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Introduction
Escape room games (ERGs) are defined as live-action team-based games where play-
ers discover clues, solve puzzles and accomplish tasks in one or more rooms in order to 
accomplish a specific goal (usually escaping from the room) in a limited amount of time 
(Nicholson, 2015, p. 1). These games gained popularity in recent years in the recrea-
tion and entertainment industry resulting in an increase of companies providing escape 
experiences in which players are immersed in a narrative-based challenge, e.g., save the 
world, and directly engage with an authentic game world (Nicholson, 2018; Sanchez & 
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Plumettaz-Sieber, 2019). The combination of hands-on and mind-on activities within an 
authentic environment inspired teachers and instructors worldwide to adapt the concept 
of escaping the room for educational purposes (Veldkamp, van de Grint, et  al., 2020). 
Educational escape games (EEG) can be defined as an instructional method requiring 
learners to participate in collaborative playful activities explicitly designed for domain 
knowledge acquisition or skill development so that they can accomplish a specific goal (e.g., 
escape from a physical room or break into a box) by solving puzzles linked to unambigu-
ous learning objectives in a limited amount of time (Fotaris & Mastoras, 2019, p. 236). 
An adaptation of the traditional game play of ERG is necessary when used in education, 
since it is not allowed to lock students into a room and wait until they find their way 
out (Fotaris & Mastoras, 2019). Therefore, educators developed solutions using physical 
boxes or vaults in which learners have to break in with the help of both analog and digi-
tal materials. Such EEGs are described as hybrid learning spaces simulating a real ERG 
atmosphere (Veldkamp, Daemen, et al., 2020a, b), for example by integrating videos, QR-
codes or augmented reality elements (Borrego et al., 2017; Estudante & Dietrich, 2020). 
More recently, also because of the global COVID-19 pandemic, fully digital EEGs are 
gaining interest as they allow learners to play at home (Makri et al., 2021).

The educational benefits of EEGs are many, ranging from fostering cognitive and affec-
tive learning outcomes to developing teamwork, problem-solving, communication and 
creativity skills as well as promoting career interest in science, technology, engineering 
and mathematics (STEM) professions (e.g., Fotaris & Mastoras, 2019; Sanchez & Plu-
mettaz-Sieber, 2019; Veldkamp et al., 2021; Veldkamp, van de Grint, et al., 2020). Theo-
retically, researchers explain the positive effects of EEG considering the active learning 
paradigm and game-based learning theories (Nicholson, 2015, 2018). Thereby, learning 
with EEG is associated with increased learner engagement and motivation, which in 
turn can positively affect learning achievement. For example, Franco and DeLuca (2019) 
developed an EEG for doctoral students in healthcare leadership and found that the 
game enhanced the overall learning experience and allowed learners to not only memo-
rize information but to apply the newly acquired knowledge (p. 40). Lopez-Pernas et al. 
(2019b) provide evidence for the entertaining and engaging effect of an EEG when learn-
ing programming. Students reported to like learning with the developed EEG and stated 
that playing helped them to foster their knowledge in the course (p. 31731). In a second 
study, Lopez-Pernas et al. (2019a) also present results of a pre-posttest design about the 
effectiveness of the EEG showing that the students improved their knowledge after play-
ing the game with a medium to large effect size (p. 184232). However, the results were 
not compared to a control group. In general, research on the effectiveness of EEGs is at 
an early stage as published review studies reveal. In Veldkamp, van de Grint et al. (2020) 
three studies were found that evaluated knowledge acquisition in a pre-posttest design 
and only one study established a design with a control group (Cotner et al., 2018). In the 
review by Makri et al. (2021) four studies were identified that measured learning per-
formance. A closer look at the studies further reveals that no study has investigated at 
what point in an instructional design an EEG works best. However, this is an important 
question, as research on games for learning has shown that they can also overwhelm 
learners due their explorative and problem-based nature leading to poorer learning 
(Mayer, 2019; Westera, 2019). For example, in Hermanns et al. (2017) students learned 
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in pharmacology education with an EEG and rated the learning experience as engag-
ing and a good opportunity to collaborate with others but they also expressed feelings 
of frustration and cognitive overload (e.g., students did not understand where to start 
the activity). In Veldkamp et al. (2021), both teachers and learners doubt that the used 
EEG for biology education can help them acquiring new knowledge in the domain. The 
reason given for this assessment is the unstructured nature of the escape room expe-
rience not allowing to understand the content of the lesson (p. 8). In sum, EEGs like 
other educational games are explorative, problem-based learning scenarios that may be 
fun, but do not really contribute to learning without further instructional elements. This 
effect can be explained by considering cognitive load theory (CLT): CLT is an instruc-
tional design theory grounded on the human cognitive architecture consisting of a sen-
sory register, a working memory with limited capacity and a long-term memory with 
unlimited storage size (Sweller, 1988; Sweller et  al., 1998, 2019). Most important in 
CLT is the limited working memory capacity. The aim of instruction is to process new 
information in working memory by integrating already stored knowledge and to trans-
fer the new knowledge into long-term memory. This process works best if the working 
memory capacity is not overloaded. Hence, critical for effective learning is the cogni-
tive load imposed during instruction (Sweller et al., 2019). Sweller (2020) distinguishes 
two types of cognitive load: Intrinsic cognitive load (ICL) and extraneous cognitive load 
(ECL). ICL arises due the complexity of the task and is directly relevant for learning. 
ECL is also known as the unproductive or unnecessary cognitive load that hinder learn-
ing caused by the instructional design, learner characteristics or aspects of the learning 
environment. Effective instruction reduces the ECL to foster germane processing (pro-
ductive cognitive processing) resulting in more working memory capacity to handle the 
ICL of a learning task (Paas & van Merriënboer, 2020). As a consequence, CLT research-
ers argue in favor of the direct instruction approach in which explicit explanations and 
information is presented to the learners before solving unstructured problems. A large 
body of empirical research supports this claim by proofing better knowledge acquisition 
with direct instruction compared to unguided instructional approaches (Kirschner et al., 
2006; Sweller et al., 2007).

