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Abstract

Serious games are an attractive tool for education and training, but their utility is
even broader. We argue serious games provide a unique opportunity for research as
well, particularly in areas where multiple players (groups or teams) are involved. In
our paper we provide background in several substantive areas. First, we outline
major constructs and challenges found in team research. Secondly, we discuss
serious games, providing an overview and description of their role in education,
training, and research. Thirdly, we describe necessary characteristics for game
engines utilized in team research, followed by a discussion of the value added by
utilizing serious games. Our goal in this paper is to argue serious games are an
effective tool with demonstrated reliability and validity and should be part of a
research program for those engaged in team research. Both team researchers and
those involved in serious game development can benefit from a mutual partnership
which is research focused.
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1. Overview

In many areas there has been an ever-increasing application of simulations and serious games. Two
of the most popular domains are education and training. We believe a third area—research, and in
particular team research—can benefit greatly through the use of serious games. There are many
obstacles that historically researchers in the team area have faced, including exorbitant
development costs for suitable software, inferior graphics that limit fidelity of the simulation, and
difficulty with capturing team performance measures; to name but a few. Advances in game
engines (e.g. CryEngine, Unity, and Unreal Engine) have lessened many of the problems
associated with these obstacles. Thus it is time to earnestly consider the utility of serious games for
the challenging area of team research.

In this article we begin by reviewing teams and candidate behaviors and competencies for
team performance. Next, we describe the use of serious games in education and training and point
out how serious games have been successfully utilized in these areas for research. We also provide
the reader with game engine requirements and methodological considerations relevant for those
conducting research via the gaming methodology. Our conclusion is a call for the application of
serious games in team research, in that serious games allow for the investigation of team
constructs not easily researched through traditional means. Developers of serious games would
also benefit from the field of team research as the application of serious games allows the
researcher to maintain rigorous standards for internal validity, external validity, and generalization
of findings; while thoroughly exploring the criterion space of effective performance in teams.

2. Teams

Organizations continue to embrace teams as an effective strategy for dealing with the ever-
increasing intricacies of economic competition and survival [1]. A team is described as an
interdependent group of individuals with complementary skills working toward shared goals.
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Teams are found in situations with complex or creative tasks and environments requiring
multifaceted decision-making. Teams are also utilized when the situation is variable, requiring the
team to adapt to changing external conditions. Due to these factors, teamwork forces individuals in
the team to utilize various process skills, including (but not limited to): communication,
monitoring, coordination, and feedback.

Virtual teams are ones whose members are dispersed, often geographically and/or temporally
[2-4]. Due to this distribution in space and time, individuals utilize technology to communicate,
coordinate, collaborate, and engage in task-work and teamwork behaviors. While many of the
constructs that typify effective face-to-face teams are also relevant in virtual teams, little is known
about the importance of constructs influencing behavior in virtual teams. For an example of an
attempt to rectify this shortcoming, Pavlova et al. [5] are investigating the role of trust in virtual
teams and how trust is impacted by such factors as team performance, effectiveness, and negative
information.

Regardless of whether team interactions occur in a face-to-face or virtual context, it is
important for team members to utilize effective team behaviors and team competencies. Research
on teams is thriving and while there are a variety of typologies to summarize this research, we
provide an integrated survey of the essential behaviors and competencies found across the
literature on team research. Although extensive, our review of constructs and competencies in the
area is not meant to be exhaustive; rather it is intended to provide the reader a framework and
starting point for further focus in team performance research.

2.1 Essential behaviors and competencies found in teams

There are many ways to partition the criterion space associated with team performance, and
certainly no shortage of authors who put their unique spin on the topic. Our approach is to provide
the reader with several of the major typologies in order to illustrate the richness and also to provide
a sense of the construct content, which must be measured by team researchers. We organize the
research into the following five typological areas: components of teamwork, team processes, team
knowledge, adaptive performance in teams, and those behaviors often relevant to the military. We
now provide a description and exemplars of each area.

2.2 Components of teamwork

Components of teamwork are considered to be the fundamental building blocks of those factors
that separate individual task work from teamwork [6]. Utilizing a multimethod approach, Brannick,
Roach, and Salas [7] focused on dyads performing an aircrew task. Their findings reveal that
communication and team process are the two critical dimensions of teamwork. Communication
focused on providing information in the form of instruction or commands, volunteering
information, asking questions, and making off-task comments (e.g., jokes). Team processes
involve such factors as the spirit of the team (esprit de corps), the extent of interpersonal
cooperation and technical coordination, and the quality of information when giving and receiving
suggestions.

