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ABSTRACT
Learning with virtual reality (VR) can be highly motivating and conducive 
for cognitive and affective learning outcomes. For commemorative history 
education, VR enables novel experiences of testimonies co-created by survi-
vors, witnesses, and museums. VR technologies allow learners to feel imme-
diacy and an emotional connection to digitally reconstructed spaces and 
events of the past. While VR has proven to enhance affective learning out-
comes by provoking emotions, interest, or motivation, its perceptual rich-
ness may also lead to distraction and cognitive overload. Generative learning 
activities can alleviate some of the limitations of learning with VR by help-
ing learners to focus on the learning material. This study examines a highly 
engaging and historical immersive VR application and thereby investigates 
the effectiveness of the generative learning activities of self-explaining and 
drawing. Seventy-four undergraduate students explored a three-dimensional 
representation of the room where Anne Frank, a Jewish girl, was hiding 
during World War II. For the two experimental conditions, students had to 
either create drawings of Anne Frank’s room and their own room or verbally 
explain how Anne Frank’s living conditions would feel for them. For the con-
trol condition, students did not engage in a subsequent activity. Based on 
generative learning theory, we predicted that students engaging in genera-
tive learning activities would display higher posttest scores in knowledge 
and perspective taking than the control group. No such effects were found. 
Although the VR experience itself increased the ability to empathize with 
Anne Frank across all groups, it did not contribute to knowledge building. 
The study results indicate that even without any additional activity, VR can 
convey highly emotionally engaging testimonies and enables role taking, 
which suggests that VR is in particular suitable for affective learning.

1.  Introduction

Virtual Reality (VR) is a unique and promising learning tool that allows learners to immerse 
themselves in computer-generated and three-dimensional environments. It has the capability to 
enable highly engaging, interactive learning experiences since it can actively involve users in the 
learning process (e.g. Freina & Ott, 2015; Radianti et  al., 2020). Previous research indicates that 
VR supports the experience of illusions such as presence and body ownership that can especially 
enhance affective learning outcomes by provoking emotions, interest, or motivation (Filter et  al., 
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2020; Makransky et  al., 2021; Makransky & Petersen, 2021). Since VR experiences have the 
potential to engender a deep emotional engagement through spatial and temporal embeddedness, 
VR is seen to enhance a sense of relationality. Thus, various VR applications aimed at enhancing 
empathy-related skills have been developed (e.g. Bachen et  al., 2012; Schutte & Stilinović, 2017; 
Sirkkunen et  al., 2016). Especially VR applications where learners can inhabit the bodies of 
others allow role taking from another’s perspective, support empathy and affective learning 
(Bertrand et  al., 2018; Han et  al., 2022).

However, while learning in VR applications can intellectually engage and emotionally involve 
learners, it may also lead to distraction and cognitive overload resulting in decreased performance 
(Mayer et  al., 2023). Generative learning activities promise to alleviate some of these constraints by 
assisting learners to focus on learning materials and situational cues more intensively. They aim to 
foster a deeper processing of the material and improve understanding (Fiorella & Mayer, 2016). 
Accordingly, several studies have revealed that VR environments promote better learning when they 
incorporate multimedia design principles described as generative learning (Albus et  al., 2021; 
Makransky, 2021). Activities such as summarizing and collaborating have been demonstrated to be 
effective when added in a typical VR training environment (e.g. Parong & Mayer, 2018; Petersen 
et  al., 2023). Yet, less is known about the effect of generative learning activities for affective learning 
outcomes (e.g. taking the perspective of another person and training empathy in a VR setting).

The aim of the current study is to investigate an emotionally engaging VR application for 
commemorative history education. We are interested in differences regarding cognitive and 
affective learning outcomes in a highly engaging environment. Mainly, we assume that an 
immersive environment which depicts the reality or memory of a deceased person’s life can 
facilitate empathy with the protagonist portrayed in the VR environment and can therefore 
address affective learning objectives effectively. Moreover, we examine the value added by two 
additional generative learning activities after the VR experience, namely drawing and self-explaining, 
and compare these two conditions to a control condition without an additional activity.

2.  Theoretical background

Immersive learning, a subset of multimedia learning, focuses on adapted or simulated 
three-dimensional environments that are multisensory and that learners can explore and interact 
with (Makransky & Lilleholt, 2018; Sherman & Craig, 2018). Settings can be created that 
cannot be visited in real life due to various limitations (Freina & Ott, 2015; Mikropoulos & 
Natsis, 2011). Thus, VR is particularly relevant for learning experiences that are difficult to 
present adequately with the means of traditional media (Bailenson, 2018), like learning objects 
that consist of attitudes and affective learning. The idea that VR can trigger emotions and 
therefore evoke empathy more effectively than any other medium is linked to the brain’s 
perception of VR experiences as real rather than mediated (Madary & Metzinger, 2016; Maister 
et  al., 2015). As a result, learners may exhibit both emotional and behavioral responses to 
virtual experiences, which can have lasting effects. Learners feel as if they are either present 
in a different time at a different place or indeed experiencing the world through a different 
body, which may enhance both the urgency and the emotional impact of what learners are 
witnessing (Simine & Ch’ng, 2023).

Such virtual experiences may be suitable for teaching the history and life stories of previous 
and present generations with a high level of importance for our current socio-political debates. 
The VR environment Clouds over Sidra, for example, makes it possible to share the first-person 
perspective of the 12-year-old Syrian girl Sidra in a refugee camp in Jordan, home to thousands 
of Syrians fleeing war, experiencing her everyday life (Milk, 2015). Another VR application 
succeeded in reducing implicit racial bias against dark-skinned people when light-skinned par-
ticipants embodied in a dark-skinned body (Peck et  al., 2013). The Kokoda VR environment 
sends learners back to World War II in the Australian territory of Papua where they can pick 
up weapons, run through the battle fields and explore the historical grounds of the Kokoda 
Trail (Calvert & Abadia, 2020).
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On the other hand, previous immersive multimedia endeavors that were not based in VR 
have produced mixed results. For example, enabling Instagram users to experience the actions 
of German anti-Nazi resistance activist Sophie Scholl in real time was perceived as somewhat 
controversial because the boundaries between fact and narrative or between fiction and reality 
seemed to blur (Thiele & Thomas, 2023). Whether parasocial relationships are an effective way 
of engaging learners with history education remains debatable, especially since that project 
seemed to have missed its target audience (Thiele, 2023), in addition to lacking embedding in 
wider institutional curricula, which would be recommended (Träg & Mulders, in press).