However, other researchers argue that the achievement of learning objectives beyond 
knowledge acquisition, like the application of knowledge to solve new tasks (i.e., trans-
fer performance), can also be reached by instructional approaches that provide explicit 
information after a problem-based learning activity (Hmelo-Silver et  al., 2007; Kapur, 
2008). This instructional approach is called productive failure (PF), which involves a 
problem-solving phase followed by an explicit instructional phase (Kapur, 2014, 2016). 
Several reasons can explain the positive effect of PF (Kapur, 2014, p. 1009): Problem-
solving tasks before instruction can activate the prior knowledge of the learners indicat-
ing to them learning gaps that can be used to effectively improve knowledge by selecting 
the relevant information in the subsequent instructional phase. In addition, the cognitive 
load imposed through a complex problem-solving task prior to instruction can boost 
learners engagement and motivation, which in turn compensates for the high cognitive 
demand (e.g., Likourezos & Kalyuga, 2017). The advantage of PF over direct instruction 
for transfer performance has been demonstrated in some studies, hence it can be con-
cluded that PF is an effective instructional approach (e.g., Kapur, 2014; Loibl et al., 2017; 
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Sinha & Kapur, 2021). However, there are also studies that have found no benefits of PF 
over direct instruction for both retention and transfer performance (e.g., Halmo et al., 
2020; Likourezos & Kalyuga, 2017; Nachtigall et  al., 2020). Furthermore, the majority 
of the studies demonstrating advantages of PF over direct instruction were conducted 
for learning in STEM domains. A first research study investigating PF in non-STEM 
domains was not able to replicate its effectiveness (Nachtigall et  al., 2020). However, 
more research is particularly needed in domains others than science and mathematics 
to examine the possible domain-independence of the PF approach (Kapur, 2015; Loibl 
et al., 2017).

We respond to this request and situate our study in the non-STEM learning domain 
of media and copyright law with a special focus on the creative commons (CC) licensing 
model. The topic of CC licensing is of great interest in teacher education and training 
as it is directly related to the open education movement (Otto, 2019). However, learn-
ing how to properly label and find open educational resources (OER) is complex and 
requires not only knowledge but also specific skills (Tlili et  al., 2021). An open ques-
tion here is, how learners can most effectively be supported in acquiring the necessary 
knowledge and skills (Otto et al., 2021). As Otto et al. (2021) point out, empirical inves-
tigation considering contemporary educational technologies, methods and theories is 
needed to provide evidence-based recommendations for practice on how to effectively 
design courses in the field of copyright and media law. In this research, we use the con-
temporary method of an EEG and apply CLT and PF to contribute to the evidence base 
on how to effectively support learners in the copyright and media law domain. The use 
of an EEG in the domain of copyright and media law can be justified on the basis of 
the literature already outlined: EEGs allow for the application of knowledge (e.g., Franco 
& DeLuca, 2019), a key learning objective in media law courses. However, as shown, 
without instructional support, learning within EEGs can be perceived as overwhelm-
ing. Therefore, it is worth investigating at what point in an instructional design learn-
ers benefit in both knowledge and skills acquisition. Additionally, we were interested 
in the impact of our instructional design on learners’ self-efficacy. As Otto (2021) has 
shown, belief in one’s own abilities is central when it comes to subsequent applications 
of content from copyright and media law courses. CLT and PF provide a theoretical 
and empirical basis to investigate these issues. Consequently, we assess cognitive load 
to explain the results found. In sum, we explore in this research the question, whether 
learning with a digital ERG in the domain of copyright and media law is more effective 
when explicit instruction is provided before or after playing.

