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Abstract. Fidelity of games as a concept describes the level of representation
of, or accordance with reality. The level of fidelity has influence on the inter-
action between player and game. Our study discusses the outcomes of a liter-
ature study and three cases with the goal to propose a comprehensive framework
of game fidelity. This framework could help game designers and researchers to
adopt the ‘right’ or sufficient level of fidelity to achieve the intended objectives
related to applied games. Our results show that functional and psychological
fidelity have a higher impact on the experience and effects of applied games than
their physical fidelity. Social and ethical fidelity are proposed as new dimensions
of game fidelity that still have to be explored. In literature, both low and high
levels of fidelity are described as effective in applied games, while a medium
level seems not to be beneficial for the player.

Keywords: Applied games � Fidelity � Human computer interaction

1 Introduction

In this paper, we discuss necessary factors leading to the development of a new
conceptual framework of game fidelity for digital, applied games. One of the vital
theoretical issues in applied games research is the question about how to make con-
nections between the game world and the ‘real world’. This connection is bidirectional:
from the game to the real world in the form of affective action, and from the real world
to the game in the form of realistic representation (Galloway 2004). Failure to achieve
the ‘right’ level of realism in a training environment such as an applied game, might
result in false learning when applied to reality (Chalmers et al. 2009).

In comparison to images, where the question related to the representation of reality
addresses notions of mimetic mirroring of reality, games additionally inherit the con-
cept of action (Galloway 2004). As games require constant input from the player, a
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realistic game must be realistic in doing, in action (Aarseth 1997), and not only in its
physical representation of the reality. Our proposed concept of game fidelity follows the
paradigm in HCI that focuses on the quality of interaction, and the nature of meaning
and meaning creation (Harrison et al. 2007) in the interaction between player and game.
As such, game fidelity contributes to the engagement of a player with a game whereas
engagement can be seen as desire and willingness to stick to a game for longer, and
represents the lowest-level of involvement with a game towards immersion (Kayali
et al. 2018; Brown and Cairns 2004). The feeling of being in places in games is
furthermore related to the concept of presence, which can be subdivided into experi-
ences of psychological immersion (or psychological fidelity), perceived naturalness (or
physical fidelity), and spatial awareness, or engagement (Lombard and Ditton 1997).

Based on related research, we propose to approach the action-related representation
of reality in digital, applied games along the following four dimensions:

1. Physical fidelity is the dimension that is most widely described in research so far
(Harteveld 2011), the most notable example being visual fidelity. It is defined as the
degree to which the virtual simulation emulates the physical properties of the target
environment (Alexander et al. 2005).

2. Functional fidelity or action-related representation of reality, describes the need for
realistic actions and functions that the game allows. It is the extent to which the
virtual tools and devices react as the real tools to the tasks carried out by the users in
the simulation (Alexander et al. 2005).

3. Psychological fidelity relates to activity, but not so much the physical activity as
the cognitive and psychological dimensions of it, such as realistic levels of emo-
tions, engagement, and stress. It is the level at which the virtual simulation is able to
elicit affective states similar to real world experiences (Alexander et al. 2005).

4. Social fidelity in an age of MOO (RP) games points out that the realistic repre-
sentation of social interaction and connection in games is still an underrepresented
topic in games research. As games are an active medium, they require the social
reality of the player and the social reality of the game (Galloway 2004). It describes
how well the simulation is able to mimic real world social interactions.

We conceptualize the forms of realistic representation, or game fidelity with regard
to designing games that foster human computer interaction and their contribution to
creating meaning of and engagement with applied games. In this sense, we define game
fidelity as a continuum, ranging from low levels of fidelity to high levels of fidelity. Our
research approach is twofold. First, we report on the outcomes of a literature study to
discuss existing approaches towards game fidelity and related concepts such as
engagement, immersion, and presence. Secondly, we discuss various possibilities that
can influence the fidelity of applied games and their effect on presence and target
outcomes. With a cross-case analysis based on some of our recent results, we explore
how to balance the four aspects of fidelity in applied games to produce effective
outcomes in terms of presence and engagement in applied games. We conclude with a
first step towards a comprehensive model of game fidelity.
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2 Fidelity in Applied Games: Current Research and Gaps