Dickenson and Mclintyre [8] developed a more extensive perspective of team components.
Their approach includes team orientation (spirit) in which members assigning a high priority to
goal accomplishment and a willingness to participate in all aspects of team goal attainment. Team
leadership describes an individual’s willingness to listen to team member concerns and also to
explain to each member what is needed from that individual for goal attainment. Communication is
similar to the description utilized by Brannick et al., with a focus on verifying information and
utilizing a positive exchange to ensure understanding. Monitoring recognizes an individual being
aware of other team member’s performance and taking action in those situations of task overload;
monitoring also allows for one team member to identify when another is performing a task
incorrectly. The Dickenson and Mclntyre typology recognizes the importance of feedback, and
describes it as responding to other members’ requests for performance information and accepting
strategies or suggestions for changes in task work (e.g., in order to perform a task more
efficiently). Dickenson and Mclntyres’ final component is coordination, which is used to describe
the passing of performance-relevant data to other members in an efficient manner, and facilitating
the performance of another team members’ job. For researchers focused on teams, the components
of teamwork described above lay the foundation of what to identify and measure.
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2.3 Team processes

To understand how a team performs one must be able to model its actions over time [9-11]. Several
researchers have solidified this idea and developed representations of team processes. Marks,
Mathieu, and Zaccaro [12] proposed a temporally based structure with three primary processes
termed: transition, action, and interpersonal. Drawing upon the Marks et al. research, LePine et al.
[13] examined 138 previously published papers. Utilizing meta-analysis and confirmatory factor
analysis, these authors claim statistical support for the structure developed by Marks et al., which
we now describe.

Transition processes consists of analyzing the mission, specifying goals, and formulating a
strategy. Action processes center on monitoring progress toward the goal, monitoring the system
and team members, and coordinating actions. Interpersonal processes are concerned with
managing conflict in the team, motivating teammates, and managing affect (emotions).

Thus, team processes deal with actions and activities that are part of the team. The identification
and measurement of these processes are an important component of team research and must be
captured by a serious game when being utilized for research.

2.4 Team knowledge

There is considerable work in the area of team knowledge and team situational awareness. As
researchers have explored various conceptualizations and corresponding methodological
considerations related to the measurement of team knowledge, a significant amount of attention has
been paid to the overlap of, versus the distributed nature of team member knowledge [6, 14-18].
Instead of reviewing the entirety of the literature we refer the reader to two papers in the area [6,
14] that provide a literature review, identify the key issues, and provide an empirical illustration.
Team knowledge is defined as the assortment of task- and team-related knowledge held by
teammates and their collective understanding of the situation confronting the team [14, 19]. Team
knowledge is considered to have two components: the team mental model and the team situation
model. The difference between the two can be described in terms of duration.

The team mental model is understood to be long lasting and exists prior to task performance.
It is acquired primarily through prior experience and training. The team mental model consists of a
variety of content, including both specifics of the task work performed by individual team
members as well as aspects of teamwork (the components and processes described earlier). It
consists of knowledge in a variety of forms, such as declarative, procedural, and strategic; and it
functions as a collective base of knowledge for the team, leading to common and shared
expectations among and between team members.

On the other hand, the team situation model is ephemeral. It is situation specific and as such is
dynamic and fleeting. It is acquired during the task and utilizes constructs from the team mental
model and world cues. The function of the team situation model is to assist team members in
interpreting the situation in a common and compatible fashion.

Understanding and measuring team knowledge and its two components is an essential aspect
of many research programs interested in team performance. Capabilities of serious games to
measure team knowledge through continuous monitoring, automatic stimuli presentation, and
response measurement, argue for serious games to be used as a tool in team research.

2.5 Adaptive performance in teams

One hallmark of effective teams operating in dynamic environments is an ability to adapt to
changing situations. Ineffective teams lack this ability to self-modify to the demands of the
changing environment. Rosen et al. [20] provide a review of the empirical, theoretical, and
methodological literatures on team adaptation and the input-throughput-output model of a team
proposed by Burke et al. [21]. The model consists of: specific characteristics brought to the team
by individual members; an adaptive cycle of assessing, planning, learning, and feedback; emergent
states such as team knowledge; and adaptation characterized by team information and
modification.

Various behavioral markers are identified with the team adaptability process, specifically:
coordination, back-up behavior, reactive-conflict management, affective management, mission
analysis, goal specification, three types of strategy formulation (deliberate-, contingency-, and
reactive-strategy planning), role differentiation, cue recognition, meaning ascription,
communication, team member and systems monitoring, recapping, and finally reflecting. Specific
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behavioral markers for each process are provided in their Table 1 (pp. 115-116). For the most part,
individual components of these processes are found across the other models reviewed here. We
provide their framework as it specifically addresses team adaptability in dynamic environments, a
key aspect to success in today’s workplace--both military and civilian.

