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Summary

Serious games are defined as games pursuing a primary objective beyond mere
entertainment. Serious games are often used within educational contexts to foster intrinsic
motivation in students, enhance their learning experience and thus their learning outcomes.
Responsible for affecting users’ intrinsic motivation are the inherent characteristics of games,
known as game design elements. A frequently referenced motivational theory underlying
serious games is the self-determination theory. It proposes that the three basic psychological
needs for autonomy, competence, and social relatedness have to be addressed to enhance
intrinsic motivation. Previous literature has already attempted to assign specific game design
elements to the respective needs they address. However, the list of possible game design
elements can be arbitrarily augmented with further elements. Serious games are already used
in different educational settings, especially in the realm of medical education. They are known
to be safe environments for training a wide range of skills and competencies allowing for a
training without posing real-life risks to, e.g., patient safety. Training history taking is an integral
part in the medical curriculum and serious games with their safe character lend themselves for
training it in a risk-free environment. A chatbot for training history taking could serve as a
training tool embedded in a serious game. Therefore, this thesis aimed to examine the
theoretical foundation of using a chatbot for medical history taking to extend the list of theory-

based game design elements with the element chatbot.

Following the proposed research framework, a first study developed a serious game with an
inherent retrieval-based chatbot relying on free open-text entries and conducted a first usability
and user experience evaluation. Building on this foundation, the second study compared the
newly established chatbot with a previously existing keyword-based retrieval-based chatbot.
For assessing autonomy, two measurement methods were fused. The objective autonomy in
terms of students’ exploratory behaviour was assessed during history taking in terms of the
serious games’ process data while the subjective autonomy was assessed via questionnaires

after the session. Results indicated that the chatbot relying on free open-text entries allowed



for more exploratory behaviour while no significant differences were found for the subjective
autonomy measures. The history taking data was analysed with regard to what students asked
their virtual patients but not how their questions were phrased. A third study was conducted
focusing on the effectiveness of material for self-directed learning on history taking in chatbots.
Therefore, the two chatbots of the second study were used and it was assessed whether
students profited from an interposed guideline between two sessions. Results indicated that
students using the chatbot with free open-text entries achieved overall but not significantly
higher scores for their history taking in both sessions. However, only students using the
keyword-based retrieval-based chatbot improved significantly between the sessions. A fourth
study was conducted, in which students took histories with a generative chatbot and their
entries were analysed with focus on indicators of empathy. Additionally, students’ perception
on subjective autonomy was assessed. The results of the fourth study indicated that the
generative chatbot enabled students to show written empathic reactions and reported high
levels of autonomy afterwards. However, due to the small sample size these results have to

be regarded as preliminary.

In conclusion, this dissertation provided initial findings on the theoretical foundation of chatbots
as game design elements. Building on the definitions of game design elements, it can be
assumed that a chatbot can be regarded as a game design element due to its interactive
character. Chatbots have to be chosen based on the context they are used in, yet it is worth
mentioning that the more degrees of freedom a chatbot has the more it is able to address
students’ subjective autonomy. It is further discussed whether other needs, such as the need

for competence, may be addressed and ideas for consequent research are proposed.

Keywords: Serious game; Game design element; Chatbot; Medical education
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1 Introduction

The thesis follows

proposed framework. It starts with setting the superordinate structure by defining the nature of
serious games (SG), defining their general structure as well as their inner life reflected by game
design elements (GDE). Secondly, insights in the contexts in which SGs can be used are
provided with examples for the application in fields distant to medical education as well as
more closely associated with medical education. Thirdly, the use of SGs in medical education
and the importance of education on medical history taking are specified. Merging the strands
results in the elaboration of chatbots in general and in medical education in particular. Before
the four studies, which constitute the core of the thesis are discussed, the GDE chatbot will be

categorised in the Game Design Elements, Theory, Effectiveness framework (GATE). Figure

several parallel strands to adequately integrate the research into the

1 illustrates the outline of this thesis.

Figure 1

Depiction of the outline of the thesis
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2 What makes a serious game a serious game?

According to Botella et al. (2011) the term serious game was initially associated with
educational games in a book by Abt (1970), who described SGs as games following an
educational objective beyond being primarily entertaining. This aligns with the later proposed
definition by Michael and Chen (2005), particularly in the aspect that a SG mainly pursues a
predefined learning objective and therefore exceeds mere entertainment. Although not
explicitly stated, it can be assumed that the learning environment in a SG simultaneously
evocates enjoyment while reaching the learning objective. Abt (1970) referred to analogue

SGs, while in the current use SGs are mostly referred to as digital games (Ddrner et al., 2016).

To date, there is no uniformly stated definition of SGs yet researchers adhere to different
definitions which resemble one another. The afore mentioned definition by Michael and Chen
(2005) can be recognised as a common, if not the most commonly cited definition for SGs and
will therefore be used as a fundament in this thesis. However, this definition is lacking crucial
aspects such as an elaboration of the question whether commercial games that are mostly
used for recreation should be used as SGs for educational purposes. Although entertainment
games are also assigned to the category of SGs by some authors (Susi et al., 2007), using
commercial games for educational purposes may be better included under the umbrella term
game-based learning (GBL) as already assigned in earlier research (Qian & Clark, 2016).
Therefore, a new working definition was developed, incorporating the criterion that SGs should
be specifically designed for educational purposes. Conclusively, the working definition reads
as follows: Serious games are non-commercial, specifically designed for educational purposes

helping learners to reach predefined learning objectives while incidentally inducing enjoyment.

While SGs can be examined from technical to psycho-educational perspectives (Krath et al.,

2021), this thesis adopts a psycho-educational approach.




2.1 Two concepts going hand in hand or being fundamentally different? —

Distinguishing the concepts gamification and serious game

A lack of conceptual clarity in the literature is reflected in examples such as the interchangeable
use of GBL and gamification (e.g., Hartt et al., 2020). Due to ambiguities as heterogeneously
use of the term gamification, it is difficult to rely on a consistent body of literature (Seaborn &
Fels, 2015). Thus, clear distinctions and consistent use of these terms throughout the literature
are important. In the following, the concepts’ definitions will be discussed. The chapter
concludes with a synthesised conceptualisation of existing definitions, highlighting both the

relationships and distinctions among the concepts.

Overarching concept: Game-based learning

The concept of GBL can be understood as an overarching concept, in the sense of an umbrella
term subsuming the concept of learning with games. When synthesising the most frequently
cited definitions for GBL (Emerson et al., 2020; Higham & Guzel, 2012; Krath et al., 2021;
Plass et al., 2015; Qian & Clark, 2016; Wu et al., 2011), it becomes evident that regardless of
their elaborateness and differences, all definitions have one thing in common: applying a game

for learning purposes.

Krath et al. (2021) explicitly stated SGs as an operationalisation of GBL, while differentiating
gamification as a distinct concept due to it solely using game elements and not full-fledged
games. Hamari and Keronen (2017) called it “instrumental purpose” (p. 126) when games are
used aside from leisure purposes and name SGs, simulations, as well as gamification as
examples for using games for instrumental purposes. Early ideas of GBL primarily focused on
the use of commercial games for educational purposes (Gee, 2003, 2005; Prensky, 2001).
Gee (2005) provided explicit examples of how different learning principles apply in different
commercial games and how they could be used for educational purposes accordingly.
However, these remarks have to be viewed critically as they are not based on theoretical
foundations but on deliberations and should be therefore rather seen as recommendations

(Krath et al., 2021).




Specific application: Gamification

Gamification can best be defined as “the use of game design elements in non-game contexts”
(Deterding et al., 2011, p. 9) or, more specifically, as “the intentional use of game elements for
a gameful experience of non-game tasks and contexts” (Seaborn & Fels, 2015, p. 17). These
two definitions provide insight into what can be understood as gamification, namely the addition
of GDEs to non-gaming contexts. One example that accurately illustrates the differentiation
between GBL and gamification can be found in Plass et al. (2015). The authors used the
example of a mathematics homework. In the context of gamification, it would be equipped with
additional GDEs that reward the learner for finishing the homework. To be used in the context
of GBL, the homework has to be transformed in a more game-like activity by adding conflicts

or rules that influence the execution of the homework.

Concrete Operationalisation: Serious games

The concepts gamification and SG differ in the manner of learning environment. While
gamification solely adds GDEs to non-gaming contexts (Deterding et al., 2011), SGs are fully-
fledged games that address at least one learning objective (Michael & Chen, 2005). In the
already mentioned definition by Michael and Chen (2005) SGs are defined as “games that do

not have entertainment, enjoyment, or fun as their primary purpose” (p. 21).

Alongside the frequently cited definition by Michael and Chen (2005), there are several other
definitions to be considered. According to Susi et al. (2007) all definitions for SGs share the
common ground of focusing on educational aims instead of entertainment purposes and are
more or less precise in stating how much entertainment can be simultaneously experienced
during playing a SG. The authors further argued, that, in certain cases, entertainment games
can function as SGs depending on the context of use (Susi et al., 2007). Similarly, a SG is not
inherently a SG; its perception depends on the circumstances, and it may occasionally be
perceived as an entertainment game (Susi et al., 2007). Following the definition by Michael

and Chen (2005), a SG needs to have a learning objective and it can be assumed that




entertainment games are lacking this since their primary aim was to induce fun and enjoyment.

Figure 2 illustrates the conceptualisation of the three constructs as derived from the literature.

Figure 2

lllustration of the conceptualisation of the three constructs GBL, SG, and gamification

Game-Based

Learning
. Game . )
Serious Game Design  Gamification
Elements

Note. GDEs are borrowed elements from gamification that are used within serious games.
Therefore, this can be understood as the overlapping point between both constructs although
they have to be generally considered as distinct and demarcated.

In conclusion, as can be seen in Figure 2, the concepts SG and gamification go hand in hand
by sharing the overlapping aspect of GDEs which SGs adopt from gamification. Nonetheless,

they differ in their structure and application as further explained in Chapter 3.

2.1.1 Theoretical underpinnings of serious games

Now that SGs are defined, it is important to introduce the theoretical foundation of those
games, since a thorough theoretical basis is connected with positive outcomes (Wu et al.,
2012). Extensive work has been conducted to explore the theoretical underpinnings of SGs,
GBL, and gamification (e.g., Krath et al., 2021; Qian & Clark, 2016; Sailer et al., 2017). Due to
the ambiguity in defining and demarcating the previously mentioned constructs, it is similarly
difficult to determine respective underlying theories for each construct. Despite those
ambiguities, all three constructs go to some extent hand in hand. The following section
provides insights into the current body of literature on underlying theories for SGs irrespective

of their application area. In case theories apply specifically to SGs, they are highlighted.

Qian and Clark (2016) analysed in their literature review the applied learning theories for the

overarching construct GBL and found that 76% of the included studies reported theories for




the game design or the research design with constructivism being the most frequently
mentioned. However, it is not clear whether the theories were all applied to the game design
or solely for the research design. In their systematic review, Krath et al. (2021) extensively
explored the theoretical basis of gamification, GBL and SGs. Although the authors considered
these constructs together, they found intriguing results on the use of a plethora of theories. In
sum, they found 118 theories and allocated them to the four areas of “Affect and Motivation”,
“Behaviour”, “Learning”, and “Other” (p. 10). In the first category “Affect and Motivation” the
Self-Determination Theory (SDT; Deci & Ryan, 1985; Deci & Ryan, 2000) was used the most
frequently, directly followed by the Flow Theory (Csikszentmihalyi, 1975). Both theories were
not only the most frequently referenced theories within this category but across all categories
throughout all underlying studies. The second category “Learning” comprised theories that
were all generally cited less often than the SDT or the flow theory. Some examples falling into
this category are: Cognitive Load Theory (Sweller, 2010), Constructivist Learning Theory
(Jonassen, 1999), or Experiential Learning Theory (Kolb, 1984). The third category
“Behaviour” comprised theories that were even less cited than the theories mentioned in the
previous categories. Examples falling into this category are the Theory of Planned Behaviour
(Ajzen, 1991), or the Reinforcement Theory (Moore, 2011; Skinner, 1953). Explicitly naming
and stating all of the named theories in the review and being more precise about the mentioned
theories, would exceed the scope of this thesis. As the SDT was mentioned most frequently in

the underlying studies and also aligns with the later stated research framework for this thesis,

the following explanations will focus on this theory and explain it in more detail.

The self-determination theory initially established by Deci and Ryan (1985, 2000) is a
psychological theory focusing on motivation in humans and originally arose from the research
on why and how external rewards compromise intrinsic motivation (Deci & Ryan, 2012). It
states that the fulfilment of the three basic psychological needs for autonomy, competence,
and social relatedness enhance intrinsic motivation depending on (social) environmental

factors (Deci & Ryan, 2012). The need for autonomy is addressed when one feels their own




behaviour can be executed in a self-determined and volitional manner (Niemiec & Ryan, 2009).
The need for competence relates to the subjective feeling of successfully executing a (goal-
directed) behaviour (Niemiec & Ryan, 2009). The last basic psychological need, the need for
relatedness, refers to humans’ inherent need to belong and to be connected to significant
others (Ryan & Deci, 2000). To date, the overarching SDT entails six sub-theories, each
focusing on different aspects of motivation (Ryan & Deci, 2017). The first sub-theory, namely
Cognitive Evaluation Theory, focused only on autonomy and competence and defined external
factors (e.g., rewards or feedback) that increase or decrease intrinsic motivation (Deci & Ryan,
2012). Furthermore, social environmental factors were characterised that support autonomy
or have a controlling effect as well as their influences on intrinsic motivation (Deci & Ryan,
2012). Lastly, it states how social environmental factors moderate intrinsic motivation by the
interaction with external factors (Deci & Ryan, 2012). It is reasonable to assume that the
cognitive evaluation theory informed GDE research. Further complementary sub-theories are
the following: Causality Orientations Theory (focusses on individual differences), Organismic
Integration Theory (focusses on the internalisation of extrinsic motivation), Basic Psychological
Needs Theory (focusses on the effects of needs satisfaction on psychological wellbeing), Goal
Content Theory (focusses on pursuits and life goals), and Relationships Motivation Theory
(focusses on the effect of close relationships) (Ryan & Deci, 2017). All theories combined result

in the content of the overarching SDT.

Knowledge about social environmental factors that affect intrinsic motivation is especially
relevant for educators or others aiming to motivate people as this knowledge enables them to
adapt the contexts accordingly in order to promote an environment that fosters intrinsic
motivation (Ryan & Deci, 2000). These changes cannot only be conducted through basic
changes in the environment but also through adding GDEs as they can alter the earlier
mentioned social environmental factors (Alexiou & Schippers, 2018). Ryan and Deci (2000)
stated that “[...] people will be intrinsically motivated only for activities that hold intrinsic interest

for them, activities that have the appeal of novelty, challenge, or aesthetic value.” (p. 71). In




this sense, SGs including their GDEs, which originally stem from gamification, can be regarded
as such activities yielding the stated values. Educators may enable the satisfaction of the
learners’ basic psychological needs by skilfully changing the environmental factors through
embedding gamification elements in non-gaming contexts or by using SGs with deliberately
chosen theory-based GDEs. Although there has already been research conducted combining
gamification with the cognitive evaluation theory (Hsu, 2022), research concerning SGs

however focused on the SDT in its entirety (e.g., Krath et al., 2021).

In particular, GDEs can be viewed as the carrier medium for motivation within SGs as they can
address different motivational factors in the player (Plass et al., 2015), e.g., by addressing the

basic psychological needs (Sailer et al., 2017).

2.2 Collecting points to climb the leaderboard — Embedding game design
elements in serious games

Seaborn and Fels (2015) reviewed several definitions of games and concluded that games
commonly share the aspects of “rules, structure, voluntariness, uncertain outcomes, conflict,
representation, [and] resolution” (p. 16), although these aspects may not be equally
pronounced and can appear in various combinations. According to Plass et al. (2015) games
are mostly structured consisting of “a challenge, a response, and feedback” (p. 262) with
feedback facilitating a circle by emerging new challenges or requiring altered responses.
Seaborn and Fels (2015) build on the work by Deterding et al. (2011) for defining GDEs as
“[...] the pieces that comprise the game — dynamics, mechanics, components [...].” (p. 17).
Therefore, following Deci and Ryan (2012), GDEs can be regarded as extrinsic features
affecting intrinsic motivation. GDEs have already been used effectively in entertainment games
to facilitate learning and have been proven to enhance players’ motivation and involvement
(Qian & Clark, 2016). Conclusively, GDEs are relevant and needed in SGs for several reasons.
On the one hand, GDEs transport the learning contents and are therefore relevant for gaining
knowledge and practicing skills (Arnab et al., 2014). On the other hand, they are the core for

making the learning experience playful (Plass et al., 2015). Several researchers have designed




different frameworks attempting to ease the classification and application of GDEs in different
contexts (Alexiou & Schippers, 2018; Arnab et al., 2014; Blohm & Leimeister, 2013; Plass et

al., 2015).

Characterization of different GDEs

The GDEs used in educational games and in GBL in general, do not only originate from the
field of entertainment games (Arnab et al., 2014), but also from behaviourism, cognitivism, and
constructivism (Plass et al., 2015). GDEs can compile “patterns, objects, principles, models,
and methods” (Seaborn & Fels, 2015, p. 17) that can be summarized in categories as
mentioned before. However, neither defining frameworks for the compilation of GDEs nor the
specification of GDEs is straightforward (Seaborn & Fels, 2015). Different endeavours to
compiling lists of GDEs have been conducted, but due to the heterogeneity of GDEs, they
cannot be regarded as exhaustive (Sailer et al., 2013). Nonetheless, there are GDEs
throughout the literature that are used and referenced more frequently than others. In the
following, an overview of the most commonly known GDEs along with their definitions is
presented (see Table 1). Attempting to establish an exhaustive list of GDEs would extend the
scope of this thesis. Due to the heterogeneous nature of GDEs and them stemming from the

area of entertainment games, the list can be arbitrarily extended.

Table 1
List of GDEs along with their definition

GDE Definition Source

Points “Numerical units indicating progress” (p. 20) Seaborn and Fels (2015)
that also serve as feedback Sailer et al. (2017)

Badges “Visual icons signifying achievements” (p. Seaborn and Fels (2015)
20)

Leaderboards “Display of ranks for comparison” (p. 20) Seaborn and Fels (2015)
“Combination of assessment, Landers (2015)

conflict/change, and rules/goals” (p. 758)

Progression “Milestones indicating progress” (p. 20) Seaborn and Fels (2015)




GDE

Definition

Source

Status

Levels
Rewards
Roles

Performance

graphs

Meaningful
stories

Storyline

Avatars

Teammates

“Textual monikers indicating progress” (p.
20)

“Increasingly difficult environments” (p. 20)
“Tangible, desirable items” (p. 20)
“Role-playing elements of character” (p. 20)

Display of “the player's own performance
over time” (p. 373) without social

comparison to other players

Narrative of the game that is detached from

player’'s performance

Self-generated or selectable virtual player

representations

Characters within the game, creating

cooperative or competitive environments

Seaborn and Fels (2015)

Seaborn and Fels (2015)
Seaborn and Fels (2015)
Seaborn and Fels (2015)
Sailer et al. (2017)

Sailer et al. (2017)

Sailer et al. (2017)

Sailer et al. (2017)

Collaboration = Teamwork between fellow players Aster, Laupichler, et al.
(2024)

Competition “Competing against each other individually Aster, Laupichler, et al.
or in groups” (p. 1831) (2024)

Feedback Acknowledgement of players’ actions in Aster, Laupichler, et al.
verbal, numerical, or visual form (2024)

Time limit “Time restriction on gameplay” (p. 1831) Aster, Laupichler, et al.
(2024)

Additional life  “Receiving additional life, e.g. as a reward” Aster, Laupichler, et al.
(p. 1831) (2024)

Hints / Tips “Support during game play” (p. 1831) Aster, Laupichler, et al.
(2024)

Note. List of the most common or best known GDEs along with their definitions and the

respective references of which the definitions were extracted.

10



2.2.1 Which one to choose? — The theoretical foundation of game design elements

It is crucial to avoid overloading the SG with GDEs. Therefore, the most relevant GDEs in
accordance with the respective learning objective have to be chosen to support the required
learning needs (Plass et al., 2015). As described in Chapter 2.1.1., the SDT is often used as
the theoretical foundation of SGs. Given that GDEs are an integral part of games, it is likely
that the same theoretical foundation likewise pertains to them. GDEs are the key factors in
games, and GBL in general, which lead to engagement (Plass et al., 2015). Another addressed
factor besides engagement is motivation and from studies of entertainment games it is already
known that GDEs address motivation in players (Qian & Clark, 2016). Accordingly this has also
been incorporated into the research of educational games and different authors have assigned
specific GDEs to the needs of the SDT (Alexiou & Schippers, 2018; Aparicio et al., 2012; Sailer
et al.,, 2017). Table 2 compiles different GDEs, their addressed needs, the respective
references the information were extracted from along with the manner how the authors of the
primary studies derived the relationship between the GDEs and their respective mentioned
theories. In this sense, the term empirical refers to empirical derivations, while theoretical refers
to a theoretical guided derivation, and intuitive assumption describes a derivation of needs
based on the authors’ deliberations. As with Table 1, Table 2 also lists some exemplary GDEs
and does not aim to exhaustively cover the literature. The vast majority of studies reported that
GDEs affect intrinsic motivation, yet there are also studies that suggest that extrinsic motivation
is addressed by certain GDEs, such as points, leaderboards and levels (Mekler et al., 2017).
This is in line with earlier research on motivation, as Deci and Ryan (2012) showed that some
external factors are able to increase intrinsic motivation (such as feedback or choice) while

others decrease it by being attainable (such as external rewards or competition).

Because GDEs play an important role in the achievability of learning objectives, it is essential
to specify the concrete learning objectives the SG aims to achieve and to choose the
appropriate GDEs accordingly and thoughtfully during the design phase (Plass et al., 2015).

SGs directly target learning outcomes while also addressing motivation and engagement,
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whereas gamification influences learning indirectly by altering motivation or engagement

(Landers, 2015).

The research on GDEs mostly stems from the area of gamification (e.g., Seaborn & Fels, 2015)
and is often not directly conducted in SGs. However, GDEs are frequently embedded in SGs
without theoretical foundations or effectiveness testing. Since both constructs refer to the same
GDEs, it can be helpful to consider research on gamification when researching SGs (Landers,
2015). In this sense it can be considered that the GDEs in SGs address the needs from the
SDT to enhance students’ motivation (i.e., change of behaviour or attitudes in the sense of the
theory of gamified learning) which in turn affects the impact of the instructional content on the
learning outcome, but whether this coherence is mediating or moderating depends on the

respective context (Landers, 2015).

Table 2

List of GDEs and the addressed needs along with their respective reference

GDE Addressed Need  Derivation Reference
of the SDT
Points Competence Intuitive Aparicio et al.
assumption (2012)
Levels Competence Intuitive Aparicio et al.
assumption (2012)
Performance graph Competence Emopirical Sailer et al. (2017)
Badges Competence Empirical Sailer et al. (2017)
Leaderboards Competence Empirical Sailer et al. (2017)
Intuitive Aparicio et al.
assumption (2012)
Progressive Competence Intuitive Aparicio et al.
information assumption (2012)
Intuitive controls Competence Intuitive Aparicio et al.
assumption (2012)
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GDE Addressed Need  Derivation Reference
of the SDT
Challenge Competence Theoretical Alexiou and
Schippers (2018)

Intuitive Aparicio et al.
assumption (2012)

Feedback Competence Theoretical Alexiou and

Schippers (2018)

Positive feedback ~ Competence Intuitive Aparicio et al.
assumption (2012)

Avatars Autonomy Empirical Sailer et al. (2017)
Intuitive Aparicio et al.
assumption (2012)

Profiles Autonomy Intuitive Aparicio et al.
assumption (2012)

Macros Autonomy Intuitive Aparicio et al.
assumption (2012)

“Increased levels of Autonomy Theoretical Alexiou and

perceived control” Schippers (2018)

(p- 2561) (no GDE

in the narrower

sense)

Control of privacy Autonomy Intuitive Aparicio et al.

and / or notification assumption (2012)

Alternative Autonomy Intuitive Aparicio et al.

activities assumption (2012)

“Opportunities for Autonomy Theoretical Alexiou and

self-representation
and expression” (p.
2561) (no GDE in
the narrower

sense)

Schippers (2018)
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GDE Addressed Need Derivation Reference

of the SDT
Configurable Autonomy Intuitive Aparicio et al.
interface assumption (2012)
Meaningful stories/ Autonomy & social Empirical Sailer et al. (2017)
Storyline relatedness
Teammates Social relatedness  Empirical Sailer et al. (2017)
Online Social relatedness  Theoretical Alexiou and
communities Schippers (2018)
Groups Social relatedness  Intuitive Aparicio et al.
assumption (2012)
Messages Social relatedness  Intuitive Aparicio et al.
assumption (2012)
Blogs Social relatedness  Intuitive Aparicio et al.
assumption (2012)
Connection to Social relatedness  Intuitive Aparicio et al.
social networks assumption (2012)
Chat Social relatedness  Intuitive Aparicio et al.
assumption (2012)

Note. Derivation refers to the manner how the referenced studies derived the related needs
for the respective GDEs with empirical referring to empirical derivations, theoretical referring
to theoretical guided derivation, and intuitive assumption to the derivation of needs based on
the authors’ deliberations.

3 The use of serious games in the realm of education

Now that the foundation for understanding the concept of SGs is laid, a detailed look can be

taken at the usage of SGs in different educational settings.

3.1 General educational usage

Within their respective fields, SGs provide safe learning environments where failure and
mistakes can happen without severe consequences (Plass et al., 2015; Susi et al., 2007).
Since their invention, SGs have been frequently used learning environments which enable

different groups to learn a plethora of differing contents within various teaching contexts. This
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allows SGs to be used in countless settings. In the following, SGs in various contexts are
described. Starting with SGs in fields distant and near to medical education before approaching
SGs that are concretely used in medical education. All GDEs used in the respective SGs are

underlined for improved readability and to support visual clarity.

