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Abstract

The spread of fake news poses a global challenge to society, as this deliberately false
information reduce trust in democracy, manipulate opinions, and negatively affect peo-
ple’s health. Educational research and practice must address this issue by developing and
evaluating solutions to counter fake news. A promising approach in this regard is the
use of game-based learning environments. In this study, we focus on Escape Fake, an
augmented reality (AR) escape game developed for use in media literacy education. To
date, there is limited research on the effectiveness of the game for learning about fake
news. To overcome this gap, we conducted a field study using a pretest-posttest research
design. A total of 28 students (14 girls, mean age=14.71 years) participated. The results
show that Escape Fake can address four learning objectives relevant in fake news detec-
tion with educationally desired effect sizes: Knowledge acquisition (d=1.34), ability to
discern information (d=0.39), critical attitude toward trustworthiness of online informa-
tion (d=0.53), and confidence in recognizing fake news in the future (d=0.41). Based on
these results, the game can be recommended as an educational resource for media literacy
education. Future research directions are also discussed.
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1 Introduction

The spread of misinformation and disinformation, so-called fake news, on social media
and the Internet is a challenge for societies worldwide, as it can affect the way people live
together. Fake news can reduce the trust in democratic institutions and scientific findings,
manipulate voters’ opinions, and reinforce skepticism of legitimate and public information
providers (Allcott & Gentzkow, 2017; Lewandowsky et al., 2017; Traberg et al., 2022).

Most currently, the danger of fake news was demonstrated during the Coronavirus crisis:
With the beginning of the epidemic situation, the spread of false information about the Coro-
navirus dramatically increased, for example, regarding the origin of the virus or actions that
should protect against an infection. The director of the World Health Organization (WHO),
Tedros Adhanom Ghebreyesus, said that “We re not just fighting an epidemic, we re fight-
ing an infodemic” (Barzilai & Chinn, 2020; World Health Organization, 2020). Moreover,
false news about the vaccination against the Coronavirus weakens people’s confidence in
the effectiveness of the vaccination leading to its rejection. Thus, fake news spread online
can result in real health consequences (van der Linden, 2022).

Although spreading misinformation and disinformation is not a completely new phenom-
enon (e.g. Zarocostas, 2020), the possibility to easily share information online has increased
the problem. For example, studies showed that fake news are shared more often on social
media platforms compared to legitimate news (Cooke, 2017) and that it is challenging for
users to discern real from false online information (Kahne & Bowyer, 2017).

Chinn et al. (2021) get to the point when they write that media environments in the
increasingly digital world are complex and epistemically unfriendly (p. 51). Consequently,
in education, learning environments are needed that prepare learners to navigate these com-
plex media environments. Barzilai and Chinn (2020) summarize the following relevant
learning objectives, the importance of which is also emphasized in other studies on media
literacy (Apuke et al., 2022; Jones-Jang et al., 2021; Vraga & Tully, 2021):

Like in general media and digital literacy education (e.g. Baron, 2019), Barzilai and
Chinn (2020; also Apuke et al., 2022) argue for the promotion and the development of
knowledge and abilities necessary to identify and discern real from false online informa-
tion. For example, learners should know tools for analyzing online content, e.g., the reverse
image search (Illinois University Library, 2020), and should be able to critically interpret
online sources.

Further, Barzilai and Chinn (2020) recommend fostering scientific literacy, for example,
through the evaluation of scientific communication and/or engaging learners in scientific
projects learning how researchers work when they investigate questions of interest.

Beyond these more knowledge and ability-related learning objectives, Barzilai and
Chinn (2020) point out that attitudes and beliefs should be addressed in instruction dealing
with fake news (also Vraga & Tully, 2021). For example, learners should be epistemically
vigilant, i.e., being critical regarding the trustworthiness of online sources, and should be
aware of biases limiting their own thinking.

A promising approach to achieve the outlined learning objectives in media literacy edu-
cation focusing on how to fight fake news is the use of game-based and playful learning
environments (Roozenbeek & van der Linden, 2019b; Yang et al., 2021b).
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1.1 Playful Learning against Fake News

Game-based and playful learning is a multidimensional instructional approach, engaging
learners affectively, cognitively, behaviorally, and socially in the learning process (Plass et
al., 2015). Thus, educational games can be used to address a variety of learning objectives,
like cognitive (knowledge, skills), affective (e.g. attitudes, motivation), and behavioral (e.g.
behavioral change, physiological) learning outcomes (Boyle et al., 2016; Plass et al., 2020).
The effectiveness of game-based and playful learning environments to learn how to conquer
fake news was examined in several studies:

Roozenbeek and van der Linden (2019a) developed the card game Fake News Game and
evaluated its effectiveness with secondary school students. In the game, the students engage
in a role play and design fake news to convince the other players of their own point of view.
Compared to a control group without any fake news instruction, the students in the card
game condition were significantly better able to judge the reliability of fake news article.