Rosen et al. derive six guiding principles that capture the core features of team adaptation and
these can be used to inform measurement of the performance construct. The principles focus on
capturing: 1. bottom-up changes in team performance, 2. top-down changes in strategy that impact
team performance, 3. a team’s recognition of a need for change, 4. the team’s ability to self-assess,
5. what team members are thinking and feeling in a dynamic manner, and 6. a profile of team
adaptation over time. Through employing these six guiding principles, the researcher can be
assured the important aspects of team performance are identified, measured, and incorporated into
the serious game.

2.6 Team behaviors often relevant to the military

Many jobs in the military are team based (e.g., air crew, ship firefighting team); as such, the
military has had a foundational interest in teams. One of the early influential pieces written on the
topic of team performance was authored by Tuckman [22] who, after studying 50 published papers
on stages groups evolve through over time, identified four sequential processes through which
groups progressed: Forming, storming, norming, and performing. Forming is the first stage and it
deals with the group’s orientation, testing, and dependence. The second stage, storming, is
characterized by conflict and polarization around interpersonal issues. Norming occurs next and is
typified by the feelings of in-group cohesiveness, development of group standards, and the
adoption of group roles. Finally, there is performing, in which interpersonal structure becomes the
tool governed by task activities. Structural issues are resolved and roles become adaptable to task
constraints and supportive of task accomplishment.

Building upon this work by Tuckman [22], Morgan, Glickman, Woodward, Blaiwes, and
Salas [23] developed a model of team evolution and maturation in the context of the Navy. Their
model keeps the same general format as Tuckman’s but elaborates upon it, inserting into the model
Pre-forming, in which task assignments are made and issues of group reputation are considered.
The next three constructs are those of Tuckman. Forming is focused on task orientation and testing
for acceptance. Storming centers on emotional responses and intragroup conflict. Norming
addresses group cohesion and the exchange of relevant interpretations. Morgan et al. break
performing into two distinct pieces. The first, Performing | focuses on the emergence of solutions,
functional role relationships, framework and role adjustment. Performing Il is concerned with the
drive to completeness, role fulfillment, delivery of the work product, and adjustment to
environmental demands. A concluding piece to their model adds deforming; which is task
withdrawal and exiting the group.

The final model of team performance we describe was developed studying aircrews.
Originally presented in Prince and Salas [24], the authors reviewed research and training programs
across the Army, Navy, and Air Force for cockpit teams. Fowlkes, Lane, Salas, Franz, and Oser
[25] utilized the behaviors to develop a team training program for aircrew coordination and
validated it on military helicopter pilots. The list is comprised of 42 critical skill behaviors
subsumed under seven skill areas. The skill areas consist of the following. Mission analysis
involves  defining  mission  requirements, devising plans, and critiquing them.
Adaptability/flexibility refers to the ability to modify behavior in order to fit the demands of the
situation. Leadership centers on structuring tasks when necessary; seeking input, keeping members
informed, and providing feedback on performance. Decision-making addresses gathering and
validating information, anticipating consequences of decisions, and providing rationale for
decisions. Assertiveness denotes asking questions, providing suggestions and opinions,
confronting ambiguities, and advocating for a particular course of action. Situational awareness is
demonstrating cognizance of task performance and the performance of others; noting deviations,
identifying potential problems, and demonstrating ongoing awareness of mission status. Finally,
there is communication which encompasses providing information when required or asked, using
standard terminology and repeating or acknowledging information when appropriate, being
concise, and using nonverbal communication when appropriate.

In addition to modeling team performance, the military was one of the first adopters of using
serious games to measure team behavior, and simulations are now considered an essential
component of the military’s 21% century defense [26]. One of the first simulations, America’s
Army: Operations, was originally conceived as a tool to introduce individuals to the values and
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goals of the United States Army [27] and to assist the U.S. Army with recruitment of volunteers
[28]. Today, America’s Army and others U.S. Army-produced simulations have evolved into an
effective tool for the military to study teams, including a large-scale study that used America’s
Army to help combat troops navigate difficult terrain [28, 29].

The military’s ongoing commitment to serious games is evidenced in their recent success at
the 2016 Serious Games Showcase & Challenge, where U.S. Army STARS Element —Fun with
Chemistry won best mobile serious game, and the U.S. Army Research Laboratory / USC Institute
for Creative Technologies-produced simulation USC Standard Patient, received the award for the
best government developed serious game [30].

