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ABSTRACT

The promise of game-based learning relies on the assumption that games provide more engaging
learning experiences than conventional instructional methods. The effects of playing a mobile health
literacy game were compared with reading digital text material on situational interest, epistemic
emotions, and satisfaction. A total of 251 Finnish high- and middle-school students were assigned
one of two conditions: the mobile game or digital text condition. The mobile game condition played
the Antidote COVID-19 game, while the digital text condition read the same health-related content.
Situational interest increased significantly more in the mobile game condition than in the digital text
condition. The game also induced more surprise, enjoyment, and confusion, and less boredom than the
text material. Lastly, the mobile game condition showed higher satisfaction with the learning material.
These findings suggest that game-based learning is more interesting and emotionally engaging than
reading digital text, evoking stronger interest and epistemic emotions relevant to learning.
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INTRODUCTION

The COVID-19 pandemic accelerated education’s digital transformation. School closures and
quarantines disrupted learning for over 1.6 billion children worldwide (United Nations Educational,
Scientific, and Cultural Organization, 2023). Digital technologies, including game-based learning
environments, offer sustainable solutions in both formal and informal contexts (Krouska et al., 2022)
and support adolescents’ health and well-being, particularly in vulnerable situations (Dietvorst et
al., 2022; Keinonen et al., 2023). A recent meta-synthesis (Efe & Umdu Topsakal, 2022) shows that
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digital games in health education effectively foster health literacy and empower informed decisions.
Game-based learning (GBL) has supported therapeutic purposes (Fleming et al., 2017; Wilkinson,
2008), health behavior (King et al., 2013), patient involvement (Kato, 2010), and vaccine knowledge
(Ou et al., 2024). Games have also been used in antismoking (J. Kim et al., 2020), antimicrobial
resistance (Tarin-Pell6 et al., 2022), cancer therapy (Bacharz et al., 2020), and physical exercise (Wei
& Wang, 2019).

However, a meta-synthesis by Efe and Umdu Topsakal (2022) revealed that research on digital
games in health education is sparse, with most studies focusing on adults. Consequently, they called for
more studies targeting primary and secondary school learners. Furthermore, while there is evidence that
digital games can support health literacy in various contexts, relatively little is known about whether
such games foster interest and emotional engagement when learning about health-related topics,
compared to more traditional instructional approaches. Given the emotional nature of health-related
topics, such as the COVID-19 pandemic and vaccinations, it is crucial to examine whether GBL
uniquely contributes to emotional engagement and interest in health literacy education. As mobile
health literacy games can reach a broad audience in informal contexts, playing such games can spark
players’ motivation, interest, and curiosity to engage with the topic more deeply beyond the game
environment, possibly increasing interest in health science careers.

Kiili et al. (2023) used co-occurrence network analysis to explore players’ emotional and
motivational experiences with a game-based learning environment (GBLE) called Antidote
COVID-19. Antidote COVID-19 is a mobile game designed to enhance players’ health literacy
about COVID-19, including topics related to pathogens, the human immune system, vaccines, and
pandemics. The findings revealed that situational interest and flow experience were closely related
to positive epistemic emotions, including enjoyment, curiosity, and surprise. However, the findings
by Kiili et al. (2023) are limited in their ability to determine the impact of game-based learning on
motivation and emotions because they lack a comparison with traditional instructional methods (e.g.,
textbooks). Our study addresses this gap by building on this work and using a quasi-experimental
design to examine whether playing a health literacy game called Antidote COVID-19 influences
learners’ situational interest, satisfaction, and epistemic emotions differently than reading a digital
textbook covering similar content without game elements.

Game-Based Learning

In the past decade, the use of learning games and research on GBL has increased in education
(Hwang & Chen, 2022). According to Plass et al. (2020a), GBL involves redesigning a basic
instructional task by applying game elements and mechanics (non-player characters, aesthetics,
music score, interactions, mission, narrative, progression, etc.) beyond a reward system to make it
more interesting, meaningful, and ultimately more effective for learning. Although there is clear
evidence that GBL is more effective at improving learning outcomes than conventional instructional
methods (Clark et al., 2016; Lei et al., 2022; Rosati et al., 2025; Wouters et al., 2013), the results on
motivational and emotional outcomes are mixed. For instance, a meta-analysis conducted by Wouters
et al. (2013) indicated that GBLEs did not facilitate motivation more than conventional teaching
methods. However, some GBLEs included in the meta-analysis did. The inconclusive results suggest
that poorly designed games could potentially diminish learners’ motivation.

A possible explanation for the lack of empirical evidence on GBL'’s effectiveness is that the
theoretical landscape of GBL is fragmented. A recent systematic survey (Krath et al., 2021) showed
that researchers had used over 100 different theories in explaining the design and effects of serious
games, GBL, and gamified learning. Importantly, the results revealed that cognitive-affective models of
learning (e.g., Plass & Kaplan, 2016) and interest theory (e.g., Hidi & Renninger, 2006) have received
minimal attention relative to more popular theories, such as flow (Kahyaoglu Erdogmus & Kurt,
2024). This is worrying because scholars have proposed that motivation and emotional engagement
might be key factors in GBL effectiveness (Ninaus et al., 2019; Plass et al., 2015).
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Engagement in Game-Based Learning

Engagement with learning tasks is an essential prerequisite for learning. While there are many
variations in how engagement is defined, the most common perspective suggests that it encompasses
four interrelated dimensions: behavioral, social, emotional, and cognitive (Fredricks et al., 2016).
In simple terms, engagement is active involvement in a specific learning task (Newmann, 1992).
In line with this, Schwartz and Plass (2020, p. 55) defined engagement in games as “an active and
focused investment of effort in a game environment.” Plass et al. (2015) emphasized that the goal
of behavioral and emotional engagement is to foster cognitive engagement with the game’s learning
mechanics. While behavioral engagement has received more attention in GBLE research, the specific
role of emotional engagement within GBLEs remains ambiguous. Thus, the current study focuses
on emotional engagement in GBLEs.

