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Abstract

In an effort to improve serious games, developers have increasingly started to implement
virtual coaches. Many studies examining the impact of these coaches have found a positive
effect on learning outcomes, but some studies failed to observe such an improvement.
Research on whether virtual coaches beneficially affect the motivation and engagement of
players is scarce. This research aims to contribute to the existing body of literature by
assessing the effects of a virtual coach on both learning outcomes and player experience (i.e.
motivation and engagement). The hypothesis is that the addition of a virtual coach improves
these outcomes in a serious game aimed at teaching people how to effectively give feedback
to others. A between-subjects research design was used. Participants were randomly allocated
to one of two conditions: one group (n = 35) playing the serious game with a virtual coach
and the other group (n = 35) playing without such a coach. Independent samples t-tests
showed no significant effect of the coach on learning outcomes. In addition, no significant
effect on motivation or engagement was observed. In accordance with previous studies, a
significant negative correlation between age and learning outcomes was found, whereas in
contrast to earlier research, females did not achieve better learning outcomes compared to
males. This study further illustrates the well-known problem of the lack of generalisability
regarding the findings of research examining virtual coaches. The limitations of this study
concerning the application of the virtual coach are discussed extensively, culminating in
recommendations of tangible steps that can be taken to improve the validity of similar

research in the future.
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Virtual Coach Application in Serious Games:

Effects on Player Experience and Learning Outcomes

The current consensus is that technology-driven educational solutions such as e-
learning and serious games are effective and of comparable quality to real life alternatives
such as classes or seminars. This generally holds true for both online learning environments
(Dankbaar, 2016; Dhawan 2020; Gitonga & Wambua, 2020; Reavley et al., 2018) as well as
more specific technological learning solutions such as serious games (Girard et al., 2012;
Zhonggen, 2019; Vogel et al., 2006; Schroeder et al., 2013). Application of virtual characters
is an established practice within the field of (educational) games, and computer programmes
in general (e.g. Schroeder et al., 2013). Think, for example, of the (in)famous paperclip that
used to accompany Microsoft Word. The research on the effectiveness of e-learning and
serious games has also delved into the application of virtual agents as coaches. According to
the theory, players interact with this virtual coach as if it were human (Kim et al., 2007;
Mayer et al., 2003). Through this mechanism, player motivation and engagement as well as
ultimate learning outcomes would be affected positively by the presence of a virtual coach
(Mayer et al., 2003). The positive effect of a virtual coach on learning outcomes has been
confirmed in the majority of studies (Scholten et al., 2017; Schroeder et al., 2013). The
effects of the application of a virtual coach on player engagement and motivation have been
studied less often and findings so far have been contradictory (Scholten et al., 2017). This
current research aims to contribute to the body of evidence by supplying proof of the effect of
a virtual coach on both player experience (i.e. engagement and motivation) and learning
outcomes. In the present study, an experiment will be designed and conducted to examine the
effects on both learning outcomes and player experience of a virtual coach developed by the
company of DialogueTrainer applied to their online learning platform aimed at improving
conversational skills. To achieve this, literature on educational games and virtual coaches will
first be examined. Consequently, the methods by which the experiment was conducted, and
the data was analysed are established. Finally, the results and limitations of the present study

will be interpreted and discussed.

Serious games can be defined as video games either based on (simulated) reality or
fantasy whilst being entertaining, interactive, goal-oriented, and competitive with the primary
aim of educating the user or player (Oprins et al., 2015). The latter part of this definition is
where these games differ from normal video games, as there the primary goal is to entertain.

An important note to make here is that serious games, as normal video games, can take vastly
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different forms and structures. Accordingly, research findings in this field are often hard to
generalise, as the experimental design of evaluative research often differs considerably across
studies of different games (Zhonggen, 2019). This is a widely recognised problem in the
academic field of serious games (e.g. Girard et al., 2012; Korteling et al., 2013; Oprins et al.,
2015; Zhonggen, 2019). The most important question remains whether serious games can be

realistic substitutes, alternatives, or additions to existing teaching and learning methods.

Results of research on the quality of educational serious gaming compared to
traditional teaching methods vary considerably (Girard et al., 2012; Korteling et al., 2013;
Scholten et al., 2017; Oprins et al., 2015; Zhonggen, 2019). This is partly due to the
aforementioned problem of research findings being hard to generalise. Moreover, there is no
consensus on the correct experimental procedures, as serious gaming and the body of
research evaluating it is relatively new (Zhonggen, 2019). This is supported by the explosion
of the number of publications on serious gaming since 2013, having increased by 150, which
is effectively about 400% (Zhonggen, 2019). The difficulty with which results can be
generalised effectively means that the effects and processes as postulated by theory have not
yet been conclusively proven. However, meta-analyses of relevant studies reported generally
positive effects on net learning outcomes (Girard et al., 2012; VVogel et al., 2006: Zhonggen,
2019).

Interestingly, meta-analyses examining the growing body of literature on serious
games have begun to identify factors which significantly affect learning outcomes. These
factors can roughly be split into two categories. Those related to characteristics of the player
and those related to characteristics of the serious game. Player characteristics that have a
significant effect of learning outcomes are age, gender, and unit size. Generally, research
shows that younger players perform significantly better at serious game learning (Zhonggen,
2019), while female participants in generally outperform their male counterparts (Vogel et
al., 2006; Zhonggen, 2019). Unit size here refers to the serious game being played in groups
or individually, with individual playthroughs tending to me more effective (Vogel et al.,
2006).