In high fidelity design for both entertainment and applied games, technologies such as
augmented reality (AR) can address all human senses, i.e., sight, sound, smell, taste and
touch. Users can become aware of each other’s activities by using AR environments for
spatial remote collaboration (Lukosch et al. 2015). Yet, one challenge seems to be to
create a realistic interaction between real objects and virtual objects (Schraffenberger
and Van der Heide 2013). Another important challenge lies in the right balance
between fidelity, design effort, and expected outcome of an applied game. To evaluate
the right balance, we are working towards a better understanding of the aspects of game
fidelity, and propose a framework of these elements that altogether creates the fidelity,
or realism in applied games.

With the advance of AR and VR technologies, the possibilities to improve the
realism in applied games has increased. The type of relationship between reality and
games we are referring to in our work is called interaction fidelity. Interaction fidelity
refers to the degree of exactness with which real-world interactions are reproduced in
the game (McMahan 2011). Virtual training, one of the purposes of applied gaming, is
seen as most effective when interactions show a high level of fidelity (Waller et al.
1998). For presence, engagement, and usability, a study found that both display and
interaction fidelity had significant positive effects (McMahan et al. 2012). Further
studies show that transfer from what has been learned within a simulation or game to
the real world is one of the main reasons to use high fidelity (VR) environments
(Chalmers et al. 2009; Bhargava et al. 2018).

In a study carried out by Bhargava et al. (2018), based on various tests, the authors
show that high and low fidelity interactions can lead to better results of task perfor-
mance, compared to mid-level fidelity. Yet, the different levels of fidelity had no
significant impact on the learning outcomes. The tests included in their study were
mainly focused on task and visual fidelity, which we would call physical and functional
fidelity. Social and psychological fidelity has not been addressed in this work. Other
research has shown that failure to achieve the ‘right’ level of realism holds the risk that
the player adopts a ‘wrong’ or different strategy than needed in real life (Chalmers and
Debattista 2009).

A multi-level study carried out by Chalmers and Debattista (2009), discuss the
importance of multi-sensory stimuli in virtual environments when used for training
purposes. One important finding they report on is that the more familiar an environment
is to the player, the less he or she is paying attention. In addition, it is noted that there
might be multiple interrelations between the senses addressed by any virtual envi-
ronment. Recommendations from this study include that in designing a high-fidelity
virtual environment, the parts of the environment that are vital for the experience
should show a high level of fidelity, while others might show lower levels of fidelity
without significant impact on the effectiveness of the virtual environment. Yet, their
findings again mainly address the functional and physical fidelity, but do not include
considerations with respect to psychological or social fidelity.

Cornacchione (2012) discusses the relationship between fidelity and training out-
comes across different media and time. The results of his study with different levels of
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fidelity in a simulation environment used for learning imply that students tend to
welcome learning strategies that show a higher level of functional and physical fidelity.
Such higher levels of fidelity were also related to better training transfer from simu-
lation to reality. Contrary to these results, Feinstein and Cannon (2002) show that many
studies exploring the relationship between fidelity and learning found that lower fidelity
actually can assist in acquiring the details of training and education (Alessi 1988;
Dwyer 1974; Gagne 1954; Miller 1974). Hays and Singer (1989) state that it might be
effective to move away from reality in order to increase learning effects.

On a more conceptual level, Harteveld (2011) defines three criteria for realism in
game play: validity, flexibility and fidelity. In terms of validity, which he defines as the
visual resemblance between reality and virtual worlds for training, much progress has
been made in the past decades. With the increasing possibilities of high-speed graphical
visualization, applied games have become more and more realistic. Applied games with
adequate levels of detail for buildings and objects are readily available. Flexibility can
be guaranteed by modular design of the games, the use of scenario editors, and by
teacher-led games. Through applied games, different virtual scenarios can be designed
and played.

An overview of literature on the relationships between fidelity and effect of virtual,
game-based learning environments shows that results are often contradictory. These
differences in findings can partly be explained by the distinctive understanding of the
concept of fidelity the authors apply. This is the main reason why we propose a multi-
layered concept of fidelity for applied gaming. Below, we first discuss findings from our
own work, then propose a framework of applied game fidelity based on both our
literature review and case study results.