There are significant challenges with measuring emotional engagement. Emotions are relatively
short episodes elicited in response to appraisals that learners make about their environment based
on their personal goals and aspirations. Described by type, emotions fall into different categories,
depending on the object and the specific nature of the emotion. Within learning contexts, academic
emotions are categorized into achievement, topic, epistemic, and social types (Muis et al., 2018).
Pekrun et al. (2017) explained that the focus of epistemic emotions is knowledge and the creation of
new knowledge. Unlike epistemic emotions, achievement emotions are triggered by and focused on
success or accomplishment in academic tasks. In GBL, players may also experience topic emotions
triggered by the game’s theme, such as COVID-19 in our case, as well as technology emotions evoked
by the devices used to access the GBLE. In this study, we concentrate on epistemic emotions due
to their direct connection to the learning process (Vilhunen et al., 2022), their potential to motivate
learners to engage in cognitive activities (Muis et al., 2018), and their impact on learning outcomes
and performance (D’Mello et al., 2014).

Epistemic Emotions

In a learning task, epistemic emotions emerge when a discrepancy in information processing
related to the learning content is identified (Muis et al., 2018). The impasse caused by discrepancies
may trigger various epistemic emotions such as surprise, confusion, and curiosity. Learners may apply
strategies (regulatory or cognitive) to alleviate the incongruity in the task, and these may be crucial
for task performance (Muis et al., 2018). Pekrun et al. (2017) characterized seven epistemic emotions
that occur during learning: surprise, curiosity, enjoyment (excitement), confusion, anxiety, frustration,
and boredom. Epistemic emotions are often described by their valence (e.g., pleasant or unpleasant)
and intensity (e.g., activating or deactivating; Russel, 1980). Compared to negative, deactivating
epistemic emotions, prior studies show that positive, activating epistemic emotions (e.g., curiosity
and enjoyment) enhance learning outcomes, elaboration, and critical thinking (Mayer, 2020; Muis
et al., 2015). Ideally, the design of a GBLE should induce pleasant epistemic emotional experiences,
such as curiosity and enjoyment, and minimize unpleasant epistemic emotions that harm cognition
and learning, especially deactivating emotions (e.g., boredom).

In many cases, confusion, a negative activating emotion, has been shown to enhance learning
(Richey et al., 2019) because it encourages a learner to focus on the discrepancies they encounter
during information processing. The confusion may stimulate motivation and persistence to overcome
the discrepancy and eventually resolve the state of confusion. Resolving confusion, satisfying curiosity,
or solving a problem can lead to enjoyment (Chevrier et al., 2019). However, when confusion persists
and the learner cannot resolve the discrepancy in their understanding, it can transition into a state of
frustration. Negative epistemic emotions such as frustration, anxiety, and boredom tend to impact
learning negatively (Chevrier et al., 2019). Nevertheless, the findings are inconsistent; some studies
find that negative emotions, such as frustration, can also lead to greater cognitive processing and
learning (Cloude et al., 2022, 2024; Richey et al., 2019). Anxiety can also emerge when the learner
wants to do well. Yet, novel information conflicts with their knowledge base, creating multiple
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discrepancies and possibly making the task appear overwhelming or unachievable (Chevrier et al.,
2019). Finally, boredom results from complete disengagement, a deactivating negative emotion; it
entails little motivation to continue the current task (Chevrier et al., 2019), thereby undermining
learning altogether (Muis et al., 2015).

Situational Interest

Situational interest is conceptually defined as a motivational state that prompts individuals to
re-engage in learning activities (Hidi & Renninger, 2006). Situational interest emerges from a learner’s
interaction with the learning environment in which they are present. In general, GBL is hypothesized
to facilitate more situational interest and improve learning outcomes (Kiili et al., 2021; Koskinen
et al., 2023a, 2023b; Plass et al., 2012, 2013, 2015). GBLEs have been shown to effectively foster
situational interest by providing immersive, interactive, and visually engaging content that encourages
exploration and experimentation (Loderer et al., 2019). Researchers have identified enjoyment,
interest, focus or concentration, and feeling entertained as the main components of situational interest
(Schmidt & Rotgans, 2021). Studies have also found that situational interest was associated with
positive epistemic emotions, enjoyment or excitement (Kiili et al., 2023; Reeve et al., 2015), and
curiosity (Schmidt & Rotgans, 2021). Situational interest and epistemic curiosity are often linked
in literature as motivational processes that drive learning (Schmidt & Rotgans, 2021). In a recent
study, Kiili et al. (2023) examined the co-occurrence of situational interest, epistemic emotions, and
flow experience with co-occurrence network analysis with the Antidote COVID-19 game. Results
showed that situational interest and flow experience primarily co-occurred with positive epistemic
emotions, namely enjoyment or excitement, curiosity, and surprise. As such, in the present study, we
measure epistemic emotions and situational interest, which serve as proxy indicators of emotional,
motivational, and cognitive engagement during learning.

