was incorrectly sentto an event or you would
like to dispatch it elsewhere, you may RECALL the
dispatched units back to the station.

~ Basic
Training Guide

*  When the scenario is complete you will be shown a summary of the
following scores:
e Your Team’s Score
e Theteam’s score is based upon the speed and
accuracy of your team’s response.
¢  Total Damage

¢ Thetotaldamage grows the longer an event remains
active, requiring more resources to resolve.

e Timed Score
e Some events require that your team respond in a
particular order or at a certain pace.
*  Addressing these events out of sequence or ata
slower pace decreases your score.
* Eventsare worth different points.
*  Prioritize your response based upon minimizingdamage and
maximizing your team score .
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Appendix G

Sampé Events from Performance Scenarios

Description

Team

Unit

Units needed for briefing on upcoming
football weekend. Officials expect BOTH
increased student rioting AND widespread
injuries if we lose the game.

Police

Investigator

Send agents to Eisenhowtergive training to
campus security about bombs and bemb
making materials.

Hazmat

Investigator

Director requests disposal of a large numb
of barrels containing expired chemicals fou
in the basement of Beaver Stadium. Some
containers may be volatildJnits are advised
to proceed with caution.

eHazmat
nd

ChemicalTruck

A student called to report her friend vomitin
and collapsing in the restroom at a local bg
Unit requested for treatment.

g-ire

r.

EMS

Employees report that an apartment has
caught fire ad spread to nearby store beloy
Units needed to suppress fire.

Fire

Fire Truck

Small group of students seen pouring strar
blue and white chemicals on the Old Main

lawn to try and create the Nittany Lion loga.

Units need to arrive in the following order:
FIRST to collect samples of the material ar
SECOND to interview possible witnesses

géazmat
Police

d

Investigator
Investigator

A tanker carrying agueous ammonia has
collided with a large truck. The driver thinks
the tanker may explode within 60 seconds.
Units are needed in the following order:
FIRST to clear the area of -dmokers,
SECOND to control the flames, and THIRL

Police
5 Fire
Hazmat

to cleanup the chemical material

Squad Car
Fire Truck
Chemical Truck
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Appendix H

Sample Intelligence Briefing

NEOCITIES
PoLICE

| ntelligence Briefing

We have received an inside tip that there may be suspicious activity
associated with banks during the course of the day.

The emergency crisis management manual recommends that alieteteki
threats be addressed within the firStinutes (simulation time)f

notification by all relevant partigse., 45 seconds actual time)
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Appendix |
Reflexivity Intervention
Reflexivity ConditionExperimenter Script

It is believedthat when teams reflect upon and discuss theirgas&rmanceand strategies, they
can improve their scores. You will be given the opportunity to chat with your teamehatgs
the NeoCITIESsimulationand potential strategies for improving your performaki¢ken
discussingplease remember to take into conderation all of your experiences in the
experiment so far, including the training, the videos, and the performance scenario.

Please note that you will have 6 minutes for this discussion, and that all communication must be
conducted via chat. In additi, below there are three questions listed that will help guide your
discussion. You may read all three questions, but p@as®t discuss any given question

until instructed to do so by the experimenter The discussion session time limit is fixed, so

trying to rush through or skip questions won'’t get you out of here any faster. However, if you
remember something you want to say after you've moved away from a question, please feel free
to still bring it up.

We will now quickly explain the three quesi®below.

Discussion Questions

1. Whatwere the main points ydearned from the@ideo you justwatchedthat could apply to
playing NeoCITIES?

<Wait for experimenter before proceeding to Question 2>

2. How well do you think you and your tegnst performed inPerformance&cenario 1? What
went right? What went wrong?

<Wait for experimentebefore proceeding to Questior 3
3. You will be playing another performance scenario shortly. As a group please come up with

strategies for how to improweur performance on this upcoming scenario.

So in summary, Question 1 focuses on the video you just saw and what its mawagke
messages were, Question 2 focuses on how you did on the Performance scenasio you
completed, so it's past focuseddaQuestion 3 uses what you've discussed in Questions 1 and 2
to create strategies for your performance on the next Performance scenario, so it's future
focused.

Are there any questions?
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You are now ready to begin your discussion. Please press Esagmiotd of the slideshow
mode, then click on the Internet Explorer window located on the bottom of your screen in the
Task Bar that says “Google Talk” to open the chat room and begin your discussion.

Control Condition Experimenter Script

We are interded in your opinions on the use of technology and its impacts on people. Please
read the question below and discuss it with your teammates. Please note that you will have 6
minutes for this discussion, and all communication must be conducted via tigatlistussion

session time limit is fixed, so trying to rush through won't get you out of here any faster.