3 Cross-Case Analysis: Applications in Safety, Security
and Health

In this section, we illustrate the design process and effects of applied games through
three different cases. The first case relates to a study in the safety and security domain
using a game in a VR environment with the goal of training team situation awareness
and communication. The second case reports on experiences with an AR game
enforcing information asymmetry in the security domain to study collaboration and
communication behavior of geographically distributed team members.

3.1 CharliePapa: VR Game for Police Training

In this case study, a high-fidelity virtual reality (VR) environment was developed and
tested for its usefulness in police team training. Expected outcomes of this training are
defined as improved situation awareness and communication skills in reconnaissance
teams. For this study, three different aspects of fidelity were identified. First, the applied
game represents assignments, which are described in terms of functional fidelity.
Functional fidelity refers to the degree in which the roles, processes and tasks of the
agents and the players match with roles, processes and tasks of the reference system of
the game, mostly the “reality”. In the VR simulation game, a police officer from the
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Netherlands is able to take over the role of a police officer of any rank the Dutch police
offer and fit it to the tasks assigned in the game. The player is able to move around,
represented by a virtual avatar in the game world, and is able to look, hear, commu-
nicate, and take appropriate action. The task in the game is based on a task description
by a Dutch police officer of the rank and function that is represented in the game, for
example the daily route of a surveillance team. This refers to the notion of functional
fidelity.

Secondly, the surrounding in which the game takes place, its objects and avatars,
are related to physical fidelity. This level of fidelity refers to the degree in which the
environment of the game, the objects within the game world including their textures,
color and movements, the agents in the game and their behaviors, and the sound match
with the reference system of the game, mostly the “reality”. For example, the computer-
aided representation of a tree in this VR game has a high degree of audio-visual fidelity
as its texture including shadow and light have a very natural look, corresponds properly
with its environment regarding color and size, and its blossoms move with the circu-
lation of the air.

Thirdly, emotions, such as stress, joy, anger, or doubt, that a player feels by
accomplishing his or her tasks are termed psychological fidelity. Psychological fidelity
refers to the degree in which the emotional and cognitive reactions of the player match
with those in reality. It includes the perception of the game play process, the feeling of
flow and experience of immersion within the game. For example, police officers
experience stress when they face a dangerous situation, where important decisions have
to be taken within seconds. The VR game includes high psychological fidelity as
players have reported that they experience “realistic” stress and time pressure while
carrying out their assignments in the game.

Following the three aspects of fidelity focused on in this study, we addressed them
throughout the design process of the VR game. First, a participatory design model was
adopted to ensure the validity of the simulation game scenarios by experts from the
field and to enhance acceptance for the tool itself. In iterations, the scenarios were
tested with an expert group, and the results were fed back into the design of the next
scenario. The test sessions included a pre-test-questionnaire (summarizing input-
variables), a briefing by the experts of the situation within the simulation game, video-
based observations of the test sessions (the process), a post-test questionnaire, and a de-
briefing phase focusing on both the play experience and the learning outcomes. The test
sessions took place in experimental settings at a university, because the technological
equipment was not sufficient at the workplace of the experts. The test groups were
recruited from the experts available at the moment of the test, which was due to the
flexible work schema of the experts. A minimum of two researchers were present as
objective observers, without intervening in the game play process itself. Because of the
limited number of experts in the field, the number of test persons available was also
limited, which lead to a qualitative analysis of the data gathered from the tests.

