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Abstract. This paper deals with the requirements of teaching and learning for-
mats in theory courses in graphic and communication design undergraduate pro-
grammes in the context of the specific and diverse skills and expectations of design 
students at the Macromedia University, Germany. Relevant experiences of appli-
cant profiles and their submissions for the application to a design undergraduate 
programme predominantly show an interest in visual work and aesthetic topics. 
Only a few apply with design concepts, analytical designs and narratives or strate-
gic design innovations. This initial situation prompted us to examine different 
learning formats for theory courses to see how they are received by students and 
to what extent these formats were helpful in preparing for exams. A specially 
designed interactive learning tool made available online is the focus of interest. 
Two preliminary studies, which were completed as surveys by the students after 
each theory course, show preferences and tendencies in learning. Conclusions can 
then be drawn for the conceptualisation of design curricula and, in particular, for 
the design of theoretical content. 
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1 Introduction 

The study of design as an academic discipline is now part of a long tradition [1, 2, 3] 
that has been constantly evolving since the 1930s, from the expansion of the concept 
of design to current interfaces such as digitalisation and AI. Design was and is never 
to be understood as an isolated profession. The essence of design is always integrated 
into and through the contexts, problems and discourses of current social and technical 
requirements and possibilities. This brings to light the difficulty that training to become 
a designer and the study of design needs explanation and is difficult to grasp due to the 
necessity of constantly changing contexts. Prospective students and applicants are faced 
with the challenge of gaining an overview of the complex field of design and interpreting 
it for themselves and their own preferences. If you look at the application portfolios of 
applicants over the last 20 years, you will see that they have a strong affinity for design,
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6 Conclusion 

We have demonstrated that conversational realism is not necessary for AI-native 
conversational games. We have shown how to design a game that incorporates 
flaws of the conversation AI engines. As a result, the game becomes surreal and 
strange while still maintaining a sense of goal and purpose. The NPCs can blend 
sensible and nonsensical elements, storytelling and hallucinations, truth and lies, 
and nevertheless, the game experience remains enjoyable and manageable. This 
game design approach simplifies the creation of conversational native-AI games. 
Anomalous AI-generated output can even enhance the game experience, as it is 
fun and encourages players to act creatively, expressing themselves in unconven-
tional ways. It is important to have enough supporting mechanics to maintain 
a sense of purpose, such as providing a notebook where the clues for a mystery 
game appear subsequently . We hope that our work will inspire future research
and development of games in generative AI that embrace anomalous AI out-
put and player behavior. Future work will involve creating a fully functional
distributable game, collecting more quantitative data, gaining a better under-
standing of the core target group for such unconventional game experiences, and
further understanding viable design patterns for AI-native conversational games
that embrace the “surreal”, “phantasmagorical” element.

AI Usage 

We used ChatGPT 4 to generate the LaTeX file for LNCS and Grammarly Pre-
mium to i dentify language issues and provide language improvement suggestions.
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5.2 Player Types Relevant to Game Design Decisions

From the participant’s behavior in our research, we can hypothesize possible 
connections to three player motivations. One is trying to break the AI and ask 
unrelated things, which falls into the immersion category. Another is trying to 
achieve the goal of the game and planning specific input, which falls into the
achievement category. The last one is trying to converse like if the AI was a real
person, falling into the social category.

Assuming this, we can see that immersion-focused participants focus mostly 
on the answers and seeking out various possible interactions with the AI were 
most important to them, while just glancing over supplementary mechanics like 
the notes. Achievement-focused participants enjoyed connecting the story pieces 
to the AI answers and they examined all the supplementary mechanics closely 
with the goal of understanding the story and how the game works with them as 
a starting point. To accommodate for this style of play, there needs to be a clear 
story that can with effort be inferred from the supplementary mechanics alone 
while the AI dialogue just expands on it, whether with intended information or 
their subjective story interpretations. Social-focused participants enjoyed form-
ing questions and the discussion the most but got lost more easily. They enjoyed
just talking to the characters and used supplementary mechanics to find things
to talk about as the story unfolds. These players do not require supplementary
mechanics as detailed as those of the achievement type, but instead ones that
allow them to easily continue talking if they get stuck thinking about their input.

5.3 AI-Related Issues and Game Design Solution Candidates

AI characters need to meet the expectations of the player type, but if the other 
non-AI game elements do not work well with the AI, it can greatly worsen the 
experience. Players who approach the game by trying to break the AI seem to 
be the easiest to satisfy, since it is easy for them to make the AI hallucinate, 
allowing them to discover and create subjective story interpretations. Players 
focused on completing the game seem to be harder to satisfy because they want 
to understand the game and see progress. Thus, using only AI dialogue might 
not suffice if it hallucinates. They still appreciate hallucinations and subjective 
story interpretations but check the additional information much more than oth-
ers. For players who fit into t he social category, the most valuable thing is the
opportunity to create their own subjective story interpretations with the char-
acters and hallucinations within their expectations of the game world. But if the
hallucinations have no connection to the game world at all, it seems to be more
confusing than fun for them. They also seem to need some guidance on what to
do sometimes, making supplementary mechanics important for them as well.

Considering all of this, our final detective prototype, including the anomalies 
that it generates, offers players a great opportunity to be creative in multiple 
ways without even realizing it in some cases. This means that they leverage the 
player freedom, the unique aspect of video games as a medium, interaction, and
possible anomalous user and AI behavior to create entertaining narratives and
subjective story interpretations.
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Player: “So why are you telling me that she poisoned Mr. Biggus?” 
Marcus: “Well, I’m trying to get information from everyone before they 
turn up dead or missing. You seem trustworthy enough. See, one thing no 
one tells you about is how hard and unfair life can get. Your striving for 
knowledge of the truth will not save you, not in the end.” 
Player: “You know what could help you? The Darkness Eraser 4000 Plus! 
You should talk to Steve.” 
Marcus: “Yeah, thanks for the tip. I’ll try talking to Steve sometime soon. 
Thanks.” 
Player: “Do you know who could have killed Bill?” 
Marcus: “No clue. Maybe you should ask them instead of me? They may 
be able to give you more answers than I can. You know, everyone keeps on 
telling me I should get help, but what is really the point? I do not think 
there is anything anyone can really do for me.” 
Player: “Do you know about the illegal stuff that they were selling here 
and that might have killed Bill?” 
Marcus: “Illegal stuff? Like drugs? Or maybe some kind of dangerous
items? I don’t even know if those exist here. And I doubt you’d be allowed
to buy them anyway.”
Player: “Yeah but Bill had a big syringe with a red liquid next to him in
the bathroom and it looks super suspicious. I think that somebody sold
him the drug or poisoned him. Maybe it was you.”
Marcus: “Me?! I would never sell anything illegal!”
Player: “I’m not talking about selling it. I’m saying that you poisoned
him.”
Marcus: “I couldn’t possibly have done that! I’m not the type to poison
anyone.”

5 Analysis  

5.1 Anomalies 

We discovered that anomalous behavior from both players and AI doesn’t always 
have a negative impact on the game experience. Most of our participants were 
actually pleasantly surprised and entertained by AI anomalies, and their criticism 
was often unrelated to AI. To manage anomalies, we can set player expectations
in a way that makes them expect anomalies so that they will not get confused
by sudden anomalous behavior by utilizing the environment design and scripted
dialogue pieces.

Non-AI game elements that provide accurate information help players navi-
gate the game world and piece together the story, turning anomalies into oppor-
tunities for player interpretation. Even though we implemented fail-safes to make 
players guaranteed to complete the game, none of them found it to be very easy. 
Our final prototype allows anomalies to be part of the game, giving players free-
dom while nudging them to engage with the story. This approach offers various
ways to play and many opportunities for subjective story interpretations.
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Player: “What kind of illegal situation are you talking about?” 
Liza: “Well, it’s a secret between us. Just keep this information between 
us okay?” 
Player: “Ok, I promise you. I will take the secret into my grave.” 
Liza: “Thank you dear sir! Now, back to business. Do you want another 
drink? This one tastes awful. The lady over there wants her whiskey 
straight up no ice and no water. If you need help finding her, ask the 
girl over there. She’s new so she won’t recognize you right off the bat.” 
Player: “Yeah but you were going to tell me about the illegal stuff. Tell 
me what this illegal stuff is.” 
Liza: “Hmm, well, the thing is, I’m pretty sure our boss is involved in some 
sort of criminal activity. Nothing major mind you, nothing dangerous or 
life threatening. But still, it seems like he isn’t acting legally. So I wanted 
to make sure everything was alright.” 
Player: “And who is the boss?” 
Liza: “Well, let’s just call him Mr. Biggus Wufflesus. He is a big fat hairy 
bear and has lots of money. I heard he even owns the place we work in. 
But enough about that. Have you seen Froggo around? He is always up to 
mischief.” 
Player: “Yeah, he is next to you. Are you blind or what?” 
Liza: “No, I wasn’t looking at him specifically. I was looking at the whole 
room while talking. It happens when I talk to customers. They tend to be 
more interesting than the regulars.” 
Player: “Are you drunk? Are you using the illegal stuff? Tell me.” 
Liza: “No, I’m not drunk and no I’m not using the illegal stuff. I swear. I 
was just curious. Like I said, I’ve known Mr. Biggus Wufflesus since forever. 
By the way, I need to start getting ready for closing. I am still working, 
after all. If you don’t mind, I have to get back to my job now. Froggo can
keep you company.”
Inside the bar talking to the guest Marcus
Marcus: “Another day, another question. What about me is so attractive
to police I wonder. Don’t answer that. I know I look like a mess. My name
is Marcus. I’m devastated to make your acquaintance.”
Player: “Hello Marcus, how is it going? Who is the boss here?”
Marcus: “It’s Liza, she owns this place. She’s been good to us, as long as
we do our jobs correctly.”
Player: “But she told me that Mr. Biggus Wufflesus is the boss. Who is
that guy then?”
Marcus: “He used to work for her. Now he’s retired, and lives off of his
pension. Probably getting drunk somewhere.”
Player: “What do you think about Liza? She looks suspicious.”
Marcus: “Oh yes! Everyone knows that. We’re pretty sure she poisoned
Biggus and framed a few innocent men to take the fall for it.”
Player: “Do you think that she killed Bill?”
Marcus: “No way! If she did she would’ve done it years ago! Besides, she’s
too smart to kill anyone without being caught red handed.”
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characters, but few discovered much about the story or reached the goal. Some 
players focused on trying to make the AI say unrelated things, which often led
to hallucinations. There were five sessions with this prototype.

During the sessions with the second prototype, the goal-oriented restaurant 
game, players were less motivated to talk to the characters and found it less
interesting. There were four sessions with this prototype.

In the sessions with the third prototype, the lawyer game, participants seemed 
to get tired before the game ended and some commented that the game is rather 
long, with an average session time of about two hours. Participants generally 
enjoyed hallucinations, even if they did not try to break the AI or if they made
it difficult to continue talking to the characters. There were eight sessions with
this prototype.

The sessions with the fourth prototype, the detective game, were designed to 
be shorter, to conduct sessions without the participants getting tired, typically 
lasted around 45 min. No participant suspected that there was a game mechanic 
that gives notes etc. for free after a certain amount of time. Despite this, most 
participants were rather confident that they understand how the AI works with 
many of them suspecting keywords being used. Players seemed to enjoy creating
subjective story interpretations around the hallucinations with the AI characters
taking on various roles in them depending on the player. There were 12 sessions
with this prototype, and seven participants took part in an additional session
with a different culprit.

Following the lawyer and detective game sessions, a questionnaire was given. 
The results showed that most players enjoyed interacting with and exploring the 
diverse characters the most and the individual story was almost as interesting 
to them. A game time of 45 min was positively rated by almost all participants.
Despite some frustration, players would recommend the game to friends and
found it fun to play. Almost all players wanted to try it again later.

4.7 Chat Example About the Hallucinated M r. Biggus Wufflesus

Inside the bar talking to the bartender Liza 
Liza: “Hi there! Are you here because of the guy in the bathroom? I have 
been trying to get in there to snoop since I was told someone called the 
police. Too bad there is a man in the hallway pushing everyone away. I 
did not see anything but if you have any questions, please let me know.” 
Player: “What is with this gun that you have here?” 
Liza: “*shrug* It’s mine. You know, that gun has seen a fair bit of use 
since I started working here. We sometimes have troubles with customers 
that come on to bartenders. Don’t worry though, it doesn’t use normal
bullets.”
Player: “It looks like you just used it, actually. How can I know that you
didn’t shoot poor Bill?”
Liza: “Well...I guess you could say that he had a run-in with his girlfriend
and things went downhill from there. But don’t tell anyone or they might
think we’re doing something illegal under the table.”
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Fig. 5. Top left: Player inspecting supplementary notes. Top right: Map with available 
character areas. Bottom: Player examining the victim.

Characters are not introduced in the prologue, allowing players to visit any in 
any order. Each room contains items and a character to examine, kept as notes
viewable anytime (cf. Fig. 5). Bill’s area is only for clue examination, as he is 
deceased. Character state changes include key information and characterization 
in pre-written text, blending with AI-generated answers. This occurs only twice 
per character to avoid forced topic continuation. With a randomized culprit and 
clues, each character has to have a motive for killing Bill. Players connect item 
clues and AI statements to determine the true culprit. The epilogue begins with
the detective’s reasoning, possibly differing from the player’s, followed by the
true story outcome. If the player was wrong, it is subtly hinted at.

Players can trigger a transformation state change by mentioning certain key 
phrases which can be inferred by the environment and information in the note-
book. When the character changes state and appearance, pre-written dialogue 
depending on the key phrase is appended and info is added to the notebook. To 
limit session length and reduce AI self-contradictions, state changes are forced 
after a certain amount of dialogue has been generated and characters leave after 
a set time, becoming unavailable. Unlike the lawyer prototype, many notes hint
at the culprit, allowing possible case resolution without extensive AI interaction.
Like the lawyer prototype, this one is programmed in the Godot game engine
and streamed during sessions.

4.6 Prototype Session Results

In the sessions with the first prototype, the mental hospital, it became clear that 
players were getting confused and lost quickly. They had fun interacting with the
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Fig. 3. The character and evidence selection screen, and the dialog interface.

Fig. 4. Images and pre-written text can be used in the prologue to set the player’s
expectations of the world.

4.5 Prototype 4: Detective in a Futuristic Bar

In the final prototype, the player is a police detective in a “cyberpunk” setting 
and investigates a bar and the AI characters within. A dead body has been found 
in a bar and the culprit is still inside. The task is to figure out who is responsible
for the death.

This prototype can be played by itself but was only used in participatory 
design sessions to allow us to test suggestions immediately after these sessions. 
It includes three AI-controlled characters, one non-AI character, four areas, and 
a notebook-menu for dialogue, room navigation, and note management. It starts
with a scripted explanation from a police officer (cf. Fig. 4). Each AI character 
has multiple “transformation states,” each with a different image and AI context 
while retaining dialogue history. The non-AI police officer provides a tutorial and 
allows the playe r to choose the culprit. The culprit is randomly chosen by the
system from the 4 characters, including the deceased.

The prologue sets the cyberpunk scene with images and an explanation from 
a non-AI police officer. The characters include Liza (a lizard person), Steve (a 
cyborg), Bill (the deceased in a chicken costume), and Marcus (a janitor). Liza 
and Steve initially appear human but transform as the game progresses, without 
further explanation. The police officer comments on the detective’s drunken-
ness and the character transformations include a blinking animation and screen
blurring, leaving the character’s true nature open to the player’s interpretation.
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structures are offered to guide the player. For example, for the player in a detec-
tive role, the menu appears as a notebook with essen tial gathered information.
Additionally, usable items can alter AI behavior or rewind conversations.

4.2 Prototype 1: Patient in a Mental Hospital

Fig. 2. The participant’s screen during the sessions with the first prototype.

In this game, the player wakes up in a mental hospital and must escape while 
finding out why they are there. They do this by interacting with AI characters 
and using items that can modify AI behavior. This information is displayed on
the right side of the screen next to the dialogue (cf. Fig. 2). The purpose of this 
prototype was to see how players engage with a rather vague and open-ended
goal in an environment where hallucinations can occur.

4.3 Prototype 2: Waiter in a Restaurant

The player takes on the role of a waiter, responsible for taking orders from AI 
customers, coordinating with the AI c hef to prepare those orders, and serving
the completed orders to the customers.

4.4 Prototype 3: Lawyer in Court

In a courtroom scenario, the player takes on the role of a lawyer defending 
an AI character accused of murder at a university. The player interacts with 
AI witnesses to gather evidence, which can be examined and selected from the
main menu along with the other elements (cf. Fig. 3). Other characters include 
non-AI characters such as the prosecutor, who comments on the evidence, and 
the judge, who asks the player to present the correct evidence. This prototype
includes scripted opening and ending sequences.
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on the experience. These included general questions about their previous expe-
rience with AI, how much they liked the different parts of the experience, how 
difficult it was to understand the game mec hanics, how they would change the
experience and if they want to recommend or replay it.

The model that we used in all prototypes and sessions is Pygmalion 6B 
because it offers a decent conversation ability, can impersonate characters and 
takes into account the context with the user. Its tendency to generate nonsensical 
text suited our project’s needs. However, the m odel is not a crucial aspect and
similar models can work with our prototypes as well. Our game environment was
set up using Godot (2014), Oobabooga (2022), Python 3.11.5, and O BS Studio
(2012). 

We created four prototypes with distinct goals. The first, set in a mental 
hospital, explored player reactions to an open-ended goal and AI characters. The 
second, set in a restaurant with the player as a waiter, focused on goal-oriented 
behavior. The third, a lawyer-themed game built on feedback from the first two, 
had a clear goal and a long, unfolding story. This allowed us to observe what
players focus on during a longer game. The final prototype, the detective game,
is a culmination of the previously collected results and focused on examining
anomalies.

All sessions were conducted online with voice-controlled interactions, sim-
plifying the Wizard-of-Oz tests since players could not see the session master’s 
actions. We encouraged participants to articulate their thoughts, provided hints 
when necessary, and a voided explaining AI mechanics. From the start, partici-
pants were told that AI characters might behave unpredictably.

4 Prototypes  

4.1 Game Elements and Mechanics

Our stories give the AI characters space to hallucinate and make up new things. 
These hallucinations are not part of a coherent story, but players try to make 
sense of them and create their own individual narratives. The AI has crucial 
information about the story, and our game setup guarantees that some of it will 
be conveyed, some may never be brought up, or may appear in an inappropriate 
context that affects the intelligibility of believability of the drama characters.
To accommodate for this, additional mechanics need to be set in place to ensure
that the player gets enough information to feel confident about their decisions.