3. Highlights of serious games

We consider serious games those computerized games and advanced video graphics systems
utilized for non-entertainment purposes and whose focus is on learning and training [31] or
educational and behavioral change [32]; and we now extend this definition to include research. In
their discussion of serious games, de Freitas and Ketelhut state that these games often have lofty
ambitions and the field is “...fortunate that some far-sighted funding agencies such as the US
National Science Foundation, the UK Technology Strategy Board, and the European Commission,
have identified the power of games not only to engage and motivate but also to solve world-scale
problems and make significant and important behavioural and social changes to improve our lives,
work and study.” (p. 2). While there is agreement on the importance of serious games, the
appropriate label for the methodology is under discussion. Crookall [31] challenges the label used
for the serious gaming discipline, preferring the term “computerized simulation/game for training
or learning” (p. 905) over that of serious games. Similarly, de Freitas and Ketelhut note the parallel
emergence of an academic field focused on serious games, and although it is currently distributed
over many disciplines with many titles, they nominate Game Science as the unifying label.

Many consider the inauguration of serious games to harken back to business games and their
application in the corporate world. Greco, Baldissin, and Nonino [33] note the first organizational
game (MONOPOLOGS; [34]) was utilized by the Air Force to train inventory managers; shortly
there after the first widely known business game was released. The first book [35] on serious
games was published and was followed shortly there after by conferences such as the Association
for Business Simulation and Experiential Learning (ABSEL) allowing researchers to present
evidence for how business games impact aspects of corporate performance, influence teaching in
management courses, and determine what individuals in these simulations actually learn [36].
More recently, Greco et al. [33] provided a taxonomy for classifying business games. Their
taxonomy includes five macro-categories (p. 657): 1. Environment of application (characteristics
of the games spatial and temporal environment); 2. Design elements of the user interface
(characteristics of the user interface); 3. Target groups, goal objectives, and feedback
(characteristics of the target and reinforcement mechanisms); 4. User relation/community
(relational characteristics of the game); and 5. Model (characteristics of the simulation model
within the game). The authors hope the taxonomy will serve to develop a global database to be
built collaboratively by business game users and developers. Additionally, for those readers
interested in learning about the prolific authors and topics in the area, see [37] who utilized
research profiling on bibliographic data available from 40 years of publications in the area.

3.1 Games versus simulations

It is worth taking a moment and considering the relationship between simulations and games, in
that the labels are often used interchangeably [38]. Adroitly argued, [39], state the difference
between the two is found in their essential attributes. A simulation is “...a simplified, dynamic and
accurate model of reality...” (p. 253) and is often used in a learning context. A game, on the other
hand, is a fictitious or artificial situation in which the player is expected to perform. Players in a
game are often put in a position of conflict, either against an opposition force or even against one
another. It is worth noting, however, that Sauvé et al. acknowledge simulation games. Although
they do not discuss the concept directly, it is likely their use of simulation games falls into our
category of serious games.

Another definition of a game is provided by Pohl and Walker [40] who work with game
technology for training. Although they do not use the label serious game, their description is
consistent with our use. Pohl and Walker define a game as a structured activity whose key
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components include rules, interactions, challenges, and goals. As such, a game is not the hardware
and software but rather the experience the user has while interacting with the system. This
cognitive representation involves mental and physical simulations of the real world and while
interacting in this space players acquire basic skills. A central goal regarding serious games is to
determine the effectiveness of the simulation. That is, does it perform as intended and do the
outcomes generalize beyond the playing context? One way developers of serious games can
increase simulation effectiveness is to gamify existing training and educational material.

3.2 Gamification

Gamification is defined as “The use of game elements and game-design techniques in non-game
contexts” [41, p. 21]. More specifically, “gamification” is used to describe initiatives in which
elements of game design are applied, as opposed to the use of game-based technology, for use in
non-game applications [42]. In other words, the use of a game engine does not alone qualify as
gamification. Largely, efforts involving gamification are undertaken with the intent to engage,
incentivize and/or motivate users of a system [43] through the use of tools such as real-time
feedback, and rewards [44, 45]. Recently Landers and Landers [46] explicitly tested aspects of
gamification on academic performance and found support for learning enhancement through
gamification.