The remaining structure of the paper is as follows: First, we describe our methodo-
logical approach and present the hypotheses of this study. In the following, we report the 
results of the experiment and discuss them in a further section. The paper closes with 
some limitations of our study and future research directions. At the end, we provide con-
clusions and recommendations for practitioners how to integrate EEGs into teaching.

Method
Research question and hypotheses

As mentioned above, we investigate in this study the question if learning with a digi-
tal ERG is more effective when integrated in an instructional design in which explicit 
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instruction is provided before or after playing the game. To do so, we conducted an 
experiment and defined three learning outcomes and a learning process variable to gain 
insights into the effectiveness: The first learning outcome is knowledge acquisition in 
the form of knowledge retention. The second learning outcome is the application of the 
acquired knowledge to solve new tasks representing the learners transfer performance. 
The third learning outcome is the perceived self-efficacy in the learning domain. Self-effi-
cacy is defined as a person’s subjective belief to successfully perform actions in a specific 
domain or in general (Bandura, 1977, 1994). We focus in this research on domain-spe-
cific self-efficacy as a learning outcome. Based on the aforementioned findings on CLT 
and PF, it can be assumed that the instructional design influences self-efficacy. For exam-
ple, more explicit instructional approaches promote knowledge acquisition to a greater 
extent resulting in a higher belief in one’s own ability to solve new problems (e.g., Huang, 
2017). To understand the learning process, we measured cognitive load levels of the 
learners. Considering these variables, we test the following hypotheses in this study:

Hypothesis 1: Playing the ERG after explicit instruction is more effective for knowl-
edge retention than playing the game before explicit instruction.
Hypothesis 2: Playing the ERG before explicit instruction is more effective for trans-
fer performance than playing the game after explicit instruction.
Hypothesis 3: Playing the ERG after explicit instruction results in higher domain-
specific self-efficacy than playing the game before explicit instruction.
Hypothesis 4: Playing the ERG after explicit instruction leads to lower cognitive load 
than playing the game before explicit instruction.

Participants, context and learning domain

A total of 41 learners (14 males) participated in this study. The majority of the partici-
pants were students (21) with an age between 21 and 29 years. The other participants 
classified themselves as teachers (9), lecturers (3), academic staff (4), instructor in fur-
ther education (1) or other (3) aged between 18 and 60. The participants were either 
attendees of a university course taught by the second author or persons with an inter-
est in the learning domain and therefore participated in the experiment. As mentioned 
above, the learning domain was copyright and media law for teachers and lecturers with 
a focus on the creative commons (CC) licensing model. The aim was to learn how to 
label educational materials as open educational resources (OER) using the right CC 
license. This is an important educational goal in the training of teachers and educators to 
further strengthen the paradigm of open education (Otto, 2019).

Research design

The independent variable in this study was the instructional design: In one group, par-
ticipants first engaged in explicit instruction delivered through a web-based training 
(WBT) followed by an escape room game (ERG). In the following, we will refer to this 
group as the instruction first (IF) group. In the other group, participants first studied 
with the ERG followed by the WBT. In the following, we will refer to this group as the 
problem-solving first (PSF) group. All 41 participants were randomly assigned either to 



Page 6 of 16Buchner et al. RPTEL           (2022) 17:10 

the IF group (N = 20; eight males) or the PSF group (N = 21; six males). The dependent 
variables in this study were knowledge acquisition (retention), knowledge application 
(transfer), domain-specific self-efficacy and cognitive load (intrinsic and extraneous cog-
nitive load). It is important to note that in this study individual learning with the respec-
tive instructional design was implemented.