OBJECTIVES

Relatively little is known about how health literacy games influence interest and epistemic
emotions. Given the connection between situational interest and epistemic emotions with engagement
and learning (Muis et al., 2018; Rotgans & Schmidt, 2017), it is crucial to explore whether situational
interest and epistemic emotions differ in the context of a health literacy game compared to non-game
health literacy material. As such, the current study employs a quasi-experimental design to investigate
potential differences in situational interest, perceived satisfaction, and epistemic emotions between
the Antidote COVID-19 game (mobile game condition) and a content-equivalent digital text (digital
text condition; PDF including text and pictures). To guide this investigation, we formulated three
research questions and two hypotheses, detailed below.

RQ1: Is there a difference in situational interest change between the mobile game and digital text
conditions?

Learning games often incorporate various characteristics identified as potential triggers of
interest (Renninger et al., 2019). The Antidote COVID-19 game, in particular, includes triggers such
as challenges, learner-directed activities, interaction, novelty, character identification, and heightened
emotions. Against this background, we expect situational interest to increase significantly more in
the mobile game condition than in the digital text condition (Hypothesis 1).

RQ2: Is there a difference in perceived satisfaction after intervention between the mobile game and
digital text conditions?
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GBLEs are designed to stimulate emotional engagement and interest using a range of game
mechanics, including aligning content with learning goals (Plass et al., 2020b). Prior studies find
evidence that game elements can enhance satisfaction (E. Kim et al., 2018; Lin, 2009); however,
in some cases, this effect was moderated by learners’ individual characteristics (Clark et al., 2016).
Thus, it is difficult to determine the effectiveness of games on satisfaction, as the literature has many
limitations (e.g., the use of different types of educational games and control groups). Nevertheless,
based on the current literature, we expect perceived satisfaction to be significantly higher in the mobile
game condition than in the digital text condition after the intervention (Hypothesis 2).

RQ3: Are there differences in experienced epistemic emotions after intervention between the mobile
game and digital text conditions?

Due to the limited and mixed research on epistemic emotions in GBL, we will approach emotional
engagement in an explanatory manner.

METHOD

Participants and Conditions

Two hundred fifty-one ninth-grade (n = 251) and first-year high school students participated in
the study, aged 14 to 18 years (M = 15.70, SD = 0.76). Convenience sampling was used to recruit
four Finnish schools (13 classes across) for the study: two high schools and two middle schools. These
schools were selected as they were convenient for the researchers to access. Each class was randomly
assigned to either the mobile game or digital text condition. One hundred thirty-six participants
were assigned to the mobile game condition (data from Kiili et al., 2023). Mobile game condition
participants’ ages ranged from 14 to 18 (M = 15.81, SD = 0.89). A total of 118 participants were
allocated to the digital text condition (new data), and their ages ranged from 14 to 17 (M = 15.69,
SD = 0.59). The mobile game condition consisted of 42 men, 78 women, and 16 participants who
reported their gender as other. In comparison, the digital text condition consisted of 38 men, 75
women, and 5 participants who reported their gender as other. In the mobile game condition, 61%
of participants reported playing digital games (i.e., mobile, console, or computer games) at least a
few times a week. In contrast, in the digital text condition, this percentage was 66%.

The study complies with the national legal and ethical requirements, including the ethical
guidelines of the Finnish National Board on Research Integrity, legislation for the protection of
privacy, and the European Union General Data Protection Regulation. Approval was obtained from
local school authorities. Parents and participants were provided with detailed information about the
study, including its procedures, measures, data management practices, and ethical considerations.
Parents were allowed to opt their child out of the study, and participation was entirely voluntary.
As personally identifiable information was not collected, informed consent was sought only from
participants before the study began. Participants retained the right to withdraw from the study at any
time without facing any consequences.

Material Descriptions
The Antidote COVID-19 Mobile Game

The mobile game condition played the Antidote COVID-19 mobile game, developed by Psyon
Games. The authors were independent of the development process and have no affiliation with Psyon
Games. This game, validated by the World Health Organization, concerns viruses, the human immune
system, vaccines, and pandemics. The gameplay is built around tower defense mechanics, in which
the player protects a cell’s base from various threats, including swarming bacteria and viruses (see
Figure 1).
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Figure 1. Gameplay: Coronavirus Destroys Towers (White Blood Cells) and Tries to Reach the Base of the Cell
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The main enemy is the coronavirus, which can cause the most harm to the player. Regarding
emotional design, anthropomorphism (Brom et al., 2018) is applied to the game characters. In this
context, anthropomorphism refers to attributing human-like qualities, emotions, or behaviors to the
game characters to enhance engagement and emotional connection with the players. For example,
macrophages have eyes and mouths and they eat enemies. In general, friendly characters are designed
with cheerful, neutral, and endearing expressions, while the enemies embody menacing, threatening,
and wicked appearances. The game’s vibrant, colorful design aligns with emotional design principles
by creating an engaging, visually stimulating environment that aims to capture players’ attention and
elicit positive emotions.

The game’s simple narrative centers on the exploration of coronavirus characteristics and the
development of vaccines to combat it. This story unfolds through laboratory messages and comic
strips integrated into the gameplay experience (see Figure 2). In each of the 40 levels, players are
tasked with initially constructing a pathway that the enemies must traverse to reach the base. The
player’s objective is to construct defensive towers along this pathway. Sugar is the player’s main
resource when building towers. Sugar production occurs automatically, but the player can enhance
production speed using a designated tower. With every sugar produced, the player can build a new
tower or upgrade the old one to a better version. A diverse array of defensive towers is available to
players, each representing different types of white blood cells (e.g., monocytes and macrophages),
which can, for example, destroy enemies by eating them, slow them down, or boost other towers’
performance via vaccination. For example, upgrading a monocyte increases the kill rate of enemies.
Coronavirus differs from bacteria enemies because it may wander off the path, destroy players’ towers,
and create more copies of itself.
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Figure 2. Comic Strips (Top) and In-Game Dialogue (Bottom) Deliver the Narrative and Convey Health Messages
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Yes! See how the Monocyte ate those
toxins. But we need more eaters to deal
with bacteria.