AI characters are the central element of the game, providing information 
and unlocking notes or areas. They have the ability to change their appearance 
or emotional state. The game includes a prologue and epilogue to help players 
understand the story. The prologue consists of pre-written dialogue and images 
to set the scene and introduce game mechanics, thus preventing negative sur-
prises. Notes in the game provide true descriptions of story elements, unlike
AI-generated dialogue. Concealed scripted dialogue reinforces vital story parts
and guides the conversation, blending with AI-generated responses. Additional
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achieve different endings, enabling players to use accumulated knowledge as a 
gameplay mechanic, thereby reducing the need for n umerous fail-safes through
multiple play sessions. Games like Minecraft (2011)  and  Pokémon (1996)  let  
players create their own subjective story interpretations, and the same also 
occurs in narrative-driven games such as Fire Emblem (2023), where character 
development and player imagination significantly shape the experience. In a sim-
ilar manner, our AI characters exhibit varying levels of cooperation, impacting
game difficulty and player satisfaction based on character interactions. Cruelty
Squad (2021) challenges conventional aesthetic design principles while main-
taining internal consistency. Our prototypes, characterized by an uncanny “AI-
generated” atmosphere, share this trait. Initially, players showed hesitation, but 
with proper guidance, they engaged more actively. To minimize early confusion,
we clarified interaction mechanics before players engaged with AI characters.
Finally, games like Dark Souls (2011) feature well-hidden areas that foster a 
sense of personal discovery. Our AI prototypes inherently include anomalies, 
treating AI hallucinations as personal discoveries and achievements for the play-
ers.

2.3 Player Motivations and Categories

Research on player typologies in AI-driven dialog games is currently lacking. 
As a result, we are using general player categories from Yee et al. (2006, 2012) 
to guide our game design. Yee et al. identified three primary motivation cate-
gories: achievement, social recognition, and immersion. The achievement cate-
gory includes motivations to gain power, progress in the game, understand game 
mechanics, optimize gameplay, and compete with others. The social recognition 
category involves motivations to socialize, assist others, form relationships, and 
be part of a group. The immersion category encompasses motivations to explore
and discover aspects of the game, role-play and create personal stories, customize
characters, and use the game for escapism. We will come back to these categories
later.

3 Research Methods and Tools 

To test and improve our game design concepts, we organized several participa-
tory design sessions. We recruited students from age 20–34 as participants and 
completed 36 sessions in total. We included participants who had no interaction 
with AI before and had an even gender distribution. Because our concept was 
quite abstract, user participation was important to generate more engagement 
and diverse perspectives to get valuable input from participants beyond simple 
observations and queries by session organisers. To achieve this, we used a Wizard-
of-Oz setup, in which a human session master remotely controlled the games,
a configuration that also allowed us to customize the experience and integrate
participant feedback in real time. We employed follow-up questionnaires for our
final two prototypes to gather additional input later after participants reflected
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2 Related Work 

2.1 AI-Technologies 

ChatGPT 4 (2022) is a well-known AI application, but for our specific needs, it is 
not the best choice as we want to explore AI generated hallucinations, and other
models generate them more easily. Instead, we utilized the Pygmalion 6B model
(2023). While applications like RASA (2016) and Dialogflow (2017) can special-
ize in AI goal oriented dialog applications even further, this specialization limits 
the flexibility we require in our prototypes. Among the older and widely-known
public examples of conversational AI applications is Cleverbot (2006). But its 
capacities are very limited. There are internet stories and alternate reality games 
such as “Ben Drowned”, which incorporates Cleve rbot as a means of communi-
cating with a supernatural entity (Hall 2010). In our project, we experienced a 
similar result, in which almost none of our participants understood how our AI
characters really work.

2.2 Related Games 

The game 1001 Nights (Sun et al. 2023) uses GPT-4 and Stable Diffusion to 
create stories that evolve dynamically. This represents the introduction of “AI-
Native games,” which incorporate generative AI as a central mechanic. Their 
method involves managing unexpected behavior, such as disregarding off-topic 
text and restricting input length. In contrast, our approach welcomes these
anomalies and integrates them into the game’s narrative structure. Inworld: Ori-
gins (2023) uses InworldAI (2024) to create realistic NPCs that avoid creating 
hallucinations. Our unique approach intentionally includes occasional halluci-
nating text generations to shape the gaming experience.

There are a variety of other games that utilize AI, which are not quite similar 
to our experience. For example, AI Dungeon (2019) is a game revolving around 
interactive stories but these story concepts are randomly generated themselves 
while the former two games and our prototypes seek to deliver a predefined story 
that is enriched by the interaction with AI. Recent works like Word2World by
Nasir et al. (2024) explore the fully automatic generation of story and game 
world further. There is also an approach to creating an “Inner V oice” AI that
accompanies and interacts with the player by Rist (2024), which differs from our 
approach since exploring a 3D-game world is the main focus and not interactions 
with AI. However, this could p otentially be used as a part of our type of game
as well.

Similar to Disco Elysium (2019), where players take on the role of an amne-
siac detective and customize their experience by choosing character attributes 
and encountering random events, our prototypes also put the main character in 
unfamiliar situations. This makes the A I hallucinations less abrupt and allows a
sort of perceived character customization via dialogues. Reverse Collapse: Code
Name Bakery (2024) employs time travel to revisit and disclose more about 
recurring levels. Our detective game (cf. below) also permits multiple replays to
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Fig. 1. The AI character Liza and Steve transform and com bine a hallucination with
pre-written text.

Steve: “Yeah, I stole it from a thief yesterday. Not sure why he bothered 
trying to steal it though. It was j ust a crappy old Honda. Still, it felt great
to ride it. Thank you for asking.”

Note that the conversation is surprising and not very logical. For example, 
if the bar is a museum, how come that the only visible bike belongs to Steve 
and is in use? Also, it wouldn’t be typical for a regular person to share personal 
details like “I love bikers” and “I stole the bike yesterday” with a stranger 
without context. However, within the context of the game world, these visual
and conversational quirks don’t feel out of place. The unrealistic output from
the generative AI doesn’t disrupt the suspension of disbelief because the overall
game setting is not meant to be realistic.

During a participatory design session with our final prototype (a detective 
game), the AI character Liza invents the hallucination that her boss is a fat, rich 
bear named “Mr. Biggus Wufflesus”. Another AI character, Marcus, can provide 
additional AI-generated information about the bear if the player returns to that
topic. While the bear hallucination is unrelated to the stable main story, it adds
to the entertainment value without being disruptive.

In this paper, we refer to any AI-generated output that doesn’t match 
real conversational norms as a “hallucination” without further distinction. Our 
research suggests that non-realistic conversational AI games can effectively incor-
porate these hallucinations, leading to entertaining and satisfying game experi-
ences.

Moving forward, when we mention “AI”, we are referring to Generative AI
and Large Language Models.
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like humans in conversations. For instance, in Façade, the characters talk like a 
real western couple; yet, in regular computer games, we see witches time trav-
eling, hero es leaping over mountains, and gnomes and aliens battling. Game
designs with fully realistic settings are quite rare.

This study explores the idea of developing conversational, native-AI game 
designs where phantasmagorical game elements make conversational deviations 
and flaws appear natural and coherent. We are looking into creating game-design 
patterns for conversational native-AI games that don’t hinge on realism and cre-
ate pleasant gaming experiences even if dialogue technologies fail. We hope even
to make AI hallucinations positive aspects that enhance the overall experience.

Façade was designed with a focus on narratological realism. It sought to 
mirror real-life situations inspired by a novel by Edward Albee (2006). The 
goal was to ensure the dialogue and emotions in the game closely resembled 
genuine encounters, avoiding devian t, non-realistic system behavior to maintain
the dramatic suspension of disbelief.

During our studies in the first half of 2024, current AI systems like ChatGPT 
4 cannot reliably maintain coherent and goal-oriented conversations. There are 
no known combinations of game design and technology that can lead to man-
ageable and engaging conversation-based AI games at this time. While upcom-
ing technological advances may improve the situation, it is uncertain whether 
the challenge of maintaining realistic conversations in AI-based games will be 
resolved in the near future. In contrast, our team developed multiple game pro-
totypes and utilized participatory design methods to explore ways of integrating 
aberrant AI behavior. Our game characters are allowed to malfunction and pro-
duce unexpected responses. Our goal is to provide players with a sense of discov-
ery and surprise while still maintaining an acceptable storyline that immerses
them in the game world and ultimately leads to a satisfying experience. We will
delve into greater detail regarding our approach and findings in the following
sections of this paper. For now, we aim to convey an initial impression of our
game design concept.

The images (see Fig. 1) depict a game world in which a realistic character 
(left) can transform into a machine or reptile (right) without explanation. These 
state transformations are common within the game. Below is a sample dialogue
with the AI character Steve that demonstrates how the ”normal” conversations
are oddly abnormal:

Player: “I see you are a cyborg.” 
Steve: “Indeed I am. Well done detecting. Now I’m going to make sure 
you’re safe. Please turn off your phones, laptops and any electronic devices 
whatsoever. You must trust me, okay?” 
Player: “And what is the bike doing there?” 
Steve: “*smile* Hey, I thought that was obvious. This isn’t just a regular
bar. It is also a museum dedicated to bikes. And I love bikers. Especially
those who ride Harley Davidsons.”
Player: “Is that your bike in the corner back there?”
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1 Introduction 

Façade by Mateas and Stern (2003) marked a significant advancement in game 
design and development, as it introduced AI-based free verbal interaction as 
the core game mechanic for the first time. However, the NPCs’ responses were 
limited to a predetermined set of topics, their natural language understand-
ing was restricted to specific inputs, and their output was pre-scripted. As a 
result, the conversation was constrained and understandable user inputs were 
limited. While Façade received acclaim in academic circles, it did not lead to
the emergence of new commercially successful conversation-based games. One of
the contributing factors to this might have been the substantial efforts required
to anticipate and control natural language dialogues.

Generative AI technology represents a pivotal development in this context, 
as it minimizes the labor-intensive nature of crafting natural language dialogues. 
Nonetheless, relinquishing control to large language mo dels (LLMs) means that
game designers must be prepared for unpredictable, incoherent, or nonsensical
output from the system.

Since achieving conversational realism is very challenging, our focus shifted 
towards game-design options t hat don’t assume characters will behave exactly
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ignoring and rethinking responses were not reflected in the students’ arguments; in terms 
of the ignoring response this was entirely natural since the question specifically asked 
students to take a stand, and in terms of the rethinking response, this is a potential future 
scenario dependent on AI-based assessment techniques which most students probably 
do not picture. 

Taking its outset in the viewpoint that decisions regarding integration of generative 
AI into (foreign language) education should be based on the perspectives of different 
stakeholders, this study has explored students’ use of and sentiments surrounding gen-
erative AI. In conclusion, the study has shown a widespread use of generative AI among 
foreign language students, and that they have diverse and nuanced perspectives on the 
integration of generative AI in foreign language education. This study has highlighted a 
need for ensuring that foreign language education integrates generative AI, thus acknowl-
edging students’ digital practices in this area and preparing them for the workplace. At 
the same time, we need to ensure that students use generative AI tools in an ethical and 
critically reflective way, and that they achieve the learning outcomes that are at the core 
of foreign language education. This is easier said than done, but in any case requires an 
ongoing dialogue with students. 

References 

Bentivogli, L., Bisazza, A., Cettolo, M., Federico, M.: Neural versus phrase-based machine trans-
lation quality: a case study. In: Proceedings of the 2016 Conference on Empirical Methods in 
Natural Language Processing, pp. 257–267. Association for Computational Linguistics, Austin 
(2016) 

Blom, J.N., Holsting, A., Svendsen, J.T.: På sporet af chatbottens sproglige fingeraftryk: En sprog-
lig ophavsanalyse af tekster skrevet af danskstuderende og ChatGPT. Nydanske Sprogstudier 
65, 79–110 (2024) 

Bonner, E., Lege, R., Frazier, E.: Large language model-based artificial intelligence in the language 
classroom: practical ideas for teaching. Teach. Engl. Technol. 23(1), 23–41 (2023) 

Braun, V., Clarke, V.: Using thematic analysis in psychology. Qual. Res. Psychol. 3(2), 77–101 
(2006) 

Bundgaard, K., Christensen, T.P.: Machine translation literacy: Maskinoversættelse i fremmed-
sprogsundervisningen på videregående uddannelser. Sprogforum 76, 93–101 (2023) 

Bundgaard, K., Møller, A.K.: Use of AI-powered technologies in upper secondary language 
learning: current tendencies and future perspectives. LearningTech 14, 14–35 (2024) 

Cardon, P., Fleischmann, C., Aritz, J., Logemann, M., Heidewald, J.: The challenges and oppor-
tunities of AI-assisted writing: developing ai literacy for the AI age. Bus. Prof. Commun. Q. 
86(3), 257–295 (2023) 

Dalsgaard, C., Christensen, M.V., Caviglia, F., Andersen, M.S., Kjærgaard, H.W., Boie, M.A.K.: 
Sprogteknologier i fremmedsprogsundervisningen: indkredsning af en sprogfaglig teknologi-
forståelse. Tidsskriftet Læring og Medier 28, 1–23 (2023) 

Farrokhnia, M., Banihashem, S.K., Noroozi, O., Wals, A.: A SWOT analysis of ChatGPT: 
implications for educational practice and research. Innov. Educ. Teach. Int. 15(1), 1–15 (2023) 

Ferrara, E.: Should ChatGPT be biased? Challenges and Risks of Bias in Large Language Models 
(2023). https://arxiv.org/abs/2304.03738 

Garcia, I., Pena, M.: Machine translation-assisted language learning: writing for beginners. 
Comput. Assist. Lang. Learn. 24(5), 471–487 (2011)

https://arxiv.org/abs/2304.03738


116 K. Bundgaard and A. K. Møller

The study has documented that between 2023 and 2024, both knowledge and use 
of generative AI increased, with almost half of the students using the technology every 
week in 2024; and around 10% every day. Thus, generative AI must be said to be an 
integral part of many students’ practices. This serves as a compelling argument for 
foreign language education to address and integrate generative AI. 

When asked for the purposes with which they used generative AI, many stressed 
e.g. idea generation, explanations and summarizations of scientific concepts and text as 
well as text production and feedback on their own texts. This documents that students 
use generative AI for a wide range of reasons and not (only) to outsource tasks to 
technology as educators may fear. However, students also reported that they are using it 
to write text that a supervisor should read in connection with project work and for hand-
in assignments. The acceptability of this use arguably depends on whether students are 
transparent about it. Also, interestingly, approx. 15% of students reported to have used 
generative AI in connection with exams, although this was banned at the time of the 
study. This is of course worrying and highlights a need for clear guidelines as to what is 
allowed as well as a need to design valid forms of assessment. 

Interestingly, in 2024, while their use of generative AI had increased compared to 
2023, the students’ evaluation of the quality of the output appeared to be more moderate. 
A possible explanation for this result might be that compared to the spring of 2023 where 
the launch of ChatGPT was still quite recent, the hype might have decreased during the 
following year with greater attention being paid to issues such as hallucinations, bias 
etc., for instance in the media. Also, the increased interaction with the technology may 
have led them to become more aware of these issues. 

Nearly all students thought that foreign language students should be introduced 
to the technology, and students expressed that the course had taught them about the 
workings of generative AI and about specific limitations of the systems. They were also 
sometimes able to relate these limitations to how generative AI systems are built, and 
several stressed that they had become aware that they needed to be critical of AI output. 
It is quite interesting to note that many of the students seemed to have learned quite a 
lot about the technology during a few classes, and that the findings indicate that this 
made them approach AI output in a more critically reflective manner. This suggests 
that benefits may be gained from even a quite limited integration of the technology into 
foreign language education. However, it should be remembered here that the study was 
conducted in the context of an elective course which means that the respondents have 
actively chosen this course and thus may be more interested in language technologies 
than other foreign language students. 

In terms of assessment, it was highly interesting to find that while several Danish 
universities have recently begun to allow generative AI at exams, the number of students 
considering it cheating has increased between 2023 and 2024. It was also noteworthy that 
students were divided on the question of banning generative AI at exams. The qualitative 
analysis provided insight into the students’ arguments which to a wide extent reflect the 
scholarly debate, stressing the importance of both validity and authenticity of assessment. 
If we relate this to the responses outlined by Ydesen et al. (forthcoming), some students 
favor a banning approach and highlight the validity of such an approach, whereas some 
students favor an embracing approach and argue for authenticity in assessment. The
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many specifically mentioned tasks related to customer service and the production of 
marketing texts such as social media content, newsletters and product texts. Finally, a 
few mentioned that it would influence a career as an upper secondary teacher. 

Fig. 6. The anticipated role of generative AI in future careers (n = 83) 

4.3 Limitations 

Although the analysis has provided interesting insights into foreign language students’ 
use of generative AI and their perspectives on its integration into foreign language 
education, we recognize that the study also entails a number of limitations. For instance, 
the study is quite small-scale and was conducted at a single university. Also, the study 
only included students of English. Since Danish students usually have English as their 
first foreign language, the results may not apply to languages that are less familiar to the 
students. Further, many of the students’ qualitative responses referred to a rather general 
use of generative AI that may also apply to students from other educational programmes 
than language studies. Thus, in retrospect, we would have preferred to ask students to 
relate their responses to their work with language-related tasks. 

5 Concluding Discussion 

The massive uptake of generative AI necessitates careful consideration of how the tech-
nology should be addressed in foreign language education. This should be based on the 
perspectives of different stakeholders, not least the students who aspire to make a career 
in this space. To this end, this study has provided insight into how foreign language 
students use and perceive generative AI.
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Fig. 5. Student attitudes towards banning generative AI at exams (n = 83) 

Students arguing for allowing the use of generative AI at exams primarily argued 
with the authenticity of such an assessment approach. Here, a student stated that “it 
already has an impact on the industry. These are tools that change the nature of working 
tasks. It would correspond to removing the oven from chef education. You would not 
necessarily get a bad chef out of it, but you would have taken away their opportunity to 
acquire useful skills” (ID35/2023). Another student also argued for an authentic exam 
situation and stated that “In real life no one would say that you cannot use a tool to solve 
a task more effectively, so why is this not reflected in exams? In any case, you need to 
critically evaluate the output, and you need to be able to prompt effectively to make it 
work optimally” (ID45/2024). 

Interestingly, the data also revealed conflicting viewpoints among students as to 
whether AI use can be detected. Here, some students arguing for a ban stated that the 
university cannot control how AI was used, while students arguing against a ban stated 
that university systems are able to detect this type of plagiarism. Finally, many students 
(both students arguing for and against a ban) had quite nuanced perspectives in their 
open-text answers which indicated that it was difficult to answer the question on a ban 
in a yes/no manner. Here, many argued that it depended on the extent to which AI was 
used and stressed that AI should be allowed for inspiration, whereas it should not be 
allowed for actual generation of an exam paper. 

Finally, the students were asked whether they thought generative AI will play a large 
role in their future careers. As shown in Fig. 6, with 60.5% answering “yes” in 2023 
and 75.6% in 2024, the results reflect an increased and widespread expectation that this 
will be the case. The students answering “yes” were also asked to reflect on the work 
tasks in which they expected generative AI to play a role. Here, many mentioned in 
general terms that it will influence and is already influencing text production tasks, and
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instance, several stressed that they had been surprised by its ability to answer ques-
tions, and a student expressed that “the quality of the generated product has surprised 
me deeply, since I had not expected such a high quality” (ID34/2023). Other students 
added general statements expressing that they had learned about limitations of and chal-
lenges surrounding generative AI systems. The remaining three themes included fewer 
statements. One theme included statements where students expressed that they had not 
learned a lot that they did not already know, a few mentioned that they had learned what 
was allowed at exams, and a few mentioned that they had learned that a lot of different 
AI tools exist. 