In another study, Roozenbeek and van der Linden (2019b) developed the freely acces-
sible online game Bad News. In the game, the players act as fake news creators trying to
collect as many followers as possible. At the same time, the players need to monitor their
credibility score to finally run a fictional fake news empire. Evaluation of the game was
done with a pretest-posttest design including data from approximately 14.000 participants.
The results show that after playing the game the participants were significantly better able
to rate the reliability of Twitter postings then before; the effect is with 1>=0.27 of large size.

Basol et al. (2020) confirmed the effectiveness of the Bad News game regarding the
ability to discern real from false information. Furthermore, Basol et al. (2020) provide evi-
dence that the game-based learning approach strengthens learners’ confidence in being able
to recognize fake news in the future. Higher confidence was also found when playing the
Harmony Square game (Roozenbeek & van der Linden, 2020).

Scheibenzuber et al. (2021) designed and evaluated a problem-based online course
addressing fake news about migration. Results from the pretest-posttest design show that
the course improved students’ ability to judge the trustworthiness of news reports with a
large effect size (2=0.64).

Yang et al. (2021b) developed an educational online game called Trustme! and inves-
tigated its effectiveness measuring two learning outcomes: First, in accordance with the
already mentioned studies (Basol et al., 2020; Roozenbeek & van der Linden, 2019b);
Roozenbeek & Linden, 2019a); Yang et al., (2021b) assessed learners’ information discern-
ment skills after playing the game. Results show that compared to two control conditions
the learners playing Trustme! were significantly better able to discern real from false infor-
mation. Yang et al. (2021b) assessed learners’ skepticism towards online information after
playing the game. Compared to the two control conditions, no significant differences were
detected. Yang et al. (2021b) explain this result with the limitations of an online game.

Although this overview of previously developed and evaluated game-based interven-
tions provides promising results regard the effectiveness of games to learn about fake news,
several questions remain open. For example, in Yang et al. (2021b) playing a game was
not able to address the attitudinal learning outcome of skepticism. Hence, more research is
necessary considering attitudinal learning in fake news instruction. Further, the summarized
studies determine the effectiveness of the developed games on one or two learning outcomes
relevant in fighting fake news. However, no study examined if playing a game increases par-
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ticipants knowledge about fake news. As knowledge is the basis for future problem-solving
(Tricot & Sweller, 2014), such as identifying fake news on social media, it is important to
test if games can also contribute to knowledge acquisition.

Furthermore, mostly, researchers used fully online games (with the exception of the card
game in Roozenbeek & van der Linden, 2019a).

In contrast, Paraschivoiu et al. (2021) developed a hybrid game for fighting fake news,
Escape Fake, using augmented reality (AR) technology. Additionally, compared to the
reviewed studies, Paraschivoiu et al. (2021) used a different genre of game-based learning
that recently found its way into the classroom, namely the escape the room gameplay.

Since the focus of this study is on the effects of Escape Fake, we will discuss next
research on escape games and learning followed by a detailed account of the Escape Fake
game.

1.2 Escape Games and Learning

Escape the room games, or escape games, are well-known in the entertainment sector. Tra-
ditionally, a group of people is locked into one room or several related rooms, aiming to
escape the room(s) by solving puzzles in a given amount of time. If time runs out, the game
is lost. Further, in escape games players take on the role of fictious characters which have to
fulfill a mission, like solving the world or defusing a bomb (Nicholson, 2015).

Recently, educators adopted the escape game idea to provide immersive and playful
learning experiences in the classroom. Due to the lack of space given in traditional class-
rooms and ethical concerns of locking students into a room until they puzzle their way out
(Fotaris & Mastoras, 2019), educators and researchers use analog and digital materials to
realize the escape game idea. For example, Veldkamp et al. (2020) developed a physical box
in which students had to break in by solving puzzles hiding codes for locks attached to the
box. Further, the authors used videos to immerse the learners in the story of the game (Veld-
kamp et al., 2020). Estudante and Dietrich (2020) developed a mobile escape game based on
QR codes and augmented reality (AR) technology. AR simulated different rooms in which
the students interacted with virtual objects by using a tablet or a smartphone. Klamma et al.
(2020) designed an AR escape game experienced by students through AR glasses resulting
in a highly immersive and enjoyable learning experience. Another approach is the simula-
tion of the escape the room gameplay in entirely digital games (Makri et al., 2021). For
example, Neumann et al. (2020) used an online tool to provide an interactive story enriched
by puzzles in a course with preservice teachers. Through pointing and clicking the players
worked on the puzzles and after successful completion new virtual locations were entered.
In a study by Buchner et al. (2022), a professional learning software was used for develop-
ing a digital escape game on how to use open educational resources.

From an instructional perspective, researchers and practitioners alike assume that the
combination of hands-on and minds-on activities embedded in an engaging story can pro-
mote cognitive (e.g. knowledge acquisition), affective (e.g. motivation), and psychomotor
(e.g., skills acquisition) learning outcomes (Bassford et al., 2016; Franco & DeLuca, 2019;
Hermanns et al., 2017; Veldkamp, Knippels et al., 2021b). Further, immersion experience,
defined as a deep cognitive and emotional involvement during playing (Georgiou & Kyza,
2017, 2018), is expected to enhance student engagement and, consequently, learning when
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using escape games (Lopez-Pernas et al., 2019; Monaghan & Nicholson, 2017; Nicholson,
2018).