If an excessive number of enemies reach the base and deplete its health points, the player will
lose and will need to restart the level. As the player completes levels, they will unlock new towers.
New towers give players many advantages, such as speeding up sugar production (myeloblast) or
destroying a cell already infected by the coronavirus (natural killer cell). Furthermore, by utilizing
RNA points, the player can enhance their vaccines, thereby gaining a competitive advantage against
enemies. The game provides performance feedback to the player through health points and RNA
points. Additionally, players can access an in-game encyclopedia at any time to gather information
about different cells, enemies, and vaccines featured in the game.

The Digital Text Material

The digital text condition was presented with multimedia learning material, a PDF file (see Figure
3). In total, there were six pages, including text and pictures. The material had four subsections that
addressed the basics of pathogens, the immune defense system, vaccines, and pandemics. In addition
to text, the document contained two pictures listing different cells, one showing the spread of the
coronavirus, and a table with examples of bacteria and coronaviruses, each with a picture. The digital
text closely mimics the typical presentation of content in standard textbooks; therefore, it did not
include any emotionally charged content. Although the pictures were colorful, they were not designed
to induce specific emotions. Otherwise, the content of the digital text material was matched to the
game’s content. Psyon Games produced the material. Participants opened the digital text material
(PDF) via the provided link in their web browser.
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Figure 3. Example of the Digital Text Material in Finnish

Tyyppi | Esimerkki | Kuvaus

Bakieeri | Lavantauti | Lavantauti . jota aiheuttaa

typhi -niminen bakieer. Tama bakieeri tuottaa
toksiingja, jotka vahingoittavat inmiskehon kudoksia
infektion aikana. Bakieerin tuottamat toksiinit
vahingoittavat suolistoa.

Virus. COVID-19 | COVID-19 on tartuntatauti, jota aiheuttaa
SARS-CoV-2 -niminen koronavirus. Se on uusi virus,
joka havaittiin ihmisissa ensi kertaa vuonna 2019,
Tama infektoi

jar

solun sis3an ohjaa
infektoidun solun tuottamaan miljoonia kopioita
viruksesta, jotka vapautuvat elimistoon aiheutiaen
ksaa infektioita ja mahdollisesti vakavan taudin
joillekin yksiloise.

Patogeenien havaitseminen

Infektion aikana patogeeneja voidaan tunnistaa eri menetelmin. Bakleeri-infektiot

voidaan tunnistaa mikr in avulla tai i niiden perintbaines, kuten
DNA tai mRNA. Virukset oval liian pienia nahtavaksi edes mikroskoopin avulla, joten
niita voidaan tunnistaa vain perintdaineksen sekvensoinnilla. Sek inti eli
perintoair i ) tarkan jarj d en, kertoo

laakareille tasmallisen tarkasti, mista taudinaiheuttajasta on kyse.

Immuunipuolustuksen perusteet

Immuunijérjestelmé
Jos patogeenit t ihmi erikoistt jan
lapi (esim. iho ja limakalvot), ne voivat aiheuttaa infektion. Keholla on kuitenkin

i | J infektion i Tama pu ja  on
immuunijariestelma ja se koostuu eri tyyppisista soluista. Immuunisolut eli valkosolut
kehittyvat luuyti ijaitsevi ilai erilaisiin puol
Eri tyyppisia valkosoluja ovat neutrofilit, basofiilit, it yytit,

i luonnolliset j seka ly yytit (B-solut ja T-solut).

Measures

Measures were administered before the instructional treatment (pre-questionnaire) and after
the instructional treatment (post-questionnaire). The timing of each measure is shown in Figure 4.
Situational interest was measured using a four-item scale: According to Schmidt and Rotgans (2021),
this scale reflects the enjoyment, interest, focus or concentration, and a feeling entertained components
of situational interest. In their study, the scale demonstrated good reliability, with a coefficient H of
.84. For the first situational interest measurement (pre-questionnaire), participants were given the
following instruction: “After this questionnaire, you can access learning material on viruses, the human
immune system, and vaccines. The questions below refer to this particular topic.” The items were: (a)
“I enjoy working on this topic,” (b) “I think this topic is interesting,” (c) “I am fully focused on this
topic; I am not distracted by other things,” and (d) “Presently I feel bored.” Participants responded
using a five-point Likert scale, ranging from 1 (strongly disagree) to 5 (strongly agree). The same
scale was used in the post-test questionnaire. However, the given instruction was slightly modified:
“You have just explored a learning material that examined the functioning of viruses, the human
immune system, and vaccines. The following questions relate to this topic.”

Figure 4. Structure and Procedure of the Study
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Perceived satisfaction with the learning material was measured with one question adopted
from Um et al. (2012). The question asked was, “How much did you like the learning material?”
Participants responded using a seven-point Likert scale ranging from 1 (not at all) to 7 (very much).
Asin Um et al. (2012), we treated satisfaction as a unidimensional construct, capturing participants’
overall evaluation of the learning material. Moreover, Allen et al. (2022) argued that single-item
measurements can provide valid reflections of the construct of interest.