Many factors related to the serious game itself have been shown to influence learning
outcomes. The realism of the serious game is commonly found to be of importance, as any
unrealistic quality hampers player engagement with the learning material (Vogel et al., 2006;
Zhonggen, 2019). It is noteworthy that realism here does not necessarily refer to photo-
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realism or lifelike, but also to meeting user expectations. In the case of simulated
conversations, this could take the form of having answer options corresponding to what the
player would answer if the conversation were real. Another important factor is the backstory
and debriefing of the player (Cheng et al., 2017). Backstory here takes the form of informing
the player of the desired effects of the serious game before playing, where debriefing relates
to supplying the players with feedback on their functioning (e.g. a score) (Zhonggen, 2019).
When players are aware of the game’s benefits and are given feedback, this improves the
desired learning outcomes (Zhonggen, 2019). Also, serious games which are algorithmically
adaptable generally achieve better learning outcomes (Schroeder et al., 2013; Vogel et al.,
2006; Zhonggen, 2019). Thus, when the game allows for free input from the player and is
able to realistically adapt and respond, more freedom for the player and a higher level of
realism is achieved. Other factors positively affecting learning outcomes include clear
instruction of how the game works and the ease of playing. (Iten & Petko, 2016; Tobias &
Fletcher, 2007). Finally, the user interaction of the player with the game is of importance
(Zhonggen, 2019). This refers to the player interface, but also to the use of animated agents
when interacting with the player as well as the use of human voices over synthetic, computer-
like ones (Tobias & Fletcher, 2007). One effective way in which several of the factors
mentioned above can be incorporated in a serious game is by using virtual agents as coaches;
coaches could feasibly increase realism by altering player expectations, help introduce the
game, give feedback on performance, give instruction when needed, and could play an

invaluable role in improving user interaction with the game.

A virtual agent, also referred to as a virtual character or pedagogical agent, is a
digitally constructed character within a (serious) game which the player interacts with, or
through (Schroeder et al., 2013). These characters, although generally human-like, can take a
variety of forms. What is undeniably human-like about these virtual agents, however, is the
way in which they interact with the player. These interactions can range from simple textual
responses given by a static picture of a character to narrated words coming from a fully
animated three-dimensional one, complete with non-verbal language. Generally, these virtual
agents are not artificially intelligent, and therefore cannot adapt to custom player input
(Scholten et al., 2017; Schroeder et al., 2013). The virtual coach essentially is a digital
character that “helps participants make the most of an experience, in a way that breaks the
fourth wall of any virtual situation” (Aldrich, 2009, p. 42). Their tasks can include

introducing the game by providing background information, guiding the player through the
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experience, giving feedback on their performance, and interpreting and presenting results
(Aldrich, 2009).

The crux of the application of virtual agents is their interaction with the player, as the
purpose is to engage and motivate the player (Aldrich, 2009; Girard et al., 2012; Oprins et al.,
2015; Scholten et al., 2017; Schroeder et al., 2013; Veletsianos et al, 2009; Vogel et al.,
2006). Poor interactions lead to feelings of anger, apprehension, and mistrust of the agent
among the players which negatively affect their experience and learning outcomes
(Veletsianos et al., 2009). With the surge of the use of virtual agents in pedagogical contexts,
the body of literature examining human-agent interactions has also grown, showing that
virtual characters are perceived as social agents by players (Scholten et al., 2017; Schroeder
et al., 2013; Veletsianos et al., 2009). This means that the agents are treated as if they were
human. According to this Social Agency theory, when confronted by a virtual agent, players
implicitly recognise it as being a social situation, and apply the same rules as during human-
human interactions (Schroeder et al., 2013; Kim et al., 2007). Seeing the digital character as a
social partner improves selecting, organising, and integrating information as these processes
also happen in human-human interactions (Mayer et al., 2003). This is supported by research
showing that players prefer agents who display flattering texts compared to agents who do
not, and agents who are arbitrarily included in the player’s team (Nass & Brave, 2005). These

findings are all concurrent with how humans judge other humans in similar situations.

Research examining the effects of virtual agents in serious games has so far mainly
focused on learning outcomes while their effect on player experience has rarely been
explored (Scholten et al., 2017). Generally, research has found that programmes applying
virtual agents have a small but significant positive effect on learning outcomes compared to
programmes without such agents (Schroeder et al., 2013). Several characteristics of virtual
agents have been found to positively affect learning outcomes. The use of human voices
compared to no-voice or computer-generated voice alternatives improve learning outcomes
(Mayer et al., 2003). Also, animated agents able to express emotions in a complex manner,
positively affect learning outcomes (Schroeder et al., 2013), even if only the face is animated
(Sproull et al., 1996). The positive effect of animation supports the Social Agency theory.
Further proof for this comes from research showing that players effectively build a
relationship with coaching agents during interactions as measured by levels of perceived
working alliance and rapport between players and virtual agents (Gratch et al. 2007,

Bickmore & Picard, 2005). The reported levels were comparable to face-to-face (human)
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interactions. The tendency of players to regard agents as fellow humans is also evident from
the fact that virtual coaches that are responsive are superior to unresponsive coaches
(Scholten et al., 2017). Here, responsive and unresponsive refers to the capacity of agents to
react appropriately to input by the player. This input can entail a wide variety of signals,
ranging from simple text to visual and audio cues, to which the responsive virtual agent then
responds in an emotionally appropriate way. Veletsianos et al. (2009) highlight the
importance of focusing on user interaction, the message, and the characteristics of the virtual
coach. Respectively, these foci relate to agents being attentive to and gratifying the player’s
needs, agents clearly communicating whilst taking into account the player’s experience, and
agents displaying socially appropriate behaviour. Most characteristics discussed in this
paragraph echo the serious game-related characteristics shown to positively affect learning

outcomes.