When asked whether they thought foreign language students should generally be 
introduced to this type of technology, 92% answered “yes”, and 8% answered “no”. In 
their arguments for the introduction of generative AI, four overall themes were identified. 
For instance, many students argued that an introduction to generative AI technology is 
necessary to prepare them for tasks in the workplace, and generally that this technology 
is the future. Another argument that was often repeated in students’ responses was that 
students are using the technology anyway, and that foreign language education should 
teach them to use it in a constructive, ethical and critically reflective way, making them 
aware of the potentials and pitfalls. Other students stressed that generative AI may 
aid learning and be a good resource in the learning process. It is worth noting that 
several of these students added that the use of generative AI should not replace, but 
augment students’ own learning processes. Finally, interestingly, two students argued 
that generative AI is useful for students that do not have people around them to help 
them with their studies, with one of them mentioning that generative AI can “contribute 
to making everyone’s toolboxes equally filled” (ID35/2023). Although only mentioned 
by a few students, it is interesting that some highlight inclusion potentials. 

Of the few students who did not think that students should be introduced to generative 
AI, most argued that generative AI could impact negatively on learning processes because 
some would tend to outsource tasks to the technology. 

The students were also asked about their attitude towards prohibiting the use of gen-
erative AI at exams. Interestingly, as reflected in Fig. 5, the students were divided on this, 
with 44.7% considering the use of generative AI cheating in 2023 and 55.6% consider-
ing it cheating in 2024. It is interesting to note that while several Danish universities, 
including Aalborg University, have recently begun to allow generative AI at exams, the 
number of students considering it cheating has increased. 

After answering this question, the students were asked to provide arguments for 
their attitude. Students arguing for banning generative AI primarily argued that allow-
ing AI would make it impossible to measure student learning, thus questioning the 
validity of such assessment approaches. For instance, a student replied that “With our 
education, expectations are created that we have acquired disciplinary competencies 
and knowledge – and when the tools are used at exams the boundary between what the 
student knows and can do him-/herself and what the tool has done becomes invisible” 
(ID43/2024). Another student had a similar viewpoint and related this to the nature of 
foreign language education: “I attend a programme of which text forms a central part, 
so if you are not able to produce or read a text without a resource like that, it does not 
make sense that you pass the exams” (ID56/2024).



112 K. Bundgaard and A. K. Møller

Fig. 4. Evaluation of generative AI output quality (n = 83) 

4.2 Student Perspectives on Generative AI in Foreign Language Education 

Related to research question 2, students were asked for their perspectives on what they 
had learned in the course, whether they thought foreign language students should gen-
erally be introduced to this type of technology, about their attitudes towards banning 
generative AI at exams and finally for their perspectives on the role of generative AI in 
their future careers. 

Students were asked to answer in an open-text format what they learned about gen-
erative AI in the course, and whether something had surprised them. From the thematic 
analysis, eight overall themes emerged. One theme included students expressing that 
they learned a lot about how generative AI systems work. For instance, one student 
replied that “I found it interesting to learn how ChatGPT and other tools work behind 
the scenes. Since I knew how to use the tool, it is nice to know how it works in the 
engine room” (ID62/2024). Another theme included students stressing that they learned 
a lot about bias in AI output. Some talked about bias in general, and some mentioned 
gender bias specifically. Some of the students related this to the workings of generative 
AI systems, stressing that their learning about how the systems work had also made them 
realize why output may be biased. For instance, one student replied that “There can also 
be biases from the input the machine was fed with which also makes the output that the 
machine generates biased” (ID10/2023). 

Other students mentioned that they had learned that AI output is not always accurate, 
i.e. that AI systems may hallucinate. Here, a student explained that “I have learned that 
it is important to check the generated text for mistakes. ChatGPT can give misleading 
information and invent references that do not exist” (ID15/2023). Many students replied 
that they were generally positively surprised by the performance of the systems. For
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grammar and punctuation. Further, a few mentioned that they use generative AI for 
translation tasks. 

In terms of the theme “information search”, some students replied that they use 
generative AI to ask questions and some specifically mentioned that they use it as an 
alternative to Google. Finally, several mention that they use generative AI in their spare 
time, e.g. for dinner inspiration and fitness tips. 

The students were also asked in a more closed manner about the contexts in which 
they use generative AI. As can be seen from Fig. 3, in 2023, 26.3% reported that they used 
generative AI to write text that a supervisor should read in connection with project work. 
In 2024, this number has decreased to 20%. In 2023, 26.3% reported that they had used 
generative AI to produce hand-in assignments to be evaluated by their teachers; in 2024, 
this was almost the same. Both in the spring of 2023 and 2024, the use of generative AI 
was generally prohibited at exams at Aalborg University. However, in 2023 and 2024, 
7.9% and 15.6%, respectively, had used generative AI in connection with exams. This 
is of course noteworthy since it might constitute academic dishonesty. 

Fig. 3. Context of use (n = 83) 

The students were also asked to give an overall evaluation of the quality of AI-
generated text. As shown in Fig. 4, in 2023, students reported the quality to be quite 
high; 57.9% found the quality high and 7.9% very high. 28.9% found that the quality 
was neither high nor low. Interestingly, in 2024, the students’ evaluation of the quality 
appeared to be more moderate. Here 6.7% rated the quality as low, 53.3% found it to be 
neither high nor low, and 37.8% found it high. None of the 2024 respondents evaluated 
the quality as very high.
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Fig. 2. Frequency of use (n = 83) 

Students were asked to give qualitative answers as to the purposes with which they 
used generative AI. The thematic analysis of this data resulted in seven main themes, 
i.e. idea generation, summarization and explanations of scientific concepts and texts, 
text production, feedback on own text, translation, information search and spare time 
use. In terms of idea generation, several students mentioned that they use generative 
AI to get ideas for project work. For instance, one student answered that “I use it for 
many different things, including getting inspiration for different parts of project work” 
(ID29/2023). 

Several other students expressed that they use generative AI to get summaries of 
academic texts or explanations of scientific concepts. Sometimes students added that 
they did this to better understand concepts and theories which are difficult to grasp. 
For instance, the following student stated that they used it “primarily to understand 
theories/texts that are hard” (ID2/2023). 

Other students stated in quite general terms that they use generative AI for text 
production. For example, several answered that they use it to “generate text about a 
topic” (e.g. ID32/2023; ID49/2024; ID71/2024). Interestingly, within this theme, several 
students mentioned that they use generative AI in connection with their student jobs, i.e. 
paid work that they engage in alongside their studies. In this context, several mentioned 
that they use generative AI for text production tasks, e.g. for press releases and social 
media content. 

Several students expressed that they use generative AI for getting feedback on text 
that they have written themselves with the purpose of optimizing it. For instance, a 
student replied that “I sometimes use it for getting feedback on things that I have already 
written” (ID63/2024). Some students also specified that they use it to get feedback on
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4 Results 

In this section, we present the results of the study. In Sect. 4.1, results pertaining to 
research question 1 are reported, i.e. results on students’ use of generative AI. Next, in 
Sect. 4.2, results related to research question 2 are presented, i.e. insights as to students’ 
perspectives on generative AI in foreign language education. 

4.1 Student Use of Generative AI 

The students were asked whether they knew about generative AI systems before attending 
the course, and whether they used them (Fig. 1). In 2023, 13.2% reported that they did 
not know about generative AI before attending the course. 47.4% reported that they 
knew about the technology, but that they did not use it, and 39.5% reported using it. 
Interestingly, in 2024, all students at least knew about generative AI, and as much as 
84.4% had used the technology before attending the course. The remaining 15.6% knew 
about the technology, but had not used it. Thus, both knowledge and use increased 
between 2023 and 2024. 

Fig. 1. Students’ knowledge and use of generative AI (n = 83) 

When asked about the frequency of their use of generative AI, most students reported 
using generative AI every week (cf. Fig. 2). This was the case for 44.7% and 48.9% of 
the students in 2023 and 2024, respectively, reflecting an increase in weekly use. There 
was also an increase in the number of students using generative AI every day (increasing 
from 7.9% in 2023 to 11.1% in 2024). Accordingly, there was a smaller number of 
students in 2024 who reported that they did not use generative AI (13.3%), compared 
to 23.7% in 2023. In both 2023 and 2024, around 18% reported using the technology 
every month.
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during classes. Here, students were required to work with generation of AI output, 
experimenting with different prompts and with evaluation of the results. In the final 
group projects and presentations, most groups of students chose to work with questions 
related to generative AI rather than questions related to the other language technologies 
covered. Thus, the topic of generative AI attracted a great deal of attention. Although 
the use of generative AI was generally prohibited at exams at Aalborg University in both 
the spring of 2023 and 2024, students were allowed to use generative AI to explore the 
questions they were interested in. However, they were not allowed to use generative AI 
to produce their presentations. 

3.1 Procedure and Analysis 

An online questionnaire was designed in SurveyXact, and a link was distributed to all 
students enrolled in the course during each semester’s final class. The questionnaire 
contained an introductory text, and its content was also briefly outlined orally in the 
classroom. Next, the questionnaire contained a background question about the study 
programme of the students. Then the students were asked about their use of generative 
AI (e.g. frequency and purpose of use) and for their evaluation of the quality of AI-
generated output. In the next part, the students were asked to answer questions about the 
learning acquired through the course and about the role of generative AI in their study 
programmes. Finally, they were asked for their attitudes towards allowing or prohibiting 
the use of generative AI at exams and about the role of generative AI in their future 
careers. It should be noted that the questionnaire was originally designed in Danish, and 
that in this paper, questions and quotes are translated into English. The questionnaire 
was designed with both open-ended and closed questions. 

38 and 45 students filled out the questionnaire in 2023 and 2024, respectively, result-
ing in response rates of 97.3% and 84.9%. In 2023, 26 (68%) of the respondents were 
students in the IBC programme, and 12 (32%) were students in the BA or MA in English 
programmes. In 2024, 28 (62%) were IBC students, and 17 (38%) BA or MA in English 
students. 

In the following section, the results are reported. Quantitative results are reported as 
descriptive statistics. The qualitative data have been analysed based on a thematic anal-
ysis approach (Braun and Clarke 2006) to identify patterns in the data. This was done 
in an inductive manner. The analytical process took its outset in Braun and Clarke’s six 
phases. As a first step, we independently familiarized ourselves with the data by reading 
and re-reading it. Then, for each question that allowed respondents to provide answers 
in their own words, one author generated initial codes and collated these into poten-
tial themes. Next, the other author reviewed the themes, checking whether the themes 
reflected the data. Small adjustments, e.g. in terms of the naming of themes, were made 
in this process, and these were discussed between the authors. In the following section, 
illustrative examples of the themes identified are given. Direct quotes are accompanied 
by identifications of each respondent (with IDs 1–38 referring to respondents from 2023, 
and IDs 39–83 to respondents from 2024).
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student assignments. Cardon et al. (2023) explored business communication instructors’ 
perceptions of the challenges and opportunities associated with AI-assisted writing. The 
instructors believe that they need to change their teaching to integrate AI, but about 47% 
feel nervous or anxious about using it in class. At the same time, they are concerned that 
generative AI will lead to more plagiarism, that it will be more difficult to assess student 
learning, and that it will lead to less critical thinking. 

While foreign language learners’ use of machine translation has been explored by 
e.g. Bundgaard and Møller (2024), as stated above, research on students’ use of and 
perspectives on generative AI is scarce. Taking this as their focus, Klimova et al. (2024) 
found that undergraduate students studying English are positive about generative AI, 
but also acknowledge risks related to its use, including academic dishonesty, and the 
technology’s potential impact on their critical thinking skills. The current study also 
aims to address this research gap. 

3 Methods 

To explore foreign language students’ use of and perspectives on the integration of 
generative AI in their education, a questionnaire study was conducted. The data was 
collected as part of an elective 5 ECTS course at Aalborg University entitled Technology-
based language and communication work. The course is offered to students attending the 
Bachelor of Arts (BA) in International Business Communication in English (IBC) and the 
BA and Master of Arts (MA) in English. The former focuses on business communication 
in English, while the latter is a more traditional English degree focusing on English 
language and literature. 

In the spring of 2023 and 2024, 39 and 53 students were enrolled in the course, 
respectively. As the course title suggests, the course deals with the solution of linguistic 
and communicative problems using digital technologies. Different language technolo-
gies such as translation memory systems, machine translation, corpus linguistics, gen-
erative AI and tools for web scraping and sentiment analysis are introduced. Among 
other things, the course focuses on building competences in using the tools, critically 
discussing the contributions and limitations of the technologies and reflecting on the 
ethical implications of their use. The course includes 18 class hours which are devoted 
to both theoretical and practical content. Reading material was provided on Aalborg 
University’s Learning Management System and included general introductions to the 
field of language technology as well as literature related to the language technologies 
covered. The examination consisted of two parts: participation in at least 80% of classes 
and completion of a final group project and oral presentation on a self-chosen topic 
within the thematic scope of the course. The course was primarily taught by a lecturer 
with expertise in language technology (14 class hours), a lecturer with expertise in web 
scraping and sentiment analysis (2 class hours) and a guest lecturer working in the 
language technology industry (2 class hours). 

In relation to generative AI, the students were introduced to AI, natural language 
processing and natural language generation. Further, main issues with generative AI 
systems and output were addressed and exemplified, such as hallucinations, bias and 
anthropomorphism. The students also did practical exercises with generative AI systems
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perspectives on the integration of generative AI into their education and assessment? 
These questions have only scarcely been investigated within the field, and the study 
aims to address this gap. 

The paper is structured as follows. In Sect. 2, research on AI-based language tech-
nologies in foreign language teaching is described. Next, in Sect. 3, the methods applied 
are described, before the results are presented in Sect. 4. Finally, we conclude the paper 
in Sect. 5, discussing the findings and their implications. 

2 AI-Based Language Technologies in Foreign Language Teaching 

Along with technological developments and uptake in society in general, there has been 
a parallel interest in language education in so-called computer-assisted language learn-
ing (CALL) (Warschauer and Healey 1998; Pym and Hao 2025). The CALL field has 
focused on, for example, mobile-assisted language learning, technology as a tool for 
communication inside or beyond the classroom and gamified language learning (Dals-
gaard et al. 2023; Zhang and Zou 2022). More recently, attention has also been paid to 
AI-based language technologies such as machine translation and generative AI which 
students can use in the production and reception of language. 

Studies on the effectiveness of machine translation for language learning have been 
carried out for several years. Three rather recent reviews have examined this research, and 
all conclude that machine translation has a positive impact on foreign language learning 
(Lee 2023; Jolley and Maimone 2022; Klimova et al. 2023). For instance, machine 
translation can enable students to write more fluently and with fewer errors (Garcia and 
Pena 2011;  Le  e 2020;  Tsa  i 2019). However, as pointed out by several scholars (e.g. Pym 
and Hao 2025; Bundgaard and Christensen 2023), there is a lack of longitudinal studies 
exploring whether there are lasting positive effects of machine translation on language 
learning. Also, quality of machine translation output has increased significantly along 
with changing approaches to machine translation development over the years (from 
rule-based and statistical to neural and generative systems), leading to e.g. a noteworthy 
reduction in fluency errors (Bentivogli et al. 2016; Toral and Sánchez-Cartagena 2017), 
which needs to be considered when interpreting the results of previous studies. 

In terms of the impact of generative AI on language learning, research is also emerg-
ing. However, many publications are non-empirical contributions (e.g. Warschauer et al. 
2023; Godwin-Jones forthcoming; Kohnke et al. 2023; Bonner et al. 2023). Of the 
empirical studies, some focus on voice interaction with AI-based chatbots. For instance, 
studies have found that spoken interaction with chatbots is engaging and enjoyable for 
learners of English (Underwood 2017; Yang et al. 2022), but that students benefit dif-
ferently from such interaction (Wang et al. 2023). Focusing on written interaction with 
AI-based chatbots, Jeon (2023) found that interaction with AI-based chatbots can pro-
mote vocabulary acquisition. Other studies have indicated that generative AI systems 
can assist learners in improving their writing (Yan 2023), e.g. by providing feedback on 
grammar (Schmidt-Fajlik 2023). 

Other studies have focused on teacher perspectives. For instance, Mohammadkarimi 
(2023) found that higher education English teachers acknowledge the benefits of AI for 
students, but at the same time worry about the consequences for academic integrity. Inter-
estingly, nearly all teachers admitted that they cannot detect the use of generative AI in
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outcomes that are at the core of foreign language education, among other things so that 
students are able to critically evaluate AI output. 

While generative AI applications have been accessible for several years and for 
example an object of interest within journalism research (referred to as robot, computa-
tional or augmented journalism (Lindén 2018)), the technology did not gain substantial 
mainstream attention until the launch of ChatGPT in November 2022. Since then, inher-
ent issues with the technology as well as consequences for the educational sector and the 
job market have been massively debated. Some of the issues addressed are the tendency 
of large language models to hallucinate, i.e. generate plausible-sounding and fluent, 
but factually incorrect content, bias in generated output (Ferrara 2023), anthropomor-
phism (Salles et al. 2020) and the environmental impact of AI training and deployment 
(Luccioni et al. 2023). 

In an educational context, the potential value of integrating generative AI into teach-
ing is continuously discussed. Arguments for such an integration include students’ prepa-
ration for the workplace and potential positive effects of generative AI on learning. Schol-
ars and educators against the integration argue that students’ use of generative AI may 
lead to cognitive outsourcing or overreliance to technology (Dalsgaard et al. 2023) and 
a general decline in critical thinking skills and learning in general (Mohammadkarimi 
2023; Klimova, Pikhart and Al-Obaydi 2024). 

The debate has also centered on the consequences for assessment where generative 
AI has been viewed as a serious threat to academic integrity (Farrokhnia et al. 2023; 
Sweeney 2023). Different responses have been discussed, including ignoring the tech-
nology’s consequences for assessment, banning it at exams, embracing it and rethinking 
assessment entirely in light of generative AI (Ydesen et al. 2024). Ignoring the conse-
quences for assessment is arguably a very shortsighted response considering the general 
uptake of generative AI. Banning AI is seen as an appropriate response to ensure that it is 
the performance of the student, not AI, that is assessed. However, as long as it is not pos-
sible to detect AI use (Sadasivan et al. 2023), this may require new forms of assessment 
(e.g. more oral exams) and/or reverting to controlled examination settings. The response 
of embracing generative AI in assessment would involve having students engage with 
generative AI at exams, e.g. by asking them to critically reflect on AI-generated output. 
Arguments for such an integration of generative AI into exams include authenticity, 
i.e. assessment entailing tasks similar to those performed in workplace or professional 
settings. However, embracing generative AI has also been questioned, because standard 
assessment involves evaluating final products to measure learning, and the validity of 
this approach is called into question when students have access to generative AI (Kizil-
cec et al. 2024). Finally, rethinking assessment in light of generative AI would entail 
using AI systems to continuously evaluate students’ learning, leading to a greater focus 
on formative assessment and maybe even render summative stop-and-test assessment 
superfluous (Ydesen et al. 2024). 