Focusing primarily on gamification, the Serious Game Design Assessment Framework [47]
consists of six key design elements. The first is purpose (designers’ intent), on impacting players
beyond the play of the game itself; for example, to teach the players about some content area.
Secondly is content & information, which refers to the declarative and procedural knowledge used
in the game. Thirdly is the establishment of rules that define user behavior and the methods
whereby a player interacts with the world. These are complex [48] and drive the interaction with
the game. Mitgutsch and Alvarado [47] label the rules and methods as game mechanics. Fourthly
is the introduction of the fictional worlds and stories provided by the fiction and narrative. Linear
versus nonlinear play is outlined and the story may change as the player proceeds through levels or
accomplishes goals. The fifth evaluative criterion is aesthetics and graphics developed for the
visualization and element display in the game. The sixth and final evaluative component is
framing. The goal of framing is to target the key elements of the game on the focal group. One
often-overlooked design principal is to present the game framed to the play level of the
participants. If an incorrect level of play is implemented by the designers (e.g., savvy, when in fact
the players are novice), the frustration (boredom) experienced by users will contaminate and
confound the outcomes.

3.3 Serious games in education and training

We now take a closer look at the role of serious games in individual learning and their application
in training, as interest in utilizing serious games in an education or training context has been on the
rise [49]. Taken at the broadest level, a serious game might be utilized in any context where
learning or training is the goal. The extent to which occurs can be assessed via an examination of
the literature. Several surveys have been published on the topic and here we cite an illustrative few.
The first, by Connolly et al. [50], describes an extensive review and these authors identified several
key learning outcomes associated with serious games. These outcomes include those targeting
changes related to: affect and motivation, behavior, knowledge acquisition and understanding,
motor skills development, perceptual and cognitive improvement, and social/soft skill outcomes.
Furthermore, a recent study found support for serious games as an improvement over more
traditional methods when on-the-job task performance is an outcome of the training received from
the serious game [51].

Sitzmann [52] presents a comprehensive meta-analysis on the effectiveness of simulation
games for training. Relative to a comparison group, individuals trained via computerized
simulations had higher levels of procedural and declarative knowledge, better retention, and higher
levels of self-efficacy. In examining the findings across studies, Sitzmann identified that, relative
to the comparison group, trainees learned more when: the material was actively presented to them;
the simulation allowed unlimited access; and it was provided as a supplement to other instructional
methods -- as opposed to a stand-alone method. If, however, the comparison group received
instruction in a format that actively engaged them, the simulation group underperformed the
comparison group. So merely having delivery of content is not enough for a simulation or serious
game to effectively impact learning. See Bedwell et al. [53] for principles and aspects of
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gamification associated with learning, and Landers [54] for development of a theory of gamified
learning based on Bedwell et al.’s taxonomy.

3.4 Serious games and research

Our goal is to identify those attributes of serious games that make them an effective research tool.
Within a serious game there are three areas that must be evaluated: the validity of the simulation
charged with representing the real-world phenomenon of interest; the pedagogical component
associated with constructs to be learned; and the gamification aspect of the system tasked with
incentivizing and motivating the players. Evaluative frameworks are provided by Ghannem [55]
and Mayer et al. [56] who argue the only way for teachers and trainers to know if the serious game
being utilized is effective or not is to have a set of explicit game design characteristics linked to
detailed learning objectives, such as Bloom’s taxonomy. These authors, along with an empirical
assessment of the approach, provide several measurement/evaluation forms.

Mayer et al. also developed a model with methods for assessing serious games and game
based learning (p. 512). The strategy aids with assessing reliability utilizing standard scales (e.qg.,
checklists), in addition to reporting interrater reliability. Furthermore, the content of the scales
provide an evaluation of the face and construct validity of the game. Taking the discussion of
measurement even further, de Klerk, Veldkamp, and Eggen [57] argue it is important to move
beyond simple pre- and post-test designs when evaluating serious games. They present a Bayesian
network that can be applied to gain a full understanding of an individual’s performance in serious
games.

As can be gleaned from our review, there is a plethora of available methods for serious games.
These range from guiding principles [58] through traditional experimental designs [59] and
emerging techniques such as confirmatory factor analysis and structural equation modeling [60],
graph theory and Petri nets [9], and Bayesian networks [57]. Using the appropriate methodological
and statistical tool for the research task at hand, we argue it is important to assess the reliability
and validity of serious games. This allows for the development and extension of serious games to
the rich and often problematic arena of team research.

There have been several calls for additional research on serious gaming, for example [31]
surveyed the field and challenged serious game designers to conduct additional research (e.g., on
the importance of debriefing). Additionally, [61] discuss a series of papers providing examples of
research methodologies (e.g., ethnography, physiological measures) appropriate in the context of
serious gaming. Their argument is essentially that measures are game dependent and need to
reflect the constructs of interest. de Caluwe, Geurts, and Kleinlugtenbelt [62] review the
application of gaming and simulations for policy development and implementing change in
organizations. Some lessons learned from their study of projects in these two areas include the
points that games: are quasi-experiments and as such have advantages and limitations;
manipulation checks are important; and if control groups are used ethical issues related to
depriving learning opportunities to participants in control conditions must be addressed.