Few studies examined the effect of virtual coaches on player motivation and
engagement. One study examining the effect of a ‘gaze intelligent tutoring system’ found that
effects on motivation and engagement were minimal (D’Mello et al., 2012). This gaze
intelligent tutoring system referred to a virtual agent capable of reacting to perceived
inattentiveness on the part of player by using eye tracking technology and attempted to
reengage the player when they looked away from the screen (D’Mello et al., 2012). Another
study supplied proof that the use of an animated virtual coach improved engagement
compared to non-animated substitutes such as arrows pointing to relevant information (Van
Mulken et al., 1998). The best part of the available literature on player experience, however,
focused on the usage of animated agents in general, rather than on agents fulfilling the role of
virtual coach (Dehn & Van Mulken, 2000).

To contribute to filling this gap in the literature, in the current research the effect of a
virtual coach on motivation and engagement will be measured, in addition to the effect on
learning outcomes. In view of the reviewed literature, a well-crafted virtual coach guiding
players through a serious game should increase the sense of realism by being more human in
its behaviour, introducing the game effectively by clearly communicating, providing custom
feedback based on player input, and generally improving user interaction with the application
by forming a relationship with the player. This should increase user engagement and
motivation as well as improve learning outcomes. Based on this, it was hypothesised that
player experience and learning outcomes are positively affected by the addition of a virtual

coach, exhibiting some of these characteristics, in a serious game designed to improve
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conversational skills. In this study, player experience consists of measures of motivation and
engagement with the game. Learning outcomes are operationalised as the score achieved by

players on the internal scoring system of the serious game.
Methods
Participants

Participants had to be fluent in Dutch, and able to work with computers by themselves
without requiring additional aid. Participants were recruited through a variety of channels
including Facebook, WhatsApp, and LinkedIn. Additionally, snowball sampling was used. In
order to optimize recruitment, participants were offered free access for three months to a
similar game on the DialogueTrainer platform (the platform used in the experiment), after the
study was completed. No formal sample size calculations were made, since the effects of the
virtual coach on the outcome parameters are unknown. Earlier studies applying somewhat
similar interventions and comparable outcome measurements typically included 50-70
participants (Schroeder et al., 2013). Based on this, a sample size of 70, or 35 per condition
was aimed for. Before starting data collection, ethics approval for this experiment was
obtained from the Utrecht University Faculty Ethics Review Board (FERB) and participants

were required to give their informed consent before starting the experiment.
Experimental design

In order to determine the effects that a virtual coach has on the user experience and
performance a between-subjects research design was used. Participants were randomly
assigned to one of two comparison groups using the flow function of the Qualtrics Survey
website. One group played a serious game with the virtual coach and the other group without
virtual coach. Firstly, players were introduced to the aim of the game, which was to learn
how to give feedback correctly. After this, players received the theory they needed to do this
correctly before playing a simulation exercise where they applied what they learned. As part
of this simulation, players received direct feedback on their performance. The final part of the
module consisted of a short reflection exercise. For the group with the virtual coach, the
introduction to the goal and use of giving feedback (i.e. contextual information) and the
reflection exercise were given by a virtual coach. In the control group without the virtual
coach, these were achieved by simple slides of text. To assess the outcome parameters of this
study, all participants, after having finished the module, were re-directed to the final part of

the Qualtrics survey, the link to which was integrated into the DialogueTrainer platform.
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Materials and outcome parameters

The serious game which was used for this experiment is the simulation-based game
developed by the company of DialogueTrainer. This company offers general and tailor-made
simulated conversations to institutions looking for ways to train their professionals or
students in a variety of communicational skills. Generally, within these simulated
conversations, first a case and computer-avatar are introduced to the player, with the
corresponding theory and goals to achieve (e.g. delivering bad news quickly rather than
waiting). Then, the conversation starts and the simulation takes the form a branching path
structure, with options chosen by the player resulting in corresponding reactions of the
computer which the player then reacts to again (see Appendix A for example). After the
simulated conversation comes to an end, feedback is given to the player on a variety of
parameters depending on the simulation (e.g. directness in a bad-news simulation). The
simulation exercise referred to within this section refers to such a simulated conversation.
The company also offers more comprehensive experiences in the forms of modules, where an
introduction, theory, and reflection are integrated with the simulation exercise. Such a
module with the topic of giving feedback was used as the serious game in this study (see
Appendix A for more information on the module used). Recently, in order to improve the
player experience and the effects of their products, DialogueTrainer has developed virtual

characters to act as coaches during some simulations.

The virtual coach used within this study has been created specifically to suit the
‘giving feedback’ module. According to the developers, the DialogueTrainer virtual coaches
are created with the aims of “introducing the subject of the simulation, giving feedback,
building a relationship with the player, and allowing for space to emotionally interact with
the player” (M. Hulsbergen, personal communication, June 9, 2021). Within the context of
this experiment, the script of the virtual coach was kept as close to the original text of the
module as possible. This refers to the two parts that were conducted by the virtual coach,
namely the introduction (giving contextual information) and the reflection. However, some
small alterations between the texts were made so as to make the interaction with the virtual
coach appear more natural. The control group was only offered these parts in the form of the
original texts (see Appendix B for more information on the functions of the virtual coach and

the differences between the experimental groups).
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Learning outcomes were measured through the internal scoring system of
DialogueTrainer simulations. These scoring systems are created individually for each
simulation and measure the performance of students in a particular exercise on a scale,
ranging from 0 to 100. In practice, a 100 score means that the optimal answers, according to
the theory underlying the simulation, were chosen by the player. Lower scores indicate that
players made sub-optimal choices and are indicative of an incomplete understanding of the
same theory. Participants were asked to only play the simulation exercise once. Any scores
gained by participants in consecutive playthroughs were ignored. This method was chosen as
it was presumed that alternatives (e.g. calculating average scores over a larger number of
playthroughs) would result in biased results favouring those respondents who had more time
to participate in the experiment and were thus able to play the simulation until they perfected
it.