However, ethical challenges with immersive VR have also become apparent. While we acknowl-
edge that VR is a handy technology to explore otherwise inaccessible places or points in time, 
it should always be kept in mind, especially in history education about sensitive topics, that 
researchers as well as programmers should not attempt to replace or supplant reality. Paradoxically, 
making voices of victims and witnesses of atrocities more accessible might also run the risk of 
making them appear more mundane (Knoch, 2021). Nash (2018), for example, warns against 
designing the virtual world as photo-realistically as possible because this could create an improper 
distance from victims and historical events. Moreover, Segovia and Bailenson (2009) found that 
VR can even create false memories. This is why on the one hand ethics are a necessary part 
of the computer science education of future programmers and developers (Horton et  al., 2022), 
while on the other hand learning interventions should take care to emphasize the difference 
between reality and virtuality (Bunnenberg, 2020; Lewers, 2022).

In our study we take on the historical experience of the hiding place of people of Jewish 
origin during World War II. Through high-quality three-dimensional representations, VR allows 
learners to explore the hiding place room by room in a way that would be vastly more difficult 
in the real world.

2.1.  Learning in immersive VR

Today, immersive VR is used in many areas, such as aviation, military training, gaming, engineering, 
simulating surgical procedures, psychological treatment, learning, and social skills (Baceviciute et  al., 
2021; Christopoulos & Mystakidis, 2023; Cipresso et  al., 2018; Pellas et  al., 2020; Wolf et  al., 2021; 
Wolfartsberger, 2019; Wong & Lee, 2024). Based on promising examples, it is often predicted that 
immersive VR will be able to enhance traditional classroom learning (Calvert & Abadia, 2020; Snelson 
& Hsu, 2020). Still, successfully implementing immersive VR in the everyday classroom depends on 
briefing and debriefing activities as well as several factors on a micro- (i.e. characteristics of the 
learners), meso- (i.e. teacher- and classroom-specific influences) and macro-level (i.e. institutional and 
governmental factors) (Dengel et  al., 2023; Träg & Mulders, in press).

VR technology allows easy access to points in time and space that would otherwise be dif-
ficult to reach (Janssen et  al., 2016), meaning that it holds special value for history education, 
where it can enable learners to experience the lives of historical personalities (Frentzel-Beyme 
& Krämer, 2023; Mulders, 2023). Patterson et  al. (2022) argue that relating to historical person-
alities can help facilitate learning the values of pluralistic democracy. Some studies show that 
history education aided by VR technology may increase empathy, presence, and academic per-
formance (Abadia et  al., 2019; Calvert & Abadia, 2020; Frentzel-Beyme & Krämer, 2023; Mulders 
et  al., submitted; Zhang, 2019).

Tied to this, there is a growing body of evidence showing the benefits of learning academic 
content in immersive VR as compared to other media. Recent meta-analyses (Coban et  al., 2022; 
Wu et  al., 2020) and reviews (Parong, 2021; Radianti et  al., 2020) found small effect size advan-
tages of immersive VR when compared with non-immersive learning conditions. Immersive VR 
is said to increase learners’ remembering of the concepts learned (Buttussi & Chittaro, 2023; 
Meyer et  al., 2019), transfer of knowledge (Chittaro et  al., 2018), practical skills (Barrett et  al., 
2024; Mulders et al., 2022), and their emotional performance (Cheng & Tsai, 2020; Mulders, 
2023). Nonetheless, there are also studies suggesting that immersive VR does not make a sig-
nificant difference in learning (Hassenfeldt et  al., 2020; Leder et  al., 2019).
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Despite the postulated educational advantages linked to immersive VR, there are significant 
barriers impeding its implementation, such as the experience of physical discomfort (i.e. motion 
sickness) (Jensen & Konradsen, 2018), high arousal, or cognitive load triggered by information 
overload (Makransky et  al., 2019).

2.2.  Characteristics of immersive VR technologies

VR is an umbrella term that encompasses various technological systems (Rauschnabel et  al., 
2022; Wohlgenannt et  al., 2020). In our study, we exclusively work with head-mounted display 
(HMD)-based VR. This VR technology monitors the learner’s head movements and, in some 
cases, body movements (Sousa Santos et  al., 2009). HMDs offer learners the opportunity to 
control the environment with a full stereoscopic view (Calvert & Abadia, 2020; Passig et  al., 2016).

For the classification of VR, it is useful to distinguish between immersion and presence 
(Bowman & McMahan, 2007). Immersion is described as a set of technological features that 
provide a sense of reality to learners (Slater, 2018). In contrast, presence refers to the subjective 
experience of learners in terms of the degree to which they have the feeling of being there in 
a computer-generated environment (Slater et  al., 2009). Some researchers argue that technologies 
with a high level of immersion create a higher perception of presence than low immersive VR 
technologies (Meyer et  al., 2019).

Nevertheless, highly immersive media, such as HMD-based VR, possibly overwhelm learners 
with the many auditory and visual stimuli presented. Since human processing capacity is limited 
(e.g. Sweller, 2011), immersive VR in particular can be a hindrance to learning because the per-
ceptual richness of the virtual world demands too many resources (Mayer et  al., 2023). Several 
studies have already revealed that learning with VR can lead to cognitive overload (e.g. Albus 
et  al., 2021; Makransky et  al., 2019; Mayer et  al., 2023; Meyer et  al., 2019). According to Mayer’s 
assumptions about multimedia learning (e.g. Mayer, 2005), cognitive overload appears because of 
an increase in intrinsic cognitive load due to the difficulty of the learning material combined with 
an increase in extraneous cognitive load due to the many stimuli afforded by the medium. One 
principle of multimedia learning, called the immersion principle (Makransky, 2021), specifies how 
VR training may benefit from added instructional guidance. In accordance with this principle, 
immersive VR trainings foster deeper learning when they are designed based on multimedia design 
principles. A recent meta-analysis investigating HMD-based VR revealed that more than one 
quarter of the examined studies demonstrated negative effects, underscoring the significance of 
considering the instructional design of VR-based learning environments (Wu et  al., 2020). VR 
trainings that ignore these instructional principles may overtax working memory resources by 
being excessively intricate and complex, thereby competing with the processing of essential learning 
content (Chandler, 2009). Hence, instructional guidance is needed to help learners concentrate on 
the content presented in VR. Richard Mayer himself observed that the list of evidence-based 
principles for learning with different multimedia applications must continue to be developed, which 
applies in particular to technologies such as immersive VR (Mayer et  al., 2020).