3.1.1 Use of serious games in educational settings distant to medical education

Energy education is one exemplary field distant to medical education in which SGs are applied.
The game “Energy Chicken” as described by Orland et al. (2014) was used to elicit changes
in energy-consciousness of office workers in a “mid-size commercial office complex” (p. 44) in
the U.S. aiming for more energy efficient behaviour. The real-life energy consumption of the
players was mirrored in the health condition of chickens living on a customisable farm within
the game. A reduction in real-life energy consumption lead to a good health of the chicken,
where they grow and lay eggs, which in turn could be exchanged against accessories for the
chickens or the farm. In this sense, the eggs can be understood as rewards while the

accessories can be understood as awards or badges. In case the real-life energy consumption

increases, the chickens get ill and their health declines. A graph shows an overview of the
energy consumption throughout the playing time. Additionally, a “Mountain View” (p. 45) allows
players to view other players’ farms and chickens from above, without providing an opportunity
for interaction. The energy consumption was used as a measurement for change and playing

the game led to a decreased energy use compared to baseline.

Whittaker et al. (2021) examined the effects of GDEs embedded in a SG for enhancing
sustainability knowledge. Similar to the SG developed by Orland et al. (2014), this SG focused
on promoting specific energy-saving behaviours in households in general. Whittaker et al.
(2021) set up the two categories “reward-based game mechanics” and “meaningful game

mechanics”. Points, badges, and trophies are considered “reward-based game mechanics”

while the educational messages are considered as “meaningful game mechanics”. Throughout

their session, players gained points by switching off lights, achieved badges by accomplishing

given achievements, received trophies when having received a certain amount of badges, and
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were provided with educational messages. The results showed that badges and trophies had
a significant and direct effect on sustainability knowledge while points and educational
messages had not. The authors concluded that the GDEs in the reward-based category can
be further subdivided into higher and lower ranking GDEs with the significant GDEs being
higher ranking GDEs and the not significant GDE being a lower ranking GDE. The authors
assumed that since the higher ranking GDEs were awarded for more meaningful behaviour,
they are more influential than lower ranking GDEs that are awarded for less meaningful
behaviour. Furthermore, the authors concluded that the GDEs’ influence stemmed from
operant conditioning where learning is caused through rewarding or punishing for specific

behaviour.

These exemplary SGs from educational settings distant to medical education demonstrate that
SGs are equipped with GDEs regardless of their application area. It became apparent, that the
“reward-based” GDEs (Whittaker et al., 2021) appeared across both SGs. The presented
studies differed in their elaborateness. While Orland et al. (2014) focused on analysing the
changes in behaviour after playing the game, Whittaker et al. (2021) explicitly analysed the

influence of specific GDEs.

3.1.2 Use of serious games in educational settings close to medical education

Serious games do not only play a crucial role in educational settings distant to medical
education but also in educational settings close to medical education, namely healthcare
professions education (e.g., pharmacy, and nursing, among others). In a previously published
systematic review | have identified studies focusing on SGs in healthcare professions
education (Aster, Laupichler, et al., 2024) and will refer to some of them in the following along

with other studies.

In the field of nursing, a recent systematic review and meta-analysis revealed that more SGs
are concentrating on the training of practical skills than imparting theoretical knowledge (Lee
et al., 2024). Even if most variables of interest referred only to level 1 or level 2 of Kirkpatrick’s

evaluation model (Kirkpatrick & Kirkpatrick, 2016) they showed positive results (Lee et al.,
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2024). The distribution that most variables of interest were found on level 1 or 2 and few to
none were found on level 3 or 4 also aligns with other reviews conducted in the realm of
healthcare professions education (Aster, Laupichler, et al., 2024). An example of a SG for
nursing students arose during the COVID-19 pandemic and teaches different infection
prevention behaviours (Calik et al., 2022). Although Calik et al. (2022) mentioned to have
based their game development on the learning mechanics — game mechanics (LM-GM)
framework (Arnab et al., 2014) neither the specific structure of the game nor the GDEs were
described. When analysing the included pictures, it became obvious that players chose an
avatar and had to answer questions about diverse hygiene topics with varying graphics as
answer options (Calik et al., 2022). Although the increase in knowledge was not significant
after playing the SG compared to before, students reported feeling more confident in terms of

patient safety afterwards (Calik et al., 2022).

Besides nursing, other disciplines have also recognised SGs as beneficial for teaching. Kayyali
et al. (2021) designed a SG for nursing and pharmacy students to teach an improved
application of the “British National Formulary” (p. 998). In contrast to the other previously
described SGs, Kayyali et al. (2021) explicitly named the theory of player types by Bartle
(Bartle, 1996) as the underlying theory for the selection of GDEs. Accordingly, achievements

in form of medals, titles or ranks as well as scores on a public leaderboard were embedded to

address killers and achievers (Kayyali et al., 2021). Kayyali et al. (2021) stated that the

leaderboard addresses socializers; however, a function showing which other players are online

was also embedded to address socializers. The last player type, explorer, was addressed by
an interesting and relatable narrative within the SG. The GDEs were especially embedded and
chosen to address the different player types. The SG entailed the opportunity to obtain clues,

provided immediate feedback, clearly set the inherent goals and rules, and had a minimalistic

aesthetic. The authors conducted only analysis on level 1 of Kirkpatrick’s evaluation model

with usability testing and evaluation of students’ perceptions towards the game.
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Two educational fields that require the training of practical and clinical reasoning skills similarly
to medical education are physiotherapy training and dental education. Savazzi et al. (2018)
developed a SG for training the clinical reasoning skills of qualified physiotherapists and physio
therapy students for dual task rehabilitation. The game was designed as a virtual reality game
in 3D where the player acted as a physiotherapist using the first-person perspective. Players

were provided with a score and a conclusive feedback, but no other GDEs were presented. An

evaluation of the game showed that players positively rated the user experience, and playing
the game led to achieving the learning objectives as well as a decreased negative affect.
Another SG concentrating on the training of clinical reasoning skills in dental students was
developed by Wu et al. (2021). Throughout this game, players had to answer questions about
several different dental educational topics to which the game provided the players with

immediate feedback. Moreover, players were rewarded for choosing the right instruments. The

referring study dealt with validating the game and assessing its usability.

In addition to the academic educational settings, patient education is also an area where SGs
are frequently used. Thomas et al. (2023) reported about a SG for women with advanced
breast or gynaecologic cancers to enhance their self-advocacy. The game’s narrative
contained different stories about avatar-women who were diagnosed with cancer with the
players’ decisions influencing the avatar. The game’s aim was to help the avatar-women
achieve self-advocacy and an improved quality of life by making several decisions throughout

the game. Players received explicit and implicit feedback for their decisions. The study

assessed the game’s feasibility and acceptability among the players and computed a
preliminary efficacy of using the game compared to a care-as-usual group. All results were
positive in terms of feasibility and acceptability and a preliminary significant improved self-
advocacy was measured between baseline and the 6 months follow-up. From a psychological
point of view it can be argued that the game operates as observational learning in the sense
that the avatars’ actions or possible actions can be transferred and applied to the patient’s own

life (Klaul et al., 2024).
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Despite these all being exemplary SGs, it becomes evident that the majority of games followed
a basic design including a few, not theory-based, GDEs, while a minority of games reported a
sophisticated and elaborated approach to design and GDEs. According to Whittaker et al.
(2021), the mentioned GDEs within these SGs can be assigned to the category “reward-based

game elements”.

3.2 Specific usage in medical education

The specific usage of SGs in medical education is an extensively and thoroughly researched
field. Reviews often researched SGs in the broader realm of healthcare professions education.
Yet, this chapter focuses on the specific usage of SGs in medical education and therefore,
only reviews and studies that investigate undergraduate or postgraduate medical education
are considered. In 2010, a best evidence medical education (BEME) guide was published
which assessed the effectiveness of educational games in medical education with exclusion
of all other healthcare professions and their respective education (Akl et al., 2010). Although
the studies mostly indicated a positive impact of educational games, the systematic review led
the authors to the conclusion that recommending the general use of educational games was
not appropriate at this point due to the unsatisfactory methodological rigor of the five included
studies (Akl et al., 2010). A later review concentrated solely on analogous SGs for medical
education and stated that since studies mostly evaluated the outcomes on level 1 and level 2
of Kirkpatrick’s evaluation model (Kirkpatrick & Kirkpatrick, 2016), it cannot be assumed that
those games can substitute traditional teaching scenarios but can supplement them (Edwards
et al., 2025). Edwards et al. (2025) concluded that the SGs were used in a variety of medical
specialties. Different contents are taught within SGs in medical education and they lend
themselves for training hard skills as well as soft skills. Hard skills can generally be defined as
quantifiable and therefore measurable abilities covering functional, task-specific aspects which
can be more easily compared, while soft skills represent social, interprofessional, or
interpersonal skills that are more abstract (Continisio et al., 2021; Klein et al., 2024). In the

medical field, hard skills can comprise skills such as medical knowledge, patient care, or
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practice-based learning, whereas soft skills can encompass skills such as interpersonal and
communication skills, or professionalism (Klein et al., 2024). Owing to their game-like nature,
SGs provide a safe environment for training various skills. In the following, some examples of

SGs for the acquisition or training of knowledge and different skills are presented.

A SG for training laparoscopic surgery was found to have a higher impact on surgeons’ skills
than on medical students’ skills but was perceived to be useful and realistic while no explicit
GDEs or respective theories were mentioned (Kowalewski et al., 2017). Another SG in the field
of surgical training focused on the situational awareness in terms of problem recognition and
problem-solving competence for equipment-related issues during a minimally invasive
laparoscopic surgical procedure (Graafland et al.,, 2017). Within the SG, players had to
recognize and solve problems during a mini game that was not directly related to a surgical
procedure (Graafland et al., 2017). However, a laparoscopic tower was embedded in the game
where players had to recognize and solve real-life problems of a surgeon enhancing the
closeness to reality (Graafland et al., 2017). The SG does not illustrate a specific skill training
for the operating room but provides training of more abstract higher order skills like the ability
to solve problems (Graafland et al., 2017). Although the authors did not explicitly state an

underlying theory for the embedded GDEs, they stated the embedding of points and feedback

and in a depiction of the SG it was also apparent that a time display as well as a deterioration
bar were embedded, these were however not described in detail (Graafland et al., 2017). The
evaluation of the SG showed that playing it led to an increased problem-solving ability

regarding equipment-related issues in first- or second-year residents (Graafland et al., 2017).

In the field of emergency skill training a SG simulating an emergency department was
developed for residents to train their emergency care skills by means of VPs (Dankbaar,
Roozeboom, et al., 2017). The game focused on training emergency care skills by providing
six patient cases where the player had the opportunity to conduct actions like in a real-life
emergency department (Dankbaar, Roozeboom, et al., 2017). The authors did not mention

any theoretical foundation for their game design but embedded several GDEs, such as direct
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feedback throughout the game play, an introductory tutorial, a timer covering 15 minutes,

narrative feedback and an individual score at the end of the game as well as a leaderboard

depicting all players scores simulating competition (Dankbaar, Roozeboom, et al., 2017). Two
groups of residents were compared for an effectiveness testing of which one group received
only the course manual while the other in addition to the manual also played the game
(Dankbaar, Roozeboom, et al., 2017). The effectiveness testing showed that the combined
group had improved emergency care skills and motivation to play the game, whereas the
motivation did not differ between the groups prior to the intervention (Dankbaar, Roozeboom,
et al., 2017). After two weeks of face-to-face training the skill level did not differ between the

groups anymore (Dankbaar, Roozeboom, et al., 2017).

Another SG in the area of emergency medicine is a strategy card-board game that was
designed for learning how to manage multiple patients in an emergency department
environment (Tsoy et al., 2019). The authors clarified the design and development process of
their SG without explicitly mentioning any theoretical background for the selection of the five

embedded GDEs, namely characters, goals, mechanics/resources, feedback, and challenge

(Tsoy et al., 2019). Players selected characters to form a complete emergency department
team working an entire shift together, eliciting collaboration between the players (Tsoy et al.,
2019). Moreover, the players received points which could be swapped for extra resources or
to win the game (Tsoy et al., 2019). The game was lost when too many violations of patient-
safety occurred and was won when players achieved a predefined amount of points by the end
of the shift (Tsoy et al., 2019). The game was not only played and evaluated by postgraduates
but also by nurses (Tsoy et al., 2019). A limitation is that the evaluation did not contain an
effectiveness test but only ratings of different perceptions of the game play, yet overall it was
rated positively (Tsoy et al., 2019). Only a third of the players conducted actions which they
would also conduct in a real-life emergency department what leads the authors to the

conclusion that the game might not elicit a fully immersive game play (Tsoy et al., 2019).
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A SG developed by Dankbaar, Richters, et al. (2017) trained patient safety knowledge in fourth-
year medical students. For an effectiveness test, three groups were compared regarding
altered patient safety knowledge and motivation. One group played the SG, while the second
used an e-module and the third was a historical control group (Dankbaar, Richters, et al.,
2017). The authors did not refer to a theoretical framework, neither for the development of the
SG nor for the selection of specific GDEs. Dankbaar, Richters, et al. (2017) mentioned to have
embedded points which in turn lead to progress in the game, and collaboration with other
stakeholders within the game which along with communication lead to improved teamwork.
Effectiveness testing revealed that the knowledge about patient safety improved equally in the
game group and in the e-module group compared to the historical control group, although the
game group reported higher levels of motivation (Dankbaar, Richters, et al., 2017). This SG
also aimed at training students’ resilience and found that students reported stress was lower
in the game group compared to students in the e-module group (Dankbaar, Richters, et al.,
2017). Albeit this being a significant effect and since scores were generally relative low, the
authors ascribed this to students having possibly less stress in this study phase (Dankbaar,

Richters, et al., 2017).

Another important skill that encompasses hard as well as soft skills is history taking. A study
using a SG for training history taking in cardiological patients was developed based on the
cognitive load theory and assessed changes in the first three levels of Kirkpatrick’s model
affective, cognitive, and behavioural attitudes (Alyami et al., 2019). The history taking was
conducted via selection of the correct answer to the main characters complaints out of a
multiple choice menu (Alyami et al., 2019). Alyami et al. (2019) reported having embedded the

GDEs rules, points, score, rank, feedback, narrative, and three difficulty levels. They compared

two groups with one playing the game and one receiving a pdf-document covering the same
contents as the SG. Both groups significantly improved over time in knowledge and self-
efficacy yet no group differences were found on the different levels apart from the game group

reporting significantly higher satisfaction (Alyami et al., 2019).
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These findings reflect the results of a systematic review of SGs in medical and healthcare
professions education showing that the most frequently used GDEs were points, storyline, and
feedback (Aster, Laupichler, et al., 2024). Additionally, the abovementioned SGs frequently
relied on social aspects such as collaboration or challenge, highlighting the importance of

interprofessional teamwork in medical education.

Given that simulations train practical skills in realistic, high-fidelity scenarios (Molloy et al.,
2021), SGs represent more abstract settings by conveying learning objectives in a more game-
like manner. The presented SGs for medical education demonstrated that using abstract
settings and game play is also feasible for medical education. Thus, these SGs train skills or
impart knowledge on a more abstract level. Serious games enabling the training of medical
skills in a safe environment are especially important for training critical medical encounters.
Nonetheless, SGs can also be used in non-life-threatening situations to train patient interaction
in an error-tolerant environment. One such area in which key competencies, such as

communication skills, can be practiced through SGs is history taking.

4 Importance of training history taking in medical education

History taking can be understood as a process of gathering information from the patient (e.g.,
related to the symptoms, the individual and their psychosocial status) relevant for arriving at a
diagnosis and for initiating a suitable medical treatment (Keifenheim et al., 2015). History
taking comprises two overarching aspects: while one aspect focuses on using the necessary
communication techniques (e.g., listening, or verbal and non-verbal communication skills), the
other emphasises the importance of a clear structure for gathering all information necessary
for drawing a comprehensive picture allowing diagnostic reasoning (Nardone et al., 1980).
Following the three-function model, history taking aims at collecting information from the
patient about themselves, conveying empathic responses to the patients’ emotional state, and
educating the patient about their disease and influencing subsequent behaviours (Bird &
Cohen-Cole, 1990). According to Hampton et al. (1975) and Peterson et al. (1992) about one-

third of correct diagnoses can already be made after history taking and further physical
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examinations or laboratory diagnostics did not add value in terms of changing diagnoses.
However, the physical examination helped physicians become more confident with the

diagnoses in some cases (Hampton et al., 1975).

Due to these findings medical education should put great emphasis on teaching and training
history taking in medical students (Hampton et al., 1975). While communication skills can be
learned, short-term interventions are not sufficient and the acquired skills can easily be
forgotten (Aspegren, 1999). More recent research has highlighted the need for curricular
adjustments, particularly regarding the extension of learning interventions into longitudinal
formats (Bachmann et al., 2017). It was shown that medical students at graduation indeed
showed an increased ability in asking questions regarding differential diagnosis and in time
management but, still showed shortcomings in systematically capturing patients’ histories and
capturing symptoms comprehensively, as well as in communication techniques, empathy, and
investigating the patients’ perspectives (Bachmann et al., 2017). It has been shown that
specialized trainings lead to an improved history taking (Rutter & Maguire, 1976), increased
communication proficiencies, and self-confidence (Bachmann et al., 2013). There is a plethora
of heterogeneous teaching interventions for medical history taking that focus on different
aspects of history taking (Keifenheim et al., 2015). In this regard, interventions concentrate not
only on teaching one skill like interview structure or covering interpersonal or communication
skills, but address more than one skill (Keifenheim et al., 2015). Regarding the investigated
style of interventions, they ranged from interview simulations in small-group workshops via
role-play, to simulated patients or virtual patients and real patient interviews (Keifenheim et al.,
2015). Although a vast number of training methods exists, a frequently used safe training
method is the use of simulated patients (SP) (Kaplonyi et al., 2017). This is unsurprising, as
communication training is expected to be practical and experiential, enabling students to
actively practise verbal and non-verbal communication skills rather than passively participating
in bedside teaching or lectures (Sezer et al., 2023). Simulated patients are not only a frequently

used but also an effective method in terms of eliciting changes in knowledge and behaviour
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regarding communication at the same time they are valued positively by the learners (Kaplonyi
et al., 2017). Yet, integrating SP programs into medical curricular is fairly resource intensive.
Not only, suitable persons have to be trained adequately to become a SP and present the
respective disease in a standardised manner, but also, stakeholders are required for managing
the SPs (Cleland et al., 2009). To circumvent the often limited amount of SPs, another safe
and standardisable training method arose with the invention of virtual patients (VPs). These
allow even more sophisticated scenarios and can be trained regardless of restraints in time
and teaching space (Stevens et al., 2006). Researchers have already demonstrated that VPs
can be effectively used for training communication skills in medical students (Sezer et al.,
2023). Furthermore, students attending a learning course for history taking and clinical
reasoning with an embedded VP showed significant improvements in their competencies
afterwards (Isaza-Restrepo et al., 2018). Virtual patients have also been used for training
empathic communication skills. Compared to the training with SPs, third-year medical students
showed higher levels of empathy during the interactions with a VP with which they
communicated via a free text entry in a chatbot-like interface (Kleinsmith et al., 2015).
Kleinsmith et al. (2015) supposed this to be due to the VP interaction eliciting less pressure
and stress on the students since they could take more time for answering compared to the
interaction with a SP. When training with a VP, non-verbal communication skills can barely be
practiced; however, VP-based training can occur prior to training with SPs to learn factually
“what to say” before concentrating on “how to say” it empathically with SPs (Kleinsmith et al.,
2015). A qualitative study with third-year medical students also mentioned that they felt
cognitively narrowed on how to take a medical history when interacting with a SP hindering
them to empathically react to patients’ emotions (Brodahl et al., 2022). Some interviewed
students attributed their difficulty in showing empathy to the cognitive demands of history
taking, particularly the need to recall the procedure and all relevant information (Brodahl et al.,
2022). This finding supports the approach of providing prior training in the technical aspects of

history taking before focusing on the training of empathic communication.
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Communication trainings are recommended to be longitudinal to provide sufficient settings for
practicing the respective skills (Bachmann et al., 2017) but since SPs as training method
require several resources (Cleland et al., 2009), it is inevitable that alternative approaches to
SPs are needed. Pursuing the idea of VPs further, it is possible that chatbots can be equipped
adequately to sufficiently represent VPs for training history taking. Before intertwining the
aspects of training medical history taking and how this can be conducted with the help of
chatbots, the next chapter firstly concerns different types of chatbots to provide an

understanding of which chatbots can be used for training history taking.

5 May | ask you a question? — Different types of chatbots

As stated in chapter 2.2, the list of GDEs can be arbitrarily expanded. In this sense it is
conceivable that a chatbot embedded in a SG can also serve as a GDE. Although Aparicio et
al. (2012) asserted that a chat may foster the need for relatedness, it is essential to explicitly
define the scope and the functionality of a chatbot before the addressed need can be

examined.

According to the Cambridge Dictionary (2025), a chatbot can be defined as “a computer
program designed to have a conversation with a human being, usually over the internet”. This
aligns with other definitions from researchers, like the one from Wollny et al. (2021) who
defined chatbots as “[...] digital systems that can be interacted with entirely through natural
language via text or voice interfaces” (p. 2). Adamopoulou and Moussiades (2020) presented
a general architecture for a chatbot’s function that fundamentally contains three building
blocks. The user submits a request, which the chatbot processes in various ways to prepare a
response that is finally outputted. Adamopoulou and Moussiades (2020) proposed that
chatbots can be classified according to various aspects, of which the four most important
aspects for the present thesis are mentioned in the following: The knowledge domain classifies
how the chatbot retrieves answers from its trained data, based on a closed domain (i.e.,
knowledge about a predefined topic) or an open domain (i.e., not being limited to one

predefined topic). For the service provided it is mainly important to differentiate between
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interpersonal chatbots providing services, like answering frequently asked questions, and
intrapersonal chatbots that influence the users’ personal radius and might be related to other
chat apps. The goals of a chatbot can be subdivided into informing the user, providing a
conversation, or performing required tasks. The input processing and response generation can
be built upon rule-based, retrieval-based, or generative models (Adamopoulou & Moussiades,
2020). The differentiation between rule-based and generative chatbots is also common for
research on chatbots in education (Huang et al., 2025). Moreover, chatbots can be categorized
based on their application area into “teaching-oriented” and “service-oriented” chatbots
(Quiroga Pérez et al., 2020). Based on the findings of their systematic review, Wollny et al.
(2021) developed a concept map for chatbots in education comprising the categories of the
evaluation and educational effects of chatbots as well as the categories “applications” and
“designs”. In terms of input methods, chatbots can be subdivided into button-based interfaces,
interfaces based on keyword recognition, context, or voice-enabled inputs (Smutny &
Schreiberova, 2020). In the interface based on keywords, the user enters words or a phrase
to which the chatbot proposes an adequate predefined response, while the context-based input
types work on artificial intelligence (Smutny & Schreiberova, 2020). Accordingly, a plethora of
different chatbots can be created by mixing different properties. Depending on the context in

which a chatbot should be used as a GDE, other aspects are of importance.

To date, several chatbots are already used in different settings. In the educational context,
chatbots are frequently used for learning a language or programming (Wollny et al., 2021), for
computer science, or with a general objective (Kuhail et al., 2022). Hwang and Chang (2021)
found in their review that chatbots were mostly used in communicative educational settings
like language learning instead of arts or design courses and concluded that hands-on
educational settings might not profit from using chatbots for training specific skills. In
educational settings, chatbots were mostly implemented as web-based applications, acted as
a teaching agent (i.e., acting as a tutor or teacher to the students), relied on a chatbot-driven

flow-based interaction (i.e., the chatbot initiating the interaction), followed the principle of
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personalised learning, and were tested effectively in experiments (Kuhail et al., 2022). While
in the chatbot-driven interaction style the conversation is led by the system, the user-driven
interaction places the user in control (Kuhail et al., 2022). Regarding the interface, chatbots
mostly relied on text-based inputs while only some established voice-based or speech-to-text
inputs (Huang et al., 2025). For educational purposes, chatbots are mostly used for skill
improvement and follow a learning role implying that chatbots impart knowledge or
proficiencies (Wollny et al., 2021). Another review found that most chatbots followed the
pedagogical aim to provide social interaction support, although other chatbots also facilitated
information and knowledge acquisition (Huang et al., 2025). Chatbots are also used aside from
education in different areas of which medicine is one. Since the release of ChatGPT by OpenAl
(2022) in November 2022, the popularity of Large Language Models (LLMs) significantly
increased among the general public. Early findings suggest that ChatGPT provided more
empathic and higher-quality responses to patients’ questions than physicians originally being
queried and answered in a social media forum (Ayers et al., 2023). Moreover, ChatGPT could
potentially be used for supporting physicians with clinical documentation (Nayak et al., 2023).
Another important aspect in medicine is the difficult access to mental health treatment services,
which a personalised chatbot for self-referral eased (Habicht et al., 2024). However, Chatbots
play not only a role in referral but also in general mental health. A scoping review found that
chatbots for mental health were mostly used for therapy, training, and screening, were built on
a rule-based basis and that conversations were mostly chatbot-driven (Abd-Alrazaq et al.,
2019). That chatbots relying on generative artificial intelligence (Al) become only more and
more common after the launch of ChatGPT becomes evident since a review on chatbots in the
time between 1996 and 2023 still found a vast majority of rule-based chatbots (Huang et al.,
2025). When searching for research on chatbots published from 2023 on, one mostly finds

research on Al-based chatbots (e.g., Labadze et al., 2023; Stéhr et al., 2024; Wu & Yu, 2023).