Epistemic emotions were measured with the short version of the epistemically-related emotion
scales (Pekrun et al., 2017). In this short scale, each epistemic emotion (surprise, curiosity, excitement,
confusion, anxiety, frustration, and boredom) was measured with a single item. In the original scale,
the items are presented as single-word descriptors of emotional states (e.g., surprised, excited,
and bored). To enhance clarity and make the items more accessible to adolescent participants, we
reformulated them as first-person statements (e.g., “I was surprised,” “I was excited,” and “I was
bored”). This change aligns the items more closely with the participants’ personal experiences,
encourages self-reflection, and makes them easier for adolescents to comprehend, thereby improving
the reliability of their responses. Participants received the following instructions to report their
emotions: “Below, you will find statements that describe different emotional states. Reflect on
how strongly you experienced each emotion while playing the game/reading the learning material,”
depending on the condition. A five-point Likert scale was used with the response categories: 1 =
not at all, 2 = quite a little, 3 = moderately, 4 = strongly, and 5 = very strongly. Note that the item
of excitement is used to reflect enjoyment in the short version of the epistemically-related emotion
scale (Pekrun et al., 2017). Therefore, we use the excitement term to avoid misinterpretation when
reporting the results. All the scales used were administered in Finnish.

Procedure

The study took place on regular school days and was administered by a researcher. The
researcher presented a video to participants, delivering information about the study and practical
instructions. Afterwards, each participant received a randomly generated code (tag) to access digital
pre- and post-questionnaires. Figure 4 shows the study procedure. First, participants completed the
pre-questionnaire, which included a consent form, demographic questions, and a situational interest
scale. Subsequently, participants in the mobile game condition individually played the game on an
iPad for 25 minutes. In the digital text condition, participants spent 20 minutes individually reading
the provided learning material. The playing time was decided based on the average time a normal
player (who has downloaded the game from the app store) usually spends with the game (based on
game logs). The learning phase of the mobile game condition was five minutes longer, as players had
to read an external game tutorial and learn the basics of the game. Finally, participants completed the
post-questionnaire, which included scales for epistemic emotions, situational interest, and perceived
satisfaction.

Analyses

The situational interest data exhibited a normal distribution based on the skewness and kurtosis
values. The epistemic emotions and satisfaction data were not normally distributed. Cronbach’s alpha
values for the situational interest in the pre-questionnaire and post-questionnaire were .61 and .81,
respectively. Although Cronbach’s alpha for the pre-questionnaire measure was relatively low (x =
.61), we consider it acceptable given the limited number of items (four) in the scale, each measuring
a distinct component of situational interest (Taber, 2018). Additionally, at the first measurement
point, situational interest was measured before exposure to the learning material, which may have
led participants not to fully engage with the topic, resulting in increased variability in responses.
Moreover, the scale is a theoretically formed instrument that has demonstrated good reliability in
prior research (H = .84; Schmidt & Rotgans, 2021). Importantly, reliability increased to an acceptable
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level (¢ = .81) in the post-measure, reflecting a more consistent assessment of situational interest
after interaction with the learning materials.

A repeated-measures mixed analysis of variance (ANOVA) was conducted to examine differences
in situational interest (dependent variable) and to address RQ1. We selected a repeated measures
ANOVA because our primary interest was to examine within-subject differences in situational interest
across mobile and digital text conditions. While analysis of covariance is appropriate for adjusting
between-group comparisons using covariates, it assumes independence between observations and is
better suited for between-subject designs. In contrast, our study involves repeated observations of the
same individuals, making a repeated measures ANOVA more appropriate for capturing within-subject
change over time. Additionally, the repeated-measures framework allows us to directly test interaction
effects between time/condition and within-subject factors, which would be more complex to model
using analysis of covariance. The repeated mixed ANOVA included a within-subject factor of time
(situational interest measured at two time points) and a between-subject factor of condition (mobile
game vs. digital text). For the ANOVA analyses, partial eta-squared (72p) was used as a measure of
effect size. Effect size was interpreted based on the following thresholds: small effect (y2p > 0.01),
medium effect (72p > 0.06), and large effect (y2p > 0.14), as suggested by Cohen (1988).

Differences in each epistemic emotion were analyzed separately, as Pekrun et al. (2017) have
suggested. To address non-normal distribution violations and the use of ordinal one-item measurement
scales, we employed a Mann—Whitney U test to examine differences in epistemic emotions (RQ2)
and satisfaction (RQ3) between the mobile game and control conditions. Regarding epistemic
emotions, Bonferroni correction was used to address multiple comparisons, resulting in an adjusted
significance threshold of a = .007 (.05/7 = .007). Rank-biserial Correlation was used as a measure
of effect size for the Mann—Whitney U tests. Effect sizes were interpreted based on the following
thresholds: small effect (» > 0.11), medium effect (r > 0.28), and large effect (r > 0.43), following
Vargha’s and Delaney’s (2000) suggestions.

RESULTS

Descriptive Statistics and Preliminary Analysis

The descriptive statistics for the study variables are presented in Table 1, and the correlations
among variables are presented in Table 2. The participants in the mobile game condition played 4.61
game levels on average (SD = 1.40, minimum = 1, maximum = 9). To evaluate whether learners’
characteristics (age, gender, and game-playing experience) confounded situational interest between
the mobile game and digital text conditions, multiple t-tests (and a chi-square test for gender) were
conducted. Results did not show significant differences in age (#(249) = 1.49, p = .881), or in
game-playing experience (#(249) = -0.907, p = .365). A y2 test revealed no statistically significant
gender differences between the conditions, y2 (2) =4.17, p = .124.