2.3.  Generative learning activities when learning with immersive VR

Generative learning theory proposes that learners need to be actively involved in processing 
learning materials to integrate new information into the long-term memory (Wittrock, 2010). 
This involves three processes: (1) selecting the relevant information, (2) organizing it into a 
cohesive structure within working memory, and (3) integrating it with relevant knowledge retrieved 
from long-term memory (Fiorella & Mayer, 2016, 2021).

Fiorella and Mayer (2016) differentiate between eight generative learning activities (e.g. map-
ping, imagining) that should lead to active participation in the learning process. Such activities 
aim to reduce learners’ cognitive load on working memory and improve learning outcomes by 
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encouraging the learners to reflect on the learning material. For immersive VR, such activities 
are also considered to be conducive to learning (Makransky et  al., 2021; Mulders et al., 2020; 
Yang et  al., 2021). Some studies have already investigated the effectiveness of generative learning 
activities when learning with immersive VR, such as teaching (e.g. Klingenberg et  al., 2020), 
summarizing (e.g. Parong & Mayer, 2018), and collaborating (e.g. Petersen et  al., 2023).

In our current study, our emphasis is on employing prompts to encourage engagement in 
generative learning activities after the VR experience has been completed. In the Parong and 
Mayer (2018) study, students took off their HMDs and wrote a summary, whereas in the Petersen 
et  al. (2023) study students created their summaries verbally in VR while wearing their HMDs. 
While these two studies analyzed the activity of summarizing, we asked learners to produce 
explanations and drawings. The generative learning activity of self-explaining involves a detailed 
statement by the learner to themselves and the generative learning activity of drawing encom-
passes creating a visual representation of the material (Fiorella & Mayer, 2016).

Furthermore, previous studies often focused on examining the effects of generative learning 
activities on cognitive learning (e.g. retention, transfer). We aim to investigate effects on an 
affective level as well, as VR has proven to be particularly effective in eliciting compassion and 
empathy for others within the VR environment (e.g. Frentzel-Beyme & Krämer, 2023; Martingano 
et  al., 2021; Nakamura, 2020). To trigger generative learning activities that engage learners with 
the learning material on an emotional level, we have designed the prompts in such a way that 
learners should always establish a connection between what is represented in VR and the reality 
of their own life experiences. Hence, we have expanded upon Fiorella and Mayer (2016) gen-
erative learning activities by adding the aspect of ego-involvement (i.e. making connections/
comparisons between the self and the virtual agent) in the task prompts.

2.4.  Hypotheses of the present study

Our main aim was to empirically examine an immersive VR application in the field of com-
memorative history education, with the goal of investigating its effects on affective as well as 
cognitive learning outcomes. We furthermore checked whether learners would benefit from being 
prompted to engage in generative learning activities after a VR experience, compared to expe-
riencing the same without a generative learning activity. Three study conditions are employed: 
no generative learning activity (control group), learners producing two drawings (drawing group), 
and learners creating a written statement for themselves (self-explaining group). We recorded 
learning on a cognitive (i.e. knowledge acquisition) and an affective level (i.e. perspective taking).

We assume that in each of the three experimental conditions posttest scores are higher than 
pretest scores (hypothesis 1). We expect this effect of the immersive technology for both cog-
nitive and affective indicators. Based on generative learning theory, we furthermore predict that 
learners engaging in generative learning activities will display significantly higher posttest scores 
than those in the control group (hypothesis 2). Next, we formulated the prompts for the gen-
erative learning activities in such a way that the learners had to make a connection to the reality 
of their own lives. This was particularly aimed at addressing the learners’ affect. We therefore 
also assume that learners in the generative learning conditions will show a greater improvement 
between the pretest and posttest in perspective taking than in knowledge (hypothesis 3).

3.  Methods

3.1.  Participants and design

To verify our hypotheses, we employed an experimental design in a laboratory setting. Participants 
were randomly assigned to one of the three study conditions: (1) no generative learning activity, 
(2) drawing, (3) self-explaining.
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A total of 75 bachelor students at the University of Duisburg-Essen in Germany were recruited 
as participants, one of whom was excluded from analysis since they did not fill in both ques-
tionnaires. Out of the remaining 74, 17 identified as male, 55 as female and 2 as non-binary. 
Gender and age by test condition are listed in Table 1. Participants largely had a background 
in Education, as 43 indicated their major subject as Education Sciences, with a further 17 indi-
cating Teaching. Five more participants were studying Psychology, the remaining 9 indicated 
other major subjects (i.e. Software Engineering, Pedagogy, Law). Most participants (n = 45) had 
no prior experience with VR, while 22 specified that they had only tried VR shortly. The 
remaining 5 indicated that they used VR rarely, the other options labeled occasionally and reg-
ularly were not ticked by any participant.

3.2.  VR application

We utilized the free application Anne Frank VR House which was developed cooperatively by 
the Anne Frank Foundation Amsterdam and the Game development studio Force Field VR. The 
VR application allows learners to explore the hiding place of Anne Frank, her family, and four 
other people, all of them of Jewish origin. Anne Frank is representative of millions of Jewish 
people who had been discriminated against, persecuted and systematically murdered.

In 1929, Anne was born as a daughter to Jewish parents in Frankfurt, Germany. At that time, 
living conditions in Germany were marked by economic instability, accompanied by a rise in 
antisemitism, which was both exacerbated and deliberately incited. For these reasons, Anne 
Frank and her family fled to Amsterdam. When German forces occupied the Netherlands in 
1930, ten-year-old Anne Frank witnessed the increasing discrimination and persecution of Jews 
under the Nazi regime. Therefore, Anne Frank and her family went into hiding from 1942 to 
1944 in a concealed back house in Amsterdam. In the hiding place, eight individuals lived under 
restrictive conditions, in complete silence and darkness, to avoid discovery. Anne Frank docu-
mented these harsh living conditions, along with her thoughts, worries, and hopes, in her diary. 
After the hiding was exposed, Anne Frank and her family were deported. Anne Frank died in 
the Bergen-Belsen concentration camp in 1945 at the age of 15. The only survivor, Anne Frank’s 
father Otto Frank later published her diary, which has been translated into over 75 languages. 
The hiding place is now part of a museum.