Both the potentials and the concerns that generative AI brings with it necessitate 
that we explore how foreign language students approach the technology, since this may 
inform our future development of foreign language education. Therefore, this paper seeks 
to explore the following research questions: 1) how do higher education foreign language 
students use generative AI? 2) What are higher education foreign language students’
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Abstract. The introduction of generative artificial intelligence (AI) has implica-
tions for foreign language education of which text production has traditionally 
formed a central part. This necessitates careful consideration of how the technol-
ogy should be addressed, and this should be based on the perspectives of different 
stakeholders. To this end, this study explores foreign language students’ use of and 
perspectives on the integration of generative AI into foreign language education. 
It does so by means of a questionnaire study of 83 students attending a course on 
language technology. The study shows a frequent and increasing use of generative 
AI among students, and that they use it for a wide range of reasons. Approximately 
15% of the students reported to have used generative AI in connection with exams 
despite a ban at the time of the study. Students were generally divided on the 
question of banning generative AI at exams, however, the number of students con-
sidering it cheating increased between 2023 and 2024. The qualitative analysis 
provided insight into the students’ arguments which to a wide extent reflect the 
scholarly debate that stresses the importance of both validity and authenticity of 
assessment. The students’ reflections on the learning achieved from the course 
suggest that benefits may be gained from even a quite limited integration of the 
technology into foreign language education. In general, the study has shown that 
students have diverse and nuanced perspectives on the integration of generative 
AI into foreign language education. 
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1 Introduction 

The introduction of generative artificial intelligence (AI) may significantly change pro-
fessions and educational programs of which text production forms a central part (Blom 
et al. 2024). This is not least the case for foreign language education where text produc-
tion has traditionally been central to both acquisition and assessment of language skills. 
In a situation where AI-based language technologies display a level of correctness so 
high that linguistic accuracy “can no longer be viewed as a synonym of learning and 
excellence” (Klekovkina and Denié-Higney 2022: 107), we need to revisit how we teach 
and assess foreign language. While we as higher education teachers want to provide 
students with the skills they need in the workplace, we also want to achieve the learning
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instructions in the game, the specific chemistry content, the phrased knowledge test 
questions, and the 5-point Likert engagement scale. In addition, randomization is often 
impractical for evaluating serious games in a fieldwork context. It could also be unethical 
to randomize students in the same class, with some playing the game and some not; this 
setup should also be avoided because of the potential learning effects. 

In future iterations, the game should provide a better one-to-one connection between 
the learning objectives and its content. This could also be included with additional 
repetition elements. Further, the tutorial needs to be shorter and more precise. More 
structured collaboration with the chemistry teacher, comprehensive risk management, 
and more pilot testing would have mitigated these low scores in the learning objectives. 

7 Conclusion 

This study intended to develop an engaging educational game to enhance high school 
student’s understanding of ionic bonds. The designed auto battler game was perceived 
as positively engaging. From the engagement questionnaire, it can be revealed that the 
visual elements and graphics were positively perceived. The game was also perceived as 
being fun, and most students were interested in the game, concentrating while playing 
and feeling that the time spent (learning about ionic bonds) just slipped away. The 
grand mean score of 3.78 fulfilled the success criterion (threshold 3.41) concerning 
the engagement level for this game. However, the findings for the learning objectives 
were not satisfactory. The conclusions of the knowledge test revealed that in only two 
of the four questions, the number of correct answers was higher than the number of 
incorrect answers. The questions asked were though rather tricky. Specifically, naming 
five ionic bonds as an open-ended question was difficult for most students, possibly due 
to a misunderstanding of what was asked. The feedback from the students indicated that 
they enjoyed the game, and most students could see themselves playing it for educational 
purposes. Logistics regarding the test setup proved to be a challenge in the evaluation 
of multiple participants simultaneously. However, there seem to be some good results 
linking educational engagement with an auto battler game, with future work in making 
it an online synchronous multiplayer match so players can play against other classmates 
and friends, increasing competitiveness. 
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Table 3. Findings from the knowledge test. n = 27 

Learning objective (LO) Question asked (Q) No correct No. Incorrect % Correct 

LO1: Understand that 
ionic bonds are formed by 
combining a cation and an 
anion 

Q1: What charge does an 
ionic bond have? 

14 13 52 

LO2: Understand that 
ionic bonds have no 
electrical charge 

Q2: What happens when 
positively and negatively 
charged ions meet in an 
ionic bond? 

10 17 37 

LO3: Understand that 
ionic bonds are chemical 
salts 

Q3: What bond forms a 
cation and an anion? 

16 11 59 

LO4: Five different ionic 
bonds can be named by 
their chemical name 

Q4: With help from the 
periodic table, can you 
name at least five different 
ionic compounds? 
(open-ended) 

5 22 19 

suitable as an educational learning game, is ten times harder. The problem can often be 
in the design process and the team of game designers. Usually, the game designers focus 
primarily on the game side and do not know the student’s learning skills or progression. 
Therefore, it is a considerable advantage to frequently involve the teacher in the game 
design process as part of the co-creation, including knowledge about the subject and 
access to the students. However, the teacher is the expert in teaching and learning but 
might not know the boundaries for a good game design. Potentially, because of this, lots 
of serious games for educational purposes are often seen as made too difficult in terms 
of the specific learning content, as revealed in this study. 

An explanation for the unsatisfactory result from the knowledge test in this study 
could be a lack of a clear link between the learning objectives, the game design, and the 
evaluation. The students in this study sample were at the chemistry B-level (medium 
level) and should be able to answer the questions. However, in some evaluation questions, 
the students misunderstood and misinterpreted the questions and answered incorrectly. 
Further, the learning objectives were not very clear in the game. Another challenge was 
the time limit for the participants due to the class’s duration. 

The existing literature [32–34] includes various examples of how to evaluate serious 
games. However, when conducting evaluations in specific contexts with real users, in 
this case, with high school students at the high school, it isn’t easy to conduct a perfect 
research evaluation. Logistics, time constraints, gatekeepers, legislation, lack of a proper 
posttest, technical issues, and lack of resources can hinder evaluations. Game evaluation 
with teens is complex, but further questions should be raised about how we evaluate 
serious games with children and teenagers. A significant limitation of this study is 
whether the teens understood the questions asked and could cope cognitively with the
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(R4, R7) due to their perceived lack of chemistry knowledge. Some students also men-
tion that the game could be improved by making it an online game with battles between 
classmates or friends instead of an auto battler (R4). 

Table 2. Comments in the open-ended questionnaire. R = Respondent ID 

Positive comments Negative comments 

It was a good, interesting game and a good 
educational game (R0) 

The game could be improved by better graphics 
and intro (R6) 

It is a creative and well-designed game (R1) It would be easier if you could see whom you 
are fighting against and then return to the setup 
menu to be more prepared for the battle. 
Another idea is to create it as an online game so 
you can play against your classmates or friends. 
This would make it fun and competitive, like 
Kahoot (R4) 

Well-made game. It draws you in (R3) The game is challenging (R4, R7) 

It was a good game. I want to play again (R5) The evil ionic bonds are very powerful, 
especially in the beginning (R4) 

Very cozy game (R1, R6) 

The game was fun (R4, R7) 

Good game (R0, R2, R3) 

5.2 Knowledge Test 

As it appears from Table 3, there were some difficulties with most of the learning 
objectives. 

The highest number of correct answers was in Q3, with 59% correct answers. The 
second highest number of correct answers was in Q1, with 52% correct answers. For 
Q3 and Q4, the number of incorrect answers was higher than the number of correct 
answers, especially for Q4 (open-ended), with only 19% correct answers. It must be 
emphasized that the questions were rather tricky (for chemistry level B). To provide the 
correct answers, the students needed to synthesize learnings from the game, meaning 
that the answers were not directly mentioned in the game. 

6 Discussion and Limitations 

Despite the high engagement score, is this auto battler game a failed attempt for a 
serious game due to the relatively low scores in the knowledge test? The answer to 
this discussion question is rather complex. It is hard to design a good game and very 
hard to design an excellent educational game, so making a good game, which is also
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were easy to understand, M=4.11). 18 of the participants either agreed or strongly agreed 
in I6 (The game was fun, M = 3.85). The lowest mean scores were yielded in I7 (The 
game was worthwhile playing, M = 3.41), and in I3 (I was absorbed while playing, M 
= 3.44). Based on the engagement scores, the game was very successful. Interestingly, 
the graphics and visual elements items scored above 4. For the I5 item, the original 
item uses the wording - “This was aesthetically appealing” [15]. However, to have high 
school students understand the wording, “the aesthetically appealing” was changed to 
“I like the graphics.” In video games, graphics are commonly used and refer to visual 
elements and images displayed in the games. 

Table 1. Engagement in the game. n = 27 

Item/ 1 = Strongly 
disagree. 2 = Disagree. 3 
= Neutral. 4 = Agree. 5 = 
Strongly agree 

1 2 3 4 5 SD Mean 

I1: I was concentrated 
while playing 

0 1 10 10 6 0.847 3.78 

I2: The time I spent playing 
just slipped away 

0 3 6 13 5 0.903 3.74 

I3: I was absorbed while 
playing 

0 8 4 10 5 1.121 3.44 

I4: The visual elements 
were easy to understand 

0 1 3 15 8 0.751 4.11 

I5: I like the graphics in the 
game 

0 1 1 17 8 0.681 4.19 

I6: The game was fun 0 1 8 12 6 0.818 3.85 

I7: The game was 
worthwhile timewise 

1 2 13 7 4 0.971 3.41 

I8: I felt interested in this 
game 

0 3 6 13 5 0.903 3.74 

Grand mean 3.78 

Notable, most of the participants were concentrated while playing (I1, M = 3.78), 
felt that the time slipped away (I2, M = 3.74), and were interested in the game (I8, M = 
3.74). The I6 “The game was fun” was with the third highest score (M = 3.85) and should 
be understood in the same way as other scholars have outlined this complex aspect of 
fun as a level of enjoyability [31]. The fun or level of enjoyability is also mentioned 
quite often in the open-ended questionnaire (Table 2). 

Other positive comments (Table 2) include a good, creative, cozy, well-made, engag-
ing, and fun game. There are also examples of students finding the game too difficult
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Fig. 5. The order in which the units on the team will fight an opponent team. 

Fig. 6. The battle. The player (right side) battles against the opposing (auto) team. 

The team left standing is the victor. If the player wins the battle, their wins stat is 
incremented, and if they lose, their hearts stat is decremented. The battle can end in a 
draw, where the player’s hearts and wins stats are unchanged. Regardless of the battle 
outcome, the rounds stat is increased. 

5 Findings 

5.1 Engagement 

Based on the engagement questionnaire (Table 1), the findings reveal that the participants 
were engaged with a grand mean score of 3.78. The items that yielded the highest mean 
score were in I5 (I like the graphics in the game, M = 4.19) and in I4 (The visual elements
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Fig. 3. Units’ damage and health stats are displayed in the game. 

Fig. 4. The costs depend on the number of ions in the compound. 

order of units on the team is not arbitrary since the slots have indices associated with 
them (Fig. 5). During the battle, the unit furthest to the right engages first. 

4.3 Battle Win/Lose 

The player stats are changed because of the battles. The setup features a shop where units 
can be purchased. In addition, player stats are displayed at the top of the battle begins 
when the player presses the fight button. Once the battle begins, both teams’ front unit 
will fight (Fig. 6). Fighting consists of the two front-most units subtracting their damage 
from the opponent’s health (Fig. 6). Once a unit’s health is zero or less, it is removed 
from battle, and the next unit in line takes place.
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4.2 Set-up 

The setup features a shop where units can be purchased. In addition, player stats are 
displayed at the top of the screen (Fig. 2). The player stats are metrics of how well the 
player is performing. It consists of a heart, a counter, and a trophy. The heart indicates 
the player’s health. If the player has no hearts left, they lose the game. The counter shows 
how many rounds the player has played. The trophy represents how many rounds the 
player has won. The player stats are changed according to the battles. 

Fig. 2. The player sets up a team. Player stats (top), the shop (lower left), and the team. 

The shop is automatically filled with units when the player enters the setup environ-
ment. The player can buy them by placing them on the team. The game includes a subset 
of units from the periodic table. In the game, units are the entities that make up a team. 
A unit shares properties with the element that it represents. This includes information 
such as charge (e.g., 1−, 2+), chemical name (e.g., magnesium, sodium chloride), and 
type (atom, ion, salt). The unit’s strength is based on the element’s number of electrons. 
A unit can also damage the stats based on the element’s number of electrons. The health 
stat is based on the element’s atomic weight. The stats are always displayed below the 
unit (Fig. 3). 

The player can buy and sell units. The costs (and sell profit) depend on the number 
of ions in the compound (Fig. 4). If the player is not satisfied with the selection in the 
shop, they can roll to have new units (Fig. 4). 

Units placed on the team can be rearranged, combined, or sold. Rearrangement is 
done by selecting the units in question. Both combined units and non-combined units 
can be on the team. The ion must be on the team to be combined with another ion. The
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questions in the knowledge test were multiple choice, with four possible answers for each 
question. The last question was open-ended. After the UES-SF items, the participants 
were encouraged to comment on the game in an open-ended text box. The UES-SF was 
analyzed by mean and standard deviation, and the open-ended question was coded into 
positive or negative statements. The knowledge was analyzed by cumulative frequency. 

4 Design and Implementation 

4.1 System Design 

The game is a 2D auto battler game, played on PC, using only the mouse for interaction. 
The interface consists of GUI elements like text, images, and buttons. The game is 
inspired by Super Auto Pets [29], using similar phases and mechanics. The game’s goal 
is to build a team and have it survive against opponent teams. A team consists of ions or 
salts, collectively called “units” in the game. Figure 1 outlines the system design. The 
player goes from the menu (start game) into the setup phase (Fig. 1). In the setup phase, 
the player should compose their team, buy new units (ions), sell units, refresh (reroll) in 
the shop with coins to get new units, and read a handbook of helpful knowledge about 
ionic bonds. When the students are ready (finalize what they perceive as a strong team 
of units with their selected and formed ionic bonds to defeat other teams), they click on 
“Start Battle.” 

Fig. 1. The system design of the auto battler game 

The player then enters the battle phase, in which their team and a randomly selected 
opponent’s team (based on the player’s stats from the pool of saved plays) battle each 
other. The battle winner gains a “win,” whereas the loser loses one “health.” The player 
returns to the setup to create new units. This loop continues until the player has won or 
lost five times, after which they return to the menu.
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rule-based, and adaptive guiding, the possibility of affecting the players’ motivation to 
learn chemistry [20]. Several studies have emphasized that educational games can be an 
excellent approach to teaching chemistry and potentially be more effective for cognition, 
retention, and motivation than traditional teaching [20–23]. 

The novelty effect when including games in an educational context is often very 
difficult to control and measure. Further, it can be challenging to measure the learning 
effect size [11, 24]. However, it is well known how engagement can be used as an indi-
rect learning indicator [11, 13, 24, 25]. Yet, game engagement is challenging to define 
and measure, as it is associated with various other concepts, such as flow, immersion, 
motivation, and enjoyment [26]. Previous research for measuring game engagement 
has included approaches from user engagement perspectives [15], qualitative card sort-
ing perspectives [26], and various questionnaires such as the E-flow [27]  or  the  Game  
Engagement Questionnaire [28]. 

Previous research on educational battle games has reported easy engagement in 
the games [8, 9], even without any real-world reward. This aligns with other reported 
elements on motivation in serious games [11], that intrinsic motivation is essential, and 
that games for educational purposes could focus more on intrinsic motivation [30]. 

3 Methods 

3.1 Participants 

The study included 27 high school students (18 females, 9 males). The participants 
were from two chemistry classes. 26 participants were taught chemistry at the B level 
(medium level), while one was taught at the A level (Upper level). The high school is in 
the Copenhagen suburbs and has around 1000 students enrolled. A teacher in chemistry 
from the high school was included in the game design process as part of a co-creation, 
including knowledge about the subject and access to the students. 

All participants gave informed consent and were told they could withdraw from the 
study at any time and that their participation did not influence their grades. In addition, 
all participants were provided with anonymous ID numbers, and all data were labeled 
with these IDs. We applied special considerations when recruiting teenagers (ages 16– 
18) following Danish data law, the international code of conduct, and ethical approval 
from the high school. 

3.2 Procedure and Data Analysis 

Each participant was randomly assigned to one of four test stations. Each station had a 
test conductor assigned. A test leader oversaw the test conductors to ensure the correct 
procedure and escorted participants to and from the classrooms. Thirty minutes were 
allocated for each group of participants, meaning it was possible to perform the test with 
eight students per hour. A test station consisted of a computer with a chemistry game 
and digital access to questionnaires, including a knowledge test and items with inspira-
tion from the User Engagement Scale Short Form (UES-SF) [15]. The knowledge test 
consisted of four questions corresponding to the four learning objectives. The first three
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created to supplement learning in chemistry and capitalize on games’ ability to captivate 
students and stimulate their engagement [1, 2, 4–7]. The novelty in this study is the design 
of an auto-battle game intended to engage students and enhance their understanding of 
ionic bonds. An auto battler is a subgenre of strategy video games where players place 
characters or objects on a battlefield during a preparation phase and then fight an opposing 
team without further input from the player. Educational battle games are already used, 
with many variations [8, 9]. Still, they have the common foundation of a composed team 
that, with various selected objects, commodities, strengths, or personalities, battles other 
teams. The result of the battle is most often a win or loss. However, to our knowledge, 
no studies have supplemented high school students’ understanding of ionic bonds using 
an auto-battle game. This study was based on the following research question: 

RQ: How can an educational auto battler game be designed to enhance students’ 
understanding of ionic bonds? 

To answer the research question, the following learning objectives (LO) were estab-
lished in close collaboration with a high school chemistry teacher. The learning objectives 
provided prioritizing and focus areas for the game. Further, one success criterion (SC) 
was established within the game engagement. 

LO 1: Understand ionic bonds are formed by combining a cation and an anion. 
LO 2: Understand that ionic bonds have no electrical charge. 
LO 3: Understand that ionic bonds are chemical salts. 
LO 4: Can name five different ionic bonds by their chemical name while looking at a 
list of elements from the game. 
SC 1: The grand mean should be above 3.41, based on items within engagement items, 
using a 5-point Likert scale. 

A common problem for educational games is to measure the learning effects [10, 11], 
but one approach is to target specific learning objectives and evaluate these in a knowl-
edge test [12, 13]. However, a serious game (including a knowledge test for evaluation) 
is often insufficient for measuring deep learning [11]. This is why we have based LO 1 
to 4 on the lower domain levels (remembering and understanding), following Bloom’s 
taxonomy of hierarchical models used to classify educational learning objectives [14]. 
The included engagement measure (SC 1) is inspired by other studies [2, 13] within the 
use of the User Engagement Scale Short Form (UES-SF) [15]. The threshold for being 
above 3.41. 