Player motivation was measured through using the Intrinsic Motivation Inventory
(IM1), translated to Dutch (Vernieuwenderwijs, 2021). The IMI was selected as it often used
to measure the motivation that people feel towards a certain activity. The scale consists of 22
items for which the participants provide a rating on the extent that they agreed with a
statement concerning how motivated, competent, and pressured they felt during the activity
(e.g. “I did not feel nervous during the activity”). Responses are rated on a scale from 0 (not
at all true) to 7 (very true). The reliability of the IMI scale within this study was acceptable,
Cronbach’s a = .79, though somewhat lower when compared with previous findings (Ostrow
& Heffernan, 2018).

Player engagement was measured using the Short Form-User Engagement (SF-UE)
which is often used in human-computer interactions (O’Brien et al., 2018). No localised
version of this scale was available in Dutch, so it was translated by a native-level speaker.
The scale consists of 12 items for which the participants provide a rating on to what extent
they agreed with a statement concerning if they were engaged by the activity (e.g. “the time |
spent playing the simulation, flew past). Responses are rated on a scale from 0 (strongly
disagree) to 5 (strongly agree). The reliability of the SF-UE within this study was good,
Cronbach’s a = .80, which is comparable to previous findings (O’Brien et al., 2018). For the
complete questionnaires used in this study see Appendix C.
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Data Analysis

The data was compiled and analysed using SPSS Statistics version 26. First, the
username of participants was used to link the score achieved on the DialogueTrainer platform
to the answers of the questionnaire. After this, the data was anonymised. In order to
determine the effect of the virtual coach, independent samples t-tests were conducted for the
dependent variables learning outcomes, motivation, and engagement. In addition, Pearson
product moment correlation coefficients were calculated for all model variable combinations,
except for the categorical variable gender, where point-biserial correlation coefficients were
determined. Finally, an analysis of covariance (ANCOVA) was applied to assess whether any
effect of the virtual coach on the outcomes could be explained by differences in age between
the two groups, since age is known to have a significant influence on learning outcomes and

the data suggested such an effect might be present in the sample.
Results

A total of 78 people participated in this study, of which 70 completed the entire
process. Eight participants started the study and entered the DialogueTrainer platform but did
not finish the experiment. Seven of these did not play any simulations at all whilst one
participant did play the simulations but did not complete the final questionnaire. This group
was comprised of four people of each condition with the one having played the simulations
belonging to the virtual coach group. In the final sample, the virtual coach group consisted of
35 people and the control group included 35 people. The overall age of all participants ranged
from 18 to 70 years (M = 35.20, SD = 16.39). In the virtual coach group the age ranged from
20 to 65 years (M = 34.37, SD = 16.52), and in the control group from 18 to 70 years (M =
35.83, SD = 16.47). In the final sample 35 participants identified themselves as being male
and 35 as being female, with the virtual coach group having 17 male and 18 female

participants and the control group having 18 male and 17 female participants.

In order to address the main research question, the data on the three dependent
variables was first explored. Shapiro-Wilk tests of normality showed normal distributions in
the virtual coach group for learning outcomes, W(35) = 0.98, p = .646, for motivation, W(35)
=0.98, p =.626, and for engagement, W(35) = 0.97, p = .486. In the control group data was
also normally distributed for learning outcomes, W(35) = 0.96, p = 206, for motivation,
W(35) =0.97, p = .510, and for engagement, W(35) = 0.94, p = .068. In Figures 1 to 3, the

data of both groups are visualised for learning outcomes, motivation, and engagement,
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respectively. The potential outliers depicted in these figures were not excluded from the data
analysis as the assumption of normality was not violated. In Figure 1 it can be seen that
learning outcomes were generally not very high whilst the total range in scores was large. An
independent samples t-test showed that there was no statistically significant difference in
learning outcomes between the virtual coach (M = 44.91, SD = 14.72) and control (M =
42.34, SD = 17.13) conditions, t(68) = -0.67, p = .503, although the virtual coach group did
score somewhat higher than the control group. Figures 2 and 3 show that people were
generally motivated and engaged by the module in both conditions as both means were higher
than the middle point of the Likert scales, being 4 and 3 respectively. For player motivation,
no significant difference was found between the virtual coach (M = 4.29, SD = 0.66) and
control (M = 4.50, SD = 0.62) conditions, t(68) = 1.37, p = .177. Finally, the last independent
samples t-test showed there was no significant difference in player engagement between the
virtual coach (M = 3.59, SD = 0.49) and control (M = 3.69, SD = 0.56) conditions, t(68) =
0.83, p = .407. For both player experience outcomes the virtual coach group reported slightly

lower values than the control condition.

Figure 1

Boxplot Showing the Distribution of Learning Outcomes for Both Groups
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Note. n = 35 for both groups. Individual points denote potential outliers within the data set.
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Figure 2
Boxplot Showing the Distribution of Motivation for Both Groups
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Figure 3
Boxplot Showing the Distribution of Engagement for Both Groups
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As evident from the literature research, previous studies have shown that player
characteristics such as gender and age can have a significant effect on learning outcomes. To
determine whether these particular effects were present in the sample data, as well as whether
other interactions between model variables were significant, Pearson product-moment
correlation coefficient were computed between all model variables except gender, for which
point-biserial correlation coefficients were computed with all other variables (Table 1). A
significant correlation was found between age and learning outcomes, r = -0.24, p = .048, but
not between gender and learning outcomes, r = -0.65, p = 592. Additionally, a significant
correlation was found between motivation and engagement, r = 0.63, p < .000. Figure 1
shows the relation found between age and learning outcomes. The small negative effect
means that, across the whole sample, participants that were older tended to score slightly
worse. The relatively strong correlation between motivation and engagement shows that

participants who felt more motivated were generally also more engaged with the simulation.