The Anne Frank VR House is a faithful replica of the hideout in VR and allows learners to 
explore the hiding place of Anne Frank and immerse themselves in their living conditions at 
that time. Moreover, each of the eight rooms of the hiding place has been recreated in detail. 
The application can be explored using HMDs and controllers from various providers. By using 
the controllers, learners can interact with different elements and obtain auditory information.

In our study, we focus solely on one of these rooms, namely that of Anne Frank, which she 
had to share with a non-related middle-aged Jewish friend of the family named Fritz Pfeffer. 
In total, the room was 6.5 square meters in size. In that room, there are four interactive ele-
ments: Anne Frank’s diary, a postcard, a book resting on the bed, and a pair of binoculars (see 

Table 1. A ge and gender by test condition.

Age Gender

N Min
M

(SD) Max Male Female Non-binary

Full sample 74 18 24.82
(8.41)

66 17
(23.0 %)

55
(74.3 %)

2
(2.7 %)

Drawing 24 18 23.50
(7.44)

55 5
(20.8 %)

18
(75.0 %)

1
(4.2 %)

Self-explaining 24 19 27.79
(11.61)

66 6
(25.0 %)

17
(70.8 %)

1
(4.2 %)

Control 26 19 23.31
(4.38)

40 6
(23.1 %)

20
(76.9 %)

0
(0.0 %)
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Figure 1). Whenever one of the elements is manually picked up by the learner, the voice of a 
young woman is heard, suggesting that Anne Frank herself is speaking. For example, when the 
diary is picked up, she may say:

Writing liberates me from everything. My sorrows vanish, my courage reignites. Yet, the main question 
lingers: Will I ever produce something truly great? Can I become a journalist and a writer? I fervently hope 
so, as writing allows me to document everything: my thoughts, my ideals, and my fantasies (Vertigo Games 
& Knucklehead Studios, 2019).

The entire experiment lasted approximately 25 min per person. The VR experience was pre-
sented to the participants using HMDs, more precisely Meta Quest 2, and two associated con-
trollers which were used for movement and interaction with objects.

The selection of this particular VR application for the present study was based on its usage 
in a previous study that investigated the effects of different VR devices, instructional methods 
and learning processes such as flow and presence (Mulders, 2023, 2024). It is worthy to note 
that participants in our study were German students who may have a different historical frame 
of reference than international students would have had. Other researchers also utilize VR in 
history education because this technology provides the opportunity to travel to past locations 
and engage in conversations with deceased individuals (e.g. Nachtigall et  al., 2022; Parong & 
Mayer, 2021).

Figure 1.  The interior of the Anne Frank VR House application. Note. Picture a shows Anne Frank’s room. Picture b shows Anne 
Frank’s diary. Picture c shows Anne Frank’s binoculars. Picture d shows the wall which Anne Frank decorated with pictures.
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3.3.  Generative learning activities

We have chosen two out of the total eight generative learning activities posited by Fiorella and 
Mayer (2016). We chose these two because previous studies have predominantly investigated 
other activities, like teaching (e.g. Klingenberg et  al., 2020), summarizing (e.g. Parong & Mayer, 
2018), or collaborating (e.g. Petersen et  al., 2023). The two selected activities are also suitable 
for individual work where no other people are needed, which suited our study design. We 
developed prompts for these two activities. The worksheets containing the prompts for the 
generative learning activities are available online1. For the drawing activity, we asked the students 
to draw Anne Frank’s room from a bird’s eye view. The students were given a checkered sheet 
of paper for this purpose. They were instructed to assume that four squares correspond to one 
square meter. Objects or furniture should be drawn on the sheet. The second part of the task 
involved drawing their own room. An exemplary solution of one student is given in Figure 2.

For the self-explaining activity, we instructed the students to imagine themselves living for a 
week under the conditions in hiding similar to those Anne Frank endured. They were asked to 
describe in their own words how they would have felt in that situation, what problems they 
would have faced the most, and what would have scared them the most. Below are two exem-
plary quotes from the students:

•	 Participant SO18: I would feel very cramped, especially the loss of privacy would bother me. 
Permanently being with so many people (especially family) in such a small space. Above all, 
I would suffer not being allowed to go out anymore, being limited in all my freedoms […].

Figure 2. G enerative learning activity drawing of participant HE15. Note. Top section: Anne Frank’s room. Bottom section: own 
room.
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•	 Participant IM03: What is happening outside my room? Will I be discovered? Will anybody 
hear me when I use the toilet? My situation is marked by hopelessness: the confinement 
within the small room, the lack of contact with the outside world, and the inability to 
communicate. Being constantly surrounded by past experiences, photos, and memories. The 
prospect of a future existence hinges solely on hope for assistance, luck, and trust. Yet, I 
would be inundated by fears that I couldn’t shake, suppress, or conquer. They persist 
relentlessly.

While previous prompts for generative learning activities were mostly formulated to achieve 
cognitive learning outcomes (e.g. Parong & Mayer, 2018; Petersen et  al., 2023), we endeavored 
to ensure that the emotional experiences of the learners were also addressed when creating the 
prompts. We attempted to encourage learners to establish a connection to their own life expe-
riences or make comparisons between Anne Frank’s life and their own within both the drawing 
and self-explaining activities. Hence, during the generative learning activity, the learner has to 
involve their own person in order to even be able to complete the task. It is worth noting that 
this paper focuses on whether doing the activity itself can add value to learning. The quality 
of the execution when drawing and explaining will be reported in another paper (Mulders 
et  al., 2024).

3.4.  Questionnaires

The self-reported data were collected using a pre- and a post-questionnaire. Both were completed 
by the students using a conventional laptop provided by the project team. We used Sosci Survey 
as a standard tool for academic online surveys. All questionnaire materials are accessible online2.