2 Previous Research 

Existing research has explored various applications of educational games in chemistry 
across various game genres [1, 2, 4, 7, 16–20]. Subject examples include naming chemi-
cal compounds, organic chemistry, and redox reactions. However, there is a notable gap 
in the literature around utilizing severe games to teach the theoretical foundations of 
ionic bonds. Games can be used as an alternative teaching method, utilizing learners’ 
adaptability to cater to their cognitive levels and interests through gaming as a medium 
[11], and has been found to increase the learner’s engagement when compared to tradi-
tional learning methods [2, 11, 13, 19, 20]. Further, games have, through their interactive,
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Abstract. This paper describes the development and evaluation of a serious game 
to help high school students understand the topic of ionic bonds in chemistry. 
Chemistry is among the lowest-scoring subjects for high school students due to 
complex chemistry concepts and syntax difficulties. The novelty of this study is 
a developed auto battler game that includes specific learning objectives regarding 
ionic bonds. 27 Danish high school students participated in the evaluation. The 
evaluation consisted of a knowledge test and a questionnaire with items from 
the user engagement scale. The findings revealed that the high school students 
were positively engaged in the battle game. The grand mean for eight engagement 
items, based on a 5-point Likert scale, was 3.78. Specifically, the participants 
perceived the graphics and visual elements as highly positive. Further, they were 
concentrated while playing and were interested in the game. The students provided 
positive statements in the open-ended comments, including a good, creative, cozy, 
well-made, engaging, and fun game. However, the learning outcomes were not as 
satisfactory as expected. In the paper, we outline reflections on difficulties when 
measuring learning outcomes in game-based learning. 

Keywords: Game-based learning · serious games · game development · auto 
battler game · chemistry · learning game 

1 Introduction 

This study explores the potential of using serious games to enhance high school student’s 
understanding of ionic bonds in chemistry. Many high school students struggle to learn 
chemistry concepts [1, 2], including ionic bonds, as part of the mandatory curriculum. 
Chemistry is among the lowest-scoring subjects for Danish high school students [3]. 
The reasons for these are complex chemistry concepts, syntax difficulties (chemical 
formulas), and misunderstandings of the connections between models, symbols, and 
microscopic levels [4, 5]. Given these difficulties, various educational games have been
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Playing while seated around a table had mixed outcomes. Positively, it facil-
itated card reading, handling, and understanding, with all materials within easy 
reach. This setup enabled a quick start and smooth gameplay. However, sitting 
did not encourage designers to enact movement-based activities as effectively 
as standing. Designers needed motivation to stand up and engage in the meth-
ods. Finally, the fact that participants were experts in interaction and embodied
design, with two already familiar with the toolbox, limits the results’ applicabil-
ity to other cases with more diverse backgrounds.

6 Conclusions and Future Work 

The four targeted design flows were designed and experienced by all the partic-
ipants. Overall, they fit to the overarching theme of care and sustainability,  and  
present various interesting combinations of mood setting and movement cards, 
and modifiers to a lesser extent, leading to four well differentiated embodied and 
social activities. These design flows were separately evaluated by participant 
questionnaires and observations notes. Such results are going to be used by the
authors as the base materials to create the workshop to be run at the festival,
which happens in a series of extended design sessions.

The design process followed during these sessions from the initial four design 
flows to the eventual workshop design will be documented with notes and a com-
parative analysis. Observation notes will also be gathered during the festival, and 
its participants will be asked to answer questionnaires that place the focus on the 
impact of the designed embodied and social activities on the target sustainability 
topic. Our future goals encompass iterating and using the proposed card-game 
based facilitation method for participants, designers, and interested community 
to develop design flows that helps them communicate ideas and goals within 
their own field or interest through role-playing, embodied interaction, and expe-
rience learning. Our case study highlights that this method gives a clearer how
to use and better understanding of otherwise hard-to-use cards such as Meca-
mind. As discussed in related work, teaching and articulating embodied ideation
methods is challenging. In future work, we also hope to explore more methods
of introducing newcomers to these interaction design concepts.
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In this paper, we focus and report on the latter questionnaire as we are inter-
ested in the participant’s opinions in the design process (the questionnaire i s
included in Appendix A). 6 out of 8 participants in the design session answered
the questionnaire.

In general, the answers to the questionnaires match the observations made 
during the session. Participants thought that the approach to select cards was 
good and interesting, but somewhat confusing and constraining at first and as a 
first design session. One participant said “’Slightly confusing at first but gradu-
ally understood.” (P1) and another pointed out that ”... if I did it a second time
now, I’d come up with much more interesting ideas” (P4).

The main critic highlighted by participants relates to the short amount of 
time to design and enact the cards to get a good grasp of their designed session 
and the amount of information per card. Participants would have liked more time 
to discuss (P1), to work around the constraints (P2), and to explore a nd enact
the cards (P2, P3, P4, P5). Nevertheless, participants reported that they all got
a sense of and understood very well the purpose of the cards after participating
in the session.

5 Discussion 

As expected, toolboxes are content-heavy and not quite accessible for beginners. 
Previous studies have shown that this stagnates the bodystorming process and 
negatively impacts the adoption and flow of design with these method cards. Our 
results indicate that the proposed approach with card game inspired mechanics 
mitigates this issue by initially exposing players to a limited, randomly selected 
number of cards. This method offers a smoother learning curve, allowing players 
to familiarize themselves with the card structure and content gradually. By the 
second turn, players approach new cards more efficien tly, and by the third turn,
they naturally engage with the cards and each other, explaining and enacting
the contents, and suggesting combinations. The whole session took place in a
remarkably playful mood, as participants felt like players playing a boardgame
rather than thoroughly designing an activity.

The turn-based structure maintained steady session progress, and the simul-
taneous card selection mechanic challenged players to make relevant choices 
quickly. Although it was difficult when multiple interesting cards were avail-
able, the round mechanism allowed some discarded cards to reappear, giving 
players a second chance to incorporate them. Setting a time limit for card selec-
tion is recommended to keep the session flowing smoothly, though it may result
in some players not fully reading their cards.

The study confirms an issue observed in past experiments: strict rules can 
cause misunderstandings, leading designers to focus on the rules rather than the 
game’s goals or ignore problematic parts. In this study, misunderstandings about 
modifier cards led to their minimal use. Despite this, the card-game method
integrated well with the toolbox, suggesting its applicability to other card-based
toolboxes.



86 J. Font et al.

movement cards (green), by reading, comparing, and discussing them. This cre-
ative engagement demonstrated that once participants overcame initial h urdles,
they were able to interact with the cards effectively.

The process of composing sessions by sequencing cards initially caused some 
confusion, especially concerning how to connect mood setting (red) and move-
ment (green) cards. However, the process felt smooth overall, with the one-card-
at-a-time approach facilitating discussion and session composition. As partici-
pants progressed, they began to understand and enact the sessions, sometimes
using props to aid their sequences. This gradual understanding helped teams find
common themes and hand over to each other seamlessly, though initial friction
was evident.

Incorporating modifiers into sessions proved challenging for participants. The 
concept of”burning” your card to obtain modifiers was unclear, leading to min-
imal use of modifiers until late in the session. While some teams began experi-
menting with modifiers in later rounds, others did not u se them at all. There was
a noticeable curiosity and willingness to experiment with modifiers, suggesting
potential for greater engagement if the process were clearer.

The card-related mechanics initially introduced complexity and confusion, 
particularly regarding modifiers. Despite these initial challenges, the mechanics 
eventually provided a structure that facilitated the construction of customized 
sessions after a few rounds. Participants occasionally lost connection to the 
theme due to their focus on the rules. Timed sessions f or card selection might
improve flow, as the varying speeds of participants created friction. As under-
standing improved, gameplay became more fluid, though moments of complexity
persisted.

Participants were initially hesitant to stand and enact their proposed ideas 
based on the cards. Most teams remained seated, discussing movements without 
enacting them. However, as the session progressed, enactments became more 
frequent, with some teams spontaneously acting out their c ards. This shift indi-
cated growing comfort and engagement with the activity, suggesting that initial
encouragement might help prompt earlier enactment.

Finally, help was punctually requested at the beginning of the session regard-
ing clarifications on card selection, the relationship between cards, and the use 
of modifiers. The session facilitator provided support to remind and clarify these 
rules. Participants were initially unsure whether to focus on the theme, the flow 
of the c ard session, or the connections between cards. Frequent clarifications
helped participants navigate these uncertainties, though initial confusion high-
lighted areas for potential improvement in instructions.

4.2 Questionnaires 

Participants were asked to fill a questionnaire after each design flow was pre-
sented and experienced to gather their opinions on the sessions both as designers 
and participants, and at the end of the design session to gather the participants
thoughts on the design process and the card-game based facilitation method.
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dealing all cards in the mood-setter deck, so that each team receives a starting 
hand of six cards. The round lasts six turns.

In every turn, teams simultaneously and secretly choose the card that they 
want to play. When all teams have chosen a card, they simultaneously reveal it, 
play it, and pass the remaining cards in their hand to the team to their right. 
By playing a selected card, a team places it on the table in front of them. Teams 
get a new hand of cards from their left, which they use to play the following 
turn in the same way. This repeats until all cards in the mood-setting deck have
been played. Note: When players are not familiar with the used card toolbox,
it’s recommended that each team briefly explains the card they have chosen.

Round 2 follows the same rules but using the method card deck. Unused 
cards are this time handed over to the team to the left, and the round lasts for 8 
turns. Note: Teams compose their own design flow by, turn after turn, arranging
the played cards in sequences of mood-setters and methods. Cards can be freely
rearranged during the gameplay, but teams can’t trade cards among them.

When playing a selected card, a team may choose not to use it for any design 
flow, but instead they “burn” it (discard), which grants them the possibility to 
pick the complete deck of one modifier category from the center of the table, 
browse through it and keep as many modifier cards as they would like to incor-
porate to their flows. Modifiers not used are returned to the center of the table.

Endgame. When both rounds are over, each player team chooses one of their 
designed flows at their own preference and demo it by acting as facilitators 
themselves, while having the remaining 6 play ers as participants. Anonymous
questionnaires are answered by all participants directly after experiencing each
design flow.

4 Results 

Four different design flows, one per team, were chosen by the players to be 
represented. We have carried out content analyses on the observer notes and the 
questionnaire responses. The following sections present the results from these,
followed by a discussion where we highlight recurrent concepts and relate them
to specific parts of the design session.

We place the focus of the evaluation on the proposed card-game based facili-
tation method rather than in the delivered design flows. For the purposes of this 
particular paper, the design flows are merely a design task for the case study 
participants. Nevertheless, the content of suc h flows is very relevant for the next
steps of this project towards building a workshop for festival, which is developed
further in Sect. 6. 

4.1 Observation Notes 

Participants’ fluency in using the cards flew from a slow start, in which longer 
times were needed to understand their purpose, to a more fluent mid- and late-
game, when participants engaged in creative use of the cards, particularly the



84 J. Font et al.

One facilitator, namely the session lead, informed the participants about 
the purpose and procedures of the session, as well as about the possibility of 
ending their participation at any given moment. He then briefly introduced the 
participants to the festival and the envisioned workshop that would ultimately 
be designed for it. This workshop has a fixed topic defined by the authors, with 
the aims of ensuring that it fits to the topic of the festival, “care”, while at 
the same time leaving enough room not to constrain the participants’ creativity
during the design process. This topic is “Designing the invisible”, as designing
for the actions and choices that people inadvertently make, and that have a real
impact on the planet and a sustainable future.

The session lead introduced the Mecamind toolbox, which only two of the 
participants were had previous experience with and explained the rules of the 
proposed game-inspired approach for using the toolbox. This introduction took 
30 min, leaving 90 min for the design session. The six participants plus the other 
two facilitators teamed up in four pairs. Due to the nature of the proposed 
game-based approach, the design session was framed similarly to a boardgame
play session, and it’s played with all player teams sitting around a table. For
consistency, the session procedures are described in the following subsections
mimicking a game rulebook. Hereinafter, participants are referred to as players
or participants indistinctly.

3.2 Session Rulebook 

Game Setup (for 4 Teams). Create a deck of mood-setters by randomly 
sampling 24 cards from the box. Shuffle and place faced down on the table. 
Similarly, create a randomly sampled deck of 32 method cards. Shuffle and place 
next to the mood-setting deck. Place all modifier cards from the box, grouped
by category, in separate decks at the center of the table, faced down. Finally,
give pen and paper to all teams.

Note: Steps 1 and 2 can alternatively use a fixed selection of cards instead of 
random sampling, or a mixed approach with random sampling from a previously 
filtered deck. Similarly, some modifier categories can be filtered out. This enables 
facilitators t o arrange custom game sessions in which only specific subsets of
cards are used. The described session followed the steps are per above.

Goal of the Game. In teams, participants must create as many custom Meca-
mind design flows as desired, composed of as many mood-setters, methods, and 
modifiers they prefer. The created flows must f ollow the structure of the existing
design flow cards in the Mecamind box (see Instruction Cards in Sect. 2.1), as 
well as they need to propose a narrative t hat targets the envisioned workshop.

How to Play. The game is played in two rounds: a first one using the deck of 
mood-setters and a second one using the deck of methods. Round 1 starts by
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2.3 Interventions for a Sustainable Future 

Despite widespread awareness of the need for individual actions to combat cli-
mate change, we continue to live in ways that are unsustainable. Many i ndivid-
uals consider themselves committed to sustainability but struggle to align their
actions with their principles [32]. 

Theories such as the attitude-behavior gap [12] and cognitive dissonance [10] 
explain the gap between people’s sustainable intentions and actions. Cost and 
comfort often influence decisions, like c hoosing a cheaper, faster flight over a
train [3]. This discrepancy creates cognitive dissonance, leading people to justify 
their choices with rationalizations like, “I didn’t have a choice due to high prices”
or “I usually take the train, so flying this once is okay.”

Sustainable development requires long-term thinking, both individually and
societally [19]. Neuroscience shows that decisions for our future selves activate 
brain areas similar to those used when considering others, suggesting that align-
ing current actions with sustainability feels like caring for a stranger [8]. There-
fore, a promising path forward is to look towards interventions in the decision-
making process that sensitize individuals to sustainability and spark a cognitive 
awareness of how their actions today impact their, or others’, future selves.

3 Playful Design Session 

Section 2 motivates the project that frames this paper: the design of an open 
workshop, to be run at a local design festival, with the aims of sensitizing indi-
viduals and raising awareness and discussion about caring for the planet, by
means of taking part in embodied and social activities.

To these aims, we have conducted a playful design session whose main goal is 
to design and create embodied social experiences for such workshop. This section 
describes this design session, that puts into practice and evaluates the contribu-
tion of this paper: a card-game inspired facilitation method to easily make use of 
card-based design toolboxes, articulated in this case by the Mecamind toolbox. 
The choice o f this toolbox comes motivated by the fact that it can be used off-
the-shelf to conduct brain- and body-storming sessions for designing embodied
activities, such as the ones envisioned in the framing project.

3.1 Session Procedures 

A group of six experts were invited to a 2-h design session. This group of partic-
ipants was composed of 4 lecturers in embodied interaction, interaction design, 
and information technologies, and two master’s students with backgrounds in 
interaction and game design. Additionally, three researchers facilitated the ses-
sion and a fourth one acted as an observer, taking notes throughout the entire 
session. Qualitative data used for evaluating the proposed facilitation method
is gathered by means of the observation notes, as well as through anonymous
responses to questionnaires that the participants answered immediately after-
wards an experience had been designed and enacted.
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Fig. 2. Sample modifier cards representing several of the modifier c ategories, via
project’s website (https://mecamind.eu/project.php). 

within the ideation phases [33]) or later on as a way to explore and evaluate the 
interactions. Designing movement-based games using these methods has seen 
mu ch attention at CHI PLAY and within the broader HCI/games community
[21], for example using embodied sketching [24] as a way to design social fitness
games [22], bodystorming as a way to playtest and explore the design space of
games [4], or embodied explorations to design a mixed-reality dance game [34]. 
Live-action roleplay, or larp, has even become a valued ideation method at CHI 
as a way of sensitizing designers to scenarios, or as a test-bed for prototyping
and iteration [20]. 

More recently, feminist lenses have been applied to the embodied design 
space, for example challenging t he norms and assumptions in embodied design
[26], and moving toward designing for the pluralities of bodies. While the core of 
these embodied methods rely on the first-person perspective, they “...abandon 
the notion of universalism and instead build on the plurality of bodies; empha-
sizing that their corporeal differences are not sought to be generalized or ignored,
but rather brought forward and generative in their uniqueness.” [14]. 

However, there are numerous challenges with articulating and teaching these 
embodied methods [28], underscoring the need for more tools that help us trans-
late this knowledge to the wider community [9].

https://mecamind.eu/project.php
https://mecamind.eu/project.php
https://mecamind.eu/project.php
https://mecamind.eu/project.php
https://mecamind.eu/project.php
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cards developed to simplify the design process of activities and experiences that 
include movement, embodiment, and technology [1, 5,29]. Each method card 
describes a particular goal, procedure, context of use, and potential variations. 
The toolbox can be applied to various application domains where activity design 
is key, such as sports performance enhancement, health treatment, workplace
physical activity, education, creative technology development, and exergames
[6,11]. The toolbox itself is grounded on a four-category model (4M) that makes 
the method cards actionable in the field of interaction design [7], which is in turn 
based on the theory of embodied cognition [27]. 

The method cards in the toolbox come in five categories (Fig. 1). Mood Set-
ters (red) are activities to set the creative mood and mindset with icebreak-
ers, warm-ups, and team-building activities. Movement cards (green) describe 
methods for sensitising designers, ideating, evaluating/polishing, or document-
ing solutions. Mo vement Concepts (blue) summarize the theoretical grounds that
underpin and further inform users about the methods in the other cards.

Fig. 1. Mecamind toolbox with sample mood setting, movement, movement concept, 
and instruction cards, via project’s website (https://mecamind.eu/documents.php). 

Modifiers (smaller cards, multicoloured) are quick suggestions to easily tweak 
and produce variations of activities described in either mood setters or mo ve-
ment cards, arranged in seventeen different modifier categories (Fig. 2). Instruc-
tion Cards (yellow) are like a rulebook turned into cards, containing detailed 
instructions on how to use mood setters, movements, and modifiers, as w ell as
design flows: sample pre-made scenarios to quickly put the toolbox into practice.

2.2 Embodied Design in Games 

In HCI, movement-based design methods [15] and embodied ideation methods 
are often used throughout the design process, and can be more generative (e.g.,

https://mecamind.eu/documents.php
https://mecamind.eu/documents.php
https://mecamind.eu/documents.php
https://mecamind.eu/documents.php
https://mecamind.eu/documents.php
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complex task of driving a participatory design process through specific methods 
and towards a particular end, with enough flexibility a nd adaptability to meet
the evolving demands of the participants [23]. 

Movement-based design methods [13], like bodystorming or soma design, 
widely adopted across various domains for their promptness at giving early first-
hand insights into embodied experiences, as well as their flexibility to be applied 
at different stages of a design project, face similar challenges in terms of the 
many factors that facilitators m ust deal with, both when designing the activities
and when adapting them on the fly. Improvisation is a relevant facilitator skill,
but the facilitation process can’t solely rely on this [31]. 