Table 1

Computed Correlations for Model Variables

Variable 1 2 3 4 5
1. Age -
2. Gender 001 -

3. Learning outcomes 0.24* -0.07 -

4. Motivation 1.03 -0.74 0.13 -

5. Engagement -0.02 -0.02 0.12 0.63** -

Note. * p < .05 ** p< .01, N = 70.
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Figure 4

Scatterplot Showing Correlation Between Age and Learning Outcomes
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Following this finding, an ANCOVA was conducted to determine whether the
observed insignificant effect of the virtual coach on learning outcomes found in the
independent samples t-test could be attributed to the effect of age on learning outcomes,
albeit that as both groups were randomly assigned and Levene’s test of variances showed that
age was evenly distributed among both conditions, F(1,68) = 2.12, p = .647, it is unlikely that
age would be a significant moderator. Indeed, after controlling for age, still no significant
difference was found between the learning outcomes of the virtual coach group (M = 44.77,
95% CI [39.49, 50.05]) and the control group (M = 42.49, 95% CI [37.21, 47.76]), F(1, 67) =
0.37, p = .543.

Discussion

The main aim of this study was to determine whether the application of a virtual
coach to the DialogueTrainer platform would positively affect learning outcomes and player
experience. On average, the virtual coach group did score slightly better on learning
outcomes than the control group, but not significantly so. The player experience of the virtual
coach group was generally somewhat worse as players felt both less engaged and less
motivated towards the module than the control group, although this difference was again far

from statistically significant. A significant negative correlation was found between age and
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learning outcomes, but not between age and gender. Having established the effect of age on
learning outcomes within the sample, after factoring this into the effect of the virtual coach
on learning outcomes a significant difference between conditions was still undetectable.
Finally, a significant correlation was found between the dependent variables of player

motivation and engagement.

Eight out of 78 participants did not complete the experiment. Further analysis of when
these participants quit the study showed no differences between the two groups. Thus, no
relevant conclusions can be drawn about the effect of the virtual coach on experiment
completion. Roughly ten percent of participants decided to leave the experiment upon
entering the DialogueTrainer platform after having been thoroughly explained what to expect
in the first part of the experiment. This suggests that some people find the platform itself, or
interaction with it, daunting or complicated. No firm conclusions can be made about this,
however, nor about the characteristics of these participants, as no data was collected at the

point of leaving.

The lack of a clear effect of the virtual coach on learning outcomes observed in our
study is in contrast with findings of most other studies, where the presence of a virtual coach
had a positive effect (Scholten et al., 2017; Schroeder et al., 2013). The slightly higher scores
on learning outcomes in the virtual coach group were far from statistically significant and
such small differences are unlikely to be relevant. Importantly, it is not uncommon either for
applications of virtual coaches in serious games to confer no detectable effects (Girard et al.,
2012; Korteling et al., 2013; Oprins et al., 2015; Zhonggen, 2019). This is often attributed to
the large variance in virtual coaches and their application. The virtual coach developed by
DialogueTrainer which was used in this study is unique, since the code was written by the
company itself and is not used in this particular way by anyone else. Consequently, findings
of research applying different coaches might not be applicable to the coach used in the
context of this study. Several virtual coach characteristics that significantly affect learning
outcomes have still been identified in the literature. Whether or not these are present in the
DialogueTrainer virtual coach could be instrumental in explaining the absence of a significant
effect. The use of a human voice during interaction (Mayer et al., 2003) and the use of facial
expression to convey emotional information (Schroeder et al., 2013; Sproull et al., 1996)
were both exhibited by the virtual coach in this study. The presence or absence of other
important characteristics reported to affect virtual coach outcomes, such as being attentive to

and gratifying the player’s needs, agents clearly communicating while taking into account the
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player’s experience, and agents displaying socially appropriate behaviour (Veletsianos et al.,
2009) was harder to determine, as these are more subjective and dependent on the creation
process of the virtual coach itself. Considering both the design philosophy of
DialogueTrainer behind these coaches as well as the dialogue options between the player and
the coach it seems that the coach does exhibit these characteristics to a reasonable degree (see
Appendix B). An attribute that is missing in the virtual coach assessed in this experiment,
however, is that of the responsive agent. If a virtual coach is able to respond to custom player
input, this can result in better learning outcomes (Scholten et al., 2017). The manner in which
DialogueTrainer simulations are made (via pre-written dialogue options) does not allow for
such responsiveness. In order to include this attribute, some form of artificial intelligence
would have to be used which is often very expensive and complicated (Scholten et al., 2017).
Thus, most of the effective characteristics of virtual coaches established by previous research
were present in the experiment, implying that the attributes of the coach are unlikely to

explain the lack of a detectable effect on learning outcomes.

The lack of an observed effect could theoretically also be attributable to differences in
age and gender between the two groups as these variables are known to influence learning
outcomes. It is generally found that players that are female and younger have better learning
outcomes when playing serious games (Zhonggen, 2019). However, these relations were not
ubiquitously present in the sample data. A significant negative correlation was found between
age and learning outcomes, echoing previous findings that younger people generally
outperform older people in serious games, but the finding that female players outperform
male players was not supported by the present data. After having established the correlation
between age on learning outcomes within the sample, a significant difference between
conditions was still undetectable when factoring age into the effect of the virtual coach on
learning outcomes. This was expected, as participants were randomly allocated to the two
conditions and, thus, no differences in age were observed between the two groups. There is
no definite theory which explains either the relation between learning outcomes and age or
that between learning outcomes and sex (Zhonggen, 2019). The respective presence and
absence of these relations in this study can therefore not be adequately explained. However, it
can be posited that older people find it relatively harder to interact effectively with digital
programmes such as the DialogueTrainer platform. The lack of a clear effect of the virtual
coach on learning outcomes could therefore be partly explained by the fact that the current