Finally, it is important to mention the work of Eladhari and Ollila [63] who argue that
regardless of the games focus, it is essential for designers to iteratively build and test it in order to
fully understand the play dynamics and experiences of individuals within the serious game. Said
another way, if the purpose of a serious game is to be used as a tool for research, designers must
ensure the validity of the constructs of interest and the reliability of their measurement. Reliability
can be addressed, in part, through the use of parallel forms of scenarios [64], while construct
validity is determined via statistical methods such as multitrait-multimethod [65, 66] and
confirmatory factor analysis [67, 68]. These research issues strike at the heart of team research, an
area where it is often difficult to define constructs and operationalize them such that it is possible
to statistically assess them in a meaningful fashion. We believe serious games, used as a method
and aligned with an appropriate statistical procedure will provide the scientific rigor required for
team research.

4. Advantages of utilizing serious games for team research

The development of gaming and game engines have made remarkable advances since the
introduction by Rand [34] of MONOPOLOGS. Computerization provided the greatest leap
forward, however, it was not a panacea in and of itself. Some areas experienced growing pains and
needed further development, but today’s game engines (e.g., CryEngine, Unity and Unreal as
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exemplars) have overcome initial shortcomings. Equipped with the review of both the serious
games and team research literature presented above, we now describe a set of requirements when
utilizing serious games for team research.

4.1 General areas of improvement

The first area of improvement that makes serious games attractive for team research is the amount
of effort and cost related to development and task modification. Early simulations and games were
typically single purpose designs and were not easily altered. If modifications were required to
instantiate a change in a condition or scenario, programming hours were required often at
considerable expense. An example of such a system is the game Space Fortress. Today’s game
engines, however, have advanced in order to reduce the overall production/programming time. As
a result, the resources required have been drastically reduced for content authoring, the ability to
change elements, and add events and entities in scenarios. Flow-graph capabilities within game
engines such as Unreal have further reduced the programming expertise required to rapidly and
effectively script events.

Lewis and Jacobson [69] describe another advancement. They explain the evolution of the
modular game engine structure and emergence of modular simulation code, which allows for the
code to be repurposed across a family of similar games.

A second area that has seen extensive advancement is the display. Early on the graphical
presentation of tasks was rudimentary in terms of today’s standards. Two-dimensional tasks were
the norm. Today’s immersive, first-person views into a simulated world were not readily
available. Technological advances provided by today’s engines, as described above, assist with
quick scenario content development and/or implementation. This results in ever more realistic and
immersive views for the users. Today’s game engines provide extensive resources for researchers
looking to deliver an immersive 3D environment in which research participants can act/interact.
Terrain editing tools and model libraries (e.g., physics, lighting) make it feasible to produce
realistic-looking environments much more quickly.

As described above, these general technological developments provided by modern game
engines have advanced the suitability of serious games for team research. We consider these
strengths in the following section.

4.2 Specific advantages for team research

Above we described characteristics of teams and challenges associated with team research. Next
we considered serious games in general. We argue that advances in game engines and serious
games have enabled a rich platform for team research, overcoming many of the challenges
presented earlier. We now describe specific advantages we have found from our own work for
using serious games in team research.

4.2.1 The gathering and extraction of performance measures

Early games required all performance measures be specified ahead of time so they could be
programmed into the task. This was clearly a limiting factor for using serious games in team
research. If additional measures of interest were desired, the programming to gather these new
measures often had to start from scratch. The situation was the same if one wanted to repurpose a
game. One strategy to develop performance measures had been key logging and syncing to the
scenario timeline. A drawback of this approach is it requires the development of a post-processor
to extract the measures of interest. This approach often required extensive programming as well.
Fortunately, game engine development has made access to quantifiable data related to entities and
events in a scenario much more accessible. A significant advance is that automated performance
assessment is possible in today’s game engines, thanks to increasingly available access to the data
within the game engines. The availability of data will depend heavily on the measures of interest.
For example, game engines lend themselves nicely to the collection of data related to entity
locations as well as events that impact the status of entities in a scenario (e.g., munition events).

4.2.2 The use of triggers to stimulate behavior

Serious games can be an effective tool to elicit behavioral change [70], and in applied training
environments, scenarios are scripted in a way that provides opportunities to practice learned
behaviors and to demonstrate them for assessment (e.g., checklist initiation and completion,
coordination with others). In team-focused research settings there are often similar requirements.
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For example, two well-known approaches for team training [coordinated awareness of situation by
teams (CAST) and targeted acceptable responses to generated events or tasks (TARGETS)] involve
the use of a “triggers”, which is an event-based measurement approach. A pre-scripted event
serves as a turning point for an individual and team to perform some targeted behaviors ([9, 25, 71,
72]. With the ability to script initial conditions and behaviors, serious games are efficient at
providing behavioral and event triggers and doing so in a way that is consistent across trials and
participant groups, providing the necessary standardization that is so essential in research.