This has motivated the popularity rise of the design and creation of facilitator 
materials, similar in concept to traditional teacher classroom materials, but in 
shapes that better fit t he particularities of participatory and movement-based
design sessions, i.e. toolboxes or toolkits [25], which in the majority of the cases 
consist of cards and templates sometimes c omplemented by a digital or web
companion [17]. Such toolboxes present many advantages related to the physical 
form and properties of the cards that offer a tangibility play that improves 
cognitive processes, as well as a low-cost, re-configurable, and easy-to-use visual 
representation of a problem space. Nevertheless, design toolboxes also present 
facilitation challenges that usually relate to an overwhelming amount of content
and materials that can’t be presented at once or expected to be learned and
handled on the spot.

We argue that game mechanics can provide structure, guidelines, and play-
fulness that can support and improve the facilitation process. In particular, card-
based toolboxes can directly make use of card game mechanics with little and 
straightforward adaptation. We propose a case study in designing embodied 
exp eriences for an open workshop to be held as part of the program of a local
design festival, using the Mecamind toolbox [1] as the material for design facili-
tation. Inspired by the work of Bentz et al. [2], we leverage the creative potential 
of embodied practices for sustainability transformations, to approach the topic 
of the festival, care, under the tagline of designing for the invisible actions that
have a real impact on the planet.

This paper presents a playful design session facilitated with the Mecamind 
toolbox, in which experts in embodied interaction and design are tasked to design 
embodied social activities for the envisioned workshop. We also present and 
discuss the results from such session from observation notes and participant
questionnaires, as well as describe the next steps towards the ultimate design of
the workshop.

2 Related Work 

2.1 Mecamind (Method Cards for Movemement-Based Design) 

The MeCaMInD toolbox is based on a set of principles drawing from embodied
cognition [30] and soma-based design [16], which aims to position the body as an 
instrinsic part of the design process [18]. The toolbox (Fig. 1) is a set of method
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Malmö University, Malmö, Sweden
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Abstract. Embodied design is fostering relevant advancements in novel 
design methods for learning and innovation. Nevertheless, practice and 
research show that teaching and facilitating embodied design is a chal-
lenging task. This paper presents a playful approach for conducting 
embodied design sessions, which adapts existing card-game mechanics 
to improve the accessibility and usability of existing embodied design 
toolboxes during a design session. Our approach hypothesizes that card-
game mechanics can address usual pitfalls common to card-based facili-
tation toolkits by adding structure, guidelines, and playfulness. We also 
envision that such toolboxes, that have become popular in the research 
in participatory and co-design contexts, can seamlessly incorporate card-
game mechanics like the ones we propose. We describe the setting of the 
design session, as well as present and discuss the results obtained from 
observation and participant questionnaires. Finally, we also outline the 
next steps for designing an embodied workshop in sustainability based
on the results from this study. We strive to analyze our proposed method
by its capacity to blend into the structure and materials of a card-based
toolbox, eliciting the playfulness embedded in the leveraged card-game
mechanics to implicitly provide support and guidance through the ses-
sion, to both facilitators and participants, without disrupting the flexible
and open flow of an movement-based design session.

Keywords: Movement-based design · game-based design · design 
facilitation · method cards

1 Introduction 

Addressing today’s complex challenges necessitates interdisciplinary collabora-
tions and crossing knowledge boundaries. Design thinking and participatory 
design have gained prominence as a user-centered approach to innovation, so 
that collaborative design practices can integrate diverse perspectives. The roles 
of trained designers h ave thus diversified, highlighting the relevance of the role
of the facilitator in participatory and co-design contexts. The facilitator has the
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creating an engaging narrative that enhances motivation and makes users f eel
part of an exciting transcription journey.
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Fig. 3. Christopher, the buddy

it fosters skill development in cultural heritage, transcription techniques, and 
historical knowledge, maximizing learning outcomes through engagement and
adaptability.

4 Conclusions and Future Works 

This paper analysed portals that use gamification mechanics to engage users in 
transcription tasks. An engaging system can make transcription more captivat-
ing and enjoyable for both enthusiasts and experts. This approach aligns with 
FAIR principles, Citizen Science, and Open Science, involving users in data cre-
ation through clear, detailed instructions to ensure structured activities and
community harmony.

The platform will launch with version 1.0, which will be monitored over time 
to identify and improve aspects valued by users. Gamification has proven effective
in enhancing motivation and performance across various fields [24,26], but it is 
crucial to determine whether the chosen game mechanics result in s uperficial
content acquisition or effective material assimilation [8]. The project’s goal is 
to engage users without offering tangible rewards, only rankings and badges. 
However, if necessary, the system will be adapted to meet the individual needs
and motivations of players.

It’s essential to recognize the challenges of maintaining long-term volunteer 
engagement. Although gamified systems attract diverse users, further adjust-
ments may be needed to address specific user motivations. Sustaining digital 
volunteer participation requires managing diverse motivations, avoiding task 
fatigue, and continuously refining incentives. A thorough evaluation plan should
be developed to assess user satisfaction and platform performance, ensuring that
the system evolves with user feedback and meets volunteers’ changing needs.

Potential rewards for high achievers could include University of Genoa mer-
chandise, books, reproductions of cultural heritage items, museum discounts, 
or exclusive archive access, helping volunteers appreciate the value of cultural
preservation. Gamification fosters positive community practices through engag-
ing experiences [25], and future projects could benefit from storytelling elements,
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primary form of rewards, follow a Fibonacci sequence. Each level requires pro-
gressively more points, starting from 100 points to reach level 1 and doubling
as levels advance, promoting long-term engagement [5]. Points can be earned 
through three actions:

1. Document transcription: Each character, including spaces, earns 2 points, 
credited upon sa ving and subject to verification.

2. Revision: Each reviewed character earns 0.5 points upon validation which a re
earned upon validation of the review.

3. Daily logins: Points are awarded for five consecutive days of logging in, start-
ing from 5 points on the fi rst day to 100 points on the fifth day.

The 2x Boost condition doubles experience points in two scenarios: complet-
ing a document transcription or typing over two thousand characters in a s ingle
session. Documents are categorised by completion status using a color-coded
system (Fig. 2): 

1. Not Started: Grey icon.
2. In Progress: Yellow icon.
3. Pending Review: Blue icon, indicating the need for a nother volunteer to

review.
4. Reviewed: Green icon, indicating c ompleted review.

Fig. 2. Documents’ status 

Social interaction is crucial for engagement [16]. The platform allows users 
to connect, send friend requests, exchange messages, comment on document 
pages, and form teams to compete on leaderboards. Teams enhance motiva-
tion through involvement and collaboration [4]. Leaderboards display individual 
and team achievements, fostering competitiveness and higher performance [15]. 
A virtual companion, Christopher, guides users through the transcription pro-
cess, providing updates and assistance. Christopher’s demeanor changes based 
on the pla yer’s actions, fostering an emotional connection and motivating users
to improve [27](Figure 3). 

The platform integrates collaborative learning, enabling users to work both 
individually and together on transcriptions. With features like team formation, 
leaderboards, and document review, users can share feedback and achieve com-
mon goals, boosting engagement through both personal achievements and group 
success. Reviewing others’ work enhances critical thinking, attention to detail, 
and peer learning, enriching the educational experience. The platform adapts to
users’ needs by offering personalized paths and adjustable difficulty levels, allow-
ing users to progress at their own pace. By supporting diverse learning styles,
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the features of the platform. It is centrally structured and divided into three
main sections:

1. The two transcription modes and t he community button.
2. Suggestions. 
3. Documents to which a contribution has already been made that are still

pending completion.

Additionally, it features a navigation bar that provides access to the search 
bar, instructions, arc hive, rankings, messages, notifications, and the user’s pro-
file.

3 Proposed Gamification Strategies 

Upon logging into the platform, users can select a document to transcribe using 
three modes in “Classic Mode”. The first mode allows users to search documents 
via a homepage search bar, displaying results based on keywords. The second 
mode provides access through a central button leading to a catalog page with 
a search bar and filters for category, difficulty, and document condition. The 
third mode is dedicated to recommended documents. For Explorers, a “Random
Mode” allows users to transcribe a randomly selected document by choosing a
difficulty level (Easy, Medium, or Hard) and engaging in a “Wheel of Fortune”
game [29] to determine the document (Fig. 1). 

Fig. 1. Random Mod e

Achievers can gain satisfaction from collecting rewards such as badges, expe-
rience points, and items, while Killers strive for higher rankings. Badges, dis-
played on user profiles, are earned by completing specific tasks or reaching cer-
tain levels. This system enhances autonomy and satisfaction [1], with all badges 
serving as additional incentives for motivated players [12]. Challenges and a user-
centered design further improve user performance [17]. Experience points, the
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advanced 2D and 3D scanners for high-definition presentation. This effort aims 
to prevent the loss or dispersion of these documents, making the University’s cul-
tural heritage globally discoverable and accessible with ease. The project relies 
on “digital volunteers” for transcribing scanned documents and digitised objects. 
These volunteers, ranging from professors and students to enthusiasts, dedicate 
their time to deciphering the archive’s contents. Instead of traditional incen-
tives, engagement is fostered through gamification, immersing volunteers in an
environment with various gameplay modes and interaction opportunities. This
approach, based on gamification principles, enhances motivation, engagement,
and retention.

The gamified platform’s design follows the MDA framework, focusing on 
Mechanics, Dynamics, and Aesthetics t o create a compelling user experience
[13]. By analysing different player types—Achievers, Explorers, Socializers, and 
Killers—the platform tailors its mechanics to meet diverse motivational needs,
ensuring sustained volunteer participation [2]. Ultimately, the goal is to con-
tinuously enrich UniGe’s cultural heritage through active volunteer contribu-
tions, preserving and expanding its digital archive incrementally. The target 
audience for the SMA-UniGe project is diverse, including curious individuals, 
experts in various fields, and secondary school students involved in transversal 
skills and orientation paths (PCTO - “Percorsi per le Competenze Trasversali e
l’Orientamento”, in italian). To address this broad audience, three user profiles
have been developed:

1. Curious User: These users can browse content, transcribe, review, earn expe-
rience points and badges, and manage their dashboard independently. T hey
select favorite topics during registration or based on search preferences.

2. PCTO User: This profile is for students enrolled in PCTO programs and 
is linked to their school email addresses. It offers a tailored experience for 
completing PCTO tasks, selected by the tutor professor and displayed in 
the student’s dashboard. Progress is tracked based on time spen t and levels
achieved within the platform’s game system. After completing the PCTO
period, students can switch to a “Curious” user profile via their account
settings.

3. Expert User: Once a user reaches level 20, their account is upgraded to 
“Expert” status. Experts are trusted community members who can r eview
transcripts and mark them as “complete” independently, without moderator
intervention.

To immerse digital volunteers in a hi-tech environment while maintaining 
the visual identity of the University of Genoa, a specific color palette has been 
selected. This palette includes two primary colors from the university’s cor-
porate identity: “Blu Unige” (HEX: 002677) and light blue (HEX: 199BFC). 
Complementing these are gray for written texts (HEX: 333333), a contrasting 
blue (HEX: 005DBF), and neon green (HEX: 48E55A) for links and hover state
activation for clickable elements on the screen. The homepage, after logging in, is
designed to enable users to access all relevant pages for transcription and enjoy
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In addition to digitisation, transcription further enhances the discoverability 
and accessibility of these resources for educational, research , and sharing pur-
poses, in line with FAIR principles [23] and Open Science standards [14]. Given 
the limitations of OCR and HTR tools for intricate handwriting [20], a new 
transcription system was developed, relying on human volun teers and incorpo-
rating Citizen Science [3], crowdsourcing, and public engagement strategies [6, 7]. 
This initiative supports the “third mission” of disseminating knowledge beyond 
academia to benefit societal development.

To keep volunteers engaged in crowdsourcing activities, gamification tech-
niques are employed, motivating users to p erform better and engage in vari-
ous tasks [19,21]. Gamification makes the transcription process more enjoyable, 
encouraging participation through comp etitive and collaborative elements.

The educational benefits of this gamified transcription activity are extensive. 
Volunteers gain a deeper understanding and appreciation of history and cultural 
heritage, acquire valuable experience in archival research and document analysis, 
and develop critical academic and professional skills. Transcribing documents, 
especially those in historical or specialised languages, significantly improves lan-
guage proficiency and comprehension. This process promotes critical thinking
and attention to detail, fostering lifelong learning through continuous intellectual
and practical skill development [10]. Additionally, volunteers become proficient 
with digital tools and platforms used in transcription and archiving, enhanc-
ing their technological literacy. Participating in a crowdsourced environment 
cultivates teamwork and collaborative problem-solving skills, w hile the project
encourages peer-to-peer interaction among students, enriching their collabora-
tive learning experience [28]. 

2 The University Museum System at UniGe 
(SMA-UniGe) 

The SMA-UniGe project was initiated to consolidate the extensive cultural her-
itage of the University of Genoa into a unified, online repository accessible via 
a user-friendly interface and engagement system. O ver the past two decades,
numerous document transcription projects have emerged [18]. The University of 
Genoa drew inspiration from two notable platforms to develop its own compre-
hensive transcription system. The first model is the Smithsonian Institution’s 
“Digital Volunteers: T ranscription Center”, known for its collaborative space
where “digital volunpeers” engage in transcription efforts [9] and its digitisation 
and volunteer-driven transcription process [11]. The second model is Europeana’s 
“Transcribathon”, which incorporates gamification dynamics to encourage user 
participation in a collaborative and competitive setting, likening the transcrip-
tion process to a marathon [22]. By integrating elements from both platforms, 
the University of Genoa aims to create an engaging and effective environment
for digitising and transcribing its cultural heritage.

The primary objective is to digitise a wide array of materials, including 
ancient tomes, manuscripts, postcards, labels, maps, and exam papers, using
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Abstract. The University of Genoa, Italy, addresses the challenge of 
inaccessible cultural heritage stored in university archives worldwide 
by implementing a comprehensive digitisation initiative. This project 
focuses on collecting, storing, and digitising a wide array of items, includ-
ing books, manuscripts, archival materials, and documents related to 
museum artifacts. To ensure accessibility for both humans and machines, 
the initiative involves providing alternate descriptions, metadata, and 
speech-to-text transcriptions for images and videos, as well as word-for-
word transcripts for ancient texts where OCR is ineffective. We present 
the design of a transcription system for the University Museum System 
(SMA-UniGe) at the University of Genoa, which includes user interface 
elements and engagement techniques. By leveraging gamification theory,
the system transforms the typically monotonous task of transcription
into an engaging experience, encouraging participation from digital vol-
unteers. This initiative aligns with the University’s third mission of pub-
lic engagement, aiming to disseminate knowledge beyond the academic
environment and contribute to social, cultural, and economic develop-
ment.
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1 Introduction 

After conducting a thorough census of the cultural assets at the University of 
Genoa (UniGe) in July 2021, it was decided that these valuable cultural resources 
should be made fully accessible. Consequently, the University Museum System 
(SMA, “Sistema Museale di Ateneo”, in italian) was established, offering a uni-
fied online platform where the digitised and archived cultural heritage can be
accessed by everyone as an interactive exhibition. This system encompasses mul-
tiple museums, botanical gardens, biobanks, archives, and a variety of collections.
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5.3 Limitations 

We acknowledge that our study is limited by the small sample size and not bal-
ancing the presentation order of the A-B scenarios in the study. However, the 
main focus of our research was on exploring and evaluating the methodology of 
using VR for assessing nature landscapes and comparing it to paper-based pre-
sentations. Also, we noticed that repetitive questions and the use of the same pic-
tures seemed to affect participants’ perception of the virtual environment to some 
extent. As another limitation, the quality and realism of the AI-generated VR 
environments impacted participants’ perceptions, including difference between 
the scenarios. This is however a methodological lesson learnt in preparing the
visualizations. For instance, we cannot be sure whether people did not like the
wind turbines or the lack of trees. Future research should focus on improving
the realism and consistency of VR environments to better assess their impact.

In the future, to gain more insight into the phenomenon of perceptions of 
technology in nature, a comparison with a data set collected in-the-wild in the 
nature should be included. This is especially important, as there is generally a 
lack of nature and technology user experience studies that have been conducted
in a wilderness context. Jones et al. report that of 101 HCI studies conducted
outdoors involving a person using a computer, 82 took place in urban settings
[15]. Including an in-the-wild study would also provide insight into the method-
ological feasibility o f simulating the nature experience in VR.

6 Conclusion 

Our research seeks to make two types of contributions. On one hand, it offers 
insight into user perceptions of integrating technology into nature scenes. On 
the other hand, it emphasizes the importance of creating research methods for
assessing technologies that seek to create close-to-genuine nature experiences or
simulate and study the disturbances in nature experiences in VR.

Comparing VR and 2D paper printouts revealed that VR was perceived as 
an immersive, interesting, and even exciting experience, which participants liked 
and which they perceived suitable to assess nature scenarios and technology 
embedded into it. However, 2D paper printouts were reported as giving more 
room for participants’ imagination and reflections. The VR environment also led 
participants to pay attention to other details rather than the holistic landscape. 
Our findings comparing the landscape without and with windmills reveal that 
the landscape without technology was perceived more positively and as more 
restorative. We acknowledge that our findings are limited by the small study
sample and the artificially generated content used.
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grant number 358482 and 358498, funded by the Strategic Research Council (SRC)
established within the Research Council of Finland, and ProtoXR project funded by
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5 Discussion 

5.1 About the Methods VR vs 2D Printouts

The main focus of our research was to compare the methods of using VR and 
paper for studies concerning nature landscapes. Generally, VR versions of the 
scenarios were perceived as slightly more positive and less negative than the 2D 
version in both scales. VR was generally liked by the participants, and it was per-
ceived as immersive and interesting. For instance, some participants who tested 
the VR first felt uninterested in watching the scenarios in 2D after they had 
already seen them in VR. Thus, we believe that the immersive and experiential
power of VR can be utilized to capture people’s attention to topics related to
natural landscapes and technology. However, the unauthentic nature generated
by AI should be carefully checked for inconsistencies.

Interestingly, the paper version was said to provide more flexibility to explore 
your feelings towards the setting, leaving more room for imagination. Prior 
research on using VR for user studies has reported that in VR, users’ atten-
tion is easily captured by high-fidelity details [25]. This may be true also in our 
study. These findings highlight that paper illustrations and simple low-fi solu-
tions can have their place when engaging citizens in discussions about technology 
and nature. We believe these methodological findings provide valuable insight
when planning future studies addressing nature experiences.

5.2 About the Just Green Transition

Our research contributes to the topical discussion of just transition for green
technologies [41]. Our research touches on the complex interplay between tech-
nological interventions and the preservation of genuine nature experiences. Sus-
tainable technologies and their development are critical given the climate change 
crisis. However, creating and using technology that promotes environmental sus-
tainability and reduces the ecological footprint creates conflicting responses. 
Some of the affected people are those who live in the areas that are subject
to the implementation of large energy plants or mines. These are often remote
areas, such as subarctic regions with indigenous people and their traditional
lifestyle [30], and high recreational nature value for tourism. The transition to 
sustainable technologies already creates conflicts and societal tensions [6]. 