Please discuss the pros and cons in relation to the following question. Feel free to discuss
your own opinions as well as alternate viewpointatltould be taken

Is the use of technology a benefit or detriment to society and interpersonal relationships?
You are now ready to begin your discussion. Please press Escape to get out of the slideshow

mode, then click on the Internet Explorer wind@medted on the bottom of your screen in the
Task Bar that says “Google Talk” to open the chat room and begin your discussion.
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Appendix J

TMM Measure Concept Map Example
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Storytelling

Appendix K

Manipulation Checks

1. The video you just watched dealith:

a.
b.

A graduate student named Dan.
| did not watch a video about Dan.

2. What was the video you just saw about?

a.
b.
c.

d.

Reflexivity

An emergency response team helping Dan, with Police, Fire, and Hazmat.
A medical team in a hospital, with a Physician, Surgeon, and Nurse.

A general explanation of how teammates can work together in NeoCITIES to
tackle complex timing/ordering events (not a video about Dan).

Students being trained as Centre LifeLink emergency response technicians.

1. Which of the following did your grqudiscussion mainly address?

a.
b.
c.
d.

The pros and cons of technology development and use.
Reviewing team performance and creating strategies.
What it takes to get good grades in school.

The conditions of professional success.

To what extent did your group discies involve reviewing your team’s performance in
NeoCITIES and creating strategies for future performance?

a.

Scale ranging from 1= “Not at all’ to 5= “To a great extent”

Reflexivity Scale (Items adapted from the Carter and West (1998) Task Reflexivity

Scalg

Please think about your conversations with your teammates during discussion session you just
had and answer the following questions using this scale:

1= Strongly disagree

2= Somewhat disagree

3= Neutral/Neither agree nor disagree

4= Somewhat agree

5= Strongly agree

oahrwWNE

The team reviewed its performance so far.

The methods used by the team to dispatch resources to events were discussed.
We discussed whether the team is working effectively together.

We reprioritized our actions when circumstances clehg

We did not change our team strategies. (R)

We discussed how well we communicate information.
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7. We reviewed our approach to successfully completing events in the simulation.
8. We did not alter the way decisions are made in this team. (R)

Affective Response

1. The group discussion session allowed me to bond with my teammates.
a. Scale ranging from 1= “Strongly disagree” to 5= “Strongly agree”

2. PANAS

This scale consists of a number of words that describe different feelings and emotions. Read
each item and therhoose the appropriate answer next to that word. Indicate how you feel right
now at the present.

1= Very slightly or not at all

2= A little

3= Moderately

4= Quite a bit

5= Extremely

Interested
Distressed
Excited
Upset
Strong
Guilty
Scared
Hostile

. Enthusiatic
10.Proud
11.Irritable
12.Alert

13. Ashamed
14.Inspired
15.Nervous
16. Determined
17.Attentive
18. Jittery

19. Active

20. Afraid

CoNoOO~WNE
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Appendix L
Ancillary Analyses Items

Reflexivity HelpfulnessAdministered Immediately Following Intervention

1. How helpful do you think the group discusssession you just had will be for
improving your performance in the next scenario?
a. Scale ranging from 1= “Not at all helpful” to 5= “Extremely helpful’

Reflexivity Helpfulness Scalddministered After the Second Performance Scenario

Pleasendicate the extent to which you agree or disagree with the following items
regarding the group discussion session you had in Google Chat.

1= Strongly disagree or definitely false

2= Slightly disagree or mostly false

3= Neutral/equally true or false

4= Slightly agree or mostly true

5= Strongly agree or definitely true

1. The discussion session helped me to play the NeoCITIES game better.

2. | thought about the discussion session while playing the NeoCITIES game.

3. | saw connections between what we discdssehe discussion session and
NeoCITIES while playing the game.

Strategy Generation Items

Please indicate whether your team came up with each of the following
conclusions/strategies during your group discussion session in Google Chat.
1=Yes
2=No

Communicate with each other more when playing the NeoCITIES game.
Tell each other what your briefings said.

Wait to send out units in a particular order.

Make sure units arrive at events in time.

Other (optional).

agrwpdE

Strategy Utilization Items

Please indid® the extent to which your team actually used the following
conclusions/strategies during your most recent performance session.
a. Scale ranging from 1= “Not at all” to 5= “To a great extent”

1. Communicate with each other more when playing the Ne&3 flame.
2. Tell each other what your briefings said.

3. Wait to send out units in a particular order.

4. Make sure units arrive at events in time.
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