However, evidence for the effectiveness of educational escape games is scarce and con-
tradictory (Fotaris & Mastoras, 2019; Makri et al., 2021; Veldkamp et al., 2020b).

For example, Cotner et al. (2018) and Hou and Li (2014) found no significant differences
in knowledge tests in a pretest-posttest comparison. In Clauson et al. (2019), learners per-
formed worse on the posttest than on the pretest. Teachers and students in a study conducted
by Veldkamp et al. (2021a) reported that the time limit of an escape game for biology edu-
cation triggers pressure and prevents a more intensive engagement with the content. There-
fore, both teachers and learners doubt the learning effectiveness of escape games.

In contrast, von Kotzebue et al. (2022) and Lopez-Pernas et al. (2019) found positive
effects of playing an escape game with significant improvements in pretest-posttest designs
and corresponding large effect sizes.

From a theoretical perspective, these contradictory results can be explained by referring
to cognitive load theory (CLT; Sweller et al., 2019): Escape games, like other (computer)
games, are problem-based learning environments, which can be emotionally engaging but
cognitively demanding for learners without instructional support (Buchner et al., 2022;
Mayer, 2019). According to CLT, problem-based learning environments increase extraneous
cognitive load (Kirschner et al., 2006), also known as unproductive cognitive load, while
decreasing productive cognitive processing. However, the latter is necessary to ensure that
new information is processed in working memory by integrating prior knowledge from and
transferring new knowledge to long-term memory (Paas & van Merriénboer, 2020; Sweller
etal., 2019).

In a previous study, for instance, Buchner et al. (2022) provided evidence that learning
with a digital escape game can be enhanced when applying CLT. Also, in the studies by
Veldkamp and colleagues the results indicate that cognitive overload might be responsible
for the lack of learning gains when studying with escape games. Consequently, the authors
recommend a balance of challenge and scaffold when designing educational escape games
(Veldkamp et al., 2020; Veldkamp, Merx et al., 2021a).

1.3 Escape Fake

Escape Fake is an augmented reality (AR) escape game developed by an interdisciplinary
team for the use in media literacy education. The target group are students aged between 12
and 18 years (Paraschivoiu et al., 2021).

In contrast to other fake news games, Escape Fake is a hybrid learning space (Veldkamp
et al., 2020), combining real world elements with virtual objects. From a technological per-
spective, AR technology is applied to blend reality with virtuality. AR is a highly interactive
visualization technology that can be used, for example, to overlay printed materials with
additional digital information that is shown on the display of a mobile device (Azuma et
al., 2001). For educational purposes, AR can situate learners in a relevant context, enables
gesture-based and whole-body interactions with both real and virtual objects, and evokes a
sense of spatiality (Kriiger et al., 2019). Therefore, like mentioned in other studies (Klamma
et al., 2020; Wild et al., 2021), AR is particularly suitable for use in escape games; for
instance, to simulate rooms and to solve riddles using both analog and digital objects.
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In Escape Fake, marker-based AR technology is used to simulate different rooms. This
means, for playing the game printed images, so-called markers, are needed that contain
the virtual information. For example, one marker simulates an office with a desk and a
computer. To see the office, users open the freely available Escape Fake application, point
the camera onto the marker, and the virtual objects appear on the display (Fig. 1). Through
clicking, dragging, and dropping, players interact with the virtual objects. For example,
players collect objects in a virtual inventory and combine them during the game to solve
riddles (Paraschivoiu et al., 2021). In total, there are five rooms to explore with objects to
inspect; all marker-images are freely available via escapefake.org (see also Polycular, 2020).

The gameplay of Escape Fake follows the idea of escape the room games. As summa-
rized in Sect. 1.2, escape games can immerse learners into an exciting story resulting in high
engagement and emotional involvement. On the other hand, escape games are problem-
based learning environments which can easily overload learners working memory capacity
and, thus, hinder the acquisition of new knowledge

With this in mind, Escape Fake was specifically developed as an educational escape
game making instructional scaffolds an integral part of the story.

The game starts with a friend request on social media from Hannah Lee May. She intro-
duces herself as a reverse history hacker coming from a dystopian, not-too-distant future
searching for fellows helping her to avoid the escalation of fake news. In total, two crucial
situations in history must be changed to fix the future. The two situations are represented in
Escape Fake as two escape games called “The Bus Situation” and “The Climate Ambitions”
(Paraschivoiu et al., 2021). In this study, we focus on the first game, “The Bus Situation”, so
the following details refer only to this room.

In “The Bus Situation”, a bus driver is accused of human trafficking in social media.
Accordingly, bookings collapse, and his company is at risk of going bankrupt. Together with
Hannah Lee May, the player(s) collect evidence to restore the reputation of the bus driver.
To do so, several puzzles need to be solved within a 25-minute time limit. For example, the
players must find a password to enter a computer and must reconstruct the last jobs of the
bus driver to show that he is not a human trafficker.