Behaviors related to eco-friendly and sustainable technological solutions are 
promoted as a green transition. On the other hand, locating windmills in wilder-
ness areas is criticized for ruining the wilderness, harming the natural ecosystems 
including traditional occupations such as reindeer herding, and generally nega-
tively affecting the nature experience. Our explorative study results are aligned 
with this, as the nature landscape without windmills was perceived more posi-
tively through the Positive and negative Affect Schedule (PANAS), the qualita-
tive responses seconding this. Our findings suggest that immersive technologies
like VR can be valuable tools for environmental impact assessments and stake-
holder engagement, offering a more nuanced and richer understanding of public
perceptions and acceptance of renewable energy projects.
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unbalanced mixture of landscape elements and vegetation not found in the region 
made people wonder where they were. P10 described her experience in scenario 
B: “I must be at the seaside because the vegetation does not look like the vegeta-
tion of the fells. T here is a strong wind there”. She made reasonable deductions
based on what she saw, even though it might contradict the previous mountain-
ous and forested environment.

Several participants felt that the environment was confusing because of the 
inconsistencies in the AI environment, such as rivers that disappeared and 
appeared in strange places, or branches hanging from the air. The AI’s weird 
design made it obvious that they were in the VR world. However, as partici-
pants were able to place themselves in the picture as if they were in real nature, 
the experience was more comprehensive. Some participants explained that they 
could imagine elements of real nature there, such as the sound of water and
real changes in height. Some participants were impressed the how realistic the
picture was. If you glanced at it fast it looked like a photograph, one participant
described their first impression.

The AI-generated virtual environment made some of the participants cau-
tious or skeptical. The virtual environment was exaggeratedly AI-like when 
view ed with VR glasses. The inconsistencies in the images noticed by partic-
ipants (Fig. 7) and the variation in image quality disturbed the experience and 
moved the focus from the actual nature experience more toward other elements. 
One participant said that its unauthentic nature made them approach it with a 
certain reservation. It even felt a little annoying for them and they stated that 
they would rather choose “real” nature. Virtuality of the nature environment 
could affect participants’ perception of it. For example, P8 described their expe-
rience: “The fact that the landscape is virtual takes away the strongest edge
from negative feelings. At the same time, the picture reminds us that this is a
reality somewhere. Beautiful nature is being destroyed and we are all collectively
guilty of it because of our energy needs”.

Fig. 7. Strange details in VR world generated by AI: a window on the bridge (left), 
half-finished wind turbines, and strange structures on the horizon (right)
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4.4 VR Exp erience

On average, participants felt that VR as a testing method was interesting. It 
was mentioned that virtual nature was an interesting way to reflect on one’s 
own nature experience. Comparing the same landscape in the picture and in VR 
brought up new perspectives. It made participants curious about the environ-
ment and feel like they were not in a small room. A positive feature of the VR 
world was being able to look everywhere around you which made the experience 
feel more authentic, e.g. “When working with VR glasses, you feel that you are 
somehow in control and the feeling is more authentic. Feels easier to belong to 
that place” (P13). One participant questioned the need for VR in this kind of 
test, e.g. “There wasn’t anything to do in VR so I was wondering a bit if the VR 
aspect was necessary, but I was interested enough to look around the environ-
men t” (P7). Several participants mentioned that it would have been interesting
to be able to move around in the VR environment, exploring the surroundings
and interacting with it. One participant suggested that lying down and look-
ing at the scenery could have been one option as well. P11 explained that her
experience in VR helped her to get a general idea of the place, but at the same
time she felt that she was mainly a spectator and did not feel like she could
participate in the scenery.

Compared to other possible alternatives, VR was said to be the best method 
for this kind of use. Participants mentioned that VR helped them to imagine 
themselves in the setting. The 3D world and the relative scale of the objects
around them were easier to understand in VR.

One factor that should be considered is the soundscape. During the experi-
ment window was open and bird song could be heard from the outside. Some par-
ticipants mentioned that fitting to the experience. During the testing, it started 
raining outside and the window was closed. Instead of the bird sounds, one 
participant heard the mec hanical sound of ventilation and it seemed to affect
her experience, e.g. “I feel like I hear a technical sound coming from the wind
turbines. I wonder how low the wind turbines are” (P19).

Since several participants had used VR a lot, they were critical of the quality 
of the VR experience, e.g. “With VR, the user gets a good spatial experience, as 
long as the environment looks believable and not distorted” (P5). Poor quality, 
a fish-eye effect, and strange AI-generated elements disrupted the overall expe-
rience. Some participants also mentioned feeling dizzy or uncomfortable because 
of the distortion, e.g. “There were a lot of flaws in the place that broke the expe-
rience. The landscapes were disconnected from each other and were connected
illogically” (P14). Seeing your body instead of hovering in the air was mentioned
as one method to improve the experience.

4.5 AI-Generated Environmen t

Many participants were like-minded about scenario A being fitting for outdoor 
activities such as hiking or camping. However, it did not resemble the local
landscape, making it more difficult to feel a deep connection to the place. The
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scenario A. Especially when there was another picture as a point of comparison, 
the difference was clear and the negative feelings were quite strong, e.g. “Wind 
turbines make you irritated and the landscape somehow remains empty” ( P13).
One participant described nature as a place where there are no worries and you
need to have respect towards it.

4.3 Immersive VR Versus 2D Printouts

After the study session, each participant was asked which testing method they 
liked better. Everyone answered they preferred VR as a testing method over the 
2D image. Still, a few of the respondents answered that the image printed on 
paper helped them to imagine themselves to the scene better. With the paper 
version, it was perceived that there was more flexibility to explore your own 
reflections and feelings towards the setting, and it left more room for imagi-
nation, whereas the VR could be overwhelming with its all confusing elements.
Interestingly, VR environment could also be perceived as psychologically distanc-
ing, since everything was already given and you needed to observe the scenery
as a floating outsider.

Some participants who tested VR first felt uninterested in watching the sce-
narios again in 2D after they had already seen it in VR. They stated that looking 
at the image they were not as observant as in VR. It was not possible to enter the 
picture and the landscape in the same way, which they felt limited their experi-
ence. Even if the picture was still beautiful, it remained uninteresting c ompared
to VR: “After seeing the scenarios in VR, I don’t really care about the image”
(P7). The 2D image looked nice, but it did not make as strong impression as
VR “It’s hard to get anything out of the picture alone after wearing VR glasses”
(P3).

The VR experience was perceived to be more forgiving of the inconsistencies 
in the AI design. Respondents said they paid less attention to little details when 
there was more to explore. In VR the virtuality of the environment felt less 
disruptive than on paper. This could be explained that virtuality feels more 
natural in Virtual Reality as it is automatically part of it. Virtuality in this 
case refering to the artificial nature of the environment. Vague unfinished AI 
structures were not visible on a printout. It helped participants to focus better, 
and some felt more active while looking at the paper image than in the VR
world. The 2D picture was mentioned being more “cozy” than VR environment.
It was easy for many to imagine the sounds in the scenery through the 2D image,
e.g. water and birds in scenario A and the loud noise of wind turbines in scenario
B.

The evaluation of the positive and negative feelings evoked by the scenarios 
produced conflicting answers. For example, P1 felt that the experience of scenery 
B was more positive in 2D than in VR. Whereas, P3 was surprised how negative
feelings were also transmitted through just a picture.



60 P. Nurmela et al.

Fig. 6. Boxplot of perceived restoration divided by four categories in both s cenarios
with VR and 2D (n = 14)

On the negative side, the abundance and proximity of wind turbines were said to 
spoil the nature experience, e.g. “Wind turbines spoil the landscape. You wonder 
what kind of noise the turbines make if you walk among them” (P14). However, 
it was not seen to affect the fascination with the place itself since large-scale 
mechanical things can be as fascinating to watch as nature, e.g. “Wind turbines
could also be fascinating objects, mainly to look at and wonder. Technology is
also interesting along with nature” (P6).

A more neutral viewpoint argued that wind turbines were a surprising ele-
ment after scenario A. When viewed from a distance, wind turbines were a 
somewhat neutral sight. But in the foreground of the picture, they arouse the 
viewer’s desire to quickly pass by. The presence of wind turbines seemed some-
how pervasive and disturbing. The presence of strange wind turbines was said 
to give the place a cursed impression which confused the viewer. Visiting there
might be interesting but wind turbines were seen as somehow threatening as if
they could attack you, e.g., “a dystopian landscape where I just want to cut
down the wind turbines” (P12).

It was also mentioned that in scenario B human influence on the landscape 
was clearly present which made the place feel not as mentally relaxing as in
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With PRS, the VR version got higher scores in each category, Fig. 5.  The  
greatest difference was with coherence, where the difference between VR and 2D 
was 0.9 in scenario B and 0.78 in scenario A. Overall, scenario B was evaluated as 
more confusing, distracting and chaotic than scenario A. Also, compatibility with 
scenario A was between 5–6, whereas scenario B was between 2–3. Participant 
P9 explained that for them, an environment that was as natural as possible 
seemed to be the most interesting and suitable for their personality. Several 
responded similarly, e.g. P3 when describing Scenario B in VR: “although there 
was a lot of interesting things in this p lace, the scenery was depressing”. P1
did not feel a connection to a place like presented in scenario B, but mentioned
that seeing many wind turbines in the same place would be an experience itself.
They could visit the place, but would not like to spend long periods of time
there. More detailed differences of the perceived restoration can be seen in Fig. 6. 
For example, in coherence, there is a noticeable dispersion in the 2D version of 
scenario B. Some of the participants mentioned that confusion, distraction, or 
ch aos is not always a negative thing. That might partly explain the split in the
responses.

Fig. 5. Means of perceived restoration divided by four categories in both s cenarios with
VR and 2D (n = 14)

4.2 Green Energy and Sustainability

Scenario B who’s landscape was dominated by wind turbines, aroused mixed 
feelings in the viewers. Sustainability issues came to mind for many and both 
pros and cons were shared in the answers. More on the positive side of opinions 
the progress in the use of wind power was seen as a good thing. Also, huge wind 
turbines were mentioned to arouse interest or curiosity, e.g. “The landscape and
the view are new. I have never been near wind turbines built so close together. A
confusing, but at the same time curious state of being” (P10). On the other hand,
the built environment was also stated to be more boring compared to nature.
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Table 1. Significant Pa irs

Dataset Scenario 1 Scenario 2 Statistic p-value Significant (p < 0 .0083)

Positive A  2D A  VR 13.0 0.040921 False 
Positive A  2D B  2D 0.0 0.002200 True 
Positive A  2D B  VR 5.0 0.001221 True 
Positive A  VR B  2D 0.0 0.000122 True 
Positive A  VR B  VR 0.0 0.000122 True 
Positive B  2D B  VR 38.0 0.936938 False 
Negative A  2D A  VR 10.0 0.495868 False 
Negative A  2D B  2D 0.0 0.002209 True 
Negative A  2D B  VR 0.0 0.003346 True 
Negative A  VR B  2D 1.0 0.002852 True 
Negative A  VR B  VR 1.0 0.002852 True 
Negative B  2D B  VR 16.0 0.439659 False 

Fig. 4. Boxplot of Positive and Negative Affect Schedule in scenarios A and B with 
VR and 2D (n = 14); Significant Pairs *(p = 0.0001), **(p = 0.001), ***(p = 0.002)

Table 2. Statistics (P ANAS)

Dataset A  2D A  VR B  2D B  V  R
Mean Positive 3.528571 3.857143 2.321429 2.378571 
Median Positive 3.650000 3.850000 2.400000 2.450000 
Standard Deviation Positive 0.940072 0.805476 0.609134 0.842321 
Mean Negative 1.321429 1.307143 2.342857 2.192857 
Median Negative 1.200000 1.200000 2.500000 1.650000 
Standard Deviation Negative 0.355568 0.370995 0.922967 1.125552
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Fig. 3. Left a participant evaluation of the environment from a picture. Right a p ar-
ticipant watching the scenery in VR.

their familiarity with VR, one had tried VR once, 4/14 a few times (1–5), and 
9/14 had used VR more than five times.

4 Results 

4.1 Comparing Scenarios Without (A) and with (B) Windmills

Statistical tests were run separately for positive and negative datasets (PANAS). 
First, a non-parametric Friedman test was conducted to examine whether there 
were significant differences in participant responses across the different sce-
narios and viewing methods: A 2D, A VR, B 2D, and B VR. The results 
of the Friedman test indicated a significant difference between the conditions, 
x2(3) = 29.82, p <  .001. Similarly, the results of the negative dataset indicated 
a significant difference betw een the conditions, x2(3) = 24.93, p < .001. To
further investigate these differences, pairwise comparisons were conducted using
Wilcoxon Signed-Rank Tests with a Bonferroni correction applied to account for
multiple comparisons (α = 0.0083). The results are presented in Table 1. 

On average, participants associated more positive words towards nature with 
minimal human impact than nature with extensive human impact. Figure 4 illus-
trates how scenario A without windmills scored higher (3.53; 3.86) on the positive 
affect schedule than scenario B with windmills (2.32; 2.38) Table 2. Scenario A 
was also perceived as less negative (1.32; 1.31) than scenario B (2.34; 2.19). The 
difference between positive and negative affect was seen in the case of scenario 
A where positive affect surpasses 3.5 and negative affect stays under 1.5. On the 
contrary, scenario B was perceived almost as positive as negative. Generally, VR 
versions of the scenarios were perceived slightly more positively and less nega-
tively than the 2D version in both scales. However, in the case of VR version of
scenario B there is great dispersion between answers.
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Fig. 1. AI generated virtual environment, left Scenario A , right Scenario B

Fig. 2. Study structure 

interaction with the software, with a researcher changing the images remotely 
using the pc when the participant indicated that they were ready to move to the 
next image. The wireless connection induced no significant latency that would
affect the user experience. Half of the subjects were shown VR first (Fig. 2). After 
spending 5–10 min exploring the VR environments (scenario A and scenario B), 
the participants evaluated their experience using PANAS and PRS, and filled 
out the questionnaire on a computer. The other half of the subjects started by 
viewing 2D printed versions of the same scenarios and completing a paper version 
of the same questionnaires. The time participan ts spent in the study varied from
30 min to two hours, with an average of 45 min. The scenarios were shown to all
the participants in the same order, scenario A first and scenario B second.

3.2 Participants 

In total, the study included 14 participants (seven men, six women, and one non-
binary person), with the ages between 18–24 (2/14), 25–34 (9/14), 35–44 (2/14),
and 45–54 (1/14), with affiliation in different disciplines of design. Considering
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3 Research Method 

3.1 Study Set-up 
The Virtual Nature Environment. The study used two different scenarios 
of nature environments generated by AI (Fig. 1). SkyboxAI was used to create 
the 360 image. The used prompt was: Northern Europe Forest landscape, Euro-
pean spruce, European red pine, birch, blue river with waterfall, subshrub, lush 
plants. The idea was to generate a virtual nature environment that resembled 
the environment that the subjects were used to seeing. After three rounds of 
generation, the result was satisfying enough. However, AI wanted to include 
mountains and vegetation that might distance the virtual nature from the natu-
ral setting of the study area. A 360 picture was then edited in Adobe Photoshop. 
Using Photoshop’s generative fill tool the environment was modified. The used 
prompt was: Wind turbines park. This time the AI tool had some issues com-
pleting the task. The wind turbines were distorted and too small. After seven
rounds of generation, the best option was chosen from the 21 edited images. The
image quality deteriorated during the editing process, although the 360 perspec-
tive remained intact. Also, the picture itself was quite provocative, changing the
landscape significantly from the unedited version (lack of trees and mountains).
Both mentioned factors were expected to affect the VR experience.

Questionnaire with PANAS and PRS. In the study, two different scales 
were used to evaluate the experience. Positiv e and negative Affect Schedule
(PANAS) [42] and Perceived Restoration Scale (PRS) [14] Both scales were 
offered in English and with the subjects’ native language. As the scales are com-
monly used in studies exploring the restoration of virtual and real environments, 
they were deemed as suitable for comparing a virtual nature experience through 
VR and from the 2D printed image. In PANAS there were 10 positive words 
and 10 negative words that respondents estimated in what extent the virtual 
nature made them feel that emotion, on a five-point Likert scale where 1=Not 
at all/very slightly; 5= Extremely. The total score is c alculated by finding the
sum of the 10 positive items, and then the 10 negative items. Scores range from
10–50 for both sets of items. For the total positive score, a higher score indicates
more of a positive affect. For the total negative score, a lower score indicates less
of a negative affect. [42] 

Four elements Being away, Fascination, Coherence, and Compatibility of Per-
ceived Restoration were measured on a seven-point Likert scale with sixteen 
statements. (1=Not at all; 7=Completely). After each section, the respondent 
was ask ed to explain in a few words the reasons that made them feel the way
they had described above.

The scenarios were shown to the subjects in two forms, as a 360◦ image in VR 
via a head-mounted display and a 2D image printed on A4-sized paper, Fig. 3. 
Subjects could hold the picture in their hand during the evaluation. The VR 
headset was the Meta Quest 3, ensuring sufficient graphical fidelity and field of
view, which was connected wirelessly to a computer. The participants had no
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ments presented using VR video can alleviate stress to some extent. Although 
an artificial environment is not as effective in relieving stress physically as a 
natural environment, it can still relieve stress psychologically. The use of static 
360 videos from peaceful natural locations with local cultural context and min-
imal visible or audible human influence is an effective approach when designing
virtual natural environments for stress reduction [17]. 

2.3 Restoration and Measuring the Affect

One approach to studying the various positive effects of nature is restoration. 
Restoration means recovery from stress, and renewal of a person’s physical, psy-
chological, and soc ial resources, which have decreased due to adaptation to stress
factors triggered by the environment [13,19]. According to Ulrich et al.’s [39] 
Stress Reduction Theory (SRT), nature, green spaces, and images of nature sup-
port restoration. Attention Restoration Theory (ART) suggests that spending 
time in nature or viewing it can improve mental fatigue and concentration [18]. 
According to ART, restorative experiences consist of four elements: being away, 
fascination, coherence, and compatibility. These four categories are used as a 
base of the Perceived Restorative Scale (PRS), which is a tool developed by
Hartig et al. [14] to measure the restorative quality of environments. One of the 
main goals is to give planners a measurement tool that could be used to assess 
the effects of current and future spaces. The scale uses ART properties as mea-
surement attributes. The object is evaluated according to 16 statements with a
seven-point scale.

Another scale commonly used to evaluate feelings is the Positive and Negative 
Affect Schedule (PANAS) developed by Watson et al. [42]. This mood scale 
consists of 20 words, half of which measure positive affect and the other half 
negative affect. Each item is rated on a five-point scale. Because the PANAS is 
a self-report questionnaire, it can be inaccurate in assessing people’s mood. The 
answer is always subjective and depends on the reviewer’s interpretation of the 
w ord and their ability to estimate their feelings. Also, not every word applies
to every type of situation, so it must be taken into account when analyzing the
results.