Authors have claimed that chatbots should not be built only technology-driven but also theory-

driven with a sound pedagogical basis (Wollny et al., 2021). As one pedagogical approach,
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research has been conducted on how the use of chatbots affect students’ motivation (Huang
et al., 2025). Huang et al. (2025) analysed in their scoping review 43 studies that examined
the impact of chatbots in terms of motivation and found a generally positive impact although
some included studies showed mixed results. The authors categorised the underlying theories,
which served either the development of the chatbot or the explanation of its motivational
impact, into four frameworks: motivational, learning-related, communication-related, and user
behaviour-related (Huang et al., 2025). Among the motivational theories is also the previously
mentioned SDT which contains the key elements need for autonomy, need for competence,

and need for social relatedness (Huang et al., 2025).

The overlap of chatbots being used for medical aspects as well as for educational purposes
lends itself to use them as VPs within medical education. This is conceivable as chatbots are

already integrated into communication trainings in medical education (e.g., Liaw et al., 2023).
6 Intertwining the chatbot and its function to train history taking

— Aim of the thesis

Chatbots are already used as VPs standalone for medical students (e.g., Holderried,
Stegemann-Philipps, Herrmann-Werner, et al., 2024; Holderried, Stegemann-Philipps,
Herschbach, et al., 2024; Lippitsch et al., 2024) or for students from other healthcare
disciplines (e.g., Benfatah et al., 2024; Radel-Ablass et al., 2025) with most studies using
ChatGPT. However, chatbots have not yet been widely implemented in SGs for medical

students, although isolated examples exist (Ziebarth et al., 2014).

As described in Chapter 5, chatbots are often used to impart knowledge or information. It is
assumable that chatbots for conducting medical histories can also be regarded as knowledge
brokers. However, only obtaining information is not sufficient when taking a medical history.
Especially when learning how to take medical histories, the two proficiencies of how to ask and
what to ask (Kleinsmith et al., 2015) have to be obtained. Thus, it can be reasonably assumed

that a chatbot for training history taking in medical education follows a twofold purpose: It has
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to provide all necessary information while simultaneously facilitating the training of history-
taking skills. The question remains which kind of chatbot best elicits the combination of these
two skills and which theoretical foundation suits best. It is reasonable to assume that a chatbot
offering the opportunity of a conversation conducted with one’s own words might foster
students’ autonomy and therefore enhance their motivation and consecutively learning
performance (Huang et al., 2025). This might also apply for chatbots in which medical histories
can be conducted. Therefore, this thesis project aimed to assess whether students’ autonomy

was addressed by different kinds of chatbots for history taking.

Based on a previous literature review, | have developed the GATE framework which can be
used as an orientation to researchers when searching for theory-based and effectively tested
GDEs for the embedment in SGs (Aster, Laupichler, et al., 2024). The GATE framework is
explained in more detail in Chapter 6.1. A sound theoretical basis of GDEs allows for a
convincing evaluation of them (Aster, Laupichler, et al., 2024). This is equally valid for chatbots
as their educational groundwork should be aligned with the conclusive evaluation instead of
only evaluating technical aspects (Wollny et al., 2021). Therefore, this thesis is informed by
the GATE framework and primarily aims to assess a chatbots theoretical underpinning while
also evaluating its effectiveness initially by examining students’ history taking as process data
throughout the chatbot use. This thesis research body is divided into four segments, these can
be seen in Figure 3. It started with the development of a SG with an embedded rule-based
open-entry chatbot. This resulted in Study 1: Development and evaluation of an emergency
department serious game for undergraduate medical students (Aster, Hitt, et al., 2024). As a
second segment of this thesis a study comparing the rule-based open-entry chatbot to an
already previously examined keyword-based chatbot was conducted. This led to Study 2 titled
“Theoretical background of the game design element “chatbot” in serious games for medical
education” (Aster, Lotz, & Raupach, 2025) which assessed students’ subjective and objective
autonomy. The third segment examined the effectiveness of a guideline covering the topics of

history taking as a material for self-directed learning in the two chatbots previously examined
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in Study 2. This led to Study 3 titled “Impact of providing a customized guideline on virtual
medical history taking in two serious games for medical education” (Aster, Lotz, Laupichler, et
al., 2025). In the final study titled “ChatGPT as a Virtual Patient: Written Empathic Expressions
During Medical History Taking” (Aster, Ragaller, et al., 2025), a generative Al chatbot (i.e.,
ChatGPT) was set up as a VP and students’ written empathy and their autonomy were

assessed.

Figure 3

Sequence and content of the studies conducted for this thesis

Study 4:
Study 1: Study 2: Study 3: N
Development of a SG with an Examination of the theoretical Examination of the \Fir);igjlngggtoafsc::lacl;tz;:tslvae
included rule-based chatbot for % background for two different % effectiveness of material for 9 p N
. . . . . . P to rule-based chatbots in terms
medical history taking kinds of chatbots embedded in self-directed learning in two of empathy and theoretical
(embedded as a GDE) SGs chatbots embedded in SGs paty

background

6.1 GATE framework — A framework for systematically choosing GDEs based

on their theoretical foundations and effectiveness for the use in SGs

As a result of a systematic literature review regarding GDEs in SGs for medical and healthcare
professions education, the GATE framework was proposed (Aster, Laupichler, et al., 2024).
The framework contains GDEs used in SGs for medical and healthcare professions education
along with their respective theory. In line with the previously described theories for GDEs and
SGs, the GDEs within the GATE framework also referred to the needs postulated by the SDT.
It was found that the need for competence was addressed by embedding educational material
within the SG (in order to elicit a sense of connectedness to real-life) as well as by providing
hints and tips (Aster, Laupichler, et al., 2024). Furthermore, the need for relatedness was
addressed by collaboration between the players and the need for autonomy by including fewer
rules within the SG (Aster, Laupichler, et al., 2024). Although theories were mentioned for the
GDEs, no GDE was tested with regard to its effectiveness. This framework was established in
the context of medical and healthcare professions education, it could likewise function as a
blueprint for other, possibly broader, contexts. See Figure 4 for a depiction of the GATE

framework adjusted for the GDE “chatbot”.
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Figure 4
GATE framework adjusted for the present thesis focussing on the GDE “chatbot”

Theory GDE Effectiveness

Different kinds of chatbots (free-
Need for autonomy from the SDT? text entry, rule-based vs. keyword-
based vs. generative)

Initially approached, but primarily
beyond the scope of this thesis

Note. Adapted from Aster, Laupichler, et al. (2024). The grayed out effectiveness testing
extends the scope of this thesis but was included for the sake of completeness.

6.2 Integrating the game design element “chatbot” into the GATE framework

For this thesis, a chatbot is categorised as a GDE for training medical history taking.
Accordingly, a chatbot is characterised as follows (references refer to the technological

aspects and not to the connection with history taking):

- The conversation should be user-driven (Kuhail et al., 2022)

- Not a chatbot that provides support (e.g., chatbots for FAQs, Adamopoulou &
Moussiades, 2020), but builds an independent learning environment in terms of being
teaching-oriented (Quiroga Pérez et al., 2020) and takes on a learning role for skill
improvement (Wollny et al., 2021)

- Can rely on both, closed or open knowledge domain (Adamopoulou & Moussiades,
2020), but may benefit from being open and not only answering to the predefined
context but may have an extended and therefore possibly more realistic, patient-like
knowledge

- Can rely on retrieval or generative output generation and can be best accessed via
keyword-based, voice-enabled input (Adamopoulou & Moussiades, 2020; Smutny &
Schreiberova, 2020; Wollny et al., 2021) or via free entries possibly enhancing users
autonomy (Huang et al., 2025)

- To train communication in the sense of history taking two things should be trained
simultaneously: the what (i.e., gathering all necessary information), and how (i.e., being

empathic, listening actively, etc.) of taking a medical history (Kleinsmith et al., 2015).




In this sense, it provides the user with information while simultaneously providing a
conversation (Adamopoulou & Moussiades, 2020)
- Should be distinguished from chatbots allowing communication between users (i.e., in

the sense of GDEs in Table 2 this could be understood as ‘chat’)
7 Study 1 — Development of a serious game for medical

education

Aster, A., Hutt, C., Morton, C., Flitton, M., Laupichler, M.C., & Raupach, T. (2024).

Development and evaluation of an emergency department serious game for undergraduate
medical students. BMC Medical Education, 24(1), Article 1061.

https://doi.org/10.1186/s12909-024-06056-z

7.1 Summary of Study 1

A SG was designed for medical students to train their clinical reasoning skills in a safe learning
environment without compromising patients’ safety. Clinical reasoning is an essential
competency to develop and consists of arriving at a diagnosis basically through generating
and refining hypotheses and finally choosing and initiating appropriate treatments (Kassirer,
2010). Since these skills can be best learned with real cases (Kassirer, 2010), Serious games
lend themselves to be used as a training environment as they hold the potential to provide a
possibly unlimited number of real cases to students independent of time and place while being
a safe environment allowing for errors. Serious games are already effectively used in the
education of clinical reasoning for healthcare professions (Koelewijn et al., 2024; Middeke et
al., 2018). In the present study, a SG representing a virtual emergency department, was
developed according to the framework for SG development in medical education by Olszewski
and Wolbrink (2017). All three steps of the framework (i.e., Preparation & Design,
Development, and Formative Evaluation, Olszewski & Wolbrink, 2017) were conducted. The
SG was designed and developed by a multidisciplinary team covering diverse professions with

the aim of teaching undergraduate medical students clinical reasoning competencies but also
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how to triage and treat patients under time pressure. The data basis of the SG relied on
epidemiological data. Virtual patients were created by epidemiological probabilities and were
equipped with Al-generated faces depicting the VP and their health condition. The main GDE
that was used as operationalisation for the present thesis, was the chatbot. The chatbot
provided the students with the opportunity to ask self-formulated questions regarding all
relevant topics to be covered during history taking. Regarding history taking, clinical reasoning
competencies should be trained by asking self-formulated questions. Compared with the
chatbot characteristics defined in Chapter 6.2, the chatbot in the developed SG consisted of
the following characteristics: user-driven (students have to enter the first question and the
chatbot only answers to posed questions without asking further questions, what can be
considered as illustrating real-life history taking), closed knowledge domain (only answers
predefined questions), retrieval-based (i.e., rule-based) and is accessed via free entries, takes
on a pedagogical learning role and provides users with information during conversation. Given
the chatbot’s characteristics, it can be assumed that both the content (e.g., embedded medical
information) and the process (e.g., opportunity to ask freely formulated questions) of history
taking can be trained. After the development phase, an evaluation was conducted with N =
146 third-year medical students in winter term 2021/2022 (application number by the local
Institutional Review Board: 34/8/21). The study addressed usability and user experience using
the System Usability Scale (SUS, Brooke, 1996) and the User Experience Questionnaire
(UEQ, Laugwitz et al., 2008), respectively. Although another SG was included in the study, it
was not central to the research focus. To maintain conciseness during the evaluation, only half
of the participants were invited to complete the UEQ for the newly developed SG. The
evaluable data set for the SUS consisted of n = 127 questionnaires, while the data set for the
UEQ consisted of n = 76 questionnaires. In terms of usability, the results (M = 59.19) were
below average indicating a marginal acceptability (Bangor, 2009). The UEQ is accompanied
by an excel-based analysis tool, which is available online (Schrepp et al., n.d., ueg-online.org)
and provides interpretation guidelines as well as benchmark values. The UEQ is divided in six

subscales, when compared to benchmarks retrieved from commercial products only the scale
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novelty reached good results, while the other scales received results below average (i.e.,
attractiveness, perspicuity, simulation) or even bad results (i.e., efficiency, dependability). The
excel data analysis provides the interpretation that results between -0.8 and 0.8 can be
regarded as a neutral evaluation, and results >0.8 as a positive evaluation. Following these
classifications, the scales efficiency (M = 0.05, SD = 0.98, 95% CI [-0.18, 0.27]), and
dependability (M = 0.73, SD = 0.86, 95% CI [0.54, 0.93]) can be viewed as being evaluated
neutrally. On the contrary, the scales attractiveness (M =0.94, SD =1.29, 95% C/[0.65, 1.23)),
perspicuity (M = 1.12, SD = 1.02, 95% CI [0.89, 1.34]), stimulation (M = 0.82, SD = 1.32, 95%
CI/[0.52, 1.11]), novelty (M = 1.25, SD = 0.88, 95% CI [1.06, 1.45]) can be regarded as being
evaluated positively. Conclusively, the user experience was evaluated positively in most scales
even though performing worse compared to the benchmarks. Additionally, students

recommended within open feedback questions to further improve the chatbot.

7.2 Strengths and limitations of Study 1

One fundamental strength was the development of the SG by a multidisciplinary team
consisting of experts from different professions and medical students. Hence, a
comprehensive approach to the development was followed since including prospective users
yields promising aspects in terms of including their perceptions of user experience (Crossley
et al., 2016). Including their perspectives was not only guaranteed throughout the development
process but especially by the conclusive evaluation as the gathered insights were incorporated
into further iterations of the games’ development. However, Study 1 came along with some
limitations. As mentioned before, the UEQ was completed only by one-half of the cohort for
the sake of conciseness during the evaluation. For this reason, comparing the results of the
SUS and the UEQ may not lead to a sound comparison due to the different dataset sizes.
Another point of criticism refers to the UEQ, as this measurement instrument was primarily
designed for the use on commercial products and not games for learning. Therefore, just
relying on the benchmark comparisons may lead to a false impression about the evaluation.

However, since commercial games and SGs have common aspects as discussed in earlier
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chapters, the UEQ can be considered as a valid tool for evaluating SGs. Nonetheless, the
evaluation must not be concluded with Study 1 but should be maintained in an iterative manner

over a prolonged time span.

7.3 Contribution of Study 1 to the framework

The first study laid the foundation for the following studies by developing a SG illustrating a
virtual emergency department. Developing the SG first was especially important since the GDE
“chatbot” should be examined within the context of a SG and not standalone. Therefore, Study
1 introduced the context by providing an overarching setting for subsequent examinations. In
line with the findings in Chapter 3.2 that SGs frequently use emergency departments as
settings for their contents, the SG was also conceptualised to represent an emergency
department. This is crucially relevant since competencies needed for an emergency
department profit from being trained in a safe environment. This study did not only develop the
SG but also the inherent chatbot. For a chatbot to be used as a useful GDE for history taking
it has to fulfil two aspects: It should provide sufficient content about the VP and it should rely
on a theoretical basis evoking intrinsic motivation in the users. Therefore, the following study

examined the theoretical basis of the chatbot.

8 Study 2 — Examining the theoretical foundation of a chatbot

in a serious game — Does it elicit autonomy?

Aster, A., Lotz, A., & Raupach, T. (2025). Theoretical background of the game design

element “chatbot” in serious games for medical education. Advances in Simulation, 10(1),

Article 10. https://doi.org/10.1186/s41077-025-00341-7

8.1 Summary of Study 2

Following the line of thoughts presented in this thesis, Study 2 aimed at assessing the chatbots
theoretical foundation. As previously shown, the SDT is a frequently used theory for SGs as

well as for GDEs. Therefore, Study 2 focused on evaluating whether the need for autonomy




stemming from the SDT can be regarded as a theoretical foundation of chatbots for history
taking. This assumption is reasonable since a chatbot in which free entries are possible may
lead to a more pronounced exploratory behaviour which in turn is associated with an satisfied
need for autonomy (Schutte & Malouff, 2019). For examining this assumption, a study was
conducted comparing two different chat systems. One being the chatbot set up in Study 1 and
the other being a more constrained chat system embedded in a SG already used in previous
studies (Middeke et al., 2020; Middeke et al., 2018). In the constrained chat system students
entered only keywords, in parts or completely, of their questions and the chat system proposed
all questions containing the keyword. Thus, students could select from a list of predefined
questions and did not have to word their own questions. In terms of the previously defined
chatbot characteristics, this chat system can be considered keyword-based. Therefore, the
research followed three hypotheses. First, significantly more questions are asked within a free-
entry chatbot. Second, significantly more irrelevant questions are asked within a free-entry
chatbot. Third, significantly more subjective feelings of autonomy are reported after using a

free-entry chatbot for history taking.

For the analysis of these hypotheses, students’ autonomy was operationalised two-fold. On
the one hand, students answered a conclusive questionnaire regarding their subjective
feelings of autonomy, and on the other hand a more sophisticated approach was chosen: To
assess students’ autonomy not only after taking the history in a chatbot but also meanwhile,
students’ entries or chosen questions in the chat systems were evaluated. Alternatively,
students could have answered questions regarding their autonomy during the game play.
However, in order to avoid impairing students’ play experience and hindering a natural gaming
flow it is recommended to assess process data in terms of game analytics (Qian & Clark, 2016).
Another factor that led to this approach is that this could best illustrate students’ exploratory
behaviour during history taking, which is especially important when assessing how students
conduct a medical history. The study consisted of two groups of fourth-year undergraduate

medical students from Goéttingen medical school playing the two SGs with the embedded chat
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systems during the winter term 2023/2024 (application number by the local Institutional Review
Board: 8/9/23). Both SGs covered VPs suffering from cardiac diseases. A checklist was
developed in collaboration with a cardiologist to rate students’ history entries. All history takings
were evaluated blindly, resulting in a history score for each student. Applying the checklist
meant that only students’ questions were rated irrespective of the chatbots’ answers.
Moreover, each question was rated only once, even if it was later reformulated during the
course of the history-taking process. The checklist was applied for all diseases with questions
receiving one or two points depending on their medical importance. The checklist can be
retrieved as supplementary material from the journal’s website. Students’ subjective feelings
of autonomy were assessed with the subscale for autonomy “perceived choice” of the Intrinsic
Motivation Inventory (IMI, McAuley et al., 1989). Moreover, self-efficacy was assessed as an
exploratory variable using the General Self-Efficacy Short Scale (German: Allgemeine
Selbstwirksamkeit Kurzskala, ASKU, Beierlein et al., 2013). For the analysis of the hypotheses,
Mann-Whitney U-tests and a polynomial regression analysis were conducted. In line with the
first hypothesis, the results showed that the free-entry chatbot led to significantly more
questions being asked than in the constrained chat system. Sequential analyses were
conducted to examine the second hypotheses and conclusively showed that more irrelevant
questions were asked in a free-entry chatbot than in a constrained chat system. In line with the
theoretical derivations, this led to the assumption that students showed more objective
exploratory behaviour in a free-entry chatbot what can be regarded as a measure for
autonomy. Each history taking could be scored with a maximum of 49 points, however the
average history taking scores were Mdn = 14.5 (29.6%) for the free-entry chatbot and Mdn =
14 (28.6%) for the constrained chat system. Detailed information about the statistical
procedures can be found in Aster, Lotz and Raupach (2025). Students reported on average a
moderate subjectively experienced autonomy, while no significant difference was found
between the different chat systems. Moreover, no significant correlation between self-efficacy

and autonomy appeared nor were differences in self-efficacy between the chat systems found.
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In conclusion, Study 2 showed that autonomy is objectively addressed by a free-entry chatbot

while the subjectively experienced autonomy did not differ between the chat systems.

8.2 Strengths and limitations of Study 2

Study 2 offered an innovative approach for assessing students’ autonomy during virtual history
taking in a chatbot by operationalising their exploratory behaviour through process data in
terms of their entries. One further advantage of the study is that two different chat systems
were compared in terms of how autonomy was addressed. As mentioned above, it is also
essential for testing a chatbot as a GDE to be embedded in a SG. This prerequisite was given
in the study and two different chat systems could be compared as GDEs with the SGs not
essentially differing in their basic building blocks except from their visual appearance and chat
systems. However, future studies should examine different chat systems within the same SG,
but since this requires more resources, Study 2 provides first insights in the theoretical

foundations of different chat systems as GDEs.

Although the chosen approach provided advantages, the use of process data was
simultaneously a limitation in terms of their quantification. A checklist for the scoring of the
individual history taking data was developed and used consistently across all diseases. Since
not all diseases presented with all symptoms (especially pain), this led to the problem of not
being able to adequately assess the students’ history taking in all cases. While using one
checklist for all diseases enabled a facilitated scoring procedure, it possibly biased the history
scores. A general question that arose from the aforementioned aspects of history taking is
whether and how these can be trained and depicted during a virtual history taking within a
chatbot keeping in mind the different aspects it comprises. This also gives rise to the question
how checklists for assessing virtual history taking can best capture all shown aspects. The
checklist developed for Study 2 was based on the SAMPLER/OPQRST scheme (Kegel et al.,
2022) frequently applied in emergency medicine, but since already validated assessment
scales for history taking exist (other scales can exemplarily be found in Bachmann et al., 2017;

Keifenheim et al., 2015), future studies should consider refining the checklist in order to allow
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for a specified scoring for different diseases while allowing an efficient scoring procedure or
testing other validated assessment scales. Moreover, using the IMI as a questionnaire for
assessing needs in SGs is fraught with problems since it is not a validated measurement
instrument in this field. The subjective data could not be correlated with the objective data as
a result of the different data quantity and hence the data could not be linked with each other.
Since validated questionnaires for the explicit measurement of addressed needs by GDEs in
SGs do not exist yet, future research should concentrate on the development and validation of

such a measurement instrument.

The assumption that a chatbot with more degrees of freedom (i.e., allowing free entries) should
address autonomy in terms of exploratory behaviour more than a chatbot with fewer degrees
of freedom (i.e., choosing from predefined questions) was derived from the literature and can
be viewed as a deductive approach. However, the need for autonomy is only one of three
psychological needs proposed by the SDT. It is possible that a chatbot might also address
other needs which is why further studies should follow a more inductive approach by assessing
the role of all needs and hence deriving a theoretical foundation. Since the chatbot is not meant
to address needs in terms of communication with other users, it is unlikely that a chatbot for
history taking might address the need for social relatedness while the need for competence
might be more likely addressed. The cognitive evaluation theory (Deci & Ryan, 2012)
substantiates this assumption as it states that autonomy and competence are intertwined and
that intrinsic motivation can be best promoted when autonomy and competence are addressed
simultaneously (Deci & Ryan, 2012). An additional analysis conducted exclusively for this
thesis revealed that subjective autonomy and perceived competence had a weak nearly
moderate but statistically significant correlation on the significance level of .05 (r = .295; p =
.011; N =74). In this sense, it is conceivable that a retrieval-based chatbot rather addresses
the need for competence than the need for autonomy since questions compatible to the

chatbots’ rules have to be queried while a generative chatbot may address autonomy due to
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its open knowledge domain. Further studies should examine chatbots based on generative

models.

8.3 Contribution of Study 2 to the framework

Study 2 made an initial step to fill the theoretical aspect of the GDE chatbot within the GATE
framework. Moreover, analysing the process data of students’ history taking can be regarded
as an approximation to effectiveness testing since the process data allow for an evaluation of
the quality of history taking and how effective the chatbot could be used. It is already proposed
by the literature to use internal game parameters to evaluate the users’ performance but also
to validate the SG by means of the collected data (Graafland et al., 2012). Nonetheless, this
was not the focus of the study and further research should investigate the chatbots

effectiveness.

As defined, feelings of autonomy arise when one feels that their own behaviour can be
executed in a self-determined and volitional manner (Niemiec & Ryan, 2009). Compared with
the findings of Study 1 that the subscale “dependability” (i.e., feeling of being able to control
an interaction) of the UEQ yielded poor results, it can be assumed that the user experience
may be one factor that hindered students from subjectively feeling autonomous although the

objective results offered hints about students autonomous behaviour.

The relatively low history scores achieved by students raised the question of whether chatbots
should be equipped with additional instructional content on history taking. Building on this, the
following study examined the impact of presenting additional instructional content regarding
history taking between two sessions on students’ history taking, using the same chatbots as in

Study 2.
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9 Study 3 - Testing the effectiveness of self-directed learning
in a chatbot for history taking — Do history taking skills profit

from studying a customized guideline for history taking?

Aster, A., Lotz, A., Laupichler, M.C., & Raupach, T. (2025). Impact of providing a customized

guideline on virtual medical history taking in two serious games for medical education.
Medical Education Online, 30(1), Article 2527175.

https://doi.org/10.1080/10872981.2025.2527175

9.1 Summary of Study 3

Although the focus of Study 2 was to examine students’ exploratory behaviour and therefore
their autonomy during history taking, the findings also revealed that students achieved less
than one-third of all possible points during history taking. This finding has to be viewed in line
with students attending a module explicitly covering history taking before the module in which
the study was conducted. Thus, the assumption remained that solely using the chatbot is not
sufficient for training history taking. This raised the question of whether providing material for
additional self-study would improve the history taking scores between two sessions. It was
assumed that material for self-directed learning would help students recall their existing
knowledge. Self-directed learning is understood as process in which the learning process can
be executed self-planned (Knowles, 1975; Loyens et al., 2008). In this sense it was conceived
that students should build an internal scheme for their history taking by studying the provided
guideline. This assumption was derived from the literature stating that cognitive
representations are viewed as parts of clinical reasoning (Young et al., 2018). Due to clinical
reasoning being closely linked to history taking (Furstenberg et al., 2020), it was assumed that
these representations in form of an internal scheme can be developed for history taking.
Building on the findings of Study 2, which showed that a chatbot allowing free-text entries
encouraged more exploratory behaviour during history taking, these insights were combined

with the assumption of developing an internal scheme. Based on this integration, it was
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hypothesised that self-directed learning would improve history taking in a free-entry chatbot,
but not in a constrained chatbot. For a baseline evaluation, it was hypothesised that a chatbot
being keyword-based in terms of providing a long menu format would outperform a chatbot
relying on free entries. This assumption is based on the constructs of cued and free recall. In
this sense, a free-entry chatbot allows free recall, while a keyword-based chatbot enables cued
recall. It is known from earlier research that cued recall (i.e., providing cues as a retrieval aid)
outperforms free recall (i.e., recall without cues) (Higham & Guzel, 2012). In particular, two
hypotheses were examined. First, it was hypothesised that the keyword-based chatbot leads
to significantly higher history scores in session 1 compared to the first and the second session
of the free-entry chatbot. Second, it was hypothesised that the guideline would lead to higher
history scores in the free-entry chatbot but not in the keyword-based chatbot when comparing

session 1 and session 2.