sample included a relatively large proportion of older individuals, as is visible in Figure 4.
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According to the literature, the virtual coach should positively affect learning
outcomes and player experience primarily through its interaction with the player (Aldrich,
2009; Girard et al., 2012; Oprins et al., 2015; Scholten et al., 2017; Schroeder et al., 2013;
Veletsianos et al, 2009; Vogel et al., 2006). As has already been discussed, the lack of an
effect is likely not attributable to the various characteristics of the virtual coach itself.
Therefore, the manner in which the coach was used within the context of this experiment
must be explored further. The Social Agency theory posits that the virtual coach is considered
to be human by the player, and is interacted with accordingly (Kim et al., 2007). During
interaction with social partners, the occurrence of selecting, organising, and integrating

information increases (Mayer et al, 2003).

Applying this to the context of the current study, it is implied that any information
given to the player by the virtual coach can generally be remembered better by participants
than when such information is given simply via text. Participants in the virtual coach
condition are then able to better use this information during the simulation exercise, and thus
achieve a higher score. The only components of the module which were different between the
two conditions were the introduction and reflection parts (see Appendix B). Out of these, the
introduction was the only which provided contextual information that could have aided the
player in achieving a higher score. Notably, within the simulated interaction with the virtual
coach players were given the option to forego additional information and proceed directly to
the theory. In the control group, this information was given in an introductory text which
could also be skipped. It could be that a large proportion of participants in the virtual coach
group skipped this information. As a result, they would have interacted with the virtual coach
for a shorter period, as well as received less information. Both of these factors can lead to a
decline in scores in the simulation exercise, and this could thus, at least partly, explain the
lack of a discernible effect of the virtual coach on learning outcomes. The relatively shorter
amount of time that participants spent with the virtual coach could also explain why
participants in the virtual coach condition were not more motivated or engaged.
Consequently, part of the absence of a clear effect of the virtual coach on all outcome
variables could be explained by limited contrast between the two comparison groups in the
amount of information received or in the way in which this information was delivered. Data
to confirm which information the virtual coach group received was not available, however,
nor was it possible to determine whether or not the control group skipped or read the

additional information.
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Finally, the absence of a significant difference in mean learning outcomes between
the groups could be attributed to the operationalisation of learning outcomes within this
study. Learning outcomes are often best measured longitudinally via interviews, but this was
not possible within the limited time frame of this study (Wiggins, 1998). Moreover, an
eligible substitute was already present in the form of the internal scoring system of the
DialogueTrainer platform. In this system, players can receive a score ranging from 0 to 100
reflecting the quality of their choices during a simulation exercise. Having a better
understanding of the underlying theory and context will lead to better scores. The choice for
applying the internal scoring system of the DialogueTrainer platform to operationalise
learning outcomes is justifiable in this sense, as it does reasonably reflect the grasp of

understanding of the player.

There are two factors, however, which could decrease the validity of this outcome
measurement. Firstly, the scoring system is tailored individually by each DialogueTrainer
developer to each simulation exercise. An interview with the developers on how these
scorings systems are formed resulted in various explanations. As a result of this somewhat
unclear formation of scoring systems, it cannot always be assumed that a better understanding
of the theory (or learning outcomes) necessarily leads to a higher score. However, the
simulation used in this experiment has been used by many DialogueTrainer players before
and has been improved multiple times using the players’ feedback. This particular scoring
system can therefore be expected to be generally good in this regard. Secondly, the
operationalisation does not take into account the manner in which players prefer to learn.
Specifically, participants were asked to only play the simulation once. This is generally not
the manner in which people use the DialogueTrainer platform. Rather, they can exhibit a
variety of different learning profiles, and often tend to play the simulation multiple times,
resulting in varying scores (Mendes, 2021). However, alternative measurements of learning
outcomes such as calculating an average over multiple playthroughs were deemed to be
unfairly advantageous to those participants who had more time to spare, while simultaneously
making it nearly impossible to provide participants with an accurate estimate of the time it
would take to complete the experiment. For these reasons, only the first achieved score was
used in the data analysis, even though many participants nevertheless ended up playing the
simulation multiple times. Additionally, the simulations are constructed in such a way that
early failure of the exercise is possible, ending the scenario early and leaving the player with

a low score. In practice, this can mean that a relatively small lap in judgement can result in a
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score as low as 5, while this does not necessarily accurately reflect the learning outcomes for

the player. Data showing that scores under 10 did occur seem to support this idea.

In order to overcome the problems regarding the learning outcomes discussed above,
it is recommended that future research on the topic of virtual coaches, or more specifically on
the platform of DialogueTrainer, should take various factors into account. Firstly, researchers
should preferably aim to create their own virtual coach. Rather than using a virtual coach
created by a company to suit their platform or modelling the coach after an existing one, this
coach should be based on targeted research taking the specific topic and aim of the
anticipated study into account. This can help to overcome the generalisability problem of
research findings on virtual coaches. More specifically, the EnALI framework can be used,
which was created specifically for this purpose (Veletsianos et al., 2009). Secondly, care
should be taken to create enough contrast between the experimental virtual coach and the
control group. In the present study it is conceivable that the relatively small role the virtual
coach played, as it only replaced two components compared to the control group, at least
partly explains our findings. These components equalled to about a third of the total time the
experiment took. The influence of the virtual coach on the player experience might therefore
be smaller than it could have been, had the coach been assigned a more prominent role. This
can be achieved in future research by, for example, explicitly phasing the virtual coach in and
out during the experiment. In the context of this study, this could have been achieved by
having the virtual coach give feedback on the player performance during the simulation
exercise. The options in this regard are naturally limited by the technological capabilities of
the platform used. In addition, it is recommended that future research considers to include
more operationalisations of learning outcomes than chosen in the present study, ideally by
interviewing participants longitudinally. Finally, the use of scores calculated over multiple
playthroughs could provide additional information, but whether this approach truly reflects

the effect of virtual coaches in daily practice will have to be researched further.