Table 1. Descriptive Statistics for Study Variables

Mobile game condition Digital text condition
Variable M SD Skewness Kurtosis M SD Skewness Kurtosis
SI pre 2.88 | 0.71 -0.28. -0.17. 298 | 0.67 -0.12. 0.12.
ST post 327 | 0.90 -0.38. -0.42. 2.88 | 0.95 -0.05. -0.70.
Satisfaction 4.84 1.65 -0.70. -0.25. 4.19 1.47 -0.33. -0.44.
Surprise 3.05 1.11 -0.20. -0.66. 2.14 | 0.99 0.59. -0.18.

10

continued on following page




International Journal of Game-Based Learning
Volume 15 ¢ Issue 1 * January-December 2025

Table 1. Continued

Mobile game condition Digital text condition
Variable M SD Skewness Kurtosis M SD Skewness Kurtosis
Curiosity 3.17 1.06 -0.27. -0.44. 2.86 1.02 -0.17. -0.31.
Excitement 3.37 1.15 -0.37. -0.72. 2.41 1.01 0.63. 0.18.
Confusion 2.8 1.16 0.20. -0.92. 2.03 1.00 0.67. -0.38.
Anxiety 1.74 1.09 1.35. 0.78. 1.41 0.82 2.62. 7.84.
Frustration 2.35 1.18 0.55. -0.59. 2.02 1.17 1.03. 0.22.
Boredom 1.88 1.09 1.16. 0.54. 2.81 1.21 0.52. -0.69.

Note. Sl = Situational interest.

Table 2. Correlations Among the Study Variables

Variable 1. 2. 3 4. 5. 6. 1 8. 9. 10.

1. ST pre —. 61%%, 32k, 20%%, A48, A40%%, - 13% -.07. -26%%, -.33%%,
2. SI post 667, 50%%, 4%, 67%%, .07. -.03. -.30%%, -.65%%,
3. Satisfaction 59k, 2%k, 70%%, 18, .06. - 16%%, -.63%%,
4. Surprise 59%%, 63, A4 23k, .04. - 45%%,
5. Curiosity 72%%, 24%%, .03. - 17 =57
6. Excitement 32k, 18, -.05. -.627%%,
7. Confusion 23k, 34k, - 13%
8. Anxiety 53k, A1

9. Frustration 33k,
10. Boredom —

Note. S| = Situational interest.
** Correlation is significant at the 0.01 level (two-tailed).
* Correlation is significant at the 0.05 level (two-tailed).

Situational Interest

Variances were homogeneous in both situational interest pre- (p > .05) and post-scores (p > .05)
as assessed by Levene’s test of homogeneity of variances. Box’s M test indicated that the covariances
of situational interest were not equal across conditions (p = .029). Although the homogeneity of
covariances assumption was violated, we examined changes in situational interest with repeated mixed
ANOVA. Before conducting our main analysis and to better interpret the change in situational interest
from pre- to post-measure (RQ1), we compared the level of situational interest before the task across
conditions, which showed no statistically significant differences, #(249) =-0.97, p = .334. A repeated
mixed ANOVA with condition (mobile game vs. digital text) as the between-groups factor and time
as the within-groups factor (pre- and post-measure) was conducted to check if there is a difference
in terms of situational interest between the mobile game and digital text conditions.

There was a statistically significant interaction between the condition and time on the level of
situational interest, F(1, 249) =27.011, p < .001, partial n2 = .098, indicating a medium effect. The
main effect of time showed a statistically significant difference in situational interest at the different
time points, F(1, 249) = 10.089; p = .002; partial #2 = .039. The main effect for the condition was
not significant, F(1,249) = 2.675, p > .05, partial #2 = .011. Pairwise comparisons showed that the
change of situational interest from pre- to post-measure in the digital text condition did not change
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significantly (M ,=2.98; SD =.064,; M, =2.89; SDp , = -085; p > .05). Conversely, the change
from pre- to post measure in the mobile game condition was statistically significant (M = 2.89;

SD, =.06:M, =327:SD  =.08;p<.00l).

0st pnt
The Level of Satisfaction

A Mann—Whitney U test was conducted to determine whether there were differences in satisfaction
with the learning material between the mobile game and digital text conditions. Distributions of the
satisfaction scores for conditions were similar, as assessed by visual inspection. Median satisfaction
score was statistically significantly higher in the mobile game condition (5) than in the digital text
condition (4), U= 5860, z=3.603, p < .001, r,= .26. The effect size was interpreted as a small effect.

Epistemic Emotions

We ran seven Mann—Whitney U tests to examine whether the strength of epistemic emotions
differed between the mobile game and digital text conditions (see Table 3 for test statistics).
Distributions of epistemic emotion scores across conditions were similar, as assessed by visual
inspection. The tests revealed that participants in the mobile game condition reported significantly
higher surprise, excitement, and confusion, as well as significantly lower boredom, than participants
in the digital text condition (all p < .001; effect sizes were interpreted as large). We found marginally
significant differences in the levels of curiosity (p < .018), frustration (p < .013), and anxiety (p <
.016) between the conditions (the effect sizes were interpreted as small).

Table 3. Results of Mann-Whitney U Tests Comparing Conditions Across the Emotions

Mobile game Digital text
Emotion Mdn. Mdn. U b4 P T,
Surprise 3 2 4304 -6.352 <.001 *. A5
Curiosity 3 3 6545 -2.359 .018. 17
Excitement 4 2 4236 -6.464 <.001 *. 46
Confusion 3 2 4963 -5.186 <.001 *. 37
Anxiety 1 1 6674 -2.421 .015. 15
Frustration 2 2 6464 -2.498 .012. 18
Boredom 2 3 4303 -6.397 <.001 *. A5

* Adjusted significance threshold after correcting for multiple comparisons is a = .007 (Bonferroni correction: 0.05/7).