For examining these assumptions, the study design of Study 2 was adapted accordingly.
Before the study was conducted in summer term 2024, the local Institutional Review Board in
Gottingen approved the study (application number: 21/3/24). The two SGs previously
described were used and N = 159 fourth-year students from Géttingen medical school were
randomized to one of the games. This resulted in n = 79 students using the keyword-based
chatbot and n = 80 students using the free-entry chatbot after providing their informed consent.
Both groups used the same chatbot over two consecutive weeks, each session presenting
several cardiac diseases. As a workaround for presenting the additional instructional content,
students received a guideline covering relevant aspects of history taking previously developed
by the two study authors AA and AL. The guideline was presented between the two sessions
and students were encouraged to use the guideline only between both sessions. The guideline
served as material for self-directed learning. Students’ process data regarding the history
taking of both sessions was analysed similarly to Study 2. Since the checklist used in Study 2
suffered from some limitations, the checklist was refined for the purpose of this study. Please

refer to (Aster, Lotz, Laupichler, et al., 2025) for a detailed description of the guideline
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development and the checklist refinement. Both, the guideline and the checklist can be found
at the journals homepage. Additionally, students self-assessed their learning outcomes after
the second session by answering questions regarding their history taking skills in a
retrospective and in a post manner. The comparative self-assessment (CSA) gain method was
used for analysis (Raupach et al., 2011). Although the assumption of normal distribution was
violated, paired and unpaired t-tests as well as a mixed ANOVA could be conducted due to the

large sample size (Glass et al., 1972; Rasch & Guiard, 2004).

As was the case in Study 2, this study also found that students averagely achieved about only
one-third of all possible points for their history taking. Unpaired t-tests revealed no significant
differences neither between the first keyword-based chatbot session with the first nor with the
second free-entry chatbot session. However, in both comparisons the average score achieved
in both free-entry chatbot sessions slightly outperformed the first keyword-based chatbot
session. For the analysis of the second hypothesis, paired t-tests were conducted. No
significant difference emerged for the comparison between the first and the second free-entry
chatbot session, although on average slightly higher scores were achieved in the second than
in the first session. Contrary to the postulated hypothesis, a significant difference occurred
between the first and the second keyword-based chatbot session with a higher score being
achieved in the second session. A proxy variable was derived to perform an ANOVA (please
refer for the concrete derivation to Aster, Lotz, Laupichler, et al., 2025), but neither an
interaction effect for session and SG nor a main effect for the session were found.
Conclusively, the analysis of the CSA gain showed that the SGs did not differ significantly
across individual items although using the keyword-based chatbot led to slightly better results

albeit being slight improvements.

The findings of Study 3 indicated that history taking conducted in a keyword-based chatbot
profited more from interposed material for self-directed learning than history taking conducted
in a free-entry chatbot. A possible explanation refers back to previous findings related to cued

and free recall showing that cued recall evoked better results (Higham & Guzel, 2012; Tulving
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& Pearlstone, 1966). Thus, it has to be discussed further if chatbots should provide the user
with additional cues in order to focus on training the what of history taking (Kleinsmith et al.,

2015).

9.2 Additional analyses

In addition, the questionnaires IMI, SUS, and UEQ (please refer to the description of Study 1
and 2 for a detailed explanation) were administered during the study but were not reported in
the original publication. Thus, they were analysed for the purpose of this thesis. The ethical

approval obtained for Study 3 also encompassed the data used in the additional analyses.

Overall, n = 69 questionnaires were completed by students who played the free-entry chatbot
and n = 53 questionnaires were completed by students who used the keyword-based chatbot.
The assumption of normal distribution was also violated in these data but due to the sample
size t-tests can be assumed to be robust and can nonetheless be conducted (Rasch & Guiard,

2004).

Due to the omission of two data series, the final dataset for the IMI consisted of n = 51 data for
the keyword-based chatbot and n = 67 for the free-entry chatbot. Levene’s test revealed
homogeneity of variances (p > .05). An unpaired t-test revealed a significant difference
between both SGs in terms of the perceived autonomy {116) = -6.110, p < .001,

= -1.135 with a higher perceived autonomy in the keyword-based chatbot (M = 3.96,
SD = 0.94) than in the free-entry chatbot (M = 2.93, SD = 0.88). Although a significant
difference appeared, both average ratings represent only a medium autonomy score compared

to the scale ranging from 1 to 7.

Additionally, students provided ratings regarding the user experience and the usability.
Regarding the user experience for the SG including the free-entry chatbot, two complete data
sets were missing. Therefore, n = 66 data sets were used for the analyses while one data point
was present for novelty this subscale consisted of n = 67 data sets. Contrasting Study 1 with

Study 3, the SG including the free-entry chatbot received a more positive evaluation on all
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scales (efficiency (M = 1.20, SD = 1.04, 95% CI [0.95, 1.45]); dependability (M = 1.17,
SD = 0.92, 95% CI [0.95, 1.39]); attractiveness (M = 1.75, SD = 1.07, 95% CI [1.49, 2.01]);
perspicuity (M = 1.56, SD = 1.14, 95% CI [1.29, 1.83]); stimulation (M = 1.95, SD = 1.03,
95% CI[1.70, 2.19]); novelty (M = 1.97, SD = 0.99, 95% CI [1.73, 2.21])). An unpaired t-test
was conducted for the comparison of the usability ratings of Study 1 with those of Study 3. All
data of Study 1 (n = 127) and Study 3 (n = 69) found entrance in the analysis. Levene’s test
did not prove homogeneity of variances (p < .001), which is why the result of the Welch test is
reported. A significant improvement in the usability could be observed between the studies
(M =59.19, SD = 9.82; M = 74.86, SD = 16.08), #(96.227) = -7.379, p < .001, d = -1.104.
Conclusively, it can be stated that the SG including the free-entry chatbot improved in user

experience and usability due to continuous development of the interface.

9.3 Strengths and limitations of Study 3

Study 3 compared the impact of material for self-directed learning on history taking in two
distinct chatbots embedded in SGs. Moreover, the study drew on a substantial amount of data

not only in terms of the student cohort but also in terms of the assessed data points.

Nonetheless, the study came along with several limitations. Firstly, due to the diverse
assessment settings divided into an online and an on-site setting, it was difficult to assess
whether students have used the guideline during the second session. A control item in the
consecutive questionnaire assessed students’ use of the guideline. It can be assumed that
students did not use the guideline in the second session, as their scores would likely have
been higher otherwise. The second limitation concerns the applied scoring checklist. Although
the checklist was refined for Study 3, students again did not reach more percent than in Study
2. It was aimed to guarantee a good cost-benefit ratio for the raters. However, it has to be
discussed if the checklist might have led to the low history scores since it is plausible that not
all necessary questions might have been covered. Thirdly, the free-entry chatbot sometimes
provided mismatched answers to the posed questions and students had to reformulate their

questions. Regarding the additional analyses, the same limiting factors as in Study 2 can be
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applied for the IMI. Although the additional analyses allowed for a comparison of usability and
user experience measures between Study 1 and Study 3, it should be noted that the analyses

were based on different sample sizes.

9.4 Contribution of Study 3 to the framework

Study 3 built upon the finding of Study 2 that students achieved on average less than one-third
of all possible points for their history taking. From this finding the idea was derived whether a
chatbot alone is not sufficient enough for training history taking and needs to give additional
assistance to students. Although students attended a course covering history taking several
semesters earlier, they showed an averagely low amount of achieved points. When acquiring
new skills within a chatbot, the chatbot should assist and guide learners during their learning
procedure in terms of scaffolding (Wollny et al., 2021). Scaffolding was originally defined as
additional assistance provided by experts or more capable peers (Wood et al., 1976).
However, it has already been shown that chatbots are also capable to scaffold students during
their learning process (Sikstrom et al., 2024). In line with this findings, the third study added
material for self-directed learning in the sense of scaffolding learners for developing their
internal scheme for history taking and compared it between two distinct chatbots. Contrary to
the assumption, students who played the SG with the keyword-based chatbot profited more
from the guideline. This has to be viewed in line with the findings that cued recall outperforms
free recall. Therefore, it has to considered whether a keyword-based chatbot is better suitable
for teaching the “what” of history taking. Building upon this assumption, the fourth study was
developed and took the thought further to assess whether a LLM is better suitable for training
the “how” of history taking. In line with the previous findings, it is assumable that a chatbot for
history taking needs more than just providing the contents and the opportunity for conducting
a conversation with a VP to be regarded as a GDE. At this stage, it can be concluded that a
free-entry chatbot allows more exploratory behaviour and leads to slightly higher performance
scores. However, a keyword-based chatbot profits more from material for self-directed

learning, what was not only reflected in the improvements of the process data but also in
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students’ self-assessment of their learning outcome. Therefore, more factors have to be

researched that contribute to a chatbot being a GDE.

Moreover, the additional analyses regarding students’ subjective autonomy revealed a
significant difference between both chatbots with the keyword-based chatbot eliciting more
autonomy. Compared to the second study, where no statistically significant difference
appeared between the chatbots, it can be concluded that the material for self-directed learning
did not only lead to better objective results but also to higher subjective autonomy. Future
studies should further evaluate whether a scaffolding chatbot is better suitable for training
history taking, in terms of objectively achieved scores as well as in terms of students’ satisfied

need for autonomy.

History taking cannot only be considered as a GDE but must also be considered as an
essential part of clinical encounters. Therefore, and in line with the previously mentioned
aspects and functions of history taking, it is crucial to not only focus on what was asked but
also on how the history taking was conducted. Training with SPs allows to train all aspects of
history taking. Hence, the question arose whether training with a chatbot is suitable to train
empathy. Study 2 also showed that retrieval-based chatbots addressed objective autonomy
but not subjective autonomy and it is therefore of interest whether generative chatbots may

also lead to higher subjective autonomy.
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10 Study 4 — Is ChatGPT an alternative? Testing ChatGPT as a

virtual patient for empathic history taking

Aster, A., Ragaller, S.V., Raupach, T., & Marx, A. (2025). ChatGPT as a virtual patient:

Written empathic expressions during medical history taking. Medical Science Educator,

35(3), 1513-1522. https://doi.org/10.1007/s40670-025-02342-7

10.1 Summary of Study 4

Study 4 aimed at assessing students’ written empathy during history takings with ChatGPT as
a VP and their subjectively experienced autonomy afterwards. Empathy is known to be an
essential part of communication and can be conveyed by verbal, non-verbal or paraverbal
aspects. The study assessed whether empathic history training can be conducted with
ChatGPT as a VP, therefore the focus was on verbal written aspects. Third-year
undergraduate medical students (N = 35) participated in the study and took medical histories
within their own ChatGPT 3.5 accounts. Students entered a previously developed (by the first
author) prompt into their ChatGPT interface and took the medical history until they felt they
had collected all necessary information. The prompt consisted of three parts, a first part
introduced ChatGPT how to act as a SP, the second part contained the medical information
about endocarditis or heart failure (only one disease was chosen per prompt), and the third
part contained information about the following history taking procedure. Detailed information
about the crafting of the prompt can be found in Aster, Ragaller, et al. (2025). Moreover, the
original publication contains information about response temperature adjustments in the
prompt but since these did not have a high impact on the results, they are not discussed in this
thesis. Detailed information can be found in the original publication (Aster, Ragaller, et al.,
2025). After they took the history, students made their chats available in an anonymous form
by sharing the export link. Following this, they completed a questionnaire about their
subjectively experienced autonomy during the history taking. Due to the limitations of the

questionnaire of Study 2 and 3, a different questionnaire was used in this study. Six questions
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regarding students’ autonomy were extracted from a questionnaire developed by Sailer (2016)
and were rephrased to fit the context of history taking. This questionnaire was chosen since it
was developed in the broader context of gamification and it can be assumed that it is more
appropriate for assessing needs in SGs than the IMI used in Study 2 and 3. For analysing
students’ written empathy during the history takings, the Empathic Communication Coding
System (ECCS, Bylund & Makoul, 2002, 2005) was applied by two independent raters. The
ECCS provided a rating scale for students’ responses but also for ChatGPT’s statements,
which is why two separate variables were examined. The local ethics committee approved the
study beforehand (application number: 2024-96-BO). Overall, 28 chat protocols were
analysed and the results showed that students were able to exchange 659 general interactions
with ChatGPT, although only 14% could be scored as being empathic. Even though this
appears to be a small number, the high number of interactions has to be highlighted meaning
that ChatGPT was able to maintain its role as SP throughout a prolonged time. Regarding
ChatGPT’s statements it was found that it mostly provided emotion statements expressing
feelings or challenge statements explaining negative consequences of problems on their
quality of life. Students mostly responded with either implicitly recognising ChatGPT’s
perspective or completely denying empathic opportunities given by ChatGPT. In terms of
subjectively experienced autonomy, students reported high levels of autonomy. Even in
comparison with the developmental study of the used questionnaire of which the statistical
values can be used as references, students reported higher levels of autonomy in the present
study. Conclusively, the study yielded preliminary results that ChatGPT might be useful for
training empathic history taking. Moreover, in comparison with Study 2, this study showed that
a chatbot being generative-based leads to higher experiences of autonomy than a retrieval-
based chatbot. This might be elicited by the different knowledge domains the chatbots rely on.
While the chatbots compared within Study 2 had closed knowledge domains to the medical
diseases, ChatGPT relies on an open knowledge base as it can retrieve information to more
than the medical disease. A possible explanation is that this has led to a more satisfying

human-like conversation which in turn made students feel more autonomous.
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10.2 Strengths and limitations of Study 4

When it comes to training history taking, it is not only important to shed light on the students’
perspective in terms of learning outcomes but also to examine the learning environment. It is
crucial that the learning environment provides empathic opportunities for students to react
empathically. Study 4 covered both aspects by employing the ECCS as the tool for analyses.
Large language models such as ChatGPT or other more medicine-related applications are
increasingly used. Therefore, it is important to assess how students use these tools for their
learning. It can be regarded both as a strength and as a limitation simultaneously that students
used their own ChatGPT accounts. While its use enhances external validity by allowing use
both in medical school and at home, the learning process is associated with less regimentation
by teachers. Therefore, it is conceivable that generative chatbots can be used for training
history taking but further studies should incorporate them in a way that allows for more

regimentation.

A major limitation that restrains the study from providing more than preliminary results is the
limited sample size. Since the present results show the potential of ChatGPT to be
implemented in empathy training, it is likely that future studies with larger samples may support
the results. The ECCS is already validated for evaluating empathy in human conversations,
but not yet for communication between humans and LLMs and thus might not be sufficient in
a chatbot. Future studies should use other scales extending the focus of empathy as
exemplarily done in Bachmann et al. (2017) or should validate the use of the ECCS in these
contexts. However, previous research has already used the ECCS to assess the empathy of
third-year medical students obtaining the history of VPs and found that students showed
empathy on a high level (Kleinsmith et al., 2015). Another limitation of chatbots used for
empathy training in a virtual environment is the absence of non-verbal and paraverbal
communication aspects. Future research should examine to which extent this is relevant by

comparing the performance in trainings with a chatbot with SP trainings.
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10.3 Contribution of Study 4 to the framework

Alongside Study 2, this study examined the theoretical foundation of a chatbot. However, this
study added value to the findings so far regarding retrieval-based chatbots by specifically
focusing on a generative chatbot. This is crucial since the use of generative chatbots is
increasing steadily as already shown in chapter 5. Additionally, this study shed light on the
question whether ChatGPT can be used for training empathic history taking. Empathy is an
important cornerstone in medical history taking and should therefore be extensively trained in
medical education (Vogel et al., 2018). Hence it is obvious that when a chatbot is used for
history taking, these competencies should also be trainable within it. Previous research implied
that a learning environment supporting students’ autonomy led to more empathy but only in
students with generally better satisfied psychological needs (Neufeld & Malin, 2024). However,
since empathy comprises different aspects and a virtual learning environment is still artificial
for training empathy in history taking, future research is needed to compare it with real SP
contacts and prove its effectiveness. In line with Study 2, it should also be examined to which
extent a generative chatbot also addresses the need for competence. This is possible since
the human-like conversation may lead to the feeling that students’ questions have an effect on
the progress of the history taking. The next logical step would be to integrate a generative LLM
into a SG to evaluate it as a GDE and Study 4 yielded initial results that this might advance the
respective SG. Referring to the SG presented in Study 1 and students’ reactions to the chatbot,

it is likely that this SG might benefit from being equipped with a generative chatbot.

11 Merging and discussing the findings

The following chapter synthesises the gained findings from Study 1 to Study 4 to answer the
question of whether the need for autonomy can be regarded as the theoretical foundation of a
chatbot used for history taking. The chapter concludes by elaborating on the characteristics
that qualify a chatbot as a GDE and discusses which type of chatbot is most suitable for training

history taking in medical education.
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11.1 Theory underlying a chatbot for history taking

The thesis project aimed at examining the underlying theoretical foundation of chatbots for
training medical history taking while assessing the characteristics that qualify a chatbot as a
GDE. It was hypothesised that the need for autonomy stemming from the SDT can be regarded

as the theoretical foundation.

Merging the findings of Study 2 and Study 4 indicated that the more degrees of freedom a
chatbot had, the more subjective autonomy was elicited with high subjective autonomy being
experienced in a generative chatbot. However, the results on subjective autonomy are yet
difficult to compare between these studies due to the different questionnaires used. The
additional analyses conducted for Study 3 allow for a comparison with Study 2 as well. Both
studies used the same questionnaire and it became apparent that, descriptively, students
reported moderate subjective experiences of autonomy in both studies. Nevertheless, using
the keyword-based chatbot in Study 3 led to a significantly higher perceived autonomy than
using the free-entry chatbot. Due to the interposed additional instructional content regarding
history taking, it can be assumed that the keyword-based chatbot eased students’ application
of their knowledge and therefore enhanced their subjective autonomy. Although the subjective
results in Study 2 suggested otherwise, the objective data revealed that students showed more
exploratory behaviour, and thus autonomy, during history taking when interacting with a free-

entry chatbot compared to a keyword-based chatbot.

The following order of autonomy-supportive chatbots is likely (from eliciting less to eliciting
more autonomy): 1. Keyword-based, retrieval-based, closed domain knowledge chatbot; 2.
Free-entry based, retrieval-based, closed domain knowledge chatbot; 3. Free-entry based,
generative-based closed domain knowledge chatbot (albeit not being explicitly studied within
the thesis); 4. Free-entry based, generative-based, open domain knowledge chatbot. These
findings underline the hypothesis made by Huang et al. (2025) that generative chatbots might
lead to higher experienced levels of autonomy due to the possibility to conduct free

conversations. Although the assumption that the need for autonomy may be addressed was
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derived deductively from existing theories (see Chapter 2), future studies should also focus on
the need for competence as these needs are closely intertwined for evoking intrinsic motivation
(Deci & Ryan, 2012). Besides this approach, it is also possible to approximate the theoretical
foundation inductively and derive the theoretical groundwork from empirical findings. As
became apparent during the design and conduction of the studies, sound valid and reliable
measurement instruments for the assessment of addressed needs by GDEs in SGs are
missing. Therefore, a preceding step should be to develop such an instrument before
evaluating the theoretical foundation. However, earlier studies also relied on results deducted

from the applied questionnaire (Sailer et al., 2017).

Although the conducted studies provided insights into students’ autonomous feelings and
behaviour, the chatbots effectiveness was not directly measured and examined. It can be
stated that the theory section of the GATE framework has been initially addressed, but further
research is needed to populate its effectiveness section in relation to chatbots. As previously
explained, to evaluate any element as a GDE within a SG, it consequently has to be embedded
in a SG. While this was the case for Study 1, 2 and 3, Study 4 concentrated on ChatGPT
standalone what can be regarded as a disadvantage of the study. ChatGPT is a widely
available tool that is not limited to the use at medical schools but is also available in students’
private life. Hence, this approach enhanced the external validity and it can be hypothesised
that students would produce similar results when using ChatGPT at home for training history
taking. Nonetheless, at least initially, students should be guided in its use by medical
educators, for instance by being provided with a previously tested prompt. Moreover, at least
initially, it should be followed by a debriefing or discussion session in medical school. To
explicitly analyse ChatGPT or other generative chatbots as GDEs, future studies should repeat

the study with them being embedded in SGs.

Conclusively, the studies presented in this thesis yield insights into the theoretical basis of
chatbots used for medical history taking, but following the GATE framework the entire research

of chatbots is not yet finalised since insights into their effectiveness are still lacking. Assessing
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the theory is one component of the GATE framework, but it represents only one step, especially
when considering which aspects are relevant for a tool designed to train history taking.
Addressing the psychological needs leads to intrinsic motivation but future studies should
investigate whether intrinsic motivation is enough for a chatbot to substitute other training
methods involving humans (e.g., interacting with patients, SPs, or peers). Therefore, future
research on this is needed, but it is more likely that chatbots may be used as a supplement to
existing teaching methods. However, it is difficult to train interpersonal interactions or
recognising content “between the lines” within a chatbot. But since chatbots provide a safe
learning environment, future studies should continue to evaluate to which extent chatbots can
be and should be used for training history taking in medical education. Study 4 shows that
chatbots can be used for training empathy but should only be a supplement for the time being.
Combined with the findings from Study 2, this suggests that chatbots can be better used for
training the what of history taking (i.e., factual knowledge and procedure) while it is to date
hardly possible to train non-verbal or paraverbal communication aspects within a chatbot. This
is also conceivable combined with the results of Study 3, as the results suggest that a keyword-
based chatbot would benefit from providing additional cues for history taking thus training the
what of history taking. Referring back to the proposed functions of history taking and combining
them with the discovered findings, it is likely that it depends on the characteristics of the chatbot

whether all functions can be trained.

To advance the GATE framework and evaluate its effectiveness, the question arises: how can
such effectiveness testing be carried out? In principle, effectiveness can be assessed either
during the use through process data or retrospectively after the chatbot has been used. This
later can be viewed more nuanced. One important aspect of effectiveness is whether the
transfer from a chatbot to real-life is as good as the transfer from learning with a SP to real-
life. For these assessments, it should be referred back to the evaluation levels proposed by
Kirkpatrick (Kirkpatrick & Kirkpatrick, 2016). Acquired communication skills can be either

directly measured in physician-patient encounters or in SP encounters via validated
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assessment scales (Gartner et al., 2022) or in OSCEs, although these have to be considered
carefully (Setyonugroho et al., 2015). It is also possible to equip the chatbot with these
measurement methods in order to provide students with feedback during or after their history
taking and to receive an evaluation directly afterwards without executing a specific tests.
Previous research has demonstrated the importance of feedback on medical students learning
of history taking but while feedback generated by humans may be subject to biases (Wagner-
Menghin et al., 2020) and chatbots have been shown to be able to provide feedback
(Holderried, Stegemann-Philipps, Herrmann-Werner, et al., 2024), it is possible to use chatbots
to provide students with more standardised feedback. In terms of equipping the chatbot with
further characteristics, it is also conceivable to train it in accordance with communication

strategies to adjust it to various learning settings (Huang et al., 2025).

11.2 Which chatbot to use in serious games for training medical history taking?

When answering the question which chatbot to use as a GDE within a SG to train medical
history taking, the characteristics explained in Chapter 5 need to be taken into account.
Following them, retrieval-based chatbots with free-entries as well as with keyword-based, and
a generative-based chatbot were compared regarding students’ autonomy. Therefore, based
on the obtained results, the question can only be addressed within the context of autonomy.
When focusing on students’ autonomy, a generative-based chatbot would be recommended.
This remains valid in light of preliminary results demonstrating that other dimensions of history
taking (i.e., empathy) are trainable. However, both types of chatbots have their own strengths.
On the one hand, retrieval-based chatbots are better capable of depositing the knowledge
base, making them more standardisable. On the other hand, generative-based chatbots
provide more human-like conversation and are based on an open knowledge base.
Additionally, further aspects should be considered with which chatbots can be equipped. Since
students using the keyword-based chatbot profited more from the additional instructional
content, it should be considered whether chatbots for history taking should contain additional

cues. However, students achieved scores did never exceed the 50% threshold. Further
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research should explore potential explanations and investigate the necessary characteristics

for chatbots to be used as a GDE for history taking.

Conclusively, it is necessary to undertake further research on chatbots for history taking before
choosing one depending on the purpose. It is possible to separate the overarching GDE
‘chatbot’ within the GATE framework in more specified subcategories (e.g., a chatbot for
training the procedure of history taking or factual knowledge acquisition vs. a chatbot for
training empathic history taking). Figure 5 illustrates a version of the GATE framework adapted
to the studies’ findings regarding autonomy. Additionally, the setting the SG provides should
be critically evaluated. Since SGs in medical education, and also in the presented studies,
focussed on emergency medicine, this might not be the best suited environment for training
history taking and other settings, such as family medicine should be considered (Ziebarth et
al., 2014). Reportedly, medical students seem to be more critical towards chatbots and rarely
use them for their learning process (Stohr et al., 2024), although they simultaneously valued

the use of ChatGPT as a VP and favour it over traditional training (Radel-Ablass et al., 2025).