During the game, Hannah Lee May act as a pedagogical agent accompanying and scaf-
folding the player(s) by providing tips on how to solve the puzzles or what purpose collected
items might have. For example, when the player(s) collect a hammer, Hannah Lee May
advises that it can be used to smash other objects. The presence of Hannah Lee May makes
Escape Fake a guided game, so that the risk of cognitive overload and frustration, as occurs
in many purely exploratory games for learning (Mayer, 2019; Westera, 2019), is prevented.

Fig. 1 Example of a marker (left) and the corresponding AR objects (right)
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From a technological perspective, Hannah Lee May was implemented as a chatbot (Para-
schivoiu et al., 2021).

Furthermore, after successfully solving a puzzle, time stops, and a multiple-choice quiz
appears. In the quizzes, information about fake news design and ways to discern real from
false news is instructed. For example, players are taught that misinformation and disinfor-
mation usually concern particularly controversial topics and aim to trigger emotions such
as fear or anger. In addition, it is taught that in the case of particularly emotionalizing and
spectacular postings on the Internet, the original source must be examined. For example,
the imprint can be used to find out whether a reputable news provider is involved or not.
The main aim of the quizzes is to deliver basic knowledge on the topic that can be applied
to solve problems in new situations. For example, with the help of knowledge about the
imprint it is expected that players will search for an imprint when navigating an unknown
website.

Since images are also increasingly being manipulated, Escape Fake game also shows
how the reverse image search can be used. For this purpose, the players in the game upload
the image of the bus driver to such a search engine and find out that the image has been
edited afterwards.

Stopping the time is particularly important, as this on the one hand grants an in-depth
thinking without pressure about the content presented in the quizzes, and on the other hand
does not undermine the game goal of “breaking out of the room” in the given time. It is
expected that this balance will support productive cognitive processing while not diminish-
ing the motivating effect of the game.

In a first study, Paraschivoiu et al. (2021) investigated whether the target group perceived
the game as challenging but feasible and whether it could be used to learn about fake news.
The results were promising regarding motivational aspects like immersion experience;
however, there was a lack of measurement of learning outcomes. In a more recent study,
Buchner and Hofler (2024) determined if the game can promote learning about fake news
in teacher education. However, results on learning outcomes considering the target group of
the Escape Fake game are still lacking. This study aims to fill this knowledge gap.

1.4 Aim of the Study and Research Questions

Previous research indicates that playful learning environments are effective for learning
about fake news. However, no results for AR (escape) games on the topic are available and
no study has investigated if using a game can enhance knowledge about fake news. Further,
an evaluation of the effectiveness of Escape Fake is lacking. Furthermore, research on the
(potential) benefits of educational escape games on learning outcomes beyond motivation,
immersion, and engagement is in its infancy (Makri et al., 2021; Veldkamp et al., 2020b).
Therefore, this study contributes to both the literature on learning about fake news with
games and the more general literature on learning with escape games.

To do so, this study investigates the effect of playing the AR escape game Escape Fake
on learning objectives that are relevant in instruction how to fight fake news. Based on the
literature on educational solutions and recommendations (Barzilai & Chinn, 2020; Chinn et
al., 2021) as well as playful learning environments to counter fake news (e.g. Basol et al.,
2020; Yang et al., 2021b), we defined four learning objectives examined in this study:
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e Following Barzilai and Chinn (2020), we examine whether Escape Fake can teach basic
knowledge about fake news:

RQ1 Does playing Escape Fake promote the acquisition of knowledge about fake news?

e Drawing on Roozenbeek & van der Linden, 2019a); Roozenbeek & Linden, 2019b);
Yang et al. (2021b), we assess whether playing Escape Fake promotes learners’ ability
to discern real from false information:

RQ2 Does playing Escape Fake promote information discernment ability?

e Based on Barzilai and Chinn (2020); Yang et al. (2021b), we test the effect of Escape
Fake on an affective learning outcome, namely learners’ attitudes toward the trustwor-
thiness of online information:

RQ3 Does playing Escape Fake promote a more critical attitude toward online information?

e Following Basol et al. (2020) and Roozenbeek and van der Linden (2020), we examine
whether playing Escape Fake can improve confidence in recognizing fake news:

RQ4 Does playing Escape Fake promote learners’ confidence in recognizing fake news in
the future?

2 Method
2.1 Participants and Design

To investigate the research questions, we conducted a field study with a pretest-posttest
design. Participants were 28 school students (14 girls) from a gymnasium, a kind of high
school preparing students for university, in the west of Germany with a mean age of 14.71
(SD=1.88) years. The students participated voluntarily during their regular class time. The
school principal approved the study, and the parents were also informed and gave their
consent. Consent to participate was also obtained from the students. The students were also
informed that non-participation would not have any negative consequences. Further, the
study had no influence on the students’ grades.