Using questionnaires, the players were asked about positive and negative aspects of
the game, regarding realism of the scenario, feelings of preparedness for future
assignments, cooperation with team colleagues, and ability of recognizing deviant
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objects and behavior. In summary1, the players mentioned that interaction with other
team colleagues, which was supported with the set-up, was one of the most important
elements of the game that provided realistic feeling. On the other hand, the visuals of
the environment, especially the limited animations and variations of the avatars, did not
foster realism for the game, as reported by the players. Communication was mentioned
as the most important feature of the game that supported the objective of the prepa-
ration of the player for future assignments. The limited number of triggers and details
of the scenario did not support this goal in the experience of the players. For the
cooperation with other colleagues, the communication possibilities of the game were
positively noted. On the other hand, the players stated that they tended to be very much
focused on the game play, which interfered with communication with other players. For
the task of recognizing deviant objects and behaviors, players reported that the options
of the game to hide objects, to show relationships between objects, and to drop objects
in very unusual places was seen as an advantage for the simulation game. Disadvan-
tages were seen in the limited sounds within the virtual environment and the limited
animations of the avatars. Thus, functional fidelity was high and appreciated by the
players, but physical fidelity was too low to enhance the experience of the players.
Psychological fidelity, referred to as being focused on the assignment in the game, was
also high, but interfered with the communication aspects of the game. The outcomes of
the first test lead us to develop of a second game scenario, aimed at a self-directed
training activity without interaction with a trainer during game play.

In this case, functional fidelity was represented through the interaction and com-
munication possibilities of the game scenarios and the role the trainer played and/or his
absence from the game. Physical fidelity was represented by a detailed VR game
environment. Psychological fidelity was represented by time pressure and communi-
cation, and the location of the players. It showed that the communication aspect had the
highest impact on the acquisition of situational awareness within the teams. The
training with the realistic game scenario that was based on an existing location was
appreciated, especially for the training of novel team members, but did not include
enough details to provide a realistic training situation. It seems that when an existing
location is used as a reference for the simulation game environment, then every single
detail has to show high physical fidelity. In summary, the qualitative evaluation showed
that psychological and functional fidelity was more important for a positive player
experience than physical fidelity, yet a lack of physical fidelity limited the experience
of the players in the VR environment. As players mentioned that communication and
exchange with other players was important for the learning experience, we conclude
that in this case, a notion such as social fidelity plays an important role as well.

3.2 AR Box Game: Forensic Teamwork

In a project with the Dutch Police, we investigated how AR affects communication,
information sharing, and situational awareness of geographically distributed teams in
the safety and security domain (Lukosch et al. 2015). AR was used to remotely support

1 For a more detailed design and analysis, see: Lukosch et al. 2012a, 2012b; Lukosch et al. 2014.
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local professionals at a crime scene by connecting them via AR with remote experts.
AR allowed remote experts to see the crime scene and jointly annotate it with local
professionals. We conducted a series of experiments using realistic scenarios at staged
crime scenes with professionals from the safety and security domain to study the effect
of AR. All experiment setups were of high fidelity. The physical fidelity was supported
by the staged crime scene. The functional fidelity was high, as apart from the AR
technology, only real equipment was used. High psychological and social fidelity was
achieved by conducting the experiments with professionals only.

Such a high-fidelity setup is difficult to achieve with regard to staging the crime
scene and involving professionals. Also, from earlier experiments at a realistic training
site, we learned that a realistic situation is sometimes too complex to study technologies
in rigorous ways (see for more details see e.g., Datcu et al. (2014, 2015)). To study the
effect of remote support via AR on coordination and communication of distributed
teams in a more rigorous way, we thus designed the “AR Box game” to simplify the
setup and complexity.

The “AR Box Game” is collaborative and mimics characteristics from a complex
real scenario, but can also be played by non-professionals. For the game, we chose a
scenario related to crime scene investigation. The game needs to be played by three
players, one in the role of a remote police agent, and two as police agents investigating
the crime scene.

At the crime scene, there are several boxes which can contain pieces of evidence
(cf. Fig. 1, left). During the game, these pieces of evidence resemble blue, red, green,
yellow and white Lego blocks. One of the local players has the skill to collect the
evidence in the form of blue and red Lego blocks. The other local player can collect
green and yellow Lego blocks. None of the players can collect a white Lego block; they
are considered dangerous and possibly explosive.

The players either arrive at the crime scene at the same time and jointly investigate
the crime scene, or they can do so sequentially. At the crime scene, it is their task to
collect all non-dangerous pieces of evidence from the boxes. The local players are
supported by a remote player who knows which boxes contain dangerous material and

Fig. 1. The game setup for the local players (left) and the remote player (right)
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which do not. For this purpose, the local players share their view with remote player
(cf. Fig. 1 right).