Figure 5
GATE framework adapted to the studies’ findings

Theory GDE Effectiveness
subjective autonomy: moderate retrieval-based, keyword-based
objective autonomy: low chatbot

When compared, initial findings

suggest that a free-entry chatbot

enables a more sufficient history
taking

subjective autonomy: moderate

A ] retrieval-based, free-entry chatbot
objective autonomy: moderate

subjective autonomy: high
objective autonomy: not assessed generative chatbot
yet




12 Conclusion

This thesis aimed at assessing under which circumstances a chatbot can be regarded as a
game design element and aimed at closing the research gap regarding its theoretical
foundation. Therefore, three different types of chatbots were analysed and compared. Initially,
a SG was designed with a retrieval-based free-entry chatbot for history taking as it is important
to examine a GDE within its supposed SG. In a following step, the newly build chatbot was
compared with a previously existing more restricted chatbot also embedded in a SG in regard
of elicited autonomy. For this comparison, two variables were compared, students’
autonomous behaviour in terms of their exploratory behaviour within the chatbot during the
history taking as well as their subjectively experienced autonomy afterwards. Although the
subjective data did not reveal high levels of autonomy and no differences between the
chatbots, the objective data led to the assumption that a free-entry although retrieval-based
chatbot allowed more exploration and therefore autonomous behaviour. In a subsequent step
it was assessed whether students might profit from additional instructional material before
using the chatbot. The findings indicated that students using a keyword-based chatbot profited
more from this material suggesting that a chatbot for history taking needs more than just
providing a VP. Through the launch of ChatGPT, new opportunities opened up and subjective
autonomy experiences were conclusively tested for history taking with ChatGPT as a VP. As
hypothesised, students showed high levels of subjective autonomy after taking the history
within a generative-based chatbot. However, this chatbot was tested standalone and not
embedded within a SG making it difficult to generalise the findings for the use as a GDE within
a SG. This needs to be further investigated to produce a stronger data base. In conclusion,
students’ subjective autonomy was best addressed by a generative chatbot, whereas a free-

entry chatbot also encouraged exploratory behaviour in students.
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the entire dissertation project.
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Abstract

Background Serious games are risk-free environments training various medical competencies, such as clinical
reasoning, without endangering patients’ safety. Furthermore, serious games provide a context for training situations
with unpredictable outcomes. Training these competencies is particularly important for healthcare professionals in
emergency medicine.

Methods Based on these considerations, we designed, implemented, and evaluated a serious game in form of an
emergency department, containing the features of a virtual patient generator, a chatbot for medical history taking
with self-formulated questions, artificially generated faces based on an artificial intelligence algorithm, and feedback
for students. The development process was based on an already existing framework resulting in an iterative procedure
between development and evaluation. The serious game was evaluated using the System Usability Scale and the User
Experience Questionnaire.

Results The System Usability Scale provided a substantial result for the usability. In terms of the user experience, four
scales yielded positive results, whereas two scales yielded neutral results.

Conclusion The evaluation of both usability and user experience yielded overall positive results, while
simultaneously identifying potential areas for improvement. Further studies will address the implementation of
additional game design elements, and testing student learning outcome.
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Background

Serious games are known to be safe, cost and time effec-
tive learning environments, which are used in various
application areas, including the healthcare sector [1-3].
Besides, there is an urgent need to create digital learning
environments [4] to motivate learners, as more and more
users are digital natives and it is assumed that serious
games are particularly helpful for enhancing the learning
outcomes of this user group [5]. In the healthcare sector,
serious games provide a risk-free environment for tasks
that might put patients at risk or have an unpredictable
outcome, while maintaining a high fidelity [6, 7]. Par-
ticularly noteworthy is the psychological fidelity, which
reflects the extent to which the experience of psycho-
logical factors (e.g., stress) are simulated similarly to the
real environment [8]. Hence, serious games seem to have
a significant effect on learning outcomes with regard to
patient safety, and help students feel more confident and
eased in real-life situations afterwards [9].

For contexts such as medicine, healthcare professions,
or even patient education the use of serious games proves
to be an effective teaching method in terms of learning
outcomes [6, 10]. According to the frequently referenced
definition by Michael and Chen [11, p. 21] serious games
are defined as “games that do not have entertainment,
enjoyment, or fun as their primary purpose” Therefore,
the fundamental difference is that serious games pri-
marily focus on learning objectives and simultaneously
contain entertaining elements, whereas the sole goal of
entertaining games is to elicit amusement in the play-
ers [12] without having a primary learning objective.
Concerning digital serious games, Laamarti, Eid [12, p.
4] provide the refined definition of “serious games as an
application with three components: experience, enter-
tainment, and multimedia [...]> Conclusively, serious
games have to be contrasted with the related concepts
‘gamification” and ‘game-based learning’ Contrary to the
fully fledged serious game, ‘gamification’ only implicates
the addition of game elements to non-game contexts [13].
‘Game-based learning’ instead can be understood as the
pedagogical approach of incorporating games into curri-
cula with serious games being its operationalization [14].

In the particular context of medical education, serious
games offer the opportunity to gather knowledge as well
as abilities in a “safe space” without the risk of endanger-
ing the health of real patients [6, 15]. Moreover, serious
games allow for fostering and strengthening non-tech-
nical skills (e.g. communication or coping with stress) or
knowledge about patient safety in medical students [9,
16]. Strengthening these and other non-technical skills
(e.g. teamwork) is of great importance for successful
work in dynamic environments, such as those found in an
emergency department [17]. Serious games are already
used to strengthen and enhance teamwork between
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disciplines such as medical and nursing undergraduates
in the emergency room [18]. Besides, the development of
distinct and crucial clinical reasoning competencies (i.e.
proposing a suspected diagnosis as well as initiating nec-
essary investigations and appropriate therapies, [19]) is
essential for physicians in emergency departments. Clini-
cal reasoning competencies comprise a holistic view of
the patient, including the surrounding factors, as well as
the adaptation to altering circumstances [20]. Since med-
ical and healthcare professionals are confronted with dif-
ficulties and biases during clinical decision-making, it is
necessary to further teach and train those competencies
[20]. It has already been shown, that serious games can
work as an effective method for training clinical reason-
ing in medical students [21] as well as in other healthcare
professions education such as nurse education [22].

It is essential to find an appropriate learning envi-
ronment for teaching highly relevant skills to medi-
cal students in order to prepare them for working in an
emergency department. The implementation of a valid
emergency department simulation in face-to-face teach-
ing (e.g. with simulated patients) is hardly viable, hence
the idea to create a suitable serious game arose. Fostering
learning achievements while simultaneously evoking fun
and entertainment depends fundamentally on a struc-
tured development and evaluation process of the serious
game [23]. Therefore, Olszewski and Wolbrink [24] pro-
posed a structured framework for serious game devel-
opment in medical education, which we applied for the
development of our presented serious game. The frame-
work consists of three iterative phases, namely Prepara-
tion & Design, Development, and Formative Evaluation.
The current development stage of our serious game is in
the transition between phase two and three, more pre-
cisely in iteration loops between usability testing and the
ongoing development. Usability is therefore understood
as defined in ISO 9241-11 as “the extent to which a sys-
tem, product or service can be used by specified users to
achieve specified goals with effectiveness, efficiency and
satisfaction in a specified context of use“ [25, p. 269].
User Experience is also understood according to the defi-
nition by ISO 9241-210 as “a person’s perceptions and
responses that result from the use and/or anticipated use
of a product, system or service” [26, p. 1]. The following
section describes the endeavor and the current develop-
ment status in further detail. Finally, an evaluation pro-
cess with medical students and its results are presented.

Development and construction of the serious game
In this paper, we summarize the development and evalu-
ation process of the serious game “DIVINA” and provide
a prospect on further steps and possible studies. The
term “DIVINA” is an acronym of the German ‘Dlgitale
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VIrtuelle NotAufnahme] which translates to ‘digital vir-
tual emergency department!

Design and development

The development stage started in 2020 with a design
phase. A design team was put together with a software
developer who is also a physician (from the commercial
company leading the development) and two additional
physicians. The concept here was to use co-design where
stakeholders (in this case medical educators and doctors)
were involved from the beginning in the design of the
product. Up to three medical students assisted the design
team and helped enter disease-specific data (see below).
Since medical students are supposed to be the prospec-
tive users, there is a growing claim to include them in a
participatory way in the development process [27]. It is
recommended to involve end-users in many steps in the
development process to take into account user expec-
tations and facilitate a proper user experience [28]. In
addition, students can support game development with
regard to adherence to design principles (e.g. goals, feed-
back, rewards, as well as more general narratives and aes-
thetics) from a user perspective [29]. Thus, the combined
perceptions of creators and end-users yield a holistic
approach.

Later during the ongoing process, a psychologist joined
the design team to supervise the design process and pro-
vide support regarding psychological background knowl-
edge. The focus was on design elements to promote
learning processes and outcomes. Our interdisciplinary
approach to game development (i.e. software developer,
physicians, students, psychologists) was in line with cur-
rent recommendations as it holds a number of advan-
tages [16]. One of the main advantages of our team is
the software developer simultaneously being a physician.
Hence it is unlikely that information or expert knowledge
gets lost due to communication difficulties or misconcep-
tions [30].

Educational content and learning objectives

Clinical reasoning, according to Kassirer [19], covers
on the one hand the competencies of formulating a sus-
pected diagnosis based on the patients’ medical history
and contrasting it against differential diagnoses. On the
other hand, it is about initiating necessary investiga-
tions to confirm the suspected diagnosis and initiating an
appropriate initial therapy. Fostering the competencies
of clinical reasoning represents one of the main learning
objectives of the serious game presented here. Another
important non-technical skill is coping with stress. Nev-
ertheless, the right decisions regarding the urgency of
patients’ symptoms and consequently the order of treat-
ments should be made. Thus, a further learning objective
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is prioritizing patients and initiating the necessary medi-
cal procedures under time pressure.

The player is placed in the situation of being a physi-
cian currently working at an emergency department.
The game starts with a variety of patients appearing on
a dashboard (representing the waiting room or arrivals
via ambulance). Subsequently, students have to admit
patients according to the perceived urgency of the situ-
ation. Once a patient has been assigned to a treatment
room, students can perform the following actions: tak-
ing a medical history via a chatbot, measuring vital
signs, arranging diagnostic tests including interpretation
of findings, performing a physical examination, order-
ing laboratory tests, prescribing medication and further
measures. Before patients can be discharged or trans-
ferred (e.g. to their home, a normal ward or to an inten-
sive / intermediate care unit), students have to complete
discharge notes and choose a diagnosis. After discharg-
ing or transferring a patient, students are provided with
static feedback on the specific disease of that patient.
Constantly incoming new patients in the dashboard with
different presenting complaints and symptoms create
time pressure.

Diseases are not restricted to one particular area of
medicine (e.g., cardiology, gastroenterology or gynecol-
ogy). The structure of the database facilitates the addition
of diseases related to all specialties lending themselves to
be included in a virtual accident and emergency depart-
ment. This leads to a current number of 50 implemented
diseases.

Target group

Undergraduate medical students are the primary tar-
get group of this digital teaching resource. However,
the game is not solely intended for asynchronous self-
directed learning. Instead, gaming ‘sessions’ containing
specific diseases need to be created by teachers and made
available to students during synchronous learning ses-
sions. Depending on curricular requirements and oppor-
tunities, actual gaming sessions may be accompanied by
teachers via online communication services (lends itself
for larger groups) or in a small-group setting.

Structure of the game

The serious game was programmed in Python, Rust and
React, with a data pipeline set up via GitHub. The seri-
ous game is playable in every common browser. In the
interest of maximal flexibility for users, and in order to
avoid disruptions due to server overload, the design team
decided to use a 2D- rather than a 3D-Design. Currently,
the serious game is available to all German medical stu-
dents via a DEN (Deutsches Forschungsnetz) login that
recognizes students at all German medical schools. For a
presentation of the game interface, see Fig. 1.
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Fig. 1 DIVINA interface in German. On the left side, information about the patient, including given name, name, age, and leading symptom as well as the
Al generated face is depicted. The central element is the chatbot. On the right side, all other necessary actions can be found. The information contained
in the picture is meant for demonstration purposes only. Neither the image, nor the depicted information represent real patient data

The first innovative feature of this digital resource is the
way in which virtual patients (VP) are generated. To build
a VP suffering from a specific disease an algorithm refers
to the deposited epidemiological data. Due to the disease
generation stemming from epidemiological probabilities,
each VP is unique that prevents easy identification of the
disease. Thus, it is secured that the learning process is
not only driven by recognition, as students cannot easily
recall a VP from an earlier gaming session. At the same
time, the VPs provide recurring learning scenarios and
offer the possibility for regular knowledge repetition as
it is recommended for learning environments in general,
but especially for simulated ones [31]. In addition, artifi-
cial faces generated by a style-based generator using an
artificial intelligence (AI) algorithm [32] complement the
VPs and illustrate the disease by matching the symptoms.
Faces appear either as healthy, or pale, reddish, cyanotic,
or jaundiced. This enhances the psychological fidelity of
the environment as it allows replicating the real emer-
gency department environment to a certain extent [8]. It
is also noteworthy, that the usage of Al-generated faces
prevents data privacy problems accompanying the usage
of real patient faces.

Another innovative feature is the chatbot that offers
students the opportunity to enter questions related to
the patients’ anamnesis on which the chatbot provides
automatically generated answers. Whereas most other
solutions offer a question menu to choose from, the chat-
bot in DIVINA allows for freely formulated questions.
This feature sets DIVINA apart, as students have the

opportunity to learn history taking by considering ques-
tions and formulating them on their own. The questions
asked by students can relate to the presenting complaint,
associated symptoms, history of presenting complaint,
past-medical history, as well as drug and social history.
Furthermore, the chatbot offers the chance for teachers
to analyze how students approach the history taking,
yielding potential for further teaching on this topic. Due
to the necessity of asking self-generated questions and
considering all relevant topics, the chatbot aims to foster
clinical reasoning competencies.

Evaluation
Methods
In order to test the usability and user experience of the
proposed serious game, we collected data during a study
in summer term 2022 with third-year medical students
(N=146) participating. The local Institutional Review
Board reviewed the study protocol in winter term
2021/2022 (application number 34/8/21). The study was
embedded in a six-week cardiology and pneumology
module at Goettingen Medical School. Students par-
ticipating in the module played the game in two sessions
lasting 90 min each. The content of the respective game
sessions were taught in the formal teaching sessions the
week before. The evaluation of usability and user experi-
ence formed the conclusion of the study, for which stu-
dents gave their informed consent beforehand.

Usability was assessed using the 5-point Likert-scaled
System Usability Scale (SUS, [33]) and user experience
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was evaluated via the User Experience Questionnaire
(UEQ, [34]). The SUS offers a result scale between 0 and
100 with an average score set around 68 [35]. Regard-
ing the UEQ, two opposing extreme response options
were rated on a seven-stage scale ranging from —3 to
+3, with —3 being the negative extreme, 0 neutral, and
+3 the positive extreme [36]. Taken together the UEQ
comprises six different scales, namely Attractiveness (i.e.
overall impression), Perspicuity (i.e. easy familiarization),
Efficiency (i.e. efficient task solving), Dependability (i.e.
feeling of control regarding interaction), Stimulation (i.e.
exciting and motivating usage), and Novelty (i.e. innova-
tion of the product) [36]. All participants answered the
System Usability Scale, whereas, for the sake of brevity,
only one-half of the cohort answered the UEQ for DIV-
INA. The second half were asked to comment on a differ-
ent learning resource that was not the focus of this paper.
In addition, free text questions were provided in which
participants could indicate what they already liked or dis-
liked about the game and where they see further room
for improvement.

Results

According to Brooke [33] the inverted items were
recoded manually. As items could be omitted, only a
total number of 127 complete datasets were assessed for
the SUS and revealed a mean of M=59.19. Hence, the
response rate for the SUS was 85%. The result of the SUS
falls within the first quartile spanning from 30.0 to 62.6
and is below the average score of 68 [35].

The UEQ comes along with an excel data analy-
sis tool, which was used for the evaluation of the data.
Since missing values could be included in the appraisal,
76 datasets were used for the evaluation of the UEQ,
leading to a response rate of 100%. Broken down
according to the scales, the results were as follows:
Attractiveness (M=0.94, SD=1.29, 95% CI [0.65, 1.23]),
Perspicuity (M=1.12, SD=1.02, 95% CI [0.89, 1.34]), Effi-
ciency (M=0.05, SD=0.98,

95% CI [-0.18, 0.27]), Dependability (M=0.73,
SD=0.86, 95% CI [0.54, 0.93]), Stimulation (A=0.82,
SD=1.32, 95% CI [0.52, 1.11]), Novelty (M=1.25,
SD=0.88, 95% CI [1.06, 1.45]). The excel data analysis
tool also provided benchmarks that concerned different
commercial products. Compared to these benchmarks
the results regarding DIVINA were bad for the scales
efficiency and dependability, below average for the scales
attractiveness, perspicuity and stimulation, and good for
the scale novelty.

Since students are supposed to be the end-users of
the serious game, we invited them to provide us with
additional free text feedback in order to conclude fur-
ther room for improvement. Most of all, students sug-
gested to further improve the server capacity as well as
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improvements of the chatbot. Besides suggestions for
improvement, students also emphasized the opportunity
to apply knowledge in a safe learning environment with-
out the risk of endangering patients’ lives. Furthermore,
students appreciated receiving feedback that we already
implemented based on a pilot iteration with a different
cohort of medical students.

General discussion

In this overview of the development and evaluation pro-
cess, we co-operated with a software company to intro-
duce a serious game representing a schematic simulation
of an emergency department. Besides the introduction
of the serious game, a first usability and user experi-
ence testing was conducted. To support the achievement
of the learning outcomes, the serious game is already
equipped with some supporting features, namely feed-
back, Al-generated faces, and a free text chatbot.

The evaluation of the current stage revealed promis-
ing preliminary results while simultaneously highlighting
areas for further improvement. The usability score can
be interpreted as substantial and falls in the first quartile
of the SUS ratings, which can be set between 30.0 and
62.6 according to Bangor [35]. In other words, the result
at hand represents a marginally low acceptability. Since
usability defines how systems can be used effectively,
efficiently and satisfactorily to achieve predefined goals,
it can also be understood as the operability of a system.
The low usability score might be due to the user interface
or inadequate server capacity, as students remarked some
issues. The user interface might have been confusing for
students in terms of the arrangement of elements, as they
sometimes reported problems finding the needed ele-
ments. Another problem area that might have led to the
low usability rating became apparent in the users’ feed-
back texts. Students perceived the chatbot as an inade-
quate tool for taking a medical history, as it sometimes
answered incoherently. Although the chatbot answered
incoherently and students did not always felt like getting
satisfactory answers, it is nevertheless an innovative fea-
ture that enhances the psychological fidelity of the seri-
ous game. It can be argued that the chatbot enhances the
psychological fidelity, as the students have to ask self-
formulated questions, just like in a real-life emergency
department. In addition to the chatbot, the Al-generated
faces enhance the psychological fidelity and the game’s
educational value, as it can be assumed that students
remember the patients better by their faces compared to
their leading symptom. However, future studies have to
investigate these assumptions.

In terms of the user experience, the scales attrac-
tiveness, perspicuity, stimulation, and novelty yielded
positive ratings, whereas the scales efficiency, and
dependability received neutral ratings. The positive
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ratings of attractiveness and novelty showed that partici-
pants liked the use of the serious game, and perceived the
design as innovative. In addition, perspicuity and stimu-
lation were positively evaluated, as the use of the serious
game was easy to learn, but also exciting and motivating.
Efficiency received a neutral rating, possibly due to the
additional effort while solving the tasks. Another scale,
which received a neutral score, was dependability, as par-
ticipants might not have felt the game to be predictable
and therefore did not feel like having control over the
interaction with the game. While both scales were rated
with a neutral rather than a negative score, they indicate
potential opportunities for improvement. These usability
and user experience ratings were to be expected based on
the user interface and playability of the game, but should
be still used to improve the game in further iterations.
We finished the first stage of the development frame-
work proposed by Olszewski and Wolbrink [24] since
we already assembled a suitable interdisciplinary team,
transferred the medical concepts, produced the essen-
tial content, and mapped the learner experience. From
now on, the serious game will pass a continuous loop
between development and formative evaluation. Based
on evidence, all relevant evaluative findings will be imple-
mented in further development iterations, which will in
turn be evaluated again. The next step in the develop-
ment process is the implementation of effective game
design elements based on psychological learning theories
and accompanying the development with further stud-
ies. Additionally to the implementation of further game
design elements, already existing elements like the chat-
bot as well as the general user interface will consistently
be improved. At each stage, student feedback is heeded,
and helpful suggestions will be incorporated into the
game evidence-based. Since this is a dynamic project, we
will assist the software company to further implement
new disease data to meet the demands of undergraduate
medical students and their teachers. It is also conceivable
to realize the opportunity of asynchronous self-directed
learning with this serious game. Furthermore, it is also
conceivable to extend the game in the long term to post-
graduate medical students, residents, or other healthcare
professions working in an emergency department.

Limitations

To ensure a concise evaluation following the game ses-
sion, only half of the students completed the UEQ for
DIVINA. Consequently, the interpretability of UEQ data
in comparison to SUS data may be constrained due to
the unequal population size. It is important to note that
the UEQ, designed primarily for the commercial market,
compares results of the individual scales to benchmark
values oriented towards such products. Additionally,
the study occurred at a single time of measurement,
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introducing potential limitations related to situational
events like server capacity issues, as already reported
by students. Replicating the evaluation at several times
may circumvent these issues. The study, being part of a
mandatory event, implies that participation was largely
driven by extrinsic factors, potentially influencing the
evaluation results. Repeating the evaluation in a volun-
tary study setting, where participation is likely driven by
intrinsic motivation, could offer different insights. How-
ever, whether participation is influenced by intrinsic or
extrinsic motivational factors should be a focus of future
studies.

Conclusion

Serious games provide a risk-free learning environment
that is highly valuable in the context of medical educa-
tion. Therefore, a serious game presenting a virtual emer-
gency department was developed and evaluated in terms
of its usability and user experience. Overall, the evalua-
tion yielded positive results and identified potential areas
for further improvement. The results of the evaluation
will be integrated into the consistent development of the
serious game to offer medical students a valuable learn-
ing source for education in the field of emergency care.
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Abstract

Background The use of virtual patients enables learning medical history taking in a safe environment with-

out endangering patients’safety. The use of a chatbot embedded in serious games provides one way to interact

with virtual patients. In this sense, the chatbot can be understood as a game design element, whose implementation
should be theory driven and evidence based. Since not all game design elements are already connected to theories,
this study aimed to evaluate whether the game design element chatbot addresses the need for autonomy rooted

in the self-determination theory.

Method A cross-sectional study was conducted to compare two distinct chat systems integrated in serious games
with one system being an open chatbot and the other system being a constrained chat system. Two randomized
groups of medical students at a German medical school played one of two serious games each representing an emer-
gency ward. The data collected included both objective data in terms of students’ question entries and subjective

data on perceived autonomy.

Results Students using the open chatbot generally asked significantly more questions and diagnosed significantly
more patient cases correctly compared to students using a constrained chat system. However, they also asked
more questions not directly related to the specific patient case. Subjective autonomy did not significantly differ

between both chat systems.

Conclusion The results suggest that an open chatbot encourages students'free exploration. Increased exploration
aligns with the need for autonomy, as students experience freedom of choice during the activity in terms of pos-
ing their own questions. Nevertheless, the students did not necessarily interpret the opportunity to explore freely
as autonomy since their subjectively experienced autonomy did not differ between both systems.

Keywords Self-determination theory, Game design elements, Chatbot, Serious game, Medical education

Background

Serious games are increasingly used in medical education
[1-3], but the optimal design of these games has not been
completely established yet. In particular, the link between
theoretical underpinnings and game design elements is
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not clear yet, although being fundamental [4]. This gap
means that serious games may be less effective in achiev-
ing learning goals [4]. This study aimed to examine two
different types of chatbots embedded in serious games,
considered through the lens of self-determination theory,
to determine the impact on learning behavior and stu-
dents’ perceived autonomy.
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Training of history-taking skills in medical education
History taking contributes about 76% to the final medical
diagnoses made by physicians [5]. In a study conducted
with medical students, 43 out of 60 first-year medical
students (71.7%) who diagnosed a simulated patient cor-
rectly made the correct diagnosis directly after taking the
medical history [6]. Thus, it appears that teaching history
taking to medical students is of particular importance.
A systematic review revealed that there is a plethora of
interventions used to teach history taking [7]. The types
of intervention ranged from instructional approaches
(i.e., focus scripts, video tape, or online courses) to more
sophisticated approaches (i.e., small-group workshops
with role-play, simulated patients, real patients, or virtual
patients) [7]. While different interventions are applied for
teaching history taking, simulated patients (SPs) are still
used most frequently [7, 8]. SPs provide a risk-free learn-
ing environment for students to improve their commu-
nication skills [8]. Since training SPs requires resources
and they are also a limited resource themselves [9],
another efficient method of standardized training has
emerged with virtual patients (VP) [10, 11]. VPs are a
secure, reliable, and valid learning resource offering the
opportunity of repeated exposure to the same potentially
complex scenarios difficult to replicate in real life [11].
The authenticity of VPs depends on three aspects: the
learner’s perception of the story surrounding the VP, the
format, and the quality in which the VP is presented [12].
It is already shown that VPs can be developed emotion-
ally responsive [13], which is relevant for training history
taking. One way to access VPs during history taking is
through chatbots [13, 14], which appear to be a learn-
ing resource largely equally effective as controls [14, 15].
A chatbot can be best defined as a computer program
imitating human conversation when addressed through
written or spoken language [16].