Possible reasons behind the lack of a significant effect on learning outcomes within
this study discussed above, could also play a role in the interpretation of the results regarding
the effect of the virtual coach on player experience. As earlier studies established that a
virtual coach generally positively affects learning outcomes (Scholten et al., 2017; Schroeder
et al., 2013), the lack of a significant effect on player experience can therefore not be taken as
proof that a virtual coach does not affect player motivation and engagement. Determining the

existence of such an effect was one of the aims of this research, and due to the same
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limitations described above, definite conclusions cannot be drawn. Future research aiming to
explore this topic further, should take into account the recommendations outlined above,

aimed at improving the rigidity and validity of experiments using virtual coaches.

What can be concluded regarding player experience, is that a strong correlation was
found between the two dependent variables engagement and motivation, which comprised the
construct of player experience within the context of this experiment. This observed
correlation is not unexpected, as it is logical that those people who feel more engaged by an
activity also feel more motivated towards it. Nonetheless, it does lend merit to the bundling
of these two constructs as player experience in this research. More specifically, this
correlation showing that engaged people were generally also motivated and vice versa can be
considered tentative proof that these two constructs are affected by serious games in the same
manner. Serious games positively affecting both motivation and engagement has been found
in previous research (Aldrich, 2009; Girard et al., 2012; Oprins et al., 2015; Scholten et al.,
2017; Schroeder et al., 2013; Veletsianos et al, 2009; Vogel et al., 2006). The present study’s
finding shows that this relation is not nullified by the addition of a virtual coach.

In conclusion, the present study was unable to confirm the hypothesis that learning
outcomes of players would be positively affected by the addition of a virtual coach on the
DialogueTrainer platform. This is in contrast with previous research showing that learning
outcomes are improved by using such agents. Also, player experience was not clearly
affected by adding a virtual coach. Due to several limitations of the current study, no
definitive conclusions regarding the effect of a virtual coach on learning outcomes and player
experience can be drawn. These limitations were discussed at length, as well as
recommendations on how to overcome these. By applying these to future research, it can
become clearer if and in what way virtual coaches positively affect both the learning

outcomes and player experience of digital educational solutions such as serious games.
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Appendix A

All participants in the experiment were directed to DialogueTrainer website and were
requested to create an account there if they had not had one already. Then, depending on what
link they were showed by the Qualtrics survey, they were able to access either module 1 or 2.
When selected, both modules would display as depicted in Figure Al. The differently
coloured tiles refer to the different parts of the module. The “Introduction” tile led the player
to contextual information, which was given by text in the control group, and by a virtual

coach in the other condition (see Appendix B).
Figure Al

Module Display on DialogueTrainer Platform

Master Onderzoek UU -1 7

Theorie

Feedback geven: wanneer en hoe? Orom

Master Onderzoek UU -1

Vragenlijst

Om het onderzoek af te sluiten, hoef je alleen nog via deze link de vragenlijst in te vullen.

The “Theory” tile led the player to the theory underlying the proper way in which to
give feedback. As much of this information is given in the form of tables, this part of the

module was kept the same in both conditions (Figure A2).
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Figure A2
Example Slide Shown to Players in Theory Section of Module

Theorie

Theorie

Feedback geef je wanneer in jouw ogen een verschil bestaat tussen het gedrag dat je ziet en effectief of gewenst gedrag. Het doel van feedback is om over dit verschil in gesprek te komen. Goede feedback is canstructief: het
draagt immers bij aan persoonlijke groei en organisatieontwikkel t het om in een vroeg stadium van het gesprek inzichtelijk te maken wat het belang is van de feedback. We onderscheiden de volgende ‘categorieen
doelen of belangen van de persoon zelf, de sfeer en samenwerking in team, de samenwerking en coordinatie in de organisatie, resultaten voor de klant of in sommige gevallen: effecten in de maatschappij.

Eigenbelang Teamprocessen Organisatiebelang Klantbelang
Wat wil de persoon zelf, wat nu niet lukt, of welk effect | Wat betekent gedrag voor de samenwerking en sfeer in | Wat betekent gedrag voor de samenwerking in de Wat betekent gedrag voor de klant, of in sommige
bereikt men wat men waarschijnlijk niet wil? het team? organisatie in brede zin en de goede codrdinatie van | gevallen, de maatschappii?

werkzaamheden?
Effecten van gedrag in vier categorieen (Hulsbergen, 2018)

Om hierover in gesprek te komen en te komen tot afspraken, doorloop je & fasen die op de volgende pagina worden uitgelegd

s Tvan3

Theorie

m
4
\i//

In both conditions, the “Simulation” tile led to the simulation exercise. The aim of the
simulation was for the player to give feedback on the performance of a colleague named
Armand (Figure A3). While doing this it was important to take into account Armand’s

emotions and opinions on the matter.

Figure A3

Player View During Simulation Exercise ‘Giving Feedback’

Hi Armand, hoe is het met jou?

Hi Armand, mag ik jou feedback geven?

Waarom heb je niet gemeld dat je dit weekend nog code hebt bewerkt?
i —
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Appendix B

Between the two conditions, the only parts of the module that were different were the
introduction and reflection. For the virtual coach group, selecting these tiles to a simulated

interaction with Erik (Figure B1).