The goal of the game is to collect all evidence without opening one box containing
a dangerous piece of evidence. Once all pieces of evidence are collected, the local
players receive instructions from the remote player on how to combine the individual
pieces of evidence, i.e., how to build a tower of Lego blocks showing a specific color
pattern. If, during game play, a box containing a dangerous piece of evidence is
opened, the game immediately ends and the players have not accomplished their task.

While playing, the players can exchange information in AR (for a detailed
description of the underlying technology, refer to Datcu et al. (2016)). Only the remote
player can see whether a box is dangerous or safe (cf. Fig. 2, left). Local and remote
players can annotate boxes in AR e.g., to indicate the color of the block in the box or
mark which boxes have already been emptied. The information the players leave
behind on the boxes allows them to share information and coordinate their work
(cf. Fig. 2, right). Local player(s) and the remote player can furthermore talk to each
other during the whole game play using a continuously open audio channel.

Compared to earlier high-fidelity experiments, the “AR box game” is of lower
fidelity. The physical fidelity only mimics a crime scene. The functional fidelity is also
lower, as the necessary actions are also only mimicking the ones from a staged crime
scene. The story of the game is also of lower psychological and social fidelity, as the
game story is only linked to a crime scene and the lower physical fidelity of the crime
scene has an impact on the psychological and social fidelity.

The game was tested with four professionals from the field to evaluate the realism
and fidelity of the game. All professionals had participated in at least one of the high
fidelity experiments above. The game was played several times, during which the
professionals took on the different roles of local player or remote player. Also, rounds
of synchronous investigation with two players at the same time at the local site as well
as asynchronous investigation were played. The observation and debriefing showed
that the game was able to mimic the situation of distributed work and remote support as
in the high-fidelity experiments. The story explosives being hidden in some of the
boxes was strong enough to make the players feel as if they were in a real, serious
situation. One participant remarked after they failed one round and opened the wrong
box that he was shocked as if, in reality, his colleague would have been injured based

Fig. 2. View of the remote (left) and local player (right) showing information in AR
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on his wrong information. This also shows that games combining the digital and
physical world have the potential to provoke strong, compelling experiences. In
summary, this shows that lower fidelity, here specifically physical and functional
fidelity, can result in similar experiences as high-fidelity setups. Surprisingly, the
simple story of dangerous content in one box resulted in a high psychological fidelity
for one participant. Here, future research needs to investigate whether this is also true
for non-professional players that might feel less responsible for local-player actions.

3.3 Applied Games for Healthcare

It is becoming increasingly commonplace to use games which utilize virtual reality
technology for health-related topics. A common application of games in health care is
to train health professionals. For example the game Night Shift, developed by Jesse
Schell’s team, was used to train physicians’ decision making skills in emergency
departments (Mohan et al. 2017). Healthcare training applications can be classified
under the general umbrella of training applications and hence follow a similar devel-
opment process as other applied games for the training of professionals, as described in
the previous examples given above. In this section, we focus on the application of
applied games for rehabilitation and therapeutic purposes.

Mirror therapy is an example where physical, functional and psychological
fidelities interplay. Mirror therapy is used to help patients with phantom pain manage
their symptoms, as well as to help patients with motor impairments after a stroke
(Regenbrecht et al. 2012; Thieme et al. 2018). In its most basic form, mirror therapy
uses an optical mirror to show one side of the patient as if it is the other side. The aim is
to mirror the unimpaired side so that it creates the visual illusion that the missing or
impaired side is fully functional again.

Using an optical mirror to display a real hand of the patient can be considered the
highest level of physical visual fidelity. However, when considering psychological
fidelity, which also includes the experience of ownership of the virtual or mirrored
limb, virtual reality technology might be able to elicit a stronger response (Hoermann
et al. 2012; Regenbrecht et al. 2014).