Learning materials

Web‑based training (WBT)

The WBT was designed using Adobe Captivate© software (e.g., Duvall, 2014). The aim of 
the WBT was to deliver basic knowledge in the learning domain of copyright and media 
law with texts, pictures and videos (see Fig.  1). The WBT is an explicit instructional 
material focusing on information and content presentation allowing learners to engage 
with in a self-paced manner (e.g., Kerres & de Witt, 2003). The WBT used in this study 
was developed by the second author and is available for interested educators in the Ger-
man language as an open educational resource (OER) at wbt.online-lernkurse.de.

Escape room game (ERG)

The digital ERG was developed using Articulate Storyline© software (e.g., Mitropoulou & 
Argyropoulos, 2020). The aim of the ERG was to practice by completing a task under time 
pressure. The completion time of the ERG was limited to 15 min visualized by a count-
down timer. If the time runs out, the game ends and has to be started from the beginning. 
The ERG is designed sequentially and embedded in a frame story in which the players take 
on the role of a research assistant. The problem-based task is to replace an illustration in 
an article to be submitted by the editorial deadline (in 15 min). In the process, the players 
encounter various questions about copyright, the OER search and CC licensing model. A 
virtual game leader (female avatar, see Fig. 2) leads through the game, explaining the task at 
the beginning and providing motivational feedback as the game progresses. The task types 
were single- or multiple-choice, drag-and-drop tasks and text fields in which texts or num-
bers (codes) had to be entered. The single- or multiple-choice tasks are not presented in a 
classical list with checkboxes or radio buttons, but also by clicking on depicted objects, in 

Fig. 1 Start of the WBT with table of contents
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order to support the game character of the ERG. The feedback texts were mainly designed 
to briefly explain the correct solution in each case. Also, the navigation was mainly done by 
clicking on objects with the mouse or by a continue button, which only appears after a ques-
tion has been answered correctly. At the end of the game, the remaining time is displayed.

The game starts with an e-mail from Prof. Takahashi (male avatar, see Fig. 2), which con-
tains the task to be completed. The players are first sent to the library to find out about 
copyright law. Then they have to enter the door code to Prof. Takahashi’s office. The numer-
ical code results from the answer to two questions about copyright (see Fig. 3). In the fur-
ther course of the game, a PC password must be entered in order to access the article to be 
changed. This is followed by an Internet search for OERs. At the end of the game, the play-
ers have to answer questions about CC licensing model correctly in order to quote the new 
illustration accurately.

The ERG used in this study was developed by the second author and is available for inter-
ested educators in the German language as an open educational resource (OER) at oer.
online-lernkurse.de.

Fig. 2 Female and male avatar that support the storyline and the player during the game

Fig. 3 Example of the open-the-door puzzle; the red button with the question mark displays a hint when 
clicked; at the upper right corner is the timer



Page 8 of 16Buchner et al. RPTEL           (2022) 17:10 

Instruments

Prior knowledge

To consider participants’ prior knowledge in the learning domain of copyright and 
media law, we used a self-reporting scale from 1 = no prior knowledge to 7 = high prior 
knowledge. We do not applied a full knowledge test to avoid the problem of a possible 
testing effect (Johnson & Mayer, 2009).

Knowledge acquisition

To assess learners’ knowledge acquisition, we developed a multiple-choice question-
naire with six items (see Additional file  1: Supplementary Material) in collaboration 
with a media law attorney and an expert in the field of OER. For example, “How many 
CC licenses are included in the Creative Commons licensing model? 4, 6, 9”. Four ques-
tions were rated as easy and rewarded with one point each if correct. The remaining 
two questions were rated as difficult and rewarded with two points each if correct. Only 
fully correct questions were rewarded with points, a total of eight points was possible 
to reach. The results of the multiple-choice questionnaire represent learners’ retention 
performance.

Knowledge application

To measure whether participants can apply their knowledge, we developed a transfer 
test with six text-based tasks (see Additional file 1: Supplementary Material). Again, the 
development of the transfer tasks was done in collaboration with the media law attorney 
and the expert in the field of OER. For example, “An image is licensed under CC BY-SA 
2.0. What license do you give the image after editing (e.g., cropping)? CC-BY 2.0, CC-
BY-SA 2.0, CC-BY-SA 2.1, CC-BY-SA-ND 4.0”. Three transfer tasks were rated as easy 
and rewarded with three points each if correct. The remaining three were rated as dif-
ficult and rewarded with four points each if correct. In sum, participants could reach 
21 points in the knowledge application task representing learners’ transfer performance.