Figure B1

Player View During Interaction with Virtual Coach

|

For the control group, these tiles directed the player to slides of text. In the
introduction, these contained contextual information on the use of giving feedback correctly,
accounting for the other’s emotions, and the role that the player can assume during the
conversation (Figure B2). The reflection tile consisted of a simple reflection exercise (Figure
B3). The information found in these slides has been copied almost exactly into the script of
the virtual coach depicted above. By doing this, neither group would be benefited over the
other regarding the amount of information they were provided. If one group was provided
more information, this could result in higher scores during the simulation exercise. What was
added to the virtual coach, however, were lines which aimed to establish a relationship
between the player and Erik and motivate and engage the player. For example, during the
introduction the virtual coach was given lines such as “Hello there, I'm Erik! How are you?”
and “Are you excited to try it out?” after supplying the player with information. During the
reflection exercise, the virtual coach was able to react to how well the player thought it went



VIRTUAL COACH APPLICATION IN SERIOUS GAMES 29

with lines such as “I’m sorry it didn’t go well but giving feedback correctly can be
complicated” or “Well done! | hoped you like doing it.”

Figure B2

Example Slide Shown to Players in Introduction Section of Module

Jouw rol in het gesprek en wat je kunt bereiken

Wat betekent dat voor jouw rol?

Het effect van jouw feedback, hangt dus in grote mate af van de manier waarop de ander jouw feedback ontvangt. Maar gelukkig heb je hierap wel
invloed. Zo bepaal jij wanneer je de feedback geeft, op een moment dat het de ander uitkomt. Ook kun je veel doen om de feedback-
ontvangbereidheid van de ander te vergroten, bijvoorbeeld door de ander toestemming te vragen om feedback te geven, door te vragen wat de
ander in een situatie wil bereiken en door aan te geven met welk doel jij feedback geeft. Juist omdat feedback ook pijn kan doen, is belangrijk dat je je
goede intentie laat blijken en dat de ander een bepaalde mate van autonomie behoudt. Probeer zoveel mogelijk vanuit een gelijke positie te
communiceren en oplossingen te bedenken op basis van feiten, en niet op basis van vooroordelen of emoties. En bedenk: een tip is vaak te vroeg.

Beter is als iemand zelf de oplossing bedenkt

Wat bereik je als je het goed doet?

Als je feedback op de juiste manier geeft, krijgt de ander inzicht in zijn of haar gedrag en ziet diegene het nut om iets te veranderen.
In principe verbetert dit jullie relatie zelfs. De ander ziet immers in hoe nuttig het is om met jou in gesprek te zijn.

4 ™ TN
(¢) A 4vans i= (+)
N/ Jouw rol in het gesprek en wat je kunt bereiken N
Figure B3
Example Slide Shown to Players in Reflection Section of Module
Reflectie
Pak er pen en papier bij, of open een notitie, en beantwoord de volgende vragen voor jezelf:
1. Hoe vond je het om te doen?
1.Vond je het leuk?
2. Voelde het waardevol?
2. Wat heb je geleerd over het onderwerp?
1. Wat werkt in het gesprek?
2. Wat werkt niet?
3. Wat betekent dit voor jouw doel: wil je gehoord worden of wil je de ander zich helpen ontwikkelen?
3. Hoe vertaal jij dit naar jouw werkpraktijk?
1. In welke situatie uit jouw praktijk ga jij feedback geven?
2. Wat is daarbij jouw belangrijkste leerpunt: waar ga je bij jezelf op letten?
3. Waar lees je aan af dat je aanpak werkt: in het gesprek en daarna?
® Tvanl i= ()
Reflectie S
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Appendix C

Questionnaires used to measure player experience

Intrinsic Motivation Inventory after Ryan & Deci, 2000.

N o ok~ D oe

9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.

Ik vond deze activiteit erg leuk om te doen.

Ik voelde mij niet nerveus terwijl ik bezig was met de activiteit.

Ik had voor mijn gevoel de keuze om de activiteit wel of niet te doen.
Ik denk dat ik best wel goed ben in deze activiteit.

Ik vond deze activiteit erg interessant.

Ik voelde mij gespannen tijdens de activiteit.

Ik denk dat ik best wel goed ben in deze activiteit, vergeleken met andere
deelnemers.

Het was een leuke activiteit om te doen

Ik was ontspannen tijdens de activiteit.

Ik vond het erg leuk om deze activiteit te doen.

Ik had niet echt een keuze om de activiteit wel of niet te doen.

Ik ben tevreden met hoe ik het heb gedaan bij deze activiteit.

Ik was nerveus tijdens de activiteit.

Ik vond de activiteit erg saai.

Ik heb het gevoel dat ik deed wat ik wilde doen terwijl bezig was met de activiteit.
Ik voelde mij competent bij deze activiteit.

Ik vond de activiteit erg interessant.

Ik ervaarde druk tijdens de activiteit.

Ik heb het gevoel dat ik de activiteit moest doen.

Ik zou de activiteit als ‘erg leuk’ omschrijven.

Ik deed de activiteit omdat ik geen keuze had.

Nadat ik enige tijd bezig was met deze activiteit, voelde ik mij best competent.

SF-User Engagement Scale after O Brien et al., 2018.

A A

Ik verloor mezelf in deze ervaring.

Ik was verdiept in deze ervaring.

De tijd die ik spendeerde aan het spelen van de simulatie, vloog voorbij.
Ik voelde me gefrustreerd tijdens het spelen van de simulatie.

Ik vond het spelen van de simulatie verwarrend.
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6
7
8.
9

10. Het spelen van deze simulatie was de moeite waard.

Het spelen van deze simulatie vergde veel van me.
De simulatie was aantrekkelijk.
De simulatie zag er goed uit.

De simulatie stimuleerde mijn zintuigen.

11. Mijn ervaring was lonend.

12. 1k was geinteresseerd in deze ervaring.
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