Applied games which mimic some form of mirror therapy have been studied for
their impact on motor rehabilitation (Laver et al. 2015). Regenbrecht et al. created
Augmented Reflection Technology (ART), which was used for clinical and non-
clinical studies (Hoermann et al. 2017; Regenbrecht et al. 2011; Regenbrecht,
McGregor, et al. 2011). An augmented reality memory game, TheraMem, played by
amplifying the movement of the impaired hand was used with patients in their chronic
phase after stroke (Hoermann et al. 2014). TheraMem’s physical fidelity of the virtual
components can be described as low, with most of the virtual objects having only
vague resemblance to real world objects. However, the psychological fidelity related to
the feeling of being in control of their augmented real hands could be, based on the
reports of many users, described as high.

The use of game technology for phantom pain management has also been studied
(Rothgangel and Bekrater-Bodmann 2019). In their review paper, Rothgangel and
Bekrater-Bodmann pointed out that a number of studies have successfully created
virtual and augmented reality applications. In particular, they pointed out that AR/VR
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technology can create virtual therapeutic environments beyond physical reality. For
example for patients who have lost both their limbs, the representation of entirely
virtual limbs without any real world counterpart is a necessity. Yet, even these virtual
representations with an arguably low physical fidelity, aim to maximize the psycho-
logical fidelity i.e., the feeling of ownership and agency for the displayed limb.

Several aspects that link virtual components of rehabilitation applications with the
experience of presence were discussed by Schüler et al. (Schüler et al. 2015; Schüler
et al. 2014). In particular, they linked movement visualization, performance feedback
and context information with presence dimensions. Movement visualization is linked to
the way users are represented in virtual and augmented environments. The level of
physical fidelity can, however, vary from fictive and abstract to anthropomorphic avatar
representation, in either the first or the third-person perspective (Schüler et al. 2014).

Nevertheless, and necessary for all systems, is the need to provide feedback to
patients about their performance and the results of their actions. In motor rehabilitation
applications, patients need to be informed about the movements of their actual limbs as
well as the results of these movements in the virtual environment e.g., did they grab the
virtual diamond or catch the virtual butterfly (Jordan and King 2011; Lange et al.
2011). In augmented reality rehabilitation systems, this could be as simple as providing
a video overlay of the actual hand over the virtual content and providing feedback
about how well the hand posture matches the target posture (Pinches and Hoermann
2016). Feedback for patients on their movement performance and hence high func-
tional fidelity of movement representation is essential for motor rehabilitation
applications.

The third element, context information, is linked to realness perception and
therefore, physical fidelity. This could be a very detailed virtual environment in which
the patient performs therapeutic exercises, but can also be reduced to a minimum. In
rehabilitation systems, this information can be used as a motivational aspect, but might
not necessarily have a direct therapeutic impact. Hence, it is not just the physical
fidelity of the context information which may be important, but how well this infor-
mation matches the requirement of the task or exercise that the patient performs.

4 Towards a Framework of Applied Game Fidelity

In this section we summarize the results from the literature review, as well as our
observations from the three cases illustrated above. As shown, the degree of realism of
an applied game can be described in terms of a game’s fidelity (Alexander et al. 2005;
Salas et al. 2005; Harteveld 2011), and as such has impact on the processes within, and
the outcomes of, a game. The (shared) experience of playing an applied game enables
actors to perceive and comprehend a problem or system of which they are a part, such
as a police agent or forensic researcher’s work environment, or a patient within a
rehabilitation process. Applied games represent media that enable a new, or at least
different, view of familiar situations. Individuals are often deeply embedded in a sit-
uation in which they are not able to take on the role of a critical, so called first order,
observer; they develop a blind spot for the situation and environment in which they
participate. Applied games represent media in the sense that they act as second-order
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observers (as they mediate what we observe) and help in overcoming the blind spot of
first-order observers of the system and the individuals themselves (Luhmann 1996). As
such, applied games should be designed with the ‘right’ or at least a sufficient level of
fidelity to serve as interactive second-order observer.

Related research shows that a higher level of fidelity does not necessarily lead to
improved effects of an applied game. Yet, it seems to be hard to define the ‘right’ or at
least sufficient level of fidelity for the design of applied games with a certain effect in
mind. To help designers to better understand and assess the elements that constitute
game fidelity, and that influence the game experience, we propose a framework of
applied game fidelity that will have to be validated by case studies in the future.
Table 1 summarizes the findings from literature and our cases so far.