To measure cognitive learning outcomes, we assessed students’ knowledge. Immediately before 
the VR session, prior knowledge was measured. Therefore, students rated their knowledge level 
on a scale from 1 (not available) to 10 (extensive knowledge). Furthermore, students were asked 
to answer four knowledge questions (e.g. What does Anne’s diary look like? Try to name char-
acteristics.) after the VR experience. A maximum of 2 points each for the first three questions 
and 3 points for the fourth question was reachable, resulting in a maximum point value of 9. 
Two raters awarded points independently of one another, reaching an interrater reliability of .91 
according to weighted Cohen’s κ (Cohen, 1968). For all further calculations, the ratings of the 
more experienced rater were used.

As an affective learning objective, perspective taking in Anne Frank was determined. Perspective 
taking is interpreted as the capacity to empathize with another person’s feelings. It is a prereq-
uisite for the emergence of empathy or compassion (Roberts et  al., 2014; Wolgast et  al., 2020). 
To measure the extent of perspective taking, an adapted version of the historical perspective 
taking questionnaire (Hartmann, 2008) was implemented. The questionnaire used in the current 
study consists of nine items (e.g. As a daughter Anne couldn’t object to her parents’ strict rules 
in the hiding place and had to comply with their wishes.) to be answered on a scale from 1 (does 
not fit her situation at all) to 4 (fits her situation very well). The questionnaire was filled out 
immediately after the VR experience. For a previous study (Mulders et  al., 2022), the question-
naire originally developed by Hartmann (2008) was already adapted to the topic of Anne Frank. 
Because the scale formerly exhibited low internal consistency in Mulders et  al. (2022) and even 
in the original study by Hartmann (2008) itself, we further refined the items and pretested them 
with students in the corresponding age group. For additional validation of perspective taking, 
students had to assess how well they could empathize with Anne Frank’s living situation in the 
hiding place. A ten-point scale from 1 (not at all) to 10 (completely) was utilized. This question 
was asked twice, before and after the VR experience.

Age, gender, bachelor subject, and prior technological experience were considered as control 
variables. To capture these variables, closed-ended questions were asked at the first measurement 
time point.
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3.5.  Procedure

Before the project began, we submitted an ethics application. On 2nd March 2023, our project 
was approved by the Ethics Committee of the University of Blinded for Review. We have pre-
registered our study via Open Science Framework1.

The data collection started in April 2023 and was completed in January 2024. The students 
were invited to participate via posters around the university or calls on social media networks. 
Participation was voluntary and unpaid. The study was carried out at a laboratory at the 
University of Blinded for Review. An individual appointment was scheduled with each student. 
The experimental procedure is depicted in Figure 3. Firstly, the students were greeted by a 
research assistant. The students were informed that they could terminate the experiment at any 
time (e.g. due to feeling unwell). Prior to the experiment, students read and signed a consent 
form that contained further information regarding the experiment. Following randomization, 
students responded to the pre-questionnaire. Next, the research assistant read aloud a brief 
informational text about Anne Frank and her hiding place in Amsterdam during the Nazi 
occupation. This introductory information text and the consent form are available online1. 
Thereafter, the research assistant provided each student with an HMD and a set of controllers. 
To accommodate students’ varying levels of experience with VR, all students received instruction 
in how to use the controllers and tried on the HMD before starting the application. Once 
equipped with the HMD, the VR was launched automatically.

After the VR experience, those students in the two experimental conditions worked on the 
worksheets provided to them. These worksheets contained prompts for the generative learning 
activities, as described earlier in this section. The students in the control group immediately 
completed the post-questionnaire, whereas those in the experimental conditions filled it out only 
after finishing the generative learning activity. In general, students completed both questionnaires, 
the pre- and the post-questionnaire, at their own pace.

4.  Results

First, descriptive statistics will be reported, followed by the prerequisite check for a multivariate 
analysis of covariances (MANCOVA) and results of the analyses of hypotheses. Finally, some 

Figure 3. O verview of the experimental procedure and the three conditions.
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exploratory facets of the present data will be presented. All analyses were performed in R version 
4.2.2 (R Core Team, 2022).

4.1.  Descriptive statistics

Descriptive statistics for the five affective and cognitive variables (1) self-assessed pretest knowl-
edge, (2) posttest knowledge score, (3) self-assessed perspective taking pretest, (4) self-assessed 
perspective taking posttest, and (5) Hartmann scale perspective taking (posttest) by test condition 
are shown in Table 2. The Hartmann scale and the knowledge score were the only measures 
composed of multiple items. Reliability for the Hartmann scale was mediocre, with Cronbach’s 
α = .69. Weak reliability values are a known flaw of the Hartmann scale (Hartmann, 2008; Mulders 
et  al., 2022). Using the Kruskal-Wallis test (Kruskal & Wallis, 1952), no pretest group differences 
were found for self-assessed knowledge (χ2 = 2.72, p = .257) or self-assessed perspective taking 
(χ2 = 5.24, p = .073).

4.2.  Prerequisites

To be able to perform a MANCOVA, certain prerequisites need to be met. The dependent 
variables knowledge score and perspective taking (Hartmann scale) did not show multicol-
linearity, r = .024. In fact, the dependent variables did not seem to correlate at all, a peculiarity 
that will be discussed later. Normal distribution was found for the posttest knowledge score 
(W = 0.98, p = .158), but not for either of the perspective taking measures (Hartmann: W = 0.95, 
p = .009). Homogenous variances were found across test conditions for both knowledge score 
(F(2, 71) = 1.69, p = .192) and Hartmann scale perspective taking (F(2, 71) = 0.30, p = .743). For 
the following analyses of hypotheses, an alpha-level of 5% was assumed. The Holm-Bonferroni 
method (Holm, 1979) was used to adjust the p-values of t-tests to account for alpha error 
accumulation.

4.3.  Hypotheses testing

Hypothesis 1 assumed that posttest values would be higher than pretest values for knowledge and perspective taking, across 
all conditions. This proved correct in the entire sample for perspective taking (t(73) = 9.16, p < .001, d = 1.06), but not for knowl-
edge (t(73) = 2.27, p = .065, d = 0.26). Looking at the data by experimental condition, self-assessed perspective taking increased 
in every group (see Figure 4, part a), while the difference between the self-assessed pretest knowledge and the posttest knowl-
edge score did not show statistical significance in either condition (see Figure 4, part b). Exact statistics are shown in Table 3. 
In total, hypothesis 1 can only be partially corroborated.