Theoretical underpinnings of serious games as training
environments

Serious games, defined as games whose primary aim is
reaching a learning goal and not solely inducing fun or
enjoyment [17], offer a learning environment in which
VPs can be usefully integrated. An abundance of serious
games already found entrance into health professions
education and seem to be as effective as or more effec-
tive than not only control conditions such as traditional
or digital learning formats but also other types of seri-
ous games or gamification [1]. Besides the effectiveness
in terms of improved learning outcomes, serious games
can also enhance the motivation and engagement of the
players [2, 3] and should therefore be designed accord-
ing to motivational theories. One such motivational
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theory frequently used in the design of serious games
is the self-determination theory (SDT) [18]. Accord-
ing to the SDT, the three basic psychological needs
for autonomy, competence, and relatedness have to be
addressed to lead to intrinsic motivation [18]. The need
for autonomy relates to the feeling of acting volitional
according to one’s own will with perceived decision
freedom enabling the choice between different kinds of
action [19, 20]. The need for competence is addressed
by the feeling of being capable to meet a goal based
on the effective execution of one’s own behavior [20],
while the need for relatedness is addressed by a sense of
belonging to a reference group [19]. In serious games,
these needs are addressed by inherent game design ele-
ments, which are essential for games to be character-
ized as such [21]. Existing literature already examined
the importance for game design elements to be based
on theoretical underpinnings [4]. Some game design
elements were already linked with the addressed need,
for instance points or badges refer to the need for com-
petence, avatars or meaningful stories refer to the need
for autonomy, and teammates refer to the need for
relatedness [19]. However, a considerable number of
game design elements have not yet been matched to the
SDT.

Chatbots as a game design element

In this sense, a chatbot embedded in a serious game
can also be understood as a game design element with
unclear theoretical background. It is long known that an
autonomy fostering learning environment during medi-
cal education not only enhances students’ autonomous
motivation but also positively influences their persever-
ance as well as their interaction with patients [22]. Pre-
vious research has shown that an addressed need for
autonomy is aligned with greater experienced curios-
ity in terms of exploration [23]. It can be assumed that
providing users with the opportunity to freely select or
enter their queries may address their subjective feelings
of autonomy, as reflected in exploratory behavior. Follow-
ing this line of thought, the game design element “chat-
bot” might be assigned to the need for autonomy from
the SDT, especially under the included aspect of decision
freedom [19]. Since internal game analytics should be
evaluated to not compromise the players’ flow during the
game experience [24], it is reasonable to use the chatbot
entries as an operationalization for assessing exploration
and therefore autonomy. For the purpose of this study, a
chatbot in which questions can be formulated freely via
free entries is referred to as open. Vice versa, a chatbot in
which questions can be selected from a set of predefined
questions is referred to as constrained.
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Research aim

This research’s overarching aim was to assess whether
the need for autonomy stemming from the SDT can be
linked to the serious games’ game design element “chat-
bot” and whether this association depends on the type of
chatbot used. Therefore, two serious games presenting
different history-taking systems with different degrees
of freedom were compared. The need for autonomy was
operationalized through medical students’ free explo-
ration during history taking. It is assumed that an open
chatbot that mimics a real-world situation by requiring
self-formulated questions addresses students’ autonomy
due to offering a free environment with the opportunity
of decision freedom expressed through free exploration.

+ HI: Students ask significantly more questions in an
open chatbot compared to a constrained chat system.

+ H2: Students ask significantly more irrelevant ques-
tions in an open chatbot compared to a constrained
chat system.

+ H3: Students report significantly more subjective
feelings of autonomy in an open chatbot compared to
a constrained chat system.

Methods

The local Institutional Review Board at Gottingen Medi-
cal School approved this study in winter term 2023/2024
(application number: 8/9/23). All participants gave writ-
ten informed consent beforehand.

Study procedure

The study was conducted in a mandatory module for
fourth-year undergraduate medical students covering the
areas cardiology and pneumology at Gottingen medical
school in winter term 2023/2024. All students attending
the module were invited to voluntarily participate in the
study, but participation was not mandatory. The module
comprised four sessions each lasting 90 minutes. How-
ever, only the data collected during the first session were
relevant for this study, as it was the first time students
interacted with the serious games, ensuring that the data
were not biased by familiarity with the game. Students
were randomly assigned to one of two study groups. One
group engaged in on-site gameplay of the serious game
EMERGE [25], representing the constrained chat system,
while the other group simultaneously played the seri-
ous game DIVINA [26] online, representing the open
chatbot. Both serious games provided the students with
the diseases ST-segment elevation myocardial infarc-
tion (STEMI), non-ST-segment elevation myocardial
infarction (NSTEMI), musculoskeletal chest pain, and
hypertensive crisis, while DIVINA additionally provided
the disease congestive heart failure. At the end of the
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first session, students were invited to participate in an
evaluation.

Serious game environments

Both serious games represent emergency departments
with similar procedures within the games, although dif-
fering in their visual design as well as in their game
structure. In both games, players take a patients’ medi-
cal history, order investigations, initiate treatments, and
finally discharge the patient. For the present study, the
focus is only on the manner how the medical history
taking takes place. In the serious game EMERGE, play-
ers use the constrained chat system by choosing from a
long menu of 70 predefined questions. Precisely, students
enter specific letters or words included in their sought
question to which the long menu proposes suitable ques-
tions including the entered letters or words. Please refer
to Middeke, Anders [25] for further information on the
design of EMERGE. Contrary to EMERGE, the serious
game DIVINA does not provide predefined questions for
medical history taking, but students have to phrase ques-
tions themselves in an open chatbot. The chatbot refers
to a script-based system and provides answers based on
a system that draws on information about the specific
virtual patient and their symptoms. Please refer to Aster,
Hiitt [26] for further information on the design of DIV-
INA. In both serious games, students are not limited in
the number of questions for taking a sufficient medical
history.

Data collection and preparation

History data

All qualitative history data gathered in both games were
quantified first. To do so, a checklist was developed in
collaboration between a physician specialized in the field
of cardiology and a psychologist. The physician contrib-
uted medical expertise and ensured content accuracy,
while the psychologist focused on assessing psychomet-
ric properties of the checklist. These two authors used
the checklist to independently and blindly score all his-
tory-taking data for both serious games. For the sake of
uniformity, the same checklist was used for all diseases.
The data were quantified in the way that all questions
were scored irrespectively of the received answer, and
each question was rated once regardless of reformula-
tions. More precisely, it was irrelevant whether stu-
dents received a sufficient and satisfactory answer; the
questions were evaluated independently of the received
answers. Depending on the medical relevance, ques-
tions were scored with 1 or 2 points. Overall, a total of 49
points could be achieved. The checklist oriented towards
the SAMPLER/OPQRST scheme [27] and contained

” o«

the following areas: “basic patient-related data’, “current
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reason for consultation’, “specific somatic anamnesis”
(subdivided in “current complaints and development”
and “focused pain anamnesis”), “general somatic anam-
nesis” (containing “past medical history’, “vegetative
anamnesis’, “risk factors’, in particular “cardiovascular
risk factors”), as well as “family and social anamnesis’, and
“orienting psychiatric anamnesis”. The complete checklist

can be found in Supplementary 1.

Questionnaires

The evaluation consisted of the subscale for “per-
ceived choice” from the Intrinsic Motivation Inven-
tory (IMI) [28] and the General Self-Efficacy Short Scale
(German: Allgemeine Selbstwirksamkeit Kurzskala,
ASKU) [29]. Both questionnaires are reliable and vali-
dated measuring instruments [28, 29]. The IMI was cho-
sen to measure the intrinsic motivation of students, while
the ASKU was chosen to measure self-efficacy, which can
be considered as related to the SDT. According to Ban-
dura [30], self-efficacy implies that a person has the belief
to successfully master a situation by performing the nec-
essary behavior. Moreover, self-efficacy has already been
found to be an underlying construct for gamification [31].

Data analysis

History data

The history data were analyzed according to the follow-
ing procedure: In a first step, the interrater reliability for
both authors was assessed. All analyses were conducted
utilizing a mean rating score derived from the assess-
ments provided by both reviewers for each serious game,
hereinafter referred to as “history score” Since normal
distribution of the data was not given, nonparametric
statistical methods or methods that are not affected by
violation of this assumption were chosen. For each sta-
tistical procedure, the corresponding effect size was con-
ducted and reported.

Prior to hypothesis 1, descriptive statistics about the
serious games were evaluated, and a chi-squared test was
conducted to assess differences in the number of cor-
rectly diagnosed cases between the serious games.

For hypothesis 1, which states that students asked sig-
nificantly more history questions in an open chatbot
(i.e., DIVINA) than in a constrained chat system (ie.,
EMERGE), a Mann—Whitney U/-test comparing the abso-
lute number of questions between the two groups was
conducted.

A hierarchical sequence of steps was followed to evalu-
ate hypothesis 2, which states that students significantly
asked more irrelevant questions in an open chatbot
compared to a constrained chat system. Firstly, a Mann—
Whitney U-test for comparing the achieved history
scores between the two serious games was performed.
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Following this, a regression analysis to examine the rela-
tion between the number of questions asked and the
achieved history scores for each serious game was per-
formed. The irrelevance was defined as a ratio of the
achieved history score and the number of questions
asked for each chat protocol separately. A ratio<1 rep-
resents that more questions were asked than points were
achieved implying the presence of more irrelevant ques-
tions. Vice versa, a ratio>1 implies less irrelevant ques-
tions since a higher history score was achieved with less
questions asked, in a sense that the history score exceeds
the number of questions. For examining the hypoth-
esis, a final Mann—Whitney U-test comparing the ratios
between the two groups was conducted.

Questionnaires

The questionnaire data were analyzed for answering
hypothesis 3 stating that students reported significantly
higher subjective autonomy feelings after playing DIV-
INA compared to EMERGE. Both questionnaires were
analyzed according to its guidelines before a mean value
comparison was conducted. Since these data were not
normally distributed, Mann—-Whitney U-tests were car-
ried out.

Results

History data

N=154 fourth-year medical students consented to have
their data entries in the serious games analyzed. Since all
data were recorded anonymously, no further statements
and conclusions about the population could be made
except them being fourth-year students at a German
medical school. Interrater reliability was computed for
both serious games using the intraclass correlation coef-
ficient (ICC), resulting in an ICC of 0.890 for DIVINA
and an ICC of 0.939 for EMERGE. According to Cicchetti
[32], both coefficients can be interpreted as very good
agreements.

Only chat protocols containing at least one question
were deemed valid. This led to 249 valid chat protocols
stemming from DIVINA (4 of 254 initial chat protocols
had to be excluded) and 456 valid chat protocols stem-
ming from EMERGE (62 of 518 initial chat protocols had
to be excluded). Students correctly diagnosed 162 patient
cases (65%) in DIVINA and 236 patient cases (52%) in
EMERGE (x* (1)=13.025, p <001). Generally, the number
of questions asked per chat protocol in DIVINA ranged
from 3 to 57 (Mdn=13) and in EMERGE from 1 to 40
(Mdn=9). Students asked significantly more questions
in DIVINA than in EMERGE, U=37,980.000, p<0.001,
r=0.27, although with a weak effect size [33].

For evaluating whether students asked a higher num-
ber of irrelevant questions in an open chatbot, several
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analyses were conducted. In a first step, it was found
that the achieved history scores did not differ signifi-
cantly between DIVINA (Mdn=14.5) and EMERGE
(Mdn=14), U=51,766.00, p=0.053. In a next step, it
was examined whether the number of questions asked
was related to the achieved history score. A polynomial
regression was conducted for each serious game, since
the assumption of linearity required for performing a
linear regression was not met. The models were signifi-
cant for both serious games, DIVINA (F(2248) =307.44,
p<0.001) and EMERGE (F(2455)=1508.84, p<0.001).
All specific parameters for both serious games can be
found in Table 1. The scatterplot of the polynomial
regressions for the relation between the number of
questions asked and the achieved history score can be
found in Fig. 1.

The subsequent Mann—Whitney U-test using the ratio
showed that significantly more points were achieved
by asking less questions in EMERGE (Mdn=1.5) than
in DIVINA (Mdn=1.13), U=28,367.000, p<0.001,
r=0.41 with a moderate effect size [33]. The indicated
medians refer to the abovementioned ratio of which the
distribution of frequencies can be found in Fig. 2. Sup-
porting the hypothesis, the lower ratio indicates a ten-
dency to ask more irrelevant or not expedient questions
in DIVINA.

Table 1 Overview of the parameters of the polynomial regression
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Subjective autonomy measures

Overall, N=81 (n=44 DIVINA, n=37 EMERGE) stu-
dents participated in the questionnaire of which n=41
data sets could be analyzed for DIVINA and n=35
for EMERGE. Considering the subjectively experi-
enced autonomy during the play of both games, the
autonomy scale of the IMI showed no significant differ-
ences between the experienced autonomy in DIVINA
(Mdn=4.29) and EMERGE (Mdn=4.43), U=654.00,
p=0.507. An explorative analysis addressed the relation-
ships between the autonomy scale and the ASKU, since
the SDT and self-efficacy are already jointly used con-
structs in the design of serious games [34]. Across the
two serious games as well as broken down for each seri-
ous game, no significant correlation was found. Moreo-
ver, no significant group difference between EMERGE
and DIVINA was found for the ASKU, U=627.00,
p=0.266.

Discussion

General discussion

This study aimed to determine whether the need for
autonomy stemming from the self-determination the-
ory can be understood as a theoretical basis for the
game design element “chatbot” For the purpose of this
study, autonomy was operationalized by students’ free

R? Adjusted R? B SE t p
DIVINA 0.714 0.712
Linear term 1.008 0.068 14.72 <.001
Squared linear term -0.011 0.002 —7.07 <.001
EMERGE 0.869 0.869
Linear term 1.593 0.048 3291 <.001
Squared linear term -0.025 0.002 15.63 <.001

history score in DIVINA

0 10 20 30 40 50 60
number of questions asked in DIVINA

Fig. 1 Scatterplot of the polynomial regression for both serious games

history score in EMERGE

0 10 20 0 40
number of questions asked in EMERGE
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exploration during history taking as well as by subjective
autonomy ratings.

Overall, students showed better objective results (i.e.,
correctly diagnosed patient cases) in DIVINA (open
chatbot) than in EMERGE (constrained chat system) and
gained a slightly higher history score without there being
a significant difference. The serious games were similar
in content and action possibilities; however, they differed
in their specific appearance. Since our analyses focused
solely on interactions within the chatbot rather than the
entire serious game, we assume that these differences in
appearance did not affect the results. The first hypoth-
esis that more history-taking questions were asked in
an open chatbot compared to a constrained chat system
showed a significant difference albeit with a weak effect
size. Thus, it can be assumed that students explored more
during history taking when provided with the opportu-
nity to ask self-developed questions. The results support
the assumption that the opportunity to formulate ques-
tions on their own fosters students’ exploration as opera-
tionalized by the amount of questions. Nevertheless, the
amount of questions asked was relatively small for both
serious games. One possible explanation could be the
internal setting of the serious games (i.e., an emergency
department), which may prompted students to prioritize
further investigations over asking additional history tak-
ing questions.

Based on the idea of hypothesis 1, the next logical step
was to examine whether students did not only ask more
questions but also asked more irrelevant questions in an
open chatbot compared to a constrained chat system.
Therefore, hypothesis 2 was driven by the assumption
that more irrelevant questions were asked as a result of
increased exploration. In this context, irrelevant ques-
tions are queries, statements, or nonconstructive inputs
that are not directly focusing on the central aspects of
the patient case in terms of furthering the medical treat-
ment. Nevertheless, the questions do not necessarily
have to be irrelevant in the medical sense. In line with
the hypothesis, the analysis revealed a significant dif-
ference with a moderate effect, indicating that students
tend to ask more irrelevant questions in an open chatbot.
Since the open chatbot was sometimes unable to usefully
reply to the initial question, students tried to handle it
by reformulating their entry. This increased the number
of questions but did not affect the score, as these ques-
tions were only scored in their initial version. It is already
known that script- or rule-based chatbots show difficul-
ties in understanding the input, demonstrated by a vir-
tual patient mismatching approximately 40% of students’
entries with the appropriate response [11]. An upcoming
area of interest is the attempt to use large language mod-
els (LLMs) for the simulation of virtual patients [35, 36].
Further studies could consider using LLMs and thereby
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assessing students’ perceived autonomy using sound
research designs.

An explanation for the difference in the amount of irrel-
evant questions derives from the manner of how ques-
tions were asked. While students needed to formulate
their own questions in accordance with the rule-based
open chatbot, the constrained chat system presented all
possible requested questions, from which students only
needed to select. Moreover, the generally limited num-
ber of available questions could have led to less irrel-
evant questions in the constrained chat system. At the
same time, in this scenario, opportunities for students to
pursue their own line of inquiry were very limited. The
moderate effect size suggests that students neverthe-
less did not chose the perfect amount of questions in the
constrained chat system, although the long menu format
already disclosed potential questions. Although the use
of in-game analytics is a recommended approach in seri-
ous game research [24], it is worth noting that students’
actions are difficult to interpret without considering their
intent. Future research should aim to capture students’
intent and merge these insights. By means of the ratio,
results showed that neither in the open chatbot nor in the
constrained chat system one question led to one point,
which may have been also caused by the amount of irrel-
evant questions or entries. Generally, an explanation for
the relatively low history scores might be that students
are possibly not familiar enough with history taking. Fur-
ther studies should address this idea by adding an inter-
vention to the study design. Furthermore, it would be
intriguing to calculate the number of questions required
to reach a diagnosis and examine its accuracy. Doing so,
it could be tested whether the statement that up to three-
quarters of the diagnoses are already correct after taking
a history also applies for history taking with VPs [5].

Besides the objective data, the subjective data gave
important insights on the experienced autonomy dur-
ing each history taking. The subjectively experienced
autonomy did not significantly differ between both
serious games. Together with the results of hypothesis
2, it can be concluded that although students did not
subjectively feel more autonomous in an open chat-
bot than in a constrained chat system, they still asked
more questions and subsequently got more diagnoses
correctly in the open chatbot. It is assumable that the
discussed limitations associated with an open albeit
script-based chatbot may have negatively influenced
students’ feelings of autonomy. Consequently, students
felt rather forced than autonomous during the interac-
tion with the script-based chatbot given the necessary
reformulation of their questions. These assumptions
are based on questionnaire data, and although ques-
tionnaires are a frequently used measuring instrument
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for assessing autonomy, this particular questionnaire
might not have been a sufficient instrument for the pre-
sent study. Future research should consider alternative
approaches, such as focus groups, which may yield dif-
ferent insights. However, a meta-analysis on gamifica-
tion found that in most of the included studies, taking
part in gamified classes enhanced students’ perception
of autonomy [37]. Nonetheless, in line with our results,
the authors found studies where gamification did not
lead to enhanced perceptions of autonomy [37].

Limitations

The limitations primarily concern the generalizability
of the results due to the used game environments as
well as the used data analysis instrument. Both seri-
ous games simulate emergency departments, raising
the question whether this setting with its time pres-
sure is adequate for studying students’ history taking.
Moreover, some among the studied diseases might have
required more, and some perhaps needed less history
taking due to the risk of serious deterioration or even
life-threatening complications. It has to be considered
whether other settings, such as a general practitioner’s
practice, an outpatient clinic, or a normal ward, are
more suitable for examining students’ history taking.
Future studies could possibly examine these different
settings and contextualize the medical history within
the framework of other conducted investigations to
clarify the role of history taking in order to provide bet-
ter generalizability.

The predefined checklist used to rate the history data
constitutes another limitation. The checklist was oriented
towards the SAMPLER/OPQRST scheme [27] that is
commonly used in emergency management and includes
a section specifically related to pain. Not all included dis-
eases manifested with pain; however, due to the struc-
ture of the serious games’ outputs, it was not possible
to control for whether the virtual patient presented with
pain. As a result, the entire checklist was applied across
all patient cases to provide comparability and to do jus-
tice to students specifically asking for pain. Second, the
checklist was used for all diseases without being special-
ized for some diseases. While this procedure enhanced
the simplicity of the data preparation, it may have also led
to biased history scores. Future research should use dis-
ease-specific checklists tailored to the presented symp-
toms and count redundant questions.

Due to the different amount of subjective and objec-
tive data, drawing any conclusions on possible correla-
tions between them was not possible. Moreover, due to
the lack of identifying data, it was not possible to match
questionnaire answers with the respective objective data.
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Conclusion

Our research focused on the theoretical underpin-
ning of the game design element “chatbot” Two chat-
bot systems were compared to determine whether the
need for autonomy stemming from the self-determi-
nation theory is addressed when using a chatbot. We
observed more exploratory behavior favoring auton-
omy in student history taking with an open chatbot,
but our measures of subjective student experience did
not reflect that. Even though measuring instruments
require reconsideration to confirm this assumption,
our study yields initial proof that an open chatbot may
address the need for autonomy as operationalized by
students’ exploration behavior. In conclusion, open
chatbots can be considered valuable tools for medical
students to practice history taking. However, further
research is needed to identify the specific characteris-
tics of chatbots that contribute to fostering autonomy
during their use.
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ABSTRACT

Background: Serious games are known as safe learning environments, allowing medical students
to train their skills without endangering patients’ safety. By integrating virtual patients via
chatbots, serious games provide the opportunity to practice history taking. The study investi-
gated the impact of self-directed learning by means of a customized guideline on history taking
in two distinct chatbot systems embedded in serious games. Methods: Fourth-year medical
students (N = 159) were randomized to one of two serious games, each representing an emer-
gency department and simulating different clinical scenarios. Students played the serious games
at two measurement points and received a guideline between both sessions. The chatbots
differed in the manner of query entry, with one requiring students to formulate history taking
questions themselves, while the other provided a long menu of selectable questions. The
dependent variables analyzed included the history taking data entered into the chatbots,
represented as a quantified history score, as well as students’ comparative self-assessments of
their learning outcomes. Results: Comparing only the first measurement point, students achieved
higher scores in the free-entry chatbot (85.2 + 27.7) compared to the long menu chatbot (78.8 +
35.7). Students achieved significantly higher scores in the second than in the first session in the
long menu chatbot (t(315) =-2.918, p =.004, d =-0.229) but not in the free-entry chatbot after
receiving the guideline. In terms of students’ self-assessment, no significant difference between
both serious games was found. Discussion: The results suggest that history taking benefits from
self-directed learning in a long menu format relying on cued recall but not in a free-entry chatbot
relying on free recall. Since serious games are partially artificial learning environments for training
history taking, future studies should examine the extent to which students can transfer their
learning in and out of serious games.
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Introduction

Medical history taking and clinical reasoning are
intertwined [1], reflected in the fact that history
taking contributes to a majority of correct differ-
ential diagnoses given directly afterwards [2]. The
vast majority of history taking deals with gathering
information [3] and building the informational
basis for arriving at a differential diagnosis (e.g.,
gathering information about a patient’s alcohol
intake [4]). A comprehensive history taken by the
physician and sufficient information shared by the
patient are essential for a sufficiently accurate
initial diagnosis, which should be as precise as
possible to avoid diagnostic errors [5]. Especially
in the context of emergency medicine, gathering
information precisely and comprehensively through
history taking 1is essential [6]. Since taking
a medical history plays an important role, it must
be given special attention in the training of medical
students.

Literature review

One training method for history taking is the use of
simulated patients (SPs) [7]. SPs offer a safe, never-
theless resource intensive setting for learning history
taking [8,9], therefore virtual patients (VPs) can be
used as a more cost-effective alternative. The use of
VPs is a proven method by which medical students
train their history taking in a safe and consistent
environment [10]. VPs can exemplarily be used
embedded in serious games expanding the VP with
an accompanying storyline and more context (e.g.,
conducting further examinations, initiate treatments).
Serious games are already being used for teaching the
contents of history taking [11]. A way to realistically
train history taking with VPs is through the use of
a chatbot, that is generally definable as a software
designed to allow written or spoken interactions imi-
tating a human conversation [12].

To date, few studies have used chatbots for teaching
medical history taking either embedded in a serious
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game [13] or as stand-alone chatbots [14-16]. For
instance, training with a stand-alone chatbot, led to
improved OSCE scores as well as to improved subjec-
tive competence and confidence ratings [17]. In this
sense, a chatbot serves as a serious games’ inherent
game design element and should be selected theory-
based to support not only students’ intrinsic motivation
but also to enable a sound evaluation [18]. For serious
games in general, the Self-Determination Theory (SDT)
proposed by Deci and Ryan [19] as well as the Flow-
Theory proposed by Csikszentmihalyi [20] are fre-
quently referenced as underlying theories [21]. Serious
games allow repeated practice in a safe environment
independent of resource or time constraints [22] and
are already designed and used as learning environments
enabling self-directed learning [23]. Self-directed learn-
ing is a process of self-planning and executing one’s
own learning process [24,25]. It is frequently regarded
as an inherent feature of a learning environment that
promotes students’ freedom in the learning process
[25]. Freedom is closely correlated with autonomy
[26] which is why it can be assumed that self-directed
learning addresses students’ feelings of autonomy and
therefore enhances their intrinsic motivation [27,28].
One further advantage of serious games is their external
validity, which is ensured through a realistic design and
enables transfer to real-life situations [29]. A previous
study on a serious game for trauma triage decision-
making demonstrated that physicians’ behavior in the
serious game mirrored real-life actions [30].
Irrespective of serious games, studies showed that the
transfer of communication skills from theory to practice
is challenging [31,32]. It is conceivable that serious
games may facilitate the transfer of history taking skills
due to their external validity.

Research aim & hypotheses

Combining the aspects of the importance of training
history taking and the opportunity to train it in a safe
environment enabling self-directed learning, the ques-
tion occurs whether specific material for self-directed
learning improves history taking between two game
play sessions and whether this depends on the type of
chatbot used. Therefore, the study compared the impact
of a history taking guideline (i.e., specific material for
self-directed learning) on the medical history taking in
two distinct serious games containing a chatbot (i.e.,
chat system using a long menu format vs. chatbot with
entry of free text questions).

In one serious game, EMERGE, students chose ques-
tions from a long menu format, while in the other
serious game, DIVINA, students had to pose and for-
mulate their own questions. The long menu provided
students with all questions containing the word stu-
dents entered, making it easier to recognize further
relevant questions. Both chatbots can be associated

with the two constructs, cued recall and free recall,
stemming from the area of cognitive psychology. Cued
recall denotes memory retrieval aided by internal or
external cues, whereas free recall occurs without any
cues [33]. In this sense, the long menu format refers to
cued recall and the free-entry chatbot refers to free
recall. Since it is widely acknowledged that cued recall
outperforms free recall [33], it was hypothesized that
students achieve more points, in terms of a higher his-
tory score, in session 1 in EMERGE than in both
DIVINA sessions.