To further illustrate the advantages of using serious games to trigger behavior in team
research, consider an example from a search-and-rescue scenario in the serious game Distributed
Dynamic Decision-Making (DDD, Aptima) [73]. In one of DDD’s game missions, multiple team
members drive vehicles in search of a lost party. The team members are not required to drive
together to achieve all of the goals in the scenario; however, to trigger cooperative behavior among
team members, an automated timed message appears in their chat windows stating “Emergency
Task: Flash fire damaged equipment and people (at location 201, 230) - Must be completed within
10 minutes.” A scripted event, such as this emergency task, triggers cooperative behavior among
team members at a specified in-game location. Again, the scripted nature of such triggers results in
consistently providing an impetus to the activities researchers wish to study, in this case
coordination behavior in teams.

4.2.3 Flexible control

As mentioned above, game engines provide the ability to script behaviors and restart scenarios to
restore initial conditions. In this way, researchers running multiple teams through a series of
scenarios can be certain that each team starts with the same settings. For example, consider a
scenario in which events are triggered by artificial intelligence entities in the scenario. These often
add required complexity, while time-based events and the initial starting conditions will be
presented uniformly across participants. This enables experimental control and also assists with
the comparison of pre-post measures in cases of training-focused applications and research, and/or
other situations in which learning is of interest.

Furthermore, today’s game engines enable researchers to easily develop parallel forms of the
game levels employed in their research. Newer game engines, such as Unity Engine, allow the
developer to manipulate game objects through “drag-and-drop” methods in their GUI editor. In
addition to eliminating much of the computer programming knowledge that was previously
necessary to create multiple forms of a game level, additional control is afforded to team
researchers because the game engine editors allow the developer to create levels of varying
difficulty with ease. The control offered by these game engine editors to design multiple scenarios,
as similar or different to each other as necessary, is an invaluable characteristic of serious games to
team researchers.

4.2.4 Information distribution within teams:

In many real world teams each individual only sees a piece of a problem. For example, consider
an information analyst team where one member observes a feed from a satellite; a second is in situ
on the ground; a third is provided content analysis from news feeds; and a fourth is monitoring real
time social media posts. Team research in a laboratory setting often focuses on how individuals
with unique skills, knowledge, and information can coordinate effectively, and how their team
process and dynamics unfold over time. Serious games are efficient at delivering specific
information to unique team members and at measuring their subsequent reactions. Scripts can also
provide feedback based on individual team member reactions.

Another concern of team researchers is the recording and transcribing of communication and
shared information among team members. Both voice chat and text chat are easily implemented in
serious games using game engines. Of even more importance, and a feature unique to serious
games, is the ability to easily record the text chat logs between participants. This feature alleviates
the need to have an individual transcribe communication that occurs between team members post-
study. Not only does this save the researcher valuable time and resources, it also preserves an
accurate recollection of the information shared among participants.

4.2.5 Facilitate debriefing

A fourth advancement of serious games used in team research is to facilitate debriefing. As pointed
out by Crookall [74, 31] debriefing is the most important part of a game, yet it is also the most
neglected. While debriefing can serve many functions these often have three primary foci [75]. The
first is to capture lessons-learned and this is often employed in military and business contexts.

pag. 49

International Journal of Serious Games Volume 4, Issue 1, March 2017
ISSN: 2384-8766 http://dx.doi.org/10.17083/ijsg.v4i1.141


http://journal.seriousgamessociety.org/

pag. 50

Secondly, debriefing can fulfill a psychological purpose, as is the case in games where deception is
part of the context set for the players. In this situation debriefing is an ethical responsibility of the
researcher [76, 77]. Thirdly, debriefing can serve an educational role to facilitate learning. This is
especially true if the game is constructed around principles of experience-based learning [78].
When using serious games to assist with learning, Charsky [79] advocates the use of debriefing
sessions and reflective activities that are seamlessly integrated into serious games and delivered to
the user upon successful completion of tasks within the game. The ability to deliver debriefing
content to participants while they are still submersed in game activities provides added value to
team researchers that are absent when using other methods.

Even if the primary purpose of the serious game is research, a debrief module could be
constructed which takes advantage of one or more of these three principles. It is important for the
researcher to consider the extent to which the game impacts future team behavior. A debriefing
module can be developed to assess this aspect, centering on the three points described by Van
Ments [80]: 1. Establish the facts (what happened), 2. Analyze the cause (any other possibilities),
3. Plan future action (how to apply this in the future).