Table 2. D escriptive statistics for the cognitive and affective variables.

Min Md Max M SD
Self-assessed knowledge 

(pretest)
Drawing 0.0 3.0 6.0 2.83 1.52
Self-explaining 0.0 4.0 7.0 3.71 1.85
None 0.0 3.0 8.0 3.65 2.12

Knowledge score (posttest) Drawing 0.5 3.5 7.0 3.81 2.00
Self-explaining 1.0 4.0 9.0 4.04 1.76
None 2.5 3.75 6.5 4.23 1.31

Self-assessed perspective taking 
(pretest)

Drawing 0.0 4.0 7.0 3.79 1.86
Self-explaining 1.0 4.0 9.0 3.88 1.87
None 0.0 2.5 7.0 2.73 2.24

Self-assessed perspective taking 
(posttest)

Drawing 2.0 6.0 7.0 5.17 1.76
Self-explaining 2.0 6.0 9.0 5.83 1.69
None 2.0 6.0 9.0 5.85 2.13

Hartmann scale perspective 
taking (posttest)

Drawing 2.33 2.89 3.56 2.88 0.34
Self-explaining 2.44 2.89 3.67 2.91 0.33
None 2.33 2.89 3.67 2.87 0.30
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Hypothesis 2 assumed that the perspective taking scores as well as knowledge scores would be higher in 
the two experimental conditions than in the control condition. A MANCOVA was implemented, with 
knowledge score and the Hartmann scale as dependent variables, while test condition was the independent 
variable and gender, prior VR experience, and bachelor subject served as covariates. Neither of the covariates 
influenced the outcome, as shown in Table 4. The three groups also showed no significant differences,  
F(4, 136) = 0.23, p = .921, Pillai’s trace V = 0.01. Hence, hypothesis 2 must be rejected.

Hypothesis 3 referred only to the two experimental conditions and stated that the difference between pre- 
and posttest would be higher for the self-assessed perspective taking item than for knowledge. Differences 
were calculated by subtracting the pretest value from the posttest value. One-sided, pairwise t-tests were 
utilized. Across both experimental conditions, the pre-post difference for perspective taking was M = 1.67 
(SD = 1.69), while the difference for knowledge was M = 0.66 (SD = 2.23). This difference between variables is 
statistically significant, t(47) = 2.86, p = .019, d = 0.41. Looking at the test conditions in isolation, the difference 
remained significant in the self-explaining, but not the drawing condition. Interestingly, the difference between 
perspective taking and knowledge also showed significance in the control group. Exact statistics are shown 
in Table 5. Hypothesis 3 can at least partially be corroborated.

4.4.  Exploratory analyses

An analysis of the control variables gender, bachelor subject, and prior technological experience 
did not show a difference between groups. Male and female students did not differ in knowledge 
score or Hartmann scale perspective taking. Neither did Education Sciences students from par-
ticipants studying other subjects, nor students with prior VR experience from students without 
experience. Participants’ age was found to correlate with perspective taking on the Hartmann 
scale (r = .355, p = .002) as well as the self-assessed item in the pretest (r = .269, p = .021), meaning 
older participants showed higher perspective taking.

As mentioned above, knowledge score and Hartmann perspective taking did not seem to 
correlate at all in the full sample. This remained the same on a group level. Further exploratory 
analyses found a correlation between self-assessed perspective taking in the pre- and posttest 
for the full sample (r = .461, p < .001), a pattern which persisted when looking at the groups 
isolated. The pretest perspective taking also correlated with Hartman scale perspective taking 
(r = .339, p = .003), which only remains intact in the self-explaining group (r = .509, p = .011).  
The two posttest perspective taking measures did not seem to correlate, further calling the 
accuracy of our instruments into question.

Figure 4. D ifference between pretest and posttest averages for (a) perspective taking (PT) and (b) knowledge.

Table 3.  Test statistics for hypothesis 1 by group.

t df p d
Perspective taking Drawing 3.82 23 .004 0.78

Explaining 5.99 23 < .001 1.22
None 6.84 25 < .001 1.34

Knowledge score Drawing 2.15 23 .085 0.44
Explaining 0.74 23 .449 0.15
None 1.09 25 .427 0.21

Note. The p-values have been corrected using Holm-Bonferroni method. Statistical significance is marked in boldface.
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5.  Discussion

5.1.  Empirical contributions

The present study demonstrated that the selected VR environment improved the ability to take 
on the perspective of the VR protagonist (role taking) but did not lead to an increase in declar-
ative knowledge. This finding is at least somewhat consistent with other research results, which 
also suggest that VR is more suitable for promoting affective learning than cognitive learning 
(e.g. Finken & Wölfel, 2023; Jensen & Konradsen, 2018).

Regarding hypothesis 1, we found that the students’ ability to empathize with Anne Frank 
improved from before to after the VR experience. This increase in perspective taking is signif-
icant in all three groups and meaningful with an average effect size of d > 1. In the original 
study, Hartmann (2008), who examined the extent of historical perspective taking in an unmar-
ried woman in the Middle Ages who is forced to enter a convent, reported a total mean score 
of 2.15. In the current study as well as in the former study by Mulders et  al. (2022), the overall 
scale value (M = 2.89) averaged across all conditions is more than one standard deviation unit 
above this value. From this, it seems that the immersive VR technology itself already engages 
students on an emotional level and prompts them to attempt to empathize with the VR pro-
tagonist, in this case Anne Frank. In other words, the technology in itself appears to be adequate 
to trigger an emotional state. As a result, it seems to be easier to relate to the role of Anne 
Frank. A significant increase in knowledge from before to after the VR experience, however, is 
not observed in any of the three groups even if the results were numerically indicative of an 
increase in self-assessed knowledge. This may be due to a biased assessment of knowledge by 
the students themselves. Self-assessment may not always be accurate, especially for individuals 
who lack knowledge (Dunning, 2011). This means that students might have overestimated their 
knowledge in the pretest, whereas the knowledge score in the posttest which included four 
knowledge questions should be somewhat accurate. The high standard deviations in their prior 
knowledge also suggest that students’ self-assessment is not precise. If we assume overestimation 
in the pretest, the measured difference to the posttest is smaller than the actual difference.