Data were collected before and after playing the Escape Fake AR escape room game
using an online questionnaire developed with SoSci Survey (Leiner, 2019). The data collec-
tion was completely anonymized and pseudonymized so that no conclusions can be drawn
about individuals. The guidelines of good scientific practice were observed during the
implementation and ethical guidelines for research in the field of education were followed.

The decision regarding a research design without a control group was based on the fol-
lowing considerations:

First, we followed the recommendation for research on games for learning provided by
Mayer (2014, pp. 42—43): Using an ineffective game in research projects including control
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conditions is useless; hence, if no empirical evidence is available on the effectiveness of the
game under investigation, initial field testing is necessary before conducting further studies.

Second, as researchers in the field of instructional design and educational technology, we
share previously raised concerns regarding empirical studies mainly interested in proving if
one approach is more effective than another (Honebein & Reigeluth, 2021). This is particu-
larly problematic in research investigating learning with immersive technologies like AR
and virtual reality as this perspective results in endless numbers of confounding media com-
parison studies (Buchner & Kerres, 2023; Glaser & Moore, 2023; Mulders, 2023). There-
fore, we aim to determine how to improve learning with the Escape Fake game. However,
before we can to this, piloting is necessary as mentioned in the first argument.

2.2 Instruments
2.2.1 Knowledge Acquisition

To assess students’ knowledge about fake news before and after playing the escape game,
a test consisting of eight questions was developed based on the information delivered in
Escape Fake (see Appendix A). An example question is “What is a hybrid-fake?” — A com-
bination of real and fake information; Fake news about hybrid vehicles; A piece of informa-
tion that is available both online and offline; Fake news that originated offline and only later
found its way to the Internet.

The students answered each question by choosing one out of the four answers. In the
pretest, the students could also choose the option “I do not know”. Each correct answer
was rewarded with one point; hence, a maximum of eight points could be achieved in the
knowledge acquisition test.

2.2.2 Information Discernment Ability

To measure students’ ability to discern real from false information in the pretest and the
posttest, we used four simulated social media postings developed by German journalists
(handysektor.de, 2017). Three of these postings were patterned after known design features
of fake news, for example, addressing emotional content (e.g. migration) together with pro-
vocative pictures (e.g. damage playgrounds). Figure 2 shows an example of such a false
posting. One posting used a restrained design and conformed to the standard of journalistic
work. All postings are available via Appendix B.

Following the work of Roozenbeek and van der Linden (2019a, b), students had to judge
the reliability of each news posting on a 7-point Likert scale (1=not reliable at all, 7=very
reliable).

2.2.3 Attitude toward Online Information
To determine whether students felt that they were more vigilant and critical to information
spread on social media platforms after the intervention, we used a modified version of the

Information Verification Scale (IVS) developed by Nee (2019). The IVS consists of five
items, for example, “I look at several sources to figure out whether I should believe it”,
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NAD - Neue Alternative e
1Std. - Q

Jetzt sind nicht einmal mehr unsere Kinder sicher! Skandal!

Fig.2 An example for a news post-
ing the students had to judge of its
reliability. The picture simulates a
social media posting from a social
media site called “New Alterna-
tive”. On the picture, a playground
with a smashed glass is visible. On
the picture is written “Graffiti and
destruction on the playground”. In
the posting, the “New Alternative”
writes that “Now not even our
children are safe! What a scandal!
Probably out of boredom: Mi-
grants are up to mischief again.”
This posting is an example for a
fake news message

AUF DEM SPIELPLATZ!

Wahrscheinlich aus Langeweile: Migranten treiben wieder

ihr Unwesen.
© NAD - Neue Alternative
:_3’-‘ 1.232 271 Kommentare * 1 Mal geteilt

[ﬁ Gefallt mir D Kommentieren d) Teilen

answered on a Likert scale from 1=never to 7=always (see Appendix C; Cronbach’s alpha
pretest=0.72, Cronbach’s alpha posttest=0.82).

2.2.4 Confidence to Recognize Fake News

To assess whether students are more confident to recognize fake news after playing Escape
Fake, we used a modified version — wording was adapted to the context of school students
— of the Recognising Misinformation scale developed by Khan and Idris (2019). The scale
consists of three items, for example, “I can check the truth of stories and news reports, e.g.
with the help of other sources”, answered on a Likert scale from 1=do not agree to 7=fully
agree (see Appendix D). Cronbach’s alpha values were not satisfactory in this study when
using all three items: pretest=0.57, posttest=0.61. After deleting the second item, Cron-
bach’s alpha was satisfactory for the pretest (0.79) and the posttest (0.69).