Furthermore, it could be argued it is important to ‘give something back’ to the research
participants. A debriefing module incorporating feedback in the form of video [31], observer
assessment, or game playback would fulfill this function. Fortunately, there is considerable
guidance from experts [75-78, 80-82] who each describe essential elements of a debrief and a
model to follow when incorporating one into a serious game.

5. Conclusions and Future Work

Teams are ubiquitous in today’s world and organizations depend upon team effectiveness for the
institution’s lifeblood. We reviewed essential behaviors, competencies, and components found in
teams, as well as behaviors that typify adaptive teams. These characteristics of teams are relevant
in both the civilian and military sectors. Team interactions often reflect the complex interplay
between task-work and teamwork. The capabilities serious games pose, such as being able to
represent complex environments, make them unparalleled for delivering characteristics necessary
to model the complex interplay found in the real world. Advantages include being able to model
the physics and kinematics of critical phenomena and to display them in realistic environments.
High-resolution displays and 3D worlds, often with force feedback and similar haptic devices,
further add to the realism. The use of scenario triggers to ensure the deployment of appropriate
resources and to force team issues such as coordination, cooperation, and backing-up behavior is
an additional advantage. Further, with flexible control, constructive agents can be deployed to
interact within the scenario and with participants in meaningful ways. If scenarios extend over
time, machine learning enables these agents to adapt and respond in appropriate ways to individual
members as the team goes through stages of development (e.g., forming, storming, norming,
performing). Serious games are uniquely positioned to deliver all the complexities necessary to
create realistic worlds in which multifaceted team behaviors are to be meaningfully performed.

Research methods and paradigms must be developed to allow researchers to thoroughly
explore the criterion space associated with team performance. A consideration of methodological
issues relevant for team research is useful as is a classification of measures. These are provided to
the reader in our review and references found in Section 2 above. Many of the real-world measures
employed for individual and team performance assessment can be directly implemented in a
serious game -- leading to data that is both highly reliable and internally/externally valid. The
reader is referred to [60] for a recent discussion and an example employing confirmatory factor
analysis subsequent to testing a latent change score structural equation model. Examples
employing graph theory with teams are described in [9-11]. This type of modeling requires data
with high internal and external validity. This is the other advantage serious games provide, which
is the capability not only to elicit complex team behavior but also to measure it with
unimpeachable reliability. Obtaining behavioral measurements with very little to no error results in
the researcher being able to apply sophisticated data analytic techniques to further the theory
building and theory assessment of our understanding of team performance and a team’s evolution
over time.

Future work should focus on a partnership between team researchers and serious game
researchers. Those working in team research bring an understanding of the complexities of the
milieu is which team behaviors transpire. Studying team behavior in the natural environment in
which it occurs is fraught with a lack of scientific control and can lead researchers down a rabbit
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hole of spurious relationships. Alternately, studying team behavior in a lab environment, while
enabling control, often lacks the realism inherent in real-world team tasks. By partnering with
team researchers, serious game developers bring to the table the advantages of using a highly
evolved and sophisticated tool. This platform can be utilized for research to construct highly
immersive realistic task environments and scenarios whereby critical team behaviors, such as
cooperation and coordination, can be elicited via scenario triggers and performance can be
assessed and measured with automated performance monitors. The payoff for serious game
researchers is that they can learn the intricacies of working in an area of unabashed complexities,
such as those found in teams research. This additional knowledge will enable them to craft realistic
scenarios that will be veridical to team members. Also serious game researchers will come to
understand the necessities of how team members build relationships over time, which allow the
team members to interact in effective ways to accomplish a shared goal. Development of this
shared understanding between team researchers and serious game developers will enable a
capability here-to-fore unmatched in traditional team research.

As defined by the Serious Games Society, “...serious games are games designed to be more
than entertaining. They are also designed to offer worthwhile learning experiences, to convince
people in political or business terms, to change people's behavior or to improve people's skills or
competencies.” [83]. These indeed are useful applications and lofty goals; yet we believe serious
games can have a more pervasive impact. We argue serious games are an effective tool for
research and this is especially true when the research of interest demands an exploration of
complex relations, as is the case for teams working in today’s high stakes military and corporate
environments. Thus, the time has come for those who do research on teams to embrace a
technology that can arguably provide more useful insights into their problem domain than any
traditional methodological technique; and for those who work with serious games to extend their
reach into research, and by focusing on team research can make substantial contributions to an
area in need of their skills while making foundational contributions to the organizations of today
and the employees of tomorrow.
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