Regarding hypothesis 2, we failed to find the expected positive effects on knowledge and 
perspective taking through the execution of generative learning activities. Neither for drawing 
nor for self-explaining an additional value was observed. Possible explanations for the non-significant 
results could be that our study is a cross-sectional study. For effects to occur on an affective 
level, it may take more time than a few minutes to process and reflect on the emotionally 
moving content. This might especially be true considering that most of our participants were 
using VR technology for the first time during this experiment, giving them an additional 

Table 4.  MANCOVA results: multivariate tests.

F df p V
Test condition 0.23 4, 136 .921 0.01
Gender 0.82 2, 67 .446 0.02
VR experience 0.10 2, 67 .907 0.00
Bachelor subject 0.40 2, 67 .672 0.01

Note. V: Pillai’s trace.

Table 5.  Test statistics for hypothesis 3 by group.

ΔM (SD)

t df p dPT K

Drawing 1.38 (1.76) 0.98 (2.23) 0.77 23 .449 0.16
Explaining 1.96 (1.60) 0.33 (2.22) 3.52 23 .006 0.72
None 3.12 (2.32) 0.57 (2.69) 3.80 25 .004 0.75

Note. ΔM: Mean difference, PT: perspective taking, K: knowledge. The p-values have been corrected using Holm-Bonferroni 
method. Statistical significance is marked in boldface.
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experience to process. Furthermore, we cannot ensure that the prompts for the activities were 
formulated appropriately enough. It is possible that the input of a historian or history teacher 
is missing here. In addition, methodological concerns can be uttered because of small sample 
sizes and questionable measurement reliability and validity (see section 5.3) and therefore effects 
may not have been detected.

Regarding hypothesis 3, we expected that the effects for the affective learning objective of 
perspective taking would be greater than those for the cognitive learning objective of knowledge. 
This expectation was partially confirmed by our results. In both the self-explaining and the 
control group, the increase in perspective taking was significantly higher than the increase in 
knowledge. However, this effect was not found for drawing. In total, the results for hypothesis 
3 align with those of hypothesis 1: Perspective taking appears to be a learning objective that 
can be achieved through immersive VR technology itself. However, as the results for all three 
hypotheses indicate, an additional generative learning activity is not necessarily required for this.

Regarding exploratory analyses, we found that age correlated positively with perspective taking, 
indicating that older participants showed higher perspective taking. Considering the age range 
of the present sample, this is in line with results that show that empathy is highest in middle-aged 
adults, and lower in younger and older adults (O’Brien et  al., 2013). We further found that the 
Hartmann scale correlated with single-item perspective taking in the pretest, but not the posttest. 
This implies a somewhat inaccurate measurement of perspective taking, which, as pointed out 
before, is a known problem (Hartmann, 2008; Mulders et  al., 2022).

Overall, our results indicate that affective role taking in a VR actor is possible through an 
authentic VR environment. At least in our study, adding generative learning activities to a VR 
session is not as effective as we originally anticipated. Yet, other studies consistently found 
positive effects using additional learning activities (e.g. Klingenberg et  al., 2020; Parong & Mayer, 
2018; Petersen et  al., 2023). In these studies, however, other activities (e.g. teaching) and more 
cognitive learning objectives (e.g. retention) were examined. We also need to acknowledge the 
possibility that the quality of our prompts for the generative learning activities may have been 
insufficient. It is possible that previous prompts (e.g. Petersen et  al., 2023) are more effective 
than those we designed. This raises the general question of what constitutes an appropriate 
prompt. Nevertheless, further research is needed to confirm or refute the additional value of 
generative learning activities when learning with immersive VR. We acknowledge that limitations 
of our study (e.g. weak measurement instruments due to low internal consistency) may have 
prevented us from uncovering positive effects of the generative learning activities. We will discuss 
these limitations in more detail later in this section.

5.2.  Theoretical and practical contributions

This study contributes to the expanding body of literature examining the efficacy of immersive 
VR technology to engender compassion and empathy with the characters portrayed in the virtual 
world (e.g. Bertrand et  al., 2018; Martingano et  al., 2021). Contrary to the present paper, an 
increasing number of studies have shown the potential benefits of incorporating generative 
learning activities, such as summarization (Parong & Mayer, 2018), teaching (Klingenberg et  al., 
2020), and collaborating (Petersen et  al., 2023), to facilitate learners’ comprehension of the 
learning material presented in VR. However, further research is warranted to delineate the spe-
cific conditions under which the integration of generative learning activities enhances learning. 
For instance, Klingenberg et  al. (2023) recently highlighted how the effects of summarization 
in immersive VR may vary depending on the timing of its implementation. While we imple-
mented the generative learning activities after the VR experience, students in the Parong and 
Mayer (2018) study took off their HMDs, wrote their summaries, and then proceeded to use 
the HMDs for the subsequent sections of the VR. Petersen et  al. (2023) even implemented 
generative learning activities within the VR environment. From a research perspective, it would 
be interesting to replicate our study but implement the activities of drawing and self-explaining 
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within VR. For instance, the prompt for self-explaining could be presented by the female voice, 
suggesting being Anne Frank, and participants could verbally perform the task instead of in 
written form.

One could also entertain the possibility that some generative learning tasks are more effective 
than others. The present comparison only allows us to draw conclusions on two of the eight 
proposed generative tasks (Fiorella & Mayer, 2016). A larger scale study that encompasses all 
eight might be able to uncover a hierarchy of effectiveness. Meta-analyses should also be able 
to show which generative learning tasks end up being most effective. However, the literature 
basis for such a review might be too thin at the current stage of research.

Furthermore, it should also be noted that the present paper investigated if one generative 
learning activity works better than the other, but not how. Such qualitative aspects could encom-
pass surface-level variables like time or word count, as well as deeper criteria derived from 
subject-specific pedagogies.

In the context of the present study, we expanded upon the existing generative learning activ-
ities derived from the article by Fiorella and Mayer (2016) to include the aspect of ego-involvement. 
Since immersive VR, particularly in history education, engages its users on an emotional level, 
this extension seemed meaningful to us. When it comes to affective learning outcomes, future 
studies should develop further generative learning activities that prompt learners to make con-
nections to their personal experiences and empirically investigate them.