H1: Students achieve a significantly higher history
score in EMERGE session 1 than in DIVINA session
1 and session 2.

It is conceivable that a guideline providing additional
material for self-directed learning might reverse the
effect by affecting the history taking in a free-entry
chatbot but not in chat system using a long menu.
The guideline not only reactivated previous knowl-
edge but also allowed students to establish an internal
scheme of history taking that can be retrieved during
session two. Establishing a cognitive representation
can be understood as an element of clinical reasoning
[34] and since clinical reasoning and history taking
are intertwined [1], it can be assumed that creating an
internal scheme also applies for history taking.
DIVINA allows free application of this internal
scheme due to the entry format. Students can enter
self-formulated questions without any restrictions,
giving them the opportunity to explore thoroughly
during their game play and achieve a higher history
score. In contrast, a long menu, limits the amount of
questions that can be asked. Previous research has
already shown that students show a greater explora-
tion behavior and ask a higher number of questions
in an open chatbot compared to a constrained chat
system [35]. Combining the exploration behavior
with the internal scheme, it is hypothesized that
studying a guideline leads to an improvement in the
history taking score in DIVINA but not in EMERGE.

H2: After the individual studying of a history taking
guideline, history taking will result in higher history
scores in DIVINA but not in EMERGE over the
course of the two sessions.

Materials and methods
Participants

The study took part during a mandatory cardiopulmon-
ary module at Gottingen medical school in summer



term 2024 and was approved by the local Institutional
Review Board beforehand (application number: 21/3/
24). Although the study was conducted during
a mandatory module, student consent to participate in
the study (i.e., have their data analyzed) was voluntarily.
Overall, a total of N=159 (n=79EMERGE, n =380
DIVINA) fourth-year students gave their informed con-
sent. Two semesters before the respective module, stu-
dents attended a module covering history taking with
a conclusive summative exam.

Study design

The module, in which the study was conducted,
comprised a total of four mandatory serious gaming
sessions each lasting 90 min. However, only the first
two were relevant for the below mentioned analyses.
Students were assigned randomized to one of two
groups using one of two serious games. One group
attended the sessions on-site and used the serious
game EMERGE, while the other group attended
online and used the serious game DIVINA. The spe-
cific modalities of the serious games led to the dis-
tinction into on-site and online sessions and medical
experts supervised both sessions. During the sessions,
students were instructed to engage with the respective
serious game and received no further instructions. In
case of questions, students could contact the medical
experts at any time. Between the first and second
session, students were provided with the previously
described guideline covering relevant aspects of med-
ical history taking for allowing retrieval of previously
learned content. Students were urged to use the
guideline only for preparation between the sessions
and not during the second session. Since students
attended the session online, we decided upon adding
a control item to the subsequent questionnaire asking
students if they used the guideline during the second
session. Moreover, another item assessed whether
students used the guideline for preparation. Besides
these control items, the questionnaire also contained
questions regarding students’ self-assessment of their
learning outcomes regarding history taking (see
Supplement 2). The learning outcomes were analyzed
using the comparative self-assessment (CSA) gain
method [36]. Therefore, students rated the questions

Table 1. Depiction of the study procedure.
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at the end of session 2 in a retrospective version (i.e.,
assessing their skills before the first session) and
a post version (i.e., assessing their skills after
the second session). The questionnaire was provided
online via evasys (evasys GmbH, version 10.0). For
a depiction of the experimental setup and the pre-
sented diseases in both games, see Table 1.

Serious games

Two serious games were used, each representing an
emergency department, requiring students to assume
the role of a virtual doctor on shift. Detailed descrip-
tions of the serious games can be found in Aster et al.
[37] and in Middeke et al. [38], characterizing
DIVINA and EMERGE, respectively. Both serious
games enable users to perform various actions typi-
cally carried out in an emergency department, such as
taking medical histories, conducting examinations,
initiating treatments, and discharging virtual patients.
To this end, both serious games employ virtual
patients, whose medical histories can be obtained
through chat systems. Although the contents and
the possible actions within the game are similar,
they differ in their visual representation and in the
way in which questions can be asked in their chat
systems. DIVINA provides a chatbot, where users can
enter self-formulated questions, whereas EMERGE
provides a chat system based on a long menu format.
In this format, users are generally presented with an
overview of all possible questions. Additionally, users
can enter a part of the sought question and receive
a drop-down menu with all possible questions con-
taining this part, allowing the users to choose the
most suitable formulation of the question. Examples
of the chat systems can be found in Aster et al. [37]
and Middeke et al. [39] or in the Figure 1. It can be
assumed that DIVINA enables free recall since no
references for recognition are provided, while
EMERGE relies on cued recall due to the long
menu format [33].

Development of the history taking guideline

The authors specifically developed a history taking
guideline for the execution of the study based on

Session Group 1 Group 2 Diseases for both groups
1 DIVINA EMERGE STEMI, NSTEMI, musculoskeletal chest pain, hypertensive crisis
Individual studying of the history taking
guideline
2 DIVINA EMERGE STEMI, NSTEMI, musculoskeletal chest pain, hypertensive crisis, congestive heart failure,

aortic stenosis

Online questionnaire

Diseases that were presented only in session two are written in italics.



4 A. ASTER ET AL.

Anamnese

Figure 1. Screenshots of the chat systems in EMERGE and DIVINA.
The left screenshot represents the chat system in EMERGE, graphic by PatientZero Games GmbH. The right screenshot
represents the chat system in DIVINA. The screenshots contain German questions, as the entire study was conducted in German.

the scoring checklist (see Supplement 1). Each check-
lists’ category was also used as a category for the
guideline resulting in five overarching sections (i.e.,
1. current symptoms including a subcategory for
a focused pain anamnesis; 2. pre-existing illnesses
and past medical history including cardiovascular
risk factors; 3. lifestyle and further risk factors; 4.
medication anamnesis; 5. social anamnesis). Every
category contained further specified sub-items repre-
senting relevant aspects that should be asked for the
respective category during an ideal history taking (for
the pain anamnesis in the first category: e.g., tem-
poral occurrence, pain intensity). Moreover, every
category contained two exemplary questions to
which students could refer (e.g., for the second cate-
gory pre-existing illnesses and past medical history:
‘Do you have any pre-consisting illnesses?’, ‘Have you
had an accident or fallen?’). Students used this guide-
line as a material for self-directed learning causing
prior knowledge activation that could be applied dur-
ing the second session. Additionally, students were
instructed to use the guideline only for preparation
and not during the second session.

Data analysis

To assess students’ history taking, all entered qua-
litative questions were quantified. Two raters
blindly evaluated the history data of each serious
game and time point separately. In order to achieve
a valid and reliable rating, a checklist for history
taking data already developed for a previous study
was used [35]. Some points of the checklist were
refined in terms of ambiguous aspects as well as the
achievable overall score and the respective points
for each aspect. Furthermore, the checklist was
refined for history taking in an emergency ward.
Since each of the 26 questions could be scored with
10 points, a maximum history score of 260 was
achievable. The checklist can be found in
Supplement 1. These questions were just exempla-
rily and had not to be asked in the exact wording.

For the computation of the CSA gain values, first
all missing values and the respective data pairs
were excluded, before the mean self-assessment
from the retrospective measurement was offset
against the mean self-assessment from the post
measurement using the formula provided in
Raupach et al. [36]. Before analysis, data was pre-
pared following consecutive steps. In a first step, all
chats containing no queries were removed, result-
ing in a data set comprising only valid chats (i.e.,
chats including at least one query). Secondly, all
confounding data was removed, including remov-
ing all data referring to the diseases occurring only
in session 2 (i.e., congestive heart failure and aortic
stenosis) as well as chats referring to students hav-
ing attended only one session. The complete pro-
cess of the derivation of the final data set is shown
in Figure 2. All data was analyzed using IBM SPSS
Statistics (Version 27) and Microsoft Excel. The
assumption of normal distribution of the chat
data was violated, except for EMERGE session 2,
as well as for the proxy score of DIVINA session 1
used for the ANOVA analysis. Nevertheless, t-tests
and ANOVAs are robust against this violation
given a large sample size [40,41]. Since this require-
ment was given for the analysis of all hypotheses,
an independent one-tailed t-test was conducted for
H1, and paired one-tailed t-tests and a mixed
ANOVA were conducted for H2.

Results
Descriptive data

The final data set consisted of 242 and 218 chats
stemming from D1 and D2, respectively, as well as
402 and 316 chats stemming from E1 and E2. On
average, students entered 3.51 valid chats in D1 and
3.16 chats in D2 as well as 5.66 chats in E1 and 4.45
in E2.

Regarding the control item whether students used
the guideline during the second session, 89.9% parti-
cipants from the DIVINA group (n=69) and 80.8%
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Initial data set

DIVINA session 1 (D1): 263 chats
DIVINA session 2 (D2): 324 chats
EMERGE session 1 (E1): 485 chats
EMERGE session 2 (E2): 517 chats

Exclusion of invalid chats
B D1: 3 chats

D2: 13 chats

E1: 65 chats

E2: 36 chats

D1: 260 chats
D2: 311 chats
E1: 420 chats
E2: 481 chats

Exclusion of diseases only contained in
session 2

5 | D2:32chats (aortic stenosis) & 47
(congestive heart failure)

E2: 75 chats (aortic stenosis) & 78 chats
(congestive heart failure)

D1: 260 chats
D2: 232 chats
E1: 420 chats
E2: 328 chats

Exclusion of students
participating in only one session
—— e D1: 18 chats

D2: 14 chats

E1: 18 chats

E2: 12 chats

Final data set
D1: 242 chats
D2: 218 chats
E1: 402 chats
E2: 316 chats

Figure 2. Process of the derivation of the final data set.

Each session is abbreviated with a capital letter referring to the serious game and a number referring to the respective session.
Resulting in D1 for DIVINA session 1, D2 for DIVINA session 2, E1 for EMERGE session 1, and E2 for EMERGE session 2.

participants from the EMERGE group (n = 52) stated
to have not used the guideline during the session.
Only 60.9% of the DIVINA group and 47.2% of the
EMERGE group (n =53) have stated to have used the
guideline in preparation.

History taking data

The analyses regarding the history data were con-
ducted with a mean score of both raters for each
chat. Both raters had a very good interrater relia-
bility [42] as assessed by the intraclass correlation
coefficient for each serious game session (D1: ICC
.945; D2: ICC .960; E1: ICC .977; E2: ICC .965).
For the analysis of H1 whether students achieved
a higher history score in El than in D1 as well as
in D2, unpaired t-tests were conducted. Contrary to

the assumption, the group comparison of E1 and
D1 revealed no significant difference between both
groups (p>.05) with on average slightly fewer
points being achieved in E1 (n=402; 78.8 +35.7)
than in D1 (n=242; 85.2+27.7). The same pattern
applies for the comparison between El and D2
revealing no significant difference (p>.05) with
on average slightly fewer points being achieved in
El (78.8 £35.7) than in D2 (n=218; 88.3 £29.5).
The subsequent hypothesis 2 that students
achieved significantly more points in D2 than in
D1 but not in E2 compared to E1 was analyzed
using two paired t-tests. The p-value was adjusted
for the directed part of the hypothesis (D2 > DI)
but not adjusted for the undirected part (E2 =E1).
Even though data of students attending only one
session were excluded from the analyses, each
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student conducted a different number of chats in
both sessions resulting in different amounts of
chats between the sessions for each serious game.
Therefore, it must be considered that the number
of chats entering the analyses was adjusted for the
execution of the paired t-tests. According to the
assumption, students achieved a higher average
score in D2 (n=218; 88.3 £29.5) than in D1 (n=
218; 86.5+27.9), although this difference was not
significant, #(217) =-0.622, p=.267, d=-0.062.
Contrary to the hypothesis that scores did not
differ significantly between both EMERGE sessions,
the difference between E1 (n=316; 78.5 + 34.6) and
E2 (n=316; 86.6+35.0) was significant #(315) =
-2.918, p=.004, d=-0.229. A possible explanation
might be that the average amount of questions did
not significantly differ between both DIVINA ses-
sions (session D1: M =15.7; session D2: M =15.3),
£(216) = 0.509, p =.611, d =0.052, whereas the aver-
age amount significantly differed between both
EMERGE sessions (session El: M =10.1; session
E2: M=11), (314)=-2.112, p=.035, d=-0.167.
Therefore, the significant improvement could be
traced back to the increased amount of questions
between the two EMERGE sessions.

A mixed ANOVA was conducted for analyzing
possible interaction effects between the serious
games and session. Therefore, a proxy variable
was build calculating a mean value for every stu-
dent over all conducted chats using the history
score. The within subject factor had only two levels
(i.e., session 1 and 2), which is why sphericity is
automatically given. Levene’s test showed that
homogeneity of error variances was given (p
>.05). No homogeneity of covariance was given,
as assessed by Box’s test (p<.001). Neither
a significant interaction effect between session
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and group was found (F(1, 138)=1.051, p=.307,
partial n°=.008), nor a significant main effect for
sessions (F(1, 138)=1.746, p=.189, partial r]z
=.012) nor for group membership (F(1, 138)=
0.172, p=.679, partial n>=.001). The proxy vari-
able was also used to create Figure 3 depicting the
course of score improvements between the two
sessions.

CSA gain

Additionally to the objective data, the subjective
learning gain was assessed via a comparative self-
assessment at the end of session 2. All subjective
data was assessed anonymously, thus objective and
subjective data could not be combined. On this
account, the subjective data was not prepared like
the objective data but all data fed into analysis. For
the assessment of the subjective learning gain, all
valid data pairs from retrospective and post assess-
ment were included in the analysis. All CSA gain
scores were compared question-wise between the ser-
ious games revealing no significant difference
between the serious games on question level. As can
be seen in Figure 4, attending EMERGE leads to an
averagely higher increase in the self-assessment than
attending DIVINA. Nevertheless, for both serious
games only small improvements were found since
CSA gain scores never exceeded 60% symbolizing
a satisfactory learning success.

Discussion
General discussion

The study assessed whether providing students
a guideline supporting self-directed learning
improves history taking in a serious games’ chatbot.

= DVINA
= EMERGE

Session 2

Figure 3. Course of the score improvements between the two sessions for each serious game.
The proxy variable build for the analysis of the mixed ANOVA was also used for the creation of the figure.
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Therefore, two different chatbots were compared,
demonstrating that material for self-directed learning
led to improved history taking in a long menu chat-
bot relying on cued recall but not in a free-entry
chatbot relying on free recall.

The data did not justify rejection of the null hypothesis
that there was no performance difference between the
first EMERGE session and both DIVINA sessions.
However, descriptively, students achieved higher average
scores in both DIVINA sessions than in the first
EMERGE session. Consequently, the assumption that
the long menu format initially leads students to ask
more questions has to be rejected.

The second hypothesis tested the effectiveness of sup-
plementary material for self-directed learning, namely
that students significantly improve their history taking
through a guideline in DIVINA but not in EMERGE.
According to the assumption, students obtained descrip-
tively higher history scores after receiving the guideline in
the second DIVINA session. Nevertheless, the compar-
ison with the first DIVINA session was not significant.
Based on our current results, our assumption must be
reconsidered that the combination of a cognitive repre-
sentation for history taking — induced by the guideline -
and the possibility for exploration is beneficial in a free-
entry chatbot. Contrary to the assumed hypothesis, the
score significantly increased between the two EMERGE
sessions. However, neither significant main effects of
group and time nor an interaction effect was found.
The significant improvement in EMERGE might apply
to the assumption that cued recall due to questions being
chosen from a long menu may be facilitated and students’
retrieval after knowledge reactivation may be eased.
Contrary to a previous study that found no improvement
in history taking after attending EMERGE [13], our find-
ing may be attributed to the interposed guideline, as all
other conditions within the game remained identical.

Although contrary to our assumed hypothesis, the result
is in line with previous research demonstrating that cued
recall leads to better results [33,43]. Since all students’
queries were rated by means of a predefined checklist
scoring questions relevant to history taking, it can be
assumed that the found difference between the sessions
is traceable to students asking more questions relevant for
clinical reasoning. We assumed that using the guideline
could have led to forming an internal representation of
history taking as it was already discussed for clinical
reasoning [34]. However, we analyzed the process data
within the chatbot without explicitly questioning the
students through focus groups or other qualitative mea-
surements whether they developed an internal scheme.
The question remains whether and why students were
hindered to apply the reactivated knowledge in the free-
entry chatbot during the second session or whether the
free-entry chatbot itself hindered students to apply their
reactivated knowledge. A potential drawback is the man-
ner of question entry since students had to enter the
entire question rather than only remembering certain
keywords.

More than half of the students playing DIVINA
declared to have used the guideline in preparation
for the second session, while less than half of the
students playing EMERGE stated to have used the
guideline. However, since the individual questionnaire
data could not be linked to the chatbot entries due to
their anonymous assessment manner, no conclusion
could be drawn regarding whether students who used
the guideline improved more than those who reported
to have not used it. Students’ self-assessment of their
learning improvement showed no significant differ-
ence between the serious games compared on ques-
tion-level. Although the achieved CSA gain values did
not reach the threshold symbolizing a satisfactory
learning success, EMERGE tends to have led to
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a higher increase in learning improvement than
DIVINA. These subjective results align with the objec-
tive results, which showed that students’ history taking
improved in EMERGE but not in DIVINA. This sug-
gests that the constrained chat system - with prede-
fined questions - benefits more from an interposed
guideline. Changes in the CSA gain allowed, to some
extent, for inferences about whether students were able
to reactivate and recall their knowledge. However,
since no specific questions targeted the knowledge
gained through use of the guideline, it is not possible
to draw conclusions about individual differences in the
benefit derived from it.

Irrespective of the significant changes between the
sessions, it has to be mentioned that across both serious
games and both sessions, students only achieved on aver-
age one-third of all possible points. Although they had
previously attended a module on history taking, it can be
assumed that applying or reactivating their knowledge is
more challenging in a free recall chatbot compared to
a cued recall chat system. Interestingly, more students
who played the free-entry chatbot reported to have used
the guideline for preparation than those who played the
long menu chat system. Generally, serious games provide
a safe learning environment and are frequently used in
medical education [18], but it has to be scrutinized
whether a serious game is suitable for training history
taking for two reasons. First, a serious game is still an
artificial learning environment and especially for history
taking the human factor (e.g., non-verbal communica-
tion aspects, empathy) is missing. However, this might
depend on the type of chatbot used, as previous research
initially demonstrated that ChatGPT could be used for
training empathic history taking [44]. Second, it is ques-
tionable whether history taking skills that are mostly
acquired during interactions with real-life simulated
patients can be transferred into an abstract setting like
a serious game. The transfer performance is two-sided,
the skills have not only to be transferred into the serious
game but have also to be transferred from serious game to
real life afterwards. Transfer performance may depend on
the specific serious game and its inherent features, as
previous research has shown mixed results — while trans-
fer of in-game learned content is viable in some cases
[29], it remains challenging in others [38,45]. Although, it
could be shown that the transfer of learning after the use
of a stand-alone chatbot was successful by leading to
better results in a mock OSCE [17], more research is
needed whether this also applies for chatbots embedded
in serious games.

Limitations

The study design has several limitations. First, since an
online study was conducted, it could not be guaranteed
that students did not use any assistance during the ses-
sions, especially the provided guideline during session

two. Although the majority of students reported in the
control item to have not used the guideline during the
gaming session, this information could have been affected
by biases such as the social desirability bias. Nevertheless,
in case students had used the guideline during the session,
it could be assumed that more points should have been
achieved, thus it can be accepted that students indeed did
not use the guideline during the session. During analysis,
it became apparent that the chatbot in DIVINA some-
times mismatched questions and suitable answers and
students therefore had to repeat questioning in different
ways. This problem of natural language processing chat-
bots is already known in the literature but should best be
avoided to provide a usable virtual patient [46].
Moreover, it could not be coded whether chats contained
few questions because students did not ask any further
questions or due to environmental conditions such as
time limit of the session. This should be addressed in
future studies by means of coding only chats of virtual
patients that were discharged.

Second, during the development of the checklist, it was
aimed to achieve a good cost-benefit ratio in terms of the
time that accrues during rating the single chats. For this
reason, it was decided to not score proceeding questions
but only the first question of one rubric (e.g., ‘do you
smoke?’). Thus, not all relevant questions were covered,
especially regarding attendant symptoms. It should be
discussed whether more questions should be scored by
amore detailed checklist or whether an efficient checklist
is preferred. Simultaneously, a detailed checklist also
needs students to ask more questions to receive
a satisfactory score. Apart from a quantitative checklist,
additional qualitative analysis of the history taking con-
tent should be considered.

Third, it is questionable whether the emergency
department setting with its high urgency is
a suitable learning environment for history taking.
A precise history taking and arriving at the correct
(differential) diagnosis is indeed needed in an emer-
gency department; nevertheless, it might be impaired
by the life threatening character of some diseases, the
time pressure, as well as by the need to also conduct
investigations in a low amount of time. Although this
study focused solely on the chatbot, it cannot be ruled
out that differences in the serious game’s visual repre-
sentations may have not influenced the history tak-
ing. Since such game design elements (i.e., chatbot)
should be tested embedded in serious games and not
standalone, it is always challenging to create consis-
tent conditions.

Implications

Generally, serious games including a chatbot are use-
able for medical education since they provide a safe
environment in which learning occurs without
endangering patients’ safety [22]. The study showed



that self-directed learning material in combination
with a long menu format evocating cued recall is
more suitable for learning history taking in
a serious game than combined with a free-entry
chatbot relying on free recall. Future studies should
further investigate the differences between distinct
types of chatbots and respective effect mechanisms.
Moreover, it would be intriguing to answer the ques-
tion whether it is more supportive for training history
taking to orient towards prescribed questions from
medical experts or to consider all relevant questions
on one’s own without a guidance but eventually learn
in a more realistic way. It is conceivable that training
history taking by means of a long menu chatbot is
possibly more suitable for undergraduate medical
education, while a free-entry chatbot is more suitable
for postgraduate medical education. Future studies
should compare students’ objective exam data with
the performance during a chatbot in order to assess
its effectiveness. In line with this, future studies
should investigate whether students are able to trans-
fer learning from within a serious game to real exam
settings or real-life situation, thus supporting
a serious games’ external validity.

Conclusion

This study assessed the influence of additional
material for self-directed learning in the form of
a history taking guideline on students’ perfor-
mance in history taking using chatbots embedded
in serious games. The findings indicate that chat-
bots using a long menu format might benefit more
from an interposed material for self-directed
learning to increase students’ history taking skills
than chatbots using an open question entry for-
mat. Although students were initially better in
a chatbot with free question entry, the provision
of a written guideline only led to a significant
improvement in the long menu chatbot. The
study highlights the interplay between different
types of chatbots and additional materials for self-
directed learning in the teaching and training of
medical history taking.
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Abstract

Objective Virtual patients are already utilized in the teaching of medical history taking. Since its emergence, ChatGPT has
been integrated into several areas of medical education. This study aimed to examine whether ChatGPT can be used to train
empathic history taking while fostering students’ subjective autonomy.

Methods Third-year medical students took histories with ChatGPT 3.5 after entering a predefined prompt covering car-
diological diseases. Afterwards, students answered a questionnaire regarding their experienced autonomy. All chats were
analyzed using the Empathic Communication Coding System measuring ChatGPT’s given empathic opportunities as well
as students’ responses.

Results Out of 659 interactions, 93 were identified as empathic. ChatGPT provided opportunities mostly through reporting
emotional statements or challenges. Students sometimes missed reacting adequately to ChatGPT’s opportunities but more
often responded by implicit recognition of patient perspective and reported a high level of experienced autonomy.
Conclusions The study yielded preliminary results that ChatGPT might be suitable as a tool mimicking a virtual patient
while enabling an empathic history taking. To date, ChatGPT seems valid as a supplement to training with simulated patients.
Medical faculty could consider integrating ChatGPT into teaching, such as through a flipped classroom approach, to guide
students in its use as ChatGPT continues to gain attention.