Domain‑specific self‑efficacy

To survey participants self-efficacy in the domain of copyright and media law, we 
adapted and supplemented the items developed by Van Acker et  al. (2013). The new 
questionnaire consists of six items, for example, “I feel confident about copyright issues”. 
Participants answered the items on a scale from 1 = do not agree to 7 = fully agree, Cron-
bachs Alpha = 0.89.

Cognitive load

In order to assess participants cognitive load, we used two subscales of the instrument 
developed by Klepsch et  al. (2017): Intrinsic cognitive load (ICL; 2 items; e.g., “This 
task was very complex”; Cronbach’s Alpha = 0.69) and extraneous cognitive load (ECL; 
3 items; e.g., “The design of this task was very inconvenient for learning”; Cronbach’s 
Alpha = 0.66). Participants answered the items on a scale from 1 = do not agree to 
7 = fully agree.



Page 9 of 16Buchner et al. RPTEL           (2022) 17:10  

Procedure

The study was conducted as a fully online experiment in which participants were 
enrolled in a Moodle course and automatically assigned to the instructional design of IF 
or PSF by the system. First, participants answered the prior knowledge rating scale, the 
socio-demographic questions and agreed to participate in the study. It is important to 
note here that all data collected were analyzed anonymously. Afterwards, participants 
learned according to their assignment with the WBT (IF group) or the ERG (PSF group). 
After completing, the learners answered the ICL and ECL scale for the first time and 
continued learning either with the ERG (IF group) or the WBT (PSF group). Thereafter, 
the participants again completed the ICL and ECL scale as well as the knowledge acqui-
sition questionnaire, the transfer task and the self-efficacy scale (overview in Fig. 4).

Results
For data analysis purposes, all items in all instruments were aggregated to their respec-
tive scale. The scorings of the retention test and transfer task were summed. The domain-
specific self-efficacy scale was computed using mean values. The results of the two ICL 

All participants (N = 41)

Random assignment to

Instruction first (IF)

N = 20

Problem-solving first (PSF)

N = 21

Prior knowledge, socio-demographic data, and consent to participate

Web-based Training Escape Room Game

ICL and ECL scale (1)

Escape Room Game Web-based Training

ICL and ECL scale (2)

Retention questionnaire

Transfer task

Self-efficacy scale

Fig. 4 Research procedure
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and ECL scales (1 + 2) were aggregated to an overall ICL and ECL scale using mean val-
ues. In Table 1, descriptive data of all measured variables of this study are presented.

Initially, we calculated a Shapiro–Wilk test to explore if the data of the dependent vari-
ables are normally distributed. The results show that, except for two scales, no normal 
distribution of the data can be assumed. As a consequent, we test the hypotheses of the 
study using non-parametric procedures like Mann–Whitney test. All calculations were 
performed in SPSS 27. Effect sizes are given according to Cohen (1988).

Prior knowledge

First, we checked if the participants differ in their prior knowledge in the learning 
domain. As the descriptive data in Table  1 shows, in both groups learners report low 
and similar prior knowledge. Further, a Mann–Whitney test confirms that the partici-
pants do not differ in their prior knowledge in the learning domain (IF group mean 
rank = 21.30, PSF group mean rank = 20.71, U = 204.00, z = − 0.16, p = 0.88).

Knowledge acquisition – retention

Descriptive data in Table  1 support the first hypothesis: The learners in the IF group 
(M = 5.25, SD = 1.71) performed better on the retention test than the learners in the PSF 
group (M = 4.05, SD = 2.20). A Mann–Whitney test shows that the difference between 
the groups is significant with a moderate effect size: IF group mean rank = 24.33, PSF 
group mean rank = 17.83, U = 143.50, z = − 1.76, p < 0.05 one-tailed, d = 0.56.

Knowledge application – transfer

As presented in Table 1, participants in the IF group (M = 16.25, SD = 4.46) and the PSF 
group (M = 15.95, SD = 4.86) performed similar in the transfer task after learning with 
the respective instructional design. Consequently, no significant differences between the 
groups were found with no effect, Mann–Whitney test: IF group mean rank = 21.25, PSF 
group mean rank = 20.76, U = 205.00, z = − 0.13, p = 0.45 one-tailed, d = 0.04. Hence, 
hypothesis two is not confirmed.