2.3 Procedure

The study is designed as a field study and accordingly took place at the students’ school dur-
ing regular class time. Contrary to regular lessons, learning with Escape Fake happened in
the auditorium of the school because of the limited space in the classroom to place the mark-
ers on the walls as well as on the floor. Tablet computers with the Escape Fake application
were prepared and provided by the research team. Further, the marker images were placed
aforehand on different corners in the auditorium ensuring that each student had enough
space walking around and inspecting all five simulated rooms. Figure 3 gives an example of
a student playing the game.
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Fig. 3 Student playing the AR
escape game. Please note that for
protection against the Coronavirus,
all students wore a mask during
the intervention

Table 1 Descriptive results for Variable Pretest Posttest

th.e four variables assessed in IV D IV D

this study
Knowledge 3.61 2.10 6.04 2.12
Information discernment 5.62 0.73 5.84 0.59
Attitude 4.51 1.16 4.97 1.24
Confidence 4.89 1.42 5.50 1.23

After a brief introduction how to play the game, students gave their consent to partici-
pate in the study. Then, students answered the pretest with questions about gender and age,
completed the three instruments, and started playing the AR escape game. Each participant
played the game individually.

Once the game was completed, the students filled the posttest. In sum, the duration of the
intervention was 90 min.

3 Results

For data analysis purposes, the items in all scales were aggregated using mean values. Three
out of four information discrimination tasks were fake news; therefore, the values were
recoded so that higher values represent correct reliability judgements.

For the knowledge acquisition test, each correct question was rewarded with one point
and an overall sum was computed. A maximum of eight points could be achieved.

Table 1 shows the descriptive statistics for all four variables in the pretest and the posttest.

To test the effect of playing the Escape Fake AR escape game on the four variables, a
paired samples #-test was computed with SPSS 28 software. The significance level was set
at 0.05 and effect sizes were interpreted according to Hattie (2009); i.e., effect sizes with
d=0.4 and higher are classified as desired effects of educational interventions.

The results of the z-test show that playing the Escape Fake AR escape game was able to
address the four learning objectives (overview in Table 2; Fig. 4):
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Table 2 Results of the paired Variable Pretest Posttest t(1,27) p d
samples -test M M
Knowledge 3.61 6.04 -7.084 <0.00 1.339
Information discernment 5.62  5.84 -2.055 0.050 0.388
Attitude 451 497 -2.826  0.009 0.534
Confidence 4.89 5.50 -2.170  0.039 0.410
Fig. 4 Graphical overview of the  Pretest m Posttest

significant differences between
pretest and posttest values

6.04
5.84
5.62
4.97 4.89
451

Knowledge Information discernment Attitude Confidence

The students significantly improved their knowledge about fake news, the effect size
represents a desired effect of educational interventions; #(1, 27) = -7.08, p<0.001, d=1.34.

After playing the Escape Fake game, the students were significantly better at discerning
the simulated social media postings, the effect size represents a desired effect of educational
interventions; #(1, 27) = -2.06, p=0.05, d=0.39.

Further, the students were significantly more critical towards the trustworthiness of
online information spread on social media after the intervention, the effect size represents a
desired effect of educational interventions; #(1, 27) = -2.83, p<0.01, d=0.53.

Furthermore, playing the Escape Fake game significantly increased students’ confidence
in being able to identify and verify false information in the future, the effect size represents
a desired effect of educational interventions; #(1, 27) =-2.17, p<0.05, d=0.41.

4 Discussion

The aim of this study was to investigate the effects of playing the AR escape game Escape
Fake on learning objectives that are relevant in media literacy education. Based on previous
literature, we tested the effectiveness of the game on four learning outcomes: Knowledge
acquisition about fake news, information discernment ability, critical attitude toward online
information, and confidence in recognizing fake news in the future.

As the result of this field study shows, playing the game significantly promotes the four
learning objectives defined in this project with educationally relevant effect sizes.

Playing the game promoted students’ basic knowledge about the design and the motives
of fake news as well as knowledge about tools how to check information; for example, by
using the reverse image search. Further, after playing the game, students’ ability to discern
real from false information significantly increased. According to Barzilai and Chinn (2020),
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developing knowledge and skills to evaluate information in the digital world is a meaningful
aim of educational fake news interventions (also Apuke et al., 2022).

The results are in line with other studies finding positive effects of playful and game-
based learning environments on learners’ discernment skills and reliability judgements (e.g.
Roozenbeek & van der Linden, 2019a; Yang et al., 2021b). A unique value of the present
study is that basic knowledge about fake news was also assessed; therefore, the study con-
tributes to an extension of the empirical base on learning about fake news with games.

Furthermore, to the best of our knowledge, this is the first study presenting effects of an
educational AR escape game about fake news. Other fake news interventions applying the
escape game concept were tested as purely on-site implementations (Choi et al., 2017, 2020;
Pun, 2017).

Also, the results of the study contribute to the still scarce empirical base on learning with
escape games reported in systematic literature reviews (Fotaris & Mastoras, 2019; Makri et
al., 2021; Veldkamp et al., 2020b). Similar to von Kotzebue et al. (2022) and Lopez-Pernas
et al. (2019), we found positive effects of playing an escape game on knowledge and ability
acquisition. Further, in this study, we revealed effect sizes comparable to the ones found in
von Kotzebue et al. (2022) and Lopez-Pernas et al. (2019), indicating that the used escape
games, according to Hattie (2009), are educationally relevant.