Table 1 shows the four dimensions of fidelity. Each dimension can be defined on a
continuum from low to high fidelity. The table illustrates that psychological fidelity is
directly linked to high accordance with reality, is triggering emotions and experiences,
leading to experienced ownership and agency. Functional fidelity also affects the
outcomes of a game when high accordance with reality is reached. It is related to the
representation of tasks and procedures in a game, leading to effective feedback.
Contrary to often seen research hypotheses, physical fidelity can be expressed on a
lower level of resemblance with reality. It represents an audio-visual emulation of the
reference system, and is related to recognition of the physical game space. Social
fidelity has still to be studied, and relates to the interaction with other players and non-
playable characters. It can lead to experienced collaboration. Further research will
focus on the validation of the framework.

Table 1. Proposed framework of interaction fidelity for applied games

Game Characteristic Affected Concepts Game Experience 

Psychological 
Fidelity

High accordance 
with reality  

Emotion, 
Experience 

Ownership, 
Agency 

High accordance 
with reality  

Tasks,  
Procedures 

Feedback

Physical  
Fidelity

Lower accordance 
with reality 

Emulation,  
Audio-visual
design

Recognition 

Social
Fidelity

To be studied Interaction with 
other players and 
non-player 
characters

Collaboration 

High

Low

Functional 
Fidelity
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5 Discussion and Conclusion

As Bhargava et al. 2018 show, fidelity of a virtual environment did not have a sig-
nificant impact on learning outcomes. The results show, contrary to common belief,
that there is no linear relationship between level of realism and effectiveness of training.
Abstraction and simplification can lead to excellent training outcomes (Toups et al.
2011).

Our own studies show that applied games that are designed to address the com-
munication and interaction between team members contribute to the developmental
process of situation awareness and communication. Thus, they are able to act as a
second-order observer of systems and problems. A realistic VR of an applied game
provides a shared experience to the players, and supports the perception of a situation.
The environment plus information of other players enhances the individual compre-
hension of a situation. This study showed that communication and interaction of the
players were two of the most important aspects, which we refer to as social fidelity.
This fourth aspect, which has not yet been defined as such, will enrich the design of
applied games with crucial social competencies individuals – as team members or not –
nowadays need to actively participate in the systems of our networked society.

In summary, applied games require a high level of functional and psychological
fidelity to be effective. While the appropriate and accurate provision of feedback to
actions in the virtual environment (functional fidelity) is paramount, physical fidelity of
the environment is less important. It can be speculated that a reduction of the physical
fidelity of the environment to the bare minimum might help players focus on key
aspects of the interventions, which in motor-rehabilitation games is to keep their
attention on the observation or execution of movements, and in professional games to
carry out realistic tasks, based on procedures of the reference system.

From our results, we can conclude that when learning is the goal of an applied
game, physical fidelity does not have to be high in order to develop an effective tool.
High fidelity games are usually costlier and more time consuming, which makes it a
challenge to balance how much realism is needed in order to reach the intended effect.
The target group and purpose of the game should carefully be evaluated against the cost
of high fidelity, in order to design an effective game with a sufficient level of fidelity.

Further research should explore whether ethical or value fidelity could also be
added to the framework, before the framework itself can be validated. When designing
applied games, a game designer is influenced by his/her cultural background, experi-
ences, and the expected outcomes of the game. Related values of the designer influence
the design and application of a game, and the evaluation of its outcomes. Game
designers should thus be aware of this influence, open to diversity and differing values
of game players, and reflect on them. A diverse design team might limit the bias in this
respect. An important aspect related to ethical fidelity is the responsibility of the game
designer of an applied immersive game. In training games with sensitive content, or
with vulnerable people as the target group, such as young, ill or elderly people, possible
effects of the game should be considered in all stages of the design process. In an
example of a game for humanitarian aid workers that was part of one of our research
projects, some participants were affected by the high level of realism of the processes

176 H. Lukosch et al.



and reminded of impactful situations of field work. The game facilitators could not
address this issue as they were not prepared for such reactions to the game. One
approach to be explored in future research might be the notion of “value sensitive
design” (van de Poel 2013), where such possible effects and risks are evaluated during
the whole process of designing an artifact, such as an applied immersive game.
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