Table 1 Descriptive statistics of both groups for all measured variables

IF group (N = 20) PSF group (N = 21)

M SD M SD

Prior knowledge 3.27 1.76 3.16 1.59

Retention 5.25 1.71 4.05 2.20

Transfer 16.25 4.46 15.95 4.86

Self-efficacy 5.30 0.98 4.66 1.29

Overall ICL 2.58 1.04 3.33 1.12

Overall ECL 1.94 0.80 2.29 0.83
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Domain‑specific self‑efficacy

Descriptive data in Table  1 support hypothesis three: Participants self-efficacy in the 
domain of copyright and media law is higher in the IF group (M = 5.30, SD = 0.98) 
than in the PSF group (M = 4.66, SD = 1.29). This difference is significant with a mod-
erate effect size, Mann–Whitney test: IF group mean rank = 24.55, PSF group mean 
rank = 17.62, U = 139.00, z = − 1.86, p < 0.05 one-tailed, d = 0.60.

Cognitive load

Results in Table 1 confirm hypothesis four: For both types of cognitive load participants 
in the IF group (Overall ICL: M = 2.58., SD = 1.04; Overall ECL: M = 1.94, SD = 0.80) 
report lower values than the PSF group (Overall ICL: M = 3.33., SD = 1.12; Overall 
ECL: M = 2.29, SD = 0.83). For ICL, a Mann–Whitney test reveals that the difference 
is significant with a moderate effect size: IF group mean rank = 17.10, PSF group mean 
rank = 24.71, U = 132.00, z = − 2.04, p < 0.05, d = 0.67. However, the difference between 
the groups regarding the perceived ECL is not significant, the effect size is small, Mann–
Whitney test: IF group mean rank = 18.48, PSF group mean rank = 23.40, U = 159.50, 
z = − 1.32, p = 0.09 one-tailed, d = 0.42.

Discussion
In this study, we investigated if learning with a digital ERG is more effective when 
explicit instruction is provided before or after playing the game.

In line with CLT, we predicted in hypothesis one an advantage of the IF design over 
the PSF design in terms of knowledge retention. Our data support this assumption: 
learners in the IF condition performed significantly better on the retention test com-
pared to the learners in the PSF condition. We found a moderate effect size with d = 0.56 
indicating an educational relevant aspect when integrating ERG into teaching. Prepar-
ing learners for the problem-based tasks in the ERG through the WBT had a positive 
effect on mental load. As a result, more cognitive capacities were free during playing the 
game, enabling a better transfer of new knowledge into long-term memory. This is also 
reflected in the cognitive load values: The learners in the IF condition reported signifi-
cantly lower ICL with a moderate effect size (d = 67). This means that the participants 
perceived the instructional design with the WBT followed by the ERG as less complex 
and difficult resulting in better knowledge achievement. Also, the ECL levels are lower in 
the IF group with a small but according to Hattie (2008) educational relevant effect size 
(d = 42). However, the difference is not significant, which is probably due to the relatively 
small sample size. In future studies, researchers should replicate our study with a larger 
sample to further investigate the possible effect of the instructional design on the ECL. 
Referring to our data, we can accept hypothesis three as partially confirmed.

In hypothesis two, we assumed according to PF an advantage of the PSF condition in 
terms of transfer performance. However, we found no differences between the learn-
ers engaged in the IF or the PSF instructional design. In both settings, participants per-
formed very well on the transfer task, scoring 16 or more points out of a possible 21. 
This result is not in line with previous research demonstrating the effectiveness of the 
PF approach in comparison to direct instructional approaches regarding transfer per-
formance (Kapur, 2011, 2012, 2014). As mentioned earlier, most of the studies reporting 
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advantages of PF over direct instruction were conducted in the field of STEM learn-
ing. As shown in Nachtigall et al. (2020), the effectiveness of PF might not occur when 
applied in non-STEM domains. Learning about copyright and media law is such a non-
STEM domain. With this study, we provide further evidence that PF is not better for 
transfer performance when applied in a non-STEM learning domain compared to an IF 
instructional design. The claim about the domain-independence of PF effects (Kapur, 
2015) therefore needs further investigation. However, we also found no negative effect 
when the ERG was played before explicit instruction in terms of transfer performance. 
This is in line with other studies showing that problem-solving first approaches are as 
effective as more guided instructional approaches with worked-examples or scaffolded 
guidance before or during instruction (e.g., Halmo et al., 2020). As reported, learners in 
the PSF condition perceived higher ICL and ECL than the learners in the IF condition. 
The higher cognitive load only negatively affected learner’s performance on the retention 
test, not the transfer task. A possible explanation is an affective-motivational effect lead-
ing to higher engagement to fulfil the cognitive challenging task (Likourezos & Kalyuga, 
2017). Hence, further studies might include measurement of cognitive load (ICL and 
ECL) and motivational values to further understand the learning process of PSF instruc-
tional approaches like the one used here. Since the motivational effect of ERGs and 
EEGs is also identified as particularly important in the literature (Fotaris & Mastoras, 
2019; Veldkamp, van de Grint, et al., 2020), further research on this would be appropri-
ate. It would be exciting to know whether motivation is different in one of the two set-
tings applied in this research. For example, it could be assumed that intrinsic motivation 
(Ryan & Deci, 2020) is perhaps higher in the instructional design with playing the ERG 
before instruction due the higher feeling of autonomy generated by the game.