The results contrast other studies that found no effects (Cotner et al., 2018; Hou & Li,
2014) or even negative effects (Clauson et al., 2019) when learning with escape games.

We explain the effectiveness of Escape Fake with three main instructional elements
integrated in the gameplay: First, Hannah Lee May, who serves as a pedagogical agent
supporting learners during solving the puzzles. Research showed that pedagogical agents
can enhance learning and when used as instructional guidance in games reduce the risk of
cognitive overload (Wang et al., 2021; Westera, 2019). Thus, the presence of Hanna Lee
May during the game makes Escape Fake a guided escape game reducing the risk of an
increase of extraneous cognitive load. This is in line with CLT in which instructional scaf-
folds guiding learners during cognitively demanding learning environments are found to
promote productive cognitive processing and to decrease unproductive cognitive load. As a
results, the limited working memory capacity is not overloaded and, therefore, new knowl-
edge can be transferred to long-term memory. This newly acquired knowledge can then be
used to identify real from false news.

Second, the integrated multiple-choice tests allow students to reflect on the content of
the game while the expiration of time pauses. Thus, Escape Fake overcomes the problem
mentioned in Veldkamp, Knippels, et al. (2021b) of time pressure and too little time to
reflect on content.

Third, the multiple-choice quizzes deliver basic knowledge about the design and the
motives of fake news. Further, after choosing an answer, the players get immediate feed-
back, correct or incorrect, based on their decision. This makes the quizzes an effective learn-
ing activity discussed in the literature as test-enhanced learning. This instructional strategy
proved to be effective for learning academic content with a medium effect size (Yang et
al., 2021a).

Although the results for knowledge and ability acquisition are promising, it is important
to point out that the effect of playing the escape game on the ability of information discern-
ment is quite lower and only marginally educationally relevant compared to the effect on
knowledge acquisition. This demonstrates that learning about fake news is complex and that
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knowledge about fake news alone cannot guarantee identifying false information. From an
instructional perspective, we therefore recommend integrating the game in a well-planned
and longer-lasting learning design as an additional educational resource to other instruc-
tional materials, courses, and games on the topic of fake news, which, for example, are
described in the Debunking Handbook (Lewandowsky et al., 2020).

Further, a more critical examination of the effectiveness of escape games on skills acqui-
sition is necessary. Both researchers and practitioners mention skills training as a main rea-
son for using escape games. However, evidence for this assumption is lacking (Veldkamp
et al., 2020). Although we found an effect of playing an escape game on ability acquisition,
more research is needed to investigate how to improve ability facilitation when designing
escape games for learning. For example, future research might consider prior knowledge
and prior abilities as a possible influencing factor when learning with escape games. Such
learner characteristics proved to impact learning in general, like found in research on CLT
(Kalyuga et al., 2003), and when using escape games as a teaching aid (Eukel et al., 2017).
In Eukel et al. (2017) only participants with high prior knowledge benefited from an escape
game for learning about Diabetes.

Regarding the effects of Escape Fake on a more critical attitude towards the trustworthi-
ness of online information, the result is in line with the assumption that educational escape
games can address affective learning outcomes; like motivation (Queiruga-Dios et al.,
2020), interest (Borrego et al., 2017), and sense of urgency (Ouariachi & Wim, 2020). Theo-
retically, the effect of Escape Fake on the attitudinal learning outcome can be explained by
immersion experience. Immersion experience is defined as a deep cognitive and emotional
involvement contributing to a strong identification with the protagonists of a game as well
as with the game narrative (Georgiou & Kyza, 2017; Monaghan & Nicholson, 2017). In
Escape Fake, the players experience from a first-person perspective the negative conse-
quences of fake news published on the Internet. Consequently, the students in this study
were emotionally involved leading to a process of rethinking regarding the trustworthiness
of online information. This is in line with other researchers arguing that (escape) games can
promote attitudinal change processes (Boyle et al., 2016; Veldkamp, Merx et al., 2021a).

Moreover, playing Escape Fake contributed to learners’ confidence in being able to
detect fake news in the future. This result is in line with other studies showing that game-
based learning environments promote confidence in one’s own abilities (Basol et al., 2020;
Roozenbeek & van der Linden, 2020). To the best of our knowledge, this is the first study
demonstrating that playing an (AR) escape game can advance this learning objective. The
effect of Escape Fake on the confidence learning objective can be explained by the effective
instructional strategies, according to CLT, applied in the game. These strategies supported
students’ knowledge acquisition and information discernment ability resulting in higher
confidence in one’s own abilities.