We were unable to find a significant effect of generative learning tasks on knowledge acqui-
sition. This does not align with the research laid out in the literature review that suggests there 
could be a connection between the two (Parong & Mayer, 2018; Petersen et  al., 2023). It should 
be noted that we did not measure cognitive load in the present study. High cognitive load in 
virtual environments may lead to cognitive overload, which may overwhelm learners and interfere 
with the learning process (Makransky et  al., 2019; Mayer et  al., 2023). Future endeavors should 
include a measurement of cognitive load to be able to unravel how it interacts with affective 
and cognitive learning in the context of generative tasks and VR.

Our study points toward immersive VR as a practical way of learning about things that 
cannot be explored in traditional learning settings. Hence, VR should be reserved for experiences 
that are impossible, dangerous, or expensive in the real world (Bailenson, 2018), such as looking 
at the human blood stream (Parong & Mayer, 2018), talking to witnesses (Simine & Ch’ng, 
2023), or visiting a museum in Amsterdam. In the case of our study, it would also have been 
possible to explore Anne Frank’s hiding place using a desktop VR system (Anne Frank Stichting, 
2018) but the level of immersion, presence, and sense of body ownership provided by a desktop 
VR system would not be the same (Slater et  al., 2022).

5.3.  Limitations

There are four primary limitations of the present study. First, although we were aware that the 
scale by Hartmann (2008) for assessing perspective taking exhibits only low internal consistency, 
due to a lack of suitable alternatives, we once again opted for this scale, assisted by the singular 
self-assessment items. While we revised the items of the Hartmann scale, the internal consistency 
in this study remains on the borderline of acceptability, thereby limiting the interpretation of 
the results on perspective taking. In addition, the partially low correlations between the instru-
ments for perspective taking indicate that perspective taking could not be adequately assessed 
in our study. This is also due to the fact that the second self-assessment for perspective taking 
is a single item measure, contributing to the limited validity and reliability. In the future, new 
instruments for empathy and perspective taking should be developed, validated, and tested in 
empirical studies. Since there seems to be no valid instrument to assess perspective taking (that 
we know of) apart from the one by Hartmann (2008), which aims more toward historical per-
spective taking in a text-based manner, perhaps different methods of measurement should be 
explored. For example, an evaluation of the generative learning activities themselves or behavioral 
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observations also appear to be more valid methods for recording perspective taking. The utili-
zation of proxy variables should also be considered.

A second limitation is that the present study solely depended on the immediate assessment 
of learning outcomes and did not include delayed assessment. In a recent review, Parong (2021) 
noted that immersive VR has a more pronounced positive effect on delayed assessments com-
pared to immediate assessments. In another study conducted by the authors (Mulders et  al., 
2023, 2025), where we attempted to induce attitude changes among students toward biodiversity 
in the Amazon rainforest following a VR training, we found that students require time and, 
importantly, opportunities for reflection to process the learning material. While immediate post- 
questionnaires did not capture any attitude changes, several weeks later, focus group interviews 
with the participants revealed initial shifts in attitudes and even behaviors. While this did not 
go along with mentions of higher general interest in learning, participants expressed their wish 
to have more VR-based interventions included in their regular lessons (Mulders et  al., 2023). 
In general, future research should include more delayed assessments in order to be able to 
measure learning effects beyond the single VR experience. We also encourage future researchers 
to investigate more motivational aspects. The novelty effect (Miguel-Alonso et  al., 2024), which 
in our study may have ensured that VR inexperienced learners in particular were motivated by 
the use of the technology to engage with the learning content, may be considered in follow-up 
studies, as well as the longer-term motivational effects on attitudes and behavior in relation to 
the learning content.

Third, as previously mentioned, students’ self-assessment of their knowledge prior to the VR 
experience might be biased and potentially overestimated. Consequently, self-assessment appears 
to be only partially suitable for measuring prior knowledge and knowledge in general. While 
self-assessment is a less time-consuming way of measurement, future studies should employ 
more valid methods to assess cognitive learning outcomes (e.g. identical pre- and posttest mea-
sures, validated knowledge screenings).

Fourth, the generalizability of this study is limited by the somewhat homogenous sample 
consisting mainly of students in the field of Education Sciences and with little prior experience 
in VR. Future endeavors might want to expand the sample to include participants from different 
courses with a higher affinity for VR.

6.  Conclusion

Our study looked at affective learning in a highly immersive environment. It delved into the 
instructional relevance of drawing and self-explaining as generative learning activities within an 
emotionally engaging VR environment, in comparison to a session without a generative activity. 
The findings reveal that the immersive VR itself does have a strong impact on affective learning 
and, thus, the targeted objectives of commemorative history education: The environment is able 
to foster perspective taking (seen as a measure of empathy and affective learning), but it did 
not contribute to knowledge acquisition.

Contrary to our expectations and previous research findings, the groups with additional gen-
erative learning activities after the VR experience did not yield better results in perspective taking 
and knowledge acquisition. Additional generative learning activities were not able to further 
enhance learning. Still, the question remains to what degree established principles of learning 
and instructional design can be applied to an environment that works under different precondi-
tions. The results of our study partly contradict previous studies that provide evidence for the 
additional value of generative learning activities. This underscores the importance to further 
investigate the interdependencies of the variety of generative learning activities when learning 
with immersive VR and regarding a highly emotionally engaging topic. Follow-up studies should 
examine the conditions under which the activities are implemented (e.g. timing, inside or outside 
the VR) in more detail. They should contribute to a reexamination of the instructional feasibility 
and value of established principles of multimedia learning in immersive environments.
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In total, our study focuses on affective learning in the context of history education and, thus, 
differs from previous studies that mostly have been conducted in less emotionally engaging 
environments and on less stressful topics primarily addressing cognitive learning objectives, like 
science (e.g. Parong & Mayer, 2018; Petersen et  al., 2023). Immersive technologies, however, 
have the potential to evoke strong emotions, provide high levels of engagement, and include an 
attractive environment to address affective learning objectives which are often difficult to imple-
ment purposefully in everyday educational settings.

Notes

	 1.	 https://osf.io/ks28j/?view_only=77fcc7d0359b407dacce7e0e18e84dcd.
	 2.	 https://osf.io/ks28j/?view_only=77fcc7d0359b407dacce7e0e18e84dcd.
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