DISCUSSION

In the current study, we compared differences in situational interest and emotional outcomes
between learners (adolescents) who learned about the human immunology system, viruses, and
vaccination with the Antidote COVID-19 game and learners who learned the same content with a
digital textbook-type material consisting of text and pictures. The research objective was twofold:
first, we investigated how the learning materials affected situational interest (change from pretest to
posttest) and how satisfied learners were with the learning materials. Second, we examined learners’
emotional engagement by measuring the strength of epistemic emotions induced during the task.
Given that game-based tasks have seemed to increase emotional engagement in previous studies
(Kober et al., 2020; Ninaus et al., 2019), exploring epistemic emotions was an important step toward
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understanding the role of game elements in inducing emotions linked to the cognitive processing of
the learning content.

Situational Interest and Perceived Satisfaction

Consistent with Hypothesis 1, learners in the mobile game condition showed a significantly
greater increase in situational interest (from before to after the GBLE) compared to those in the digital
text condition. These findings align with previous research, in which learners demonstrate greater
situational interest after the GBLE than with conventional materials (Liao et al., 2018). The higher
situational interest observed with Antidote COVID-19 compared to the digital text may partly stem
from differences in the level of interaction the learning materials provide (Ainley, 2017; Knogler,
2017). Antidote COVID-19 requires learners to actively interact with diverse game elements (e.g.,
non-player characters, narrative, and building defense towers), while the digital text requires reading
and little to no interaction. Evidently, situational interest seems to increase when content provides
an interactive, visually engaging experience that encourages exploration and experimentation by the
learner (Loderer et al, 2019).

Furthermore, given the game’s emotional design, learners may have been more engaged
with the material, thereby further promoting situational interest (Koskinen et al., 2023b; Wong &
Adesope, 2021). Boosting learners’ situational interest is important as it is a motivational force that
drives learning and engagement (Kiili et al., 2021; Schmidt & Rotgans, 2021) and may develop
into longer-term individual interest (Hidi & Renniger, 2006). Furthermore, learners in the mobile
game condition were also more satisfied with the learning material than learners in the digital text
condition, confirming Hypothesis 2. Overall, our results suggest that Antidote COVID-19 boosted
situational interest and satisfaction in the learning materials compared to learning the same material
with a digital text.

Epistemic Emotions

For positive activating epistemic emotions, learners in the mobile game condition reported more
excitement than learners assigned to the digital text condition. This finding is not surprising given the
RQ1 results, in which learners reported more situational interest in the mobile game condition than
in the digital text condition. Prior studies have found that interest is associated with more enjoyment,
excitement, or happiness (Tang et al., 2022). Consistent with previous research, our findings show
that digital games foster greater excitement, likely due to their engaging and immersive features.
However, these features were absent in the digital text condition.

The higher excitement in the mobile game condition could also be explained by the nature of the
Antidote COVID-19 content. The main goal in the game was to solve the problem introduced through
gameplay. The sense of progression and mastery that emerges during problem solving can stimulate
positive emotional engagement in learners (Kocoglu & Kanadli, 2025). Prior research has also shown
that excitement is associated with expectations and feelings of success in problem-solving situations
(Graesser et al., 2014; Kiuru et al., 2020). Drawing on these findings, it can be argued that the higher
excitement observed in the gameplay condition may have been facilitated by the problem-solving
activities embedded in the game.

Contrary to our expectations, there were no differences in curiosity between the conditions. One
possible explanation is that epistemic curiosity emerges when learners perceive an information gap
or inconsistency between what they know and what they want to know (Litman, 2005). Since the
learning content was similar across both conditions, this may explain why no significant differences
in curiosity were observed. Furthermore, it seems that the continuous feedback provided by the game
did not help learners identify such knowledge gaps that trigger curiosity.

Learners reported higher levels of confusion in the mobile game condition compared to the digital
text condition. Previous research has shown that learners who are more engaged with the material
may be more likely to experience confusion than those who are less engaged (D’Mello et al., 2014;
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D’Mello & Graesser, 2012). Drawing on this, it could be argued that learners found the digital game
more engaging than reading the text material. Furthermore, confusion typically arises when learners
encounter cognitive impasses, which are common in problem-solving environments (Muis et al.,
2018; D’Mello & Graesser, 2012). The lack of confusion in the digital text condition, therefore,
suggests an absence of such cognitive impasses related to problem-solving. This interpretation is
further supported by the finding that learners in the game condition also reported more surprise,
an epistemic emotion previously associated with encountering unexpected obstacles or cognitive
challenges (Muis et al., 2018).

Learners in the game condition reported less boredom than those in the digital text condition.
Boredom is considered a sign of complete disengagement from the learning material (Chevrier et
al., 2019). The current findings highlight the superiority of digital games over traditional text-based
learning materials in terms of format and interactivity. In terms of format, digital games present
learning content through a narrative, challenges, provide immediate feedback, and offer rewards and
incentives (Plass et al., 2016). Regarding interactivity, they allow learners to actively participate in the
learning process by altering events in the game world. These features are not available in text-based
materials. Reading digital text is typically a more passive activity compared to gameplay. Thus, the
relatively less stimulating nature of digital text reading may contribute to higher levels of boredom.