Additionally, this is the first study examining the effects of a playful fake news interven-
tion assessing four learning objectives. However, learning to fight against fake news is com-
plex (Barzilai & Chinn, 2020; Chinn et al., 2021); therefore, practitioners should not use the
Escape Fake AR escape game as a stand-alone solution in their effort to prepare students
for navigating the epistemic unfriendly online environments. As mentioned above, the game
should be used as an additional educational resource in a longer-lasting instructional design
on learning about fake news.
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4.1 Limitations and Future Research

Although we examined the effect of an AR escape game on four learning objectives relevant
in media literacy education on fighting fake news, further studies are necessary testing the
effectiveness of the game on other learning outcomes; like the intention to share fake news
with others (Roozenbeek & van der Linden, 2020). Additionally, we only assessed learning
outcomes immediately after the intervention; thus, future research should conduct a study
investigating possible long-term effects of the game; for example, like found in Maertens et
al. (2021). To do so, researchers should assess the learning outcomes in follow-up tests; for
instance, two or more weeks after using the game in the classroom.

Another limitation of the study is the emphasis on the role of knowledge and its applica-
tion to stop the problematic spread of fake news. The issue of misinformation and disinfor-
mation is more complex and there are other factors to consider that are difficult to address
through educational interventions. These include one’s own political views, personal con-
victions, and the sense of belonging to a group. Future studies could address this limitation
by having multidisciplinary teams jointly develop and empirically test educational interven-
tions (Kahan, 2013; Lazer et al., 2018). The factors mentioned could also be considered as
possible influencing factors. For example, political views could be surveyed before playing
in order to draw conclusions about their impact on the learning outcomes. In sum, results
from such multidisciplinary studies can contribute to a more comprehensive understanding
of the impact of the game on learning about fake news.

Since this field study has shown that, in principle, learning happens when using the AR
escape game Escape Fake, future research projects can examine how learning with the game
might be even more effective. Therefore, researchers should work with control conditions
modifying design elements of the game or other instructionally relevant aspects. For exam-
ple, by using the value-subtracted research approach (Mayer, 2014), in the control condition
Hannah Lee May supports the learners whereas in the experimental condition the players
solve the puzzles without the help of the pedagogical agent. This research design can also be
applied to other (AR) escape games developed by researchers and/or practitioners.

Another study, using the value-added research approach (Mayer, 2014, 2019), might
investigate whether learning with Escape Fake (or other AR escape games) can be enhanced
by adding effective learning strategies like summarizing or drawing (Fiorella & Mayer,
2016). For example, Pilegard and Mayer (2016) showed that combining an educational
game with worksheets is more effective for learning then just playing the game.

As prior knowledge and prior abilities are important factors in learning with escape games
(Buchner et al., 2022; Eukel et al., 2017), future research should also apply the learner-
treatment interaction (LTI) research type to improve our understanding of how learner char-
acteristics affect learning with escape games. This is especially important for AR-enriched
learning environments, as LTI studies are lacking in the field of research on AR learning and
instruction (Buchner & Kerres, 2023).

Further, future research should examine at what point of a learning design the use of
Escape Fake works best. For example, Buchner et al. (2022) showed that providing learners
with direct instruction before playing an escape game is more effective than providing direct
instruction after playing. Furthermore, it would be interesting to examine if playing the
Escape Fake game can serve as a motivational aid when used at the beginning of a longer-
term fake news intervention study. It could be expected that playing the game raises students
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awareness for the problem of fake news and, therefore, contributes to higher engagement
during the lessons on the topic. On the other hand, the escape game might also be used
after a longer-lasting learning design on fake news to test if the design was effective. In this
case, for instance, the multiple-choice quizzes integrated in the game serve as assessment of
learning (Yang et al., 2021a).

Regarding the measurement of learning outcomes, in a future study an extension of the
information discernment ability test is recommendable. For example, more and/or more
difficult simulated social media postings can be used. Further, researchers could vary the
design features of fake news applied to the postings. For example, it is possible that emo-
tionalizing content is harder to differentiate than content that is more neutral.

Also, the knowledge acquisition test could be extended in future research projects.

Additionally, future studies should investigate the effectiveness of the game with a larger
sample and should test the game with other school student populations. These method-
ological limitations require careful interpretation of the results without making claims of
generalization.

A limitation for educational practice is the size of the markers. In a traditional classroom,
using the DIN A4-sized images developed by Paraschivoiu et al. (2021) is difficult because
students will have little space to move and to inspect the simulated rooms. Hence, future
studies could develop solutions making it easier for teachers to use the game in the class-
room, and easier for students to use the game at home, for example, in times of distance
learning or as part of a blended learning scenario.

5 Conclusion

In this study, we provide evidence for the effectiveness of Escape Fake, an AR escape game,
developed to be used in media literacy education. The game positively affects four learning
outcomes: acquiring knowledge about fake news, fostering the ability to discern informa-
tion, promoting a more critical attitude toward the trustworthiness of online information,
and increasing confidence to recognize fake news in the future.

All materials needed to use Escape Fake in the classroom, e.g., marker images and the
corresponding application, are available for free, making the game a valuable and accessible
educational resource to prepare students to navigate the complex digital world.

Furthermore, since the game is also available in English, this study can be replicated by
other researchers and the effectiveness of the game can be tested in other contexts and with
different populations.

Future research is necessary to understand, how the AR escape game Escape Fake can
be integrated in longer-lasting learning designs and how learning with the game can become
even more effective.
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