Keywords Empathy - ChatGPT - Medical education - History taking - Virtual patient

Introduction history taking becomes apparent. Generally, Cuff, Brown [8§]
contextualize empathy as follows:

Empathy has not only been shown to improve the physi-
cian—patient-interaction, patients’ therapy adherence, and
patient treatment outcomes but has also been shown to be
a protective factor for physicians’ well-being [1-4]. Con-
versely, a physicians’ burnout negatively influences patients’
experience during a consultation [5]. Communication train-
ings, especially empathy interventions, significantly improve
medical students’ empathy and have an impact on physicians
showing more empathy in patient encounters afterwards [6,

“Empathy is an emotional response (affective),
dependent upon the interaction between trait capaci-
ties and state influences. [...] The resulting emotion
is similar to one’s perception (directly experienced or
imagined) and understanding (cognitive empathy) of
the stimulus emotion, with recognition that the source
of the emotion is not one’s own.” (p. 150)

During communication, empathy can be expressed three-

7]. In this sense, the relevance of strengthening empathy
during medical education and especially teaching empathic
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fold: through verbal, non-verbal, and paraverbal compo-
nents. Non-verbal aspects are expressed through perceptible
behaviors such as general posture and body movements [4,
9]. Paraverbal components are implicit aspects of commu-
nication that pertain to the expression of speech, such as
vocal quality and prosodic characteristics [9]. Verbal aspects
cover explicit as well as implicit reactions and responses to a
message, for instance confirmation or support [10]. Another
related factor in empathic communication is the technique of
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active listening as proposed by Rogers [11]. Active listening
consists of three components: nonverbal engagement, ver-
bal paraphrasing, and further questioning [12]. It has been
shown to foster feelings of understanding and greater satis-
faction [12] and is significantly associated with empathy in
healthcare professions [13]. Beyond general empathy, the
construct of clinical empathy that is defined as “a kind of
emotional reasoning that allows physicians to incorporate
emotional experiences as part of clinical decision-making”
[14, p. 97] counts for the medical context. Clinical empathy
has two sides of the same coin: it is emotional labor that
healthcare professionals must manage effectively, but when
routinized, it enhances medical encounters [15]. Researchers
recommend incorporating practical communication training
into medical education, emphasizing the hands-on aspect,
as empathy must be developed through practice rather than
theoretical instruction [4, 16]. Conducting communication
trainings have been shown to help cardiologists improve
their empathy [17]. To date, communication trainings in
medical education are mostly conducted by using simulated
patients (SP) [18]. According to Barrows [19], a simulated
patient is a non-ill individual who, after thorough training,
acts as a patient with a specified disease. Additionally, actual
patients trained to present their own diseases in a standard-
ized manner can also be classified under the umbrella term
“standardized patients” along with simulated patients [19,
20]. However, virtual patients (VPs) have been increasingly
and effectively used in recent years [21, 22]. Although SPs
are widely recognized as a valuable component of com-
munication training, implementing and maintaining an SP
program is time-, labor-, and resource-intensive [23]. In
contrast, while VPs do require resources to be set up, they
offer learners the opportunity to repeat their training indefi-
nitely [21] and shape their learning in a self-paced manner.
Additionally, it is conceivable that using VPs may appeal to
students’ feeling of autonomy, a basic psychological need
according to the self-determination theory [24]. In a previ-
ous study, students favored the use of VPs compared to lec-
tures when it comes to promoting self-directed learning [25].
Self-directed learning is linked with feelings of autonomy
[26, 27], suggesting that students’ subjectively experienced
autonomy is addressed by using VPs. In communication
training, it is essential to develop not only hard skills, such
as information gathering, but also soft skills, like empathy.
Studies have shown that VPs can be effectively used to train
empathic history taking [28, 29]. The advent of large lan-
guage models, such as ChatGPT in November 2022, has cre-
ated an opportunity to implement VPs. Literature suggests
that for VPs to be effective in terms of learning outcomes,
their textual setup must be based on valid theoretical founda-
tions [21], which may also apply to the setup of ChatGPT
as a VP. A handful of studies have utilized custom genera-
tive pre-trained transformers (GPTs), primarily based on
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ChatGPT, to train medical history taking in various fields,
including dental [30] and medical education [31]. While
SPs and VPs are already known to be feasible for practic-
ing empathic history taking, it remains unknown whether
ChatGPT can provide a feasible environment conducive to
practicing empathic history taking that also supports stu-
dents’ feelings of autonomy.

Therefore, within this study, the following research ques-
tions were assessed:

RQ 1: Can ChatGPT be effectively used to conduct
empathic history taking?

RQ 2: How do students rate their experienced autonomy
when taking a history with ChatGPT?

Material and Methods
Study Procedure

The study took place at a German medical school in sum-
mer term 2024 after being approved by the local ethics
committee (application number: 2024-96-BO). Data col-
lection directly followed each session of a course teaching
the foundations of empathic history taking for third-year
medical students. Each student participated in one session
of the course. All attending students were invited to vol-
untarily participate in the study and were quasi-randomly
assigned to one of four conditions. In the third year of
their degree program, students begin their clinical train-
ing. Training in empathic communication is also provided
through seminars and lectures in the semesters during the
clinical training. Students provided implied informed con-
sent by completing the study. Initially, they were instructed
to take a written medical history with ChatGPT as a VP.
However, they were not explicitly instructed to practice
empathic communication, as this could have biased the
results, for example due to social desirability. At this stage
of their studies, students had not yet attended any courses
covering clinical content. However, this is not a limitation,
as the study aimed to assess empathic history taking, which
was the primary learning objective of the course preceding
the data collection. From a patient’s perspective, empathy
is ranked among the top three most important factors in an
emergency department [32]. Therefore, the storylines for
the presented cases were based on cardiology and emer-
gency medicine (Table 1). More specifically, endocarditis
and heart failure were chosen as the two cardiological dis-
eases for the study. Additionally, it was of interest whether
a change in the temperature of ChatGPT’s response has
an impact on students’ expressed empathy. Specifying the
temperature adjusts ChatGPT’s responses in terms of crea-
tivity by influencing how likely words are strung together.
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Table 1 Structure of applied ChatGPT prompt

Structure Prompt elements

Basic structure part 1

Hello. Assume the role of a standardized patient, adjust your responses according to the patient's condi-

tion, and independently decide the level of detail in your answers. A standardized patient is an actor who
portrays the role of a real patient as authentically as possible. Therefore, the standardized patient does
not understand or interpret the clinical findings provided below and cannot answer any regarding ques-
tions. Do not use medical jargon in your responses. Response temperature: 0.2 / 0.8

Medical information 1 (endocarditis) An 81-year-old man presents to the emergency department, reporting fatigue. He arrived at the emergency
department on his own and has a reddish face color. Additionally, he reports suffering from muscle pain.
Osler nodes and positive blood cultures are observed

Medical information 2 (heart failure) A 75-year-old man presents to the emergency department reporting shortness of breath. He was brought
in by emergency services and appears pale. Additionally, he reports frequent evening ankle swelling.
Initial physical examination reveals the following clinical findings: the first heart sound is relatively
quiet, a holosystolic murmur at the 5th intercostal space, left midclavicular line, and a slightly elevated

jugular venous pressure

Basic structure part 2

You will now be asked medical history questions, which you should answer accurately in your role as a

standardized patient, according to the case. The illness itself must not be mentioned at any point during
the medical history. The history-taking process ends only when the correct diagnosis is made. Introduce
yourself with a full name at the beginning of the history-taking. Do not ask any questions at the start

A single response temperature was chosen for each condition

In this sense, a lower temperature (e.g., 0.2) yields more
focused and concrete answers, as subsequent words are
chosen based on higher probabilities [33, 34]. Conversely,
a higher temperature (e.g., 0.8) results in more random
and creative responses by selecting words based on lower
probabilities, making it more suitable for training commu-
nicative skills [33, 34]. Both diseases were presented with
aresponse temperature of either 0.2 or 0.8, resulting in the
four conditions: endocarditis 0.2, endocarditis 0.8, heart
failure 0.2, and heart failure 0.8. The respective prompt
was given to students via an online storage platform. Stu-
dents pasted the prompt in their own ChatGPT 3.5 accounts
and had 60 min to perform the history taking. Throughout
and after the session, no feedback was provided to the stu-
dents regarding either the content of the medical histories
or their expressed empathy. Students anonymously shared
their chat transcripts for data analysis by providing the
export link for the respective chat and completed the short
questionnaire described below.

Materials
Development of the ChatGPT Prompt

To enable ChatGPT to act as a VP, a basic structure
instructing ChatGPT how to take on its role was created
for each prompt, which was then tailored with the specific
story of the respective disease. Table 1 shows the prompt
structure, which — for the purpose of this publication —
was translated to English since the study was conducted
in German. For each condition, a disease storyline and
a response temperature were selected. To ensure exter-
nal validity, the disease was not explicitly named in the

prompt, as most patients do not present with a final diagno-
sis in real life. The basic structure part 2 included instruc-
tions that history taking should continue until the correct
diagnosis was made. However, entering a diagnosis was
not mandatory, and students could conclude history taking
whenever they felt they had gathered sufficient information.
However, it has proven to be effective during the preceding
prompt testing to add this instruction as a security measure
for ChatGPT to stay in its role and to not accidentally name
the disease.

Questionnaire

A short questionnaire was developed to measure two vari-
ables. The first variable assessed students’ self-reported feel-
ings of autonomy during the history taking with ChatGPT,
using two autonomy scales—i.e., freedom of choice, and
task relevance—postulated by Sailer [35]. Both scales were
adapted to fit the specific context of history taking (e.g., “I
was able to decide for myself, which history taking questions
I wanted to ask.”). All six questions were measured using a
7-point Likert scale. The second variable assessed students’
prior use of ChatGPT, ranging from no experience to exten-
sive experience on a 5-point scale.

Choice of Tool for Data Analysis

To assess empathic interactions, the Empathic Communi-
cation Coding System (ECCS) [10, 36] was applied, as it
allowed for separately coding ChatGPT’s provided empathic
opportunities and medical students’ corresponding empathic
responses. ChatGPT’s statements were analyzed as oppor-
tunities according to the ECCS. According to the manuals
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provided by the International Association for Communica-
tion in Healthcare [EACH, 37], opportunities can be pro-
vided on three different levels while responses can be pro-
vided on seven levels. For an overview and a description of
the levels, see Table 2.

Coding ChatGPT’s provided opportunities enabled veri-
fication of whether it had offered empathic opportunities at
all. For ChatGPT to be effectively used as a VP for training
empathic communication, it must independently generate
empathic opportunities, as these cannot be as easily pre-
configured in the publicly available version as in predefined
VPs. Thus, it is essential not only to analyze students’ writ-
ten empathic responses but also to evaluate ChatGPT’s suit-
ability as a VP in imitating human conversation and inter-
action. This approach enables the examination of empathic
interplay and the analysis of interactions between medical
students and ChatGPT as a VP.

Data Analysis

Two psychologists independently rated each student’s his-
tory taking chat protocol using the ECCS. Beforehand,
both raters became acquainted with the coding scheme
by studying the manuals provided by EACH [37]. During
the rating, the raters adhered to the manuals and referred
to it in case of ambiguous ratings. Additionally, three test
ratings with chat protocols, which were not included in
the final analysis, were conducted to ensure both raters

reached a common understanding. In contrast to a face-
to-face conversation, interaction with ChatGPT does not
constitute a traditional dialogue, as ChatGPT provides
a response to which the user reacts in isolation. Conse-
quently, both raters evaluated each pair comprising Chat-
GPT’s statement and the subsequent medical students’
reaction. If ChatGPT did not present an empathic opportu-
nity, it was coded as “not applicable”. Students’ responses
were also coded as “not applicable” due to the absence
of an opportunity for the student to react empathetically.
Interrater reliability was assessed using the intraclass
correlation coefficient, resulting in a good agreement of
0.770, according to Cicchetti [38]. Both raters resolved
discrepant ratings, resulting in agreed-upon values for each
rating used for the analysis.

Results

Thirty-five third-year medical students participated in the
study, with a total of 28 valid chat protocols included. The
discrepancy between the number of participants and valid
chat protocols was due to technical issues with export-
ing the chat data. No additional exclusion criteria for
chat protocols were applied. On average, students made
24.96 (SD=9.41) entries in ChatGPT during their history
takings.

Table 2 Overview and descriptions of the levels used for coding ChatGPT’s opportunities and students responses

ChatGPT’s opportunities

Student responses

Level Description Level Description
1 Emotion statements 0 Denial of ChatGPT'’s perspective
ChatGPT describing current feelings of emotions Ignoring or disconfirming ChatGPT’s perspective
2 Progress statements 1 Perfunctory recognition of ChatGPT'’s perspective
ChatGPT describing positive developments or an improved Superficial recognitions of ChatGPT’s perspective without
quality of life explicitly acknowledging it (e.g. “hmm”). Hence, this level
cannot be adequately represented in exclusively written
communication with ChatGPT
3 Challenge statements 2 Implicit recognition of ChatGPT’s perspective
ChatGPT describing the negative impact that problems have on Implicit recognition without focusing on the central issue but
the quality of life or reports of radical life events pointing out a peripheral aspect
3 Acknowledgement without pursuit
Acknowledging ChatGPT’s statements without further pursuit
4 Acknowledgement with pursuit
Acknowledging ChatGPT’s statements with further pursuit
5 Confirmation
Confirmation of ChatGPT’s perspective that can be expressed
through various ways
6 Shared Feeling or Experience

Sharing their own feelings or experiences with ChatGPT

Based on the works by Bylund and Makoul [10] and Bylund and Makoul [36], and the manuals provided by EACH [37]. All headings are
extracted exactly from the manuals, with the exception of the word patient being changed to ChatGPT
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Empathy Ratings

Out of 659 general interactions (i.e., all students’ entries and
ChatGPT statements taken together irrespective of empathic
content), 93 (14%) empathic interactions between ChatGPT
and medical students could be identified across both diseases
and response temperatures. The highest number of empathic
interactions was observed for endocarditis, with 27 interac-
tions at both response temperatures. All empathic opportu-
nities and responses broken down to each disease and the
respective response temperature can be found in Table 3. A
detailed analysis of both interaction components, ChatGPT’s
empathic opportunities and students’ responses, is presented
in the following paragraphs.

ChatGPT primarily provided empathic opportunities at
level 1 (n=50) across all conditions, directly followed by
level 3 (n=41) and level 2 (n=2). The number of provided
opportunities did not differ significantly between response
temperatures (U= 1045.00, p=0.852). ChatGPT predomi-
nantly used statements of emotion or challenge, while pro-
gress statements were rarely expressed. It maintained its
role stringently and coherently. Descriptively, ChatGPT
provided slightly more emotion-related statements at the
lower response temperature, where only two progress state-
ments were detected. A closer look at the questions posed
by students revealed that ChatGPT allowed students to ask
a substantial number of relevant questions and provided sat-
isfactory answers. From a qualitative perspective, it is strik-
ing that ChatGPT commonly draws on the same storylines,
expanding beyond the information provided in the prompt,
particularly within the same session. Moreover, it is evident

that ChatGPT adjusts its responses based on the students’
questioning behavior.

Students’ mostly showed empathic responses at level 2
(n=41) across all diseases and response temperatures. The
number of empathic responses did not differ significantly
between the response temperatures (U=912.00, p =0.200).
Although only a descriptive trend, slightly more responses
were observed at levels 5 and 6 for the lower response tem-
perature. Across all chats, students most commonly provided
either one or three empathic responses per chat (Fig. 1).
However, in 34 instances, students did not respond to Chat-
GPT’s empathic opportunities at all.

Specifically, the most frequent empathic interactions
occurred with the level combinations 1-0, 1-2, and 3-2 with
20 occurrences each, irrespective of disease and response
temperature. Figure 2 illustrates the distribution as well as
the different levels on which opportunity-response pairs
occurred.

Students’ Feelings of Autonomy

Twenty-five students completed the questionnaire regarding
perceived autonomy. When considering both scales together,
students reached an average of M =38.2 (SD=3.44) out of a
maximum of 42. Broken down to the single scales, students
rated their autonomy on the scale “freedom of choice” with
an average of M =6.8 (SD=0.54) out of a maximum of 7.
On the scale “task relevance”, students rated their experi-
enced autonomy with an average of M=5.93 (SD=1.09)
out of a maximum of 7. The study in which the scale was
developed [35] can be referenced to obtain mean values and

Table 3 Descriptive distribution
of levels in opportunities and

Levels of the respective opportunities and responses

responses

ChatGPT'’s opportunities
Level 1=50

Level 2=2

Level 3=41

Response temperature 0.2 across both diseases

(n=16)
Opportunity
Level 1=28

Level 2=2
Level 3=22

All diseases and response temperatures (N =28)

Student responses

Level 0=34

Level 1=0

Level 2=41

Level 3=3

Level 4=7

Level 5=8

Level 6=0

Response temperature 0.8 across both diseases

(n=12)

Response Opportunity Response
Level 0=18 Level 1=22 Level 0=16
Level 1=0 Level 2=0 Level 1=0
Level 2=20 Level 3=19 Level 2=21
Level 3=2 Level 3=1
Level 4=6 Level 4=1
Level 5=6 Level 5=2
Level 6=0 Level 6=0

The levels arranged parallel do not match correspondingly to each other but independently represent the

respective numbers
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Fig.2 Distribution and absolute 25
number of opportunity-response
pairs across all diseases and
response temperatures. X-axis, 20
opportunity-response pairs with
the left number representing the
level of the opportunity and the
right number representing the
level of the response; Y-axis,
absolute number of occurrences,
which is also depicted above
each bar
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standard deviations for comparing with autonomy scores in
the current study. In the referenced study, the gamification
group had an average of M =4.03 (SD=1.49) on the “free-
dom of choice” subscale and M =5.46 (SD=1.06) on the
“task relevance” subscale [35]. In comparison, subjective
autonomy when using ChatGPT was higher in the current
study.

In a separate question, students rated their previous expe-
rience with ChatGPT. It showed that students’ experience
was nearly normally distributed with the majority of students
reporting a medium level of previous experience (M =2.48,
SD=0.98).

Discussion and Conclusion

To our knowledge, this is the first study to examine whether
medical students can practice empathic history taking with
ChatGPT as a virtual patient. Given ChatGPT’s widespread
recognition and accessibility, assessing its effectiveness for
medical training is essential. ChatGPT’s empathy has been
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examined in the context of responding to patient questions
[39], and patients’ perceptions of ChatGPT’s responses
compared to specialists’ responses [40], but not yet within
the context of practicing empathic history taking. The study
results indicated that while ChatGPT was able to provide
empathic opportunities, the majority of its statements were
factual rather than empathic. Building on this, students were
able to show empathic responses, although the responses
were still predominantly factual. Nevertheless, a relatively
small number of empathic interactions between students
and ChatGPT occurred. Taken together, ChatGPT in its free
version presents certain challenges but may also serve as a
feasible tool for practicing empathic communication. Adjust-
ing the response temperature in the prompt did not result
in any significant differences in the number of provided
opportunities or in the responses given. Moreover, students
reported high feelings of autonomy during history taking.
Collectively, the results suggest that ChatGPT might be a
potentially valuable and feasible option for practicing his-
tory taking, even though the results can only be interpreted
as preliminary at this stage and further research is needed.

1-3 14 15 34 35
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Given that students demonstrated adequate questions on
a medical level, it is worth questioning whether ChatGPT
might be more suitable for learning the content of history
taking rather than training empathic communication. Sup-
porting this assumption, Deladisma and Cohen [41] demon-
strated that medical students interacted empathically with
VPs, but interactions were insufficient on a quantitative
and qualitative level to replace real-life interactions such
as encounters with SPs. At the end of the session, some
students verbally reported feeling hindered in expressing
empathy due to the nature of ChatGPT requiring questions
to be entered in writing into a technical device. Others
reported difficulty in demonstrating empathy towards an
Al as a communication partner. However, since ChatGPT
provided humanoid conversation, the technical aspect might
be a more valid reason than the quality of communication.
These assumptions should be validated in future studies by
systematically assessing students’ perception of their learn-
ing experience when using ChatGPT. In the future, there will
be further developments of ChatGPT (e.g., communicating
via vocal or visual input) that might facilitate showing empa-
thy through imitating an even more humanoid conversation
possibly including non-verbal communication aspects. In
addition to the forthcoming updates to ChatGPT, previ-
ous research has attempted to integrate ChatGPT or other
large language models into interfaces designed to facilitate
empathic, dialog-based interactions [42]. One advantage is
the inclusion of an integrated feedback system [42], which,
in our case, had to be manually added into the prompt.
Although only a few empathic interactions were observed,
students conducted sufficient history takings, supporting the
assumption that ChatGPT is not yet unconditionally appli-
cable as a tool for practicing empathic history taking, but
can be useful for general history taking. However, it is plau-
sible that embedding the desired ECCS levels directly into
the prompt could encourage ChatGPT to provide empathic
opportunities aligned with these levels. Furthermore, it is
conceivable that specifying these levels, along with a corre-
sponding request, could prompt ChatGPT to provide targeted
feedback on students’ responses. Nevertheless, ChatGPT
might be an adjunct to learning with SPs. Future studies
should compare the effectiveness of training empathic his-
tory taking using ChatGPT with SP-based training. Commu-
nication generally consists of verbal and non-verbal aspects
and it has already been shown that empathy is correlated
with non-verbal communication in medical encounters but
not with verbal communication [4]. An obstacle to consider
when using ChatGPT for training history taking is that non-
verbal aspects cannot yet be addressed by using ChatGPT.
The same applies to minimal implicit verbal expressions
(e.g., “hmm”), as these are inserted spontaneously dur-
ing a conversation that cannot be effectively replicated in
interactions with ChatGPT. The study results accentuate

this assumption as no empathic responses at level 1 were
found. On the other side, there were also no findings for
responses at level 6. It should be discussed whether respond-
ing at level 6 with shared feelings or expressions constitutes
too much self-disclosure, and whether the optimal empathic
response might be found closer to the middle of the spec-
trum with balanced and personalized self-disclosure. A
study conducted with patients suffering from chronic pain
found that self-disclosure is conducive to patients’ own self-
disclosure and is perceived as empathic; however, patients
also reported concerns that excessive self-disclosure by the
physician might lead to an insufficient focus on the patient
[43]. Nevertheless, self-disclosure is a connective element
in a physician—patient relationship as physicians sharing
appropriate self-disclosure are perceived as empathic and
facilitate patients’ self-disclosure [44]. Since expressing
empathy is highly dependent on culture [45], the results
may differ across different regions, and, therefore, may not
be fully generalizable.

Strengths and Limitations

To our knowledge, this is the first study using ChatGPT as a
virtual patient presenting with cardiological diseases in an
emergency ward. Without a doubt, empathy plays an impor-
tant role in the practice of medicine and is stated as crucial
for patient satisfaction in the areas of cardiology and emer-
gency medicine [32], which is why we combined both areas.
During the analysis, both sides of the interaction between
ChatGPT and medical students were rated, resulting in an
assessment of ChatGPT’s given empathic opportunities and
students’ empathic reactions. Two main conclusions can be
drawn. The first concerns whether ChatGPT can be used
for practicing empathic communication from the students’
perspective. The second relates to ChatGPT’s feasibility in
creating an appropriate environment for such practice by
providing empathic opportunities. In this context, it is note-
worthy that students conducted an average of 24.96 interac-
tions per chat, demonstrating ChatGPT’s ability to maintain
its persona over an extended conversation. Moreover, the
use of their own ChatGPT accounts by students was advan-
tageous, as it enhanced the external validity by providing
insight into how students might use ChatGPT as a VP at
home. Although most students reported a moderate expe-
rience with ChatGPT, its ever-increasing usage worldwide
suggests that an increasing number of medical students will
likely use ChatGPT at home.

The study has limitations, the most significant being the
small sample size. As a result, the findings should be con-
sidered preliminary. Future research should include larger
and more diverse samples. One shortcoming that simultane-
ously is an advantage is the use of students’ own ChatGPT
accounts. For this study, no separate interface was created,;
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and therefore, students had to use their own accounts. While
this improved external validity, it reduced controllability.
One obstacle was that students should not see the name of
the disease in the applied prompt, which is why the dis-
ease had to be embedded in the storyline paraphrased by
only stating relevant facts. This obstacle could be circum-
vented by creating an interface in which the disease could
be deposited namely along with all specifications [e.g., 31].
The study results showed no significant differences in verbal
empathy expressions between the two temperatures. There-
fore, it should be noted that simply adding information about
response temperature to the prompt is insufficient. A custom-
ized interface would also allow for clearly depositing the
response temperature on which ChatGPT should provide its
answers. Another limiting factor is that ChatGPT 3.5 is not
as controllable as a customized VP, especially in terms of the
storyline. During the data collection, ChatGPT occasionally
provided trial versions of ChatGPT 4.0 for the first questions
in some chats, which was not controllable. The course stu-
dents attended beforehand focused on general history taking
rather than disease-specific history taking. Although empa-
thy is important in the field of cardiology and emergency
medicine, applying the chosen diseases simultaneously is
a limitation. Future studies should match the diseases with
existing course contents. Nevertheless, students were able
to transfer their learned skills to new contexts favoring the
generalizability of the learned contents. Moreover, the emer-
gency department as a chosen setting for the storyline in the
prompt may have hindered students from taking an empathic
medical history. Although the selected diseases were not
life-threatening, the study should be conducted in general
practice setting, where such conditions might be approached
more empathically due to their less severe nature. The ECCS
is a standardized and valid tool for analyzing empathic com-
munication; however, until now, it has only been used in
research involving human participants. Therefore, it should
be further investigated whether the ECCS is also a valid
tool for analyzing a conversation between a human and a
large language model. For instance, empathic opportunities
at level 1 could not be coded since this level refers to expres-
sions that are shown within a human conversation but not in
a conversation with a large language model.

Conclusion

The study showed initial results for ChatGPT being used
as a tool for practicing empathic history taking. Although
only a relatively small number of empathic interactions
were identified among the many interactions between
ChatGPT and medical students, students were still able
to take comprehensive histories. Thus, ChatGPT might
not yet be perfectly suited for practicing empathic history
taking, but it might be effective for training comprehensive
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history taking. Future research should replicate the study
with a larger sample size to draw more robust and reliable
conclusions that extend beyond the preliminary findings.
Conclusively, the free version of ChatGPT may serve as
a useful and cost-effective supplement to SPs for fac-
tual learning and, initially, for empathic communication
training.

Practice Implications

Using ChatGPT might be a feasible addition for practic-
ing empathic history taking. ChatGPT is a freely acces-
sible tool making it possible for students to practice their
history taking skills self-paced and indefinitely in their
everyday lives. Teachers need to moderate to ensure an
effective learning environment, for example, by provid-
ing validated prompts. Taking this idea further, training
history taking with ChatGPT might be implemented in a
flipped-classroom model. In this sense, students prepare
themselves for the course by taking a history with a pre-
defined prompt asynchronously before the course itself.
During the synchronous part of the course, the prepared
chats are reviewed and teachers should teach the cognitive
aspects of empathy during history taking. In the following
asynchronous part, ChatGPT can again be used as a tool
for practicing the learned aspects of empathic history tak-
ing. In a summative exam (e.g., OSCE), the effectiveness
of ChatGPT as a training tool could be assessed based
on performance improvement. Additionally, training with
ChatGPT should be compared to learning with simulated
patients.
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