No differences were observed between the conditions in terms of frustration. This finding
indicates that learners in the game condition encountered cognitive impasses, which led to confusion
during task engagement. However, these impasses were likely resolved, preventing the confusion
from escalating into frustration (Chevrier et al., 2019). In the digital text condition, learners may
have already experienced frustration during the passive reading activity, which then transitioned into
boredom as they disengaged from the material. To test these assumptions, future research should
employ process measures to examine the sequential relationships between epistemic emotions across
experimental conditions.

Regarding epistemic anxiety, there were no differences between the conditions. Epistemic anxiety
stems from new information that is highly inconsistent with prior knowledge in a goal-oriented
situation that is overwhelming or unachievable (Chevrier et al., 2019). Thus, it is possible that learners
felt they could make progress toward achieving their goals (e.g., reading the digital text material
or completing a level) without feeling stuck. Furthermore, students in the game condition played
an average of 4.61 levels, with the first four basically serving as tutorial levels. Given the game’s
gradually increasing difficulty, it is possible that students did not have enough time to reach the more
challenging levels or experience continuous failures that could induce epistemic anxiety. Overall, it
was positive that although the gameplay was quite complex, learners in the mobile game condition
reported more excitement, surprise, and confusion, while learners in the digital text condition reported
more boredom. It is important to note that there were no differences in curiosity, an attractive emotion
that may elicit more learning and engagement, or frustration and anxiety. These negative emotions
tend to disturb learning and engagement.

Practical Implications

Because the Antidote COVID-19 mobile game activates epistemic emotions and reduces
boredom, it may help learners stay engaged with critical health content that is particularly important
for combating misinformation about pandemics, vaccines, and immunity. Public health agencies
and schools can use similar game-based interventions to enhance health literacy and encourage
engagement with reliable scientific information. While games increase interest and emotional
involvement, they do not replace the need for structured, in-depth materials. Educators can combine
the game as a motivational hook with follow-up discussion, reflection tasks, or textbook reading to
support conceptual consolidation.
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Limitations and Future Directions

The study was limited by relying on retrospective questionnaires to measure epistemic emotions,
situational interest, and satisfaction. This approach did not capture emotional and interest constructs
during the learning tasks, possibly missing additional information on emotions and motivation. Future
research should complement self-reports with multimodal data and process measures, such as game
logs, physiological responses (e.g., electrodermal activity or heart rate), and facial expressions, to
track how situational interest and epistemic emotions unfold in situ. Importantly, collecting such
multimodal data can also enable researchers to identify how specific game design components—
such as feedback systems, narrative elements, or visual features—directly influence motivation and
emotional engagement. Additionally, the current study involved a relatively short intervention across
the experimental conditions. Future research should consider longer or repeated interventions, as
well as follow-up measures, to evaluate sustained patterns of cognitive and affective functioning.

In the current study, participants were allowed to complete the tasks in both experimental
conditions at their own pace to preserve ecological validity and authentic learning experiences. The
post hoc analyses showed that task duration differed between the conditions. This difference may have
influenced levels of situational interest and emotional engagement independently of the instructional
condition itself. Future research could explore ways to balance ecological validity with tighter control
over task duration or statistically account for exposure time when comparing gameplay and digital text
reading outcomes. The employed digital text was without interactive features. Although this material
reflects a common form of traditional instruction, interactive text-based learning materials might elicit
different levels of situational interest and emotional responses. Future research should incorporate
multiple forms of text-based learning materials to examine this possibility more comprehensively.

It is worth considering that the focus of the reported emotions may not be exclusively epistemic.
For instance, some learners might have reported achievement emotions stemming from their success
in the game (enjoyment, anxiety) rather than emotions directly linked to the learning content they
encountered while playing. However, in a think-aloud study in which epistemic emotions were similarly
explored, the majority of emotions reported were epistemic in nature (Muis et al., 2015). Moreover,
the sensitivity of the learning material’s topic could have also triggered topic-related emotions in
some learners who had negative experiences with COVID-19.

One limitation of this study is that it was conducted with a Finnish adolescent sample. Thus, our
findings might not be generalizable to other cultures or age groups. Future research should replicate
these findings in diverse cultural and developmental contexts and consider including covariates such as
game genre, prior gaming experience, gender, or other individual differences. Future research should
also capture learners’ emotional engagement and situational interest through open-ended interviews
to gain deeper insights into their experiences with learning through gameplay and digital text reading.

During the COVID-19 pandemic, much health-related misinformation circulated (Schulz &
Nakamoto, 2022), making it crucial to educate individuals about healthier choices. Changing long-held
epistemic beliefs is challenging (Celik et al., 2021) and may begin by triggering cognitive incongruity.
Epistemic emotions can help identify cognitive states and stimulate effortful, higher-order thinking
(Muis et al., 2018) needed to correct misconceptions. The findings suggest that games can outperform
digital text in facilitating such cognitive conflicts, indicating that future health literacy campaigns
should leverage games and gamification.

CONCLUSION

The results show that the situational interest and emotional outcomes of GBLEs differ from
those of learning with digital text. Adolescents rated the health literacy game as more interesting,
satisfying, and exciting than comparable text, consistent with research showing games can enhance
situational interest and emotional engagement in health-awareness campaigns (Efe & Umdu Topsakal,
2022; Zain et al., 2021). Beyond formal education, mobile health literacy games can reach broad
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audiences in informal contexts, sparking motivation and deeper engagement with health topics. This
study highlights the benefits of GBLEs for situational interest, satisfaction, and epistemic emotions,
suggesting that its advantages are grounded in games’ motivational, emotional, and interactive nature,
in line with cognitive-affective learning models (Mayer, 2020; Plass & Kaplan, 2016).
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