As a third learning outcome in this study, we were interested in learner’s domain-spe-
cific self-efficacy after learning with the two respective instructional designs. We pre-
dicted that the IF group will report higher self-efficacy compared to the PSF group. Our 
data confirm this prediction with a moderate effect size (d = 0.60): The participants in 
the IF group felt more self-confident to apply their newly acquired knowledge to solve 
new problems. Self-efficacy is closely linked to knowledge and therefore in line with 
the results found regarding the knowledge acquisition. The IF learners performed bet-
ter on the retention test, and they also felt more self-confident. However, the stronger 
self-confidence has not resulted in better but the same performance on the transfer task 
compared to the learners in the PSF condition. Further research is needed to explore if 
higher self-efficacy translates into better performance on transfer tasks when ERGs are 
integrated in instructional designs. For example, it is possible that a more difficult trans-
fer tasks would have led to different results. Hence, future research should also vary the 
instruments evaluating the performance of the learners.

Limitations and future research

The results observed in this study cannot be generalized due the small sample size. 
More research is needed to understand when and how to integrate ERGs in educa-
tional settings. However, we were able to conduct a randomized experiment with a 
between-subject design addressing the educational value of an ERG. Such stud-
ies were missing as previous research synthesis revealed (Veldkamp, van de Grint, 
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et al., 2020). Another limitation of this study is the individual learning approach that 
applied as traditionally ERGs are played collaboratively. Follow-up studies are neces-
sary to explore if the same results occur if collaborative learning with the two instruc-
tional designs is implemented. Additionally, the instructional designs used in this 
study should be investigated within physical or hybrid ERGs (like AR escape games; 
see Paraschivoiu et  al., 2021) instead of the fully digital ERG applied in this study. 
It is also necessary to further investigate instructional elements that might improve 
learning with EEGs/ERGs. For example, the addition of learning strategies before or 
after learning with such games could contribute to both retention and transfer perfor-
mance (Fiorella & Mayer, 2015). Our study addressed a non-STEM learning domain, 
and therefore, we also encourage researchers to further explore if playing before 
explicit instruction might be better in STEM domains when compared to playing 
after explicit instruction.

Conclusion and implications for practice
In conclusion, the instructional approach of playing an ERG after explicit instruc-
tion was more effective to learn about copyright and media law than playing the 
game before instruction. This is highlighted by the results in the knowledge 
achievement test, the self-reported domain-specific self-efficacy and the cognitive 
load levels. Learners in the IF condition showed better knowledge retention, higher 
self-efficacy and perceived lower cognitive load (ICL and ECL). In addition, the IF 
learners performed equally on the transfer task. Consequently, we rate the learning 
experience in the IF group as more effective compared to the learning experience in 
the PSF group.

Therefore, at this stage of empirical evidence, we recommend teachers, lecturers 
and instructional designers the implementation of ERGs/EEGs after preparing learn-
ers with explicit instruction in the learning domain of the game. As a result, learn-
ers will benefit in both knowledge and skills acquisition. In general, we recommend 
that curriculum designers integrate ERGs/EEGs to create learning opportunities 
for practicing domain-specific skills. As shown in our study, playing an ERG as part 
of an instructional design is beneficial when it comes to the application of knowl-
edge. ERGs are, therefore, a new avenue for skill training that is both effective and 
engaging.
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