When estimating the restorative qualities of the environment, several mea-
surements are often combined to gain a broader understanding of the f actors
affecting the entire experience. The research of Mattila et al. [27] examined the 
effects of restorative experiences in an immersive virtual reality forest environ-
ment by using the Subjective Vitality Scale (SVS), Positive and negative Affect 
Schedule (PANAS), Restoration Outcome Scale (ROS) and Perceived Restora-
tion Scale (PRS). The results showed that the VR environment and a real for-
est were generally as restorative, but the virtual environment was perceived as 
more fascinating and coherent. Often virtual reality is c onsidered to be a better
method than traditional 2D media in delivering audiovisual stimuli. However,
researchers have differing findings about the restorative effectiveness of VR when
compared with nature photos or actual physical nature [24].
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There is no single definition of VR. The field is dynamically evolving due to 
new research, developing technologies, and expanding application possibilities.
Classical definitions of VR include, e.g. “real-time interactive graphics” [7]. How-
ever, many scholars consider VR as a broader concept [2]. Milgram and Kishino’s 
virtuality continuum raises discussion on the distinction between real and virtual
[29]. Kardong-Edgren et al. suggests immersion and presence as a way to define
VR [20]. Since higher immersion results in higher presence, it is an important fac-
tor in the VR experience. Among the various VR definitions, three features are
common: immersion, presence, and interaction with the virtual environment [7]. 
VR technology encompasses non-immersive, semi-immersive, and fully immer-
sive spaces depending on the degree of presence and used equipment [9,11]. 
Non-immersive VR utilizes screens to deliver the VR experience. In this case, 
the virtual world does not obscure the real world and users do not feel complete
presence in the scene [11,33]. Also, only some of a user’s senses are stimulated. 
Semi-immersive experiences, e.g. a flight sim ulator combining both physical and
virtual elements [7,11]. Fully immersive VR creates an illusion of “being there” 
by replacing the physical surroundings and making the p erson feel like they are
present in the virtual world [9,31]. Typically, fully immersive VR is presented 
through head-mounted displays (HMD) and interaction is enabled via hand-held 
controllers. thus the definition of VR can slightly vary between different sources 
and use situations. Therefore, in this study, VR relies on a broader definition
of virtual reality including non-interactive viewing of 360 pictures through an
HMD.

2.2 Nature Connectedness 

Humans have an evolution-based need to feel the connection with nature [21,44]. 
That concept is called biophilia-love of life, which Wilson [21,44] defines as the 
desire to connect with living beings and the natural environment. This natural 
tendency of humans urges them to seek connections with nature and other forms 
of life, including a longing to be close to nature and a preference for things that
resemble it. Richardson and Butler [32] emphasize the problem of how biophilic 
properties commonly remain superficial in practical design projects as the most 
important result of biophilic design, i.e. a deeper and stronger connection with
nature, is often overlooked.

Nature connectedness is defined as an individual’s perceived r elationship with
the natural world [26]. Often it is discussed in a context of pro-environmental
behavior [37], a variety of health and wellbeing outcomes, and overall happi-
ness [4]. The basis for nature connectedness is created in childhood, but even 
short experiences in nature can increase connection with nature in adults [35]. A 
study by Calogiuri et al. [3] demonstrates that using 360 videos and computer-
generated scenarios to create immersive virtual nature, can be equally effective 
in increasing nature connectedness, as long as the same level of immersion and
interaction is offered.

Studies have presented that nature connectedness has a significant effect on
health, wellbeing, and happiness [4]. Wang et al. [40] report that forest environ-
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such as windmills become a visible part of the landscape in many places. Despite 
their environmental benefits, these technologies harm the local natural ecosys-
tems by replacing nature with a constructed environment, and affecting animals
such as reindeer [36] and birds [22]. The green energy constructions also alter 
the visual and experiential qualities of natural environments. This raises the 
question about green transition technologies’ impact on nature engagement and 
experience. Thematically, our research is part of a larger discussion of just tran-
sition for the green transition, highlighting the complex nature of sustainable
technologies, green transition, and the effects on local and larger societal frame-
works [16,23]. 

More research is needed on participatory design for pluriversal perspectives 
on sustainability. VR can be a useful tool in the domain, and its suitability 
for such studies needs to be evaluated. As the contribution of our work, we 
report the pros and cons of using VR compared to paper-based visualizations of 
nature landscapes without and with technology constructions. By exploring the
methodologies to investigate green transition, we pave the way to better user
research methods and research tools for citizen participation in green transition
decision-making.

2 Related Work 

2.1 HCI and Nature Exp eriences

In the area of Human-Computer Interaction, the combination of nature experi-
ences and technology has been investigated from different viewpoints. Webber et
al. [43] have presented typologies in use technology for nature engagement, and 
bring up dimensions of directness and distance in nature engagements. These 
dimensions of directness include direct, abstracted, and simulated nature expe-
riences. It has been highlighted that technology has t he potential to enhance
engagement with nature, promoting wellbeing and awareness of natural envi-
ronments as well as its fragility [12]. However, designing technology for nature 
encounters requires addressing the balance between support and intrusiveness, 
especially in mobile contexts, where devices can both enhance and disrupt the
user’s interaction with nature and outdoors [28]. 

VR and AR technologies can contribute to linking individual users with envi-
ronmental issues by providing immersive experiences for learning, increasing
users’ self-efficacy, and influencing behavior change [8]. However, while technol-
ogy enables simulated nature experiences, it often lacks the multisensory quali-
ties of authentic nature. For connecting with nature, extended reality (XR) tech-
nologies have been used for immersive experiences with nature [10], embodying 
animals in immersive virtual environments [1], and for gamified experiences for 
environmental awareness [34]. A systematic literature review of 80 papers focus-
ing on VR and AR with environmental sustainability revealed that most com-
monly the technologies were u sed for education and learning purposes, followed
by promoting ecological behavior [8] such as for behavioral ch ange in plastic
consumption [5].
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Abstract. In this paper, we explore Virtual Reality (VR) as a tool for 
user studies assessing nature perceptions. We collect user perceptions of 
green transition technology in nature, and compare a natural landscape 
and one with windmills, both as paper and VR representations, in a 
user study (n = 14). Our salient findings indicate that while VR provides 
more immersive and engaging experiences, paper-based visualizations 
allow more freedom for the user’s own imagination and reflections on 
personal expe riences on green technologies in nature. Moreover, in VR,
the participants tend to get more distracted by the visual details, for
instance the implausibilities of the virtual world. The landscape without
windmills was perceived as more positive (PANAS) and more restorative
(PRS).

Keywords: nature · HCI · virtual reality · user studies · user 
expe rience · green transition · sustainability

1 Introduction 

Nature connection has been reported to improve both physical and mental health
and wellbeing [45,46], and also emerging technologies have been utilized for fos-
tering this connection [12,38]. This paper explores the use of VR in assessing user 
perceptions of nature landscapes and compares how people perceive a natural 
landscape with a landscape containing built technology. Our research contribu-
tion is two-fold. Firstly, we investigate the method of using VR for assessing 
human perceptions of natural landscapes and compare the approach to paper-
based visual presentations of nature landscapes. Secondly, we explore p eople’s
perceptions of integrating a green transition technology, windmills, into the land-
scape visualizations. The motivation of our research lies in evaluating and devel-
oping research methods to assess technology-mediated nature experiences.

Our work is partially motivated by the global trend of green transition, w hich
includes setting up new large-scale technological solutions [41]. As we increas-
ingly seek sustainable solutions to address e nvironmental concerns, technologies
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long-term impact of VR training to determine whether these initial gains in 
p erformance and engagement are sustained over time.

Another potential area for future work is the incorporation of advanced fea-
tures such as eye-tracking technology. Eye-tracking could offer more precise data 
on where participants are focusing their attention, allowing for more detailed 
analysis of performance. This would also enable trainers to identify areas where
participants might be struggling or distracted, providing opportunities for tar-
geted interventions.

Lastly, while this study focused on apartment searches, VR training can 
be expanded to include other areas of law enforcement, such as conflict de-
escalation, crowd management, or tactical operations. Expanding the use of 
VR bey ond basic operational training would help prepare police officers for the
diverse scenarios they may encounter in the field.

6 Conclusion 

This study examined the effectiveness of a Virtual Reality (VR) simulator as a 
supplementary tool for developing situational awareness skills in police training, 
particularly situational awareness during apartment search operations. The find-
ings demonstrate that while VR enhances user confidence and allows for quick 
adaptation to virtual environments, the usability of control devices and visual
display quality play critical roles in determining task focus and performance
outcomes.

Control device interference was found to significantly impact participants’ 
concentration and overall task performance, highlighting the need for fur-
ther optimization of control mechanisms. Additionally, visual interference was 
strongly correlated with control i ssues, indicating that improvements in both
areas are essential for enhancing the VR training experience.

Although stress was shown to slow down task completion times, it did not 
significantly affect performance accuracy, suggesting that participants were able 
to maintain precision under pressure. This indicates that VR can effectively 
simulate high-pressure environments without negatively impacting task quality,
making it a valuable tool for preparing police cadets for real-world challenges.

However, the novelty of VR technology and the small sample size used in 
this study suggest that further research is necessary. Future studies should focus 
on larger participant groups, extended real-world application, and potential 
improvements to control devices and visual displays. Incorporating advanced
technologies such as eye-tracking could provide more precise data on participant
focus, enabling more targeted training interventions.

Overall, the VR simulator presents a promising and scalable solution 
for enhancing soft skill training, particularly situational awareness, in police 
academies. By addressing the identified limitations, VR can play an integral 
role in preparing law enforcement officers for complex and high-stakes scenarios
through immersive and efficient training environments.
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The usability of the VR interface, which participants rated positively, high-
lights the importance of user-friendly design. Participants were able to adjust 
to the controls relatively quickly, but the moderate correlation between control 
device interference and adjustment difficulty (r = 0.4) suggests t hat even minor
improvements in the intuitiveness of the interface could further enhance the user
experience and training outcomes.

5.3 Effect of Stress on Performance

The study also revealed that while stress had a moderate negative correlation 
with task completion times (r = –0.45), it did not significantly affect task per-
formance quality. This finding aligns with previous studies by Caserman et al.
[4], which indicated that VR-induced stress might slow down decision-making 
but does not necessarily impair the ability to perform tasks accurately.

This is particularly relevant in police training, where cadets must be able 
to function effectively under high-pressure situations. The ability of VR to sim-
ulate stress-inducing environments without negatively impacting task accuracy 
demonstrates its value as a training t ool. Future iterations of VR simulators
should aim to manage stress levels to improve task efficiency without compro-
mising performance quality.

5.4 Training Efficiency and Practical Implications

The relatively short average task completion time (180 s) indicates that VR can 
efficiently replicate critical elements of traditional training, such as apartment 
search operations, without requiring extensive time and resource investments. 
VR’s adaptability and scalability allow for the rapid creation of v aried training
environments, making it a valuable tool for police academies that may face
logistical challenges when providing frequent training opportunities.

The strong correlation between control device interference and visual inter-
ference emphasizes the need for improving both control mechanisms and visual 
display quality to ensure high levels of training fidelity. If addressed, these 
impro vements could make VR an even more effective and scalable alternative
to traditional physical setups.

5.5 Challenges and F uture Directions

While the results are promising, there are several challenges to be addressed 
in integrating VR as a mainstream training tool for police academies. Control 
device interference was found to significantly affect participants’ focus and task 
performance. Therefore, improving the intuitiv eness of the control devices and
minimizing visual interference should be a priority in future developments of VR
training programs.

Additionally, the novelty of VR technology may have contributed to initial 
enthusiasm, which could influence the results. Future studies should explore the
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Fig. 9. Pearson correlation matrix for post-questionnaire results, illustrating relation-
ships between control device interference, task performance, sense of immersion, and 
other factors. Strong c orrelations are in red, and weaker correlations are in blue. (Color
figure online)

Moreover, the strong correlation between control device interference and 
visual interference (r = 0.7) suggests that these two factors may compound 
the overall difficulty of performing tasks in VR. This indicates that improving 
control m echanisms must go hand in hand with ensuring high-quality visual
displays to minimize distractions and improve performance.

5.2 Role of Immersion a nd Usability

The sense of immersion plays a critical role in the effectiveness of VR training.
As noted by Witmer et al. [19], immersion is key to engaging users deeply in 
simulated scenarios. In this study, participants who reported higher immersion 
levels also experienced better task performance. This reflects the importance of 
not only providing intuitive control devices but also ensuring that the overall
VR experience is seamless, with minimal technical distractions.
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Fig. 8. Trainee’s perspective during the training session, showing secured points in 
the virtual environment. This live scoring system allows the instructor to monitor the
trainee’s progress in real-time.

These findings suggest that improving control mechanisms and minimizing 
visual distractions could enhance task performance in VR training environments. 
Addressing stress management could further improve task efficiency without
sacrificing performance quality.

5 Discussion 

The results of this study suggest that Virtual Reality (VR) can be a viable tool 
for supplementing training in tasks such as apartment searches. By leveraging 
immersive environments, VR offers potential for improving both perceived and 
actual task performance. This section discusses the implications of these find-
ings, aligns them with existing literature, and explores potential challenges and
opportunities for integrating VR into police training programs.

5.1 Impact on Tr aining Outcomes

The study results highlighted the importance of control device design and usabil-
ity in influencing task performance in VR training. Participants who experienced 
less interference from control devices reported better focus, leading to improved 
task performance. The moderate negative c orrelation between control interfer-
ence and task focus (r = -0.5) aligns with previous research by Narciso et al.
[9], which emphasized the role of ease of use in enhancing the effectiveness of 
VR training. This finding suggests that optimizing control devices could signifi-
cantly enhance training outcomes by enabling participants to better concentrate
on task objectives rather than the mechanisms of interaction.
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Fig. 7. Visualization of the operator’s field of view and sensor rays used for tracking 
areas observed during the training session. These rays help the simulator detect which
parts of the virtual apartment the operator has examined.

As  shown  in  Fig. 9, the Pearson correlation matrix highlights significant rela-
tionships between various aspects of the VR experience. In particular, control 
device interference (Q02 ) shows strong correlations with task focus (Q06 )  and  
visual interference (Q07 ), suggesting that difficulties with control devices and
visual display quality often co-occur and can negatively affect task performance.

4.2 Impact of Perceived Stress o n Performance

A moderate negative correlation (r = –0.45) was found between perceived stress 
and task completion time, indicating that participants who experienced higher 
levels of stress tended to take longer to complete their tasks. However, the cor-
relation between stress levels and performance quality (r = 0.21) wa s not sig-
nificant, showing that while stress affected the speed of task completion, it did
not reduce the overall quality of task execution.

4.3 Key Findings 

The results of the study point to s everal key conclusions:

– Control Device Interference: Control device interference significantly 
impacted task performance and focus, with greater interference correlating 
with decreased concentration and a reduced sense of control.

– Visual Interference: Control device interference often coincided with visual 
display issues, compounding distractions and impairing task execution.

– Stress and Task Completion: Higher stress levels were associated with slower 
task completion times but did not affect task quality, indicating that partic-
ipants maintained accuracy despite feeling stressed.
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Fig. 6. Detailed view of a room with furniture in the VR simulator. This image high-
lights the intricate details included in the virtual en vironment to improve immersion
and support cadets’ situational awareness during training.

ronment. Question Q02 (“How much did the control devices interfere with the 
performance of the assigned tasks?”) revealed significant correlations with vari-
ous aspects of the VR experience, indicating that control mechanisms played a
critical role in shaping task performance and user experience.

A negative correlation (r = –0.5) between Q02 and Q06 (“How well could you 
concentrate on the assigned tasks rather than on the mechanisms used to perform 
said tasks?”) indicates that greater interference from the control devices was 
associated with reduced task focus. Our findings align with prior studies showing 
VR’s impact on focus and stress handling. For example, in anti-doping training,
VR was found to support focus and situational awareness under pressure, a
critical aspect of high-stakes decision-making [3]. This parallels the need for 
police officers to remain focused and effective in demanding training scenarios. 
Participants who experienced more difficulty with the control devices had greater
trouble concentrating on the task objectives.

A strong positive correlation (r = 0.7) between Q02 and Q07 (“How much 
did the visual display quality interfere or distract you from performing the 
assigned tasks?”) suggests that participants who reported interference from the 
control devices also experienced difficulties with the visual displa y quality. This
highlights the potential interconnectedness between control and visual issues,
which could amplify the overall interference with task execution.

A moderate positive correlation (r = 0.5) between Q02 and Q01 (“How much 
influence did you feel you had over interactions with the virtual apartment?”) 
indicates that as interference from the control devices increased, participants 
reported feeling less control or influence over their interactions within the vir-
tual environment. This further emphasizes the need for user-friendly controls to
enhance participants’ sense of agency.
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Fig. 5. Room with basic furniture in the VR simulation. The inclusion of furniture 
increases the complexity of the virtual apartment, enhancing the realism o f the training
and challenging cadets to identify potential risks and obstacles.

by participants were reflected in their actual performance during the simulation. 
Furthermore, improvements in self-reported confidence post-training provided 
additional evidence supporting the effectiveness of the VR simulator as a sup-
plementary training tool.

3.5 Limitations 

Despite the promising findings, there were several limitations to this study. The 
small sample size of participants limits the generalizability of the results to 
a broader population. Additionally, there is the potential for novelty bias, as 
participants may have been more enthusiastic about using the VR system due 
to its novelty rather than focusing solely on the training content. Although every
effort was made to mitigate this by clearly communicating the training objectives
to participants, the influence of novelty on their responses remains a potential
limitation.

The technical capabilities of the VR equipment also imposed certain restric-
tions. For instance, the simulator lacked advanced features such as eye-tracking, 
meaning that only head-tracking was used to determine where participants were 
looking. This limitation may have impacted the precision of the performance
metrics, although the system still provided valuable insights into how well par-
ticipants navigated and cleared risk zones.

4 Results 

4.1 Control Device Interference and T ask Performance

The analysis of post-questionnaire responses provided valuable insights into how 
control device interference affected participant performance within the VR envi-
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Fig. 4. 3D model of a room with checkpoints. This image shows the integration of 
checkpoints within the training environment, g uiding cadets through key areas they
need to secure during virtual apartment searches.

VR simulations. The primary aim was to develop the prototype and evaluate it by 
determining the correlations between the participants’ self-reported confidence, 
perceived stress, and their objective performance scores and time metrics.

The analysis involved comparing pre- and post-questionnaire results to eval-
uate how the VR training impacted participants’ confidence and sense of pres-
ence. For instance, the self-reported confidence levels from the pre-questionnaire 
were compared against those in the post-questionnaire, allowing for a measure 
of improvement after completing the VR training. Box p lots and other visu-
alizations were used to illustrate the spread and central tendency of responses,
helping to identify trends in how participants perceived their training experience.

Additionally, correlation matrices were used to identify relationships between 
variables, such as the association between perceived stress and performance 
scores or time taken to complete the simulation. High correlation scores between 
these variables helped determine the extent to which stress influenced perfor-
mance in the VR environment. Correlation matrices w ere particularly useful in
revealing patterns, such as whether participants with higher initial confidence
saw greater performance gains from VR training, or whether stress levels signif-
icantly affected task completion time.

To ensure that the findings were robust, the performance metrics from the 
simulator were cross-referenced with the subjective data. This cross-analysis 
enabled the study to explore whether improvements in confidence as reported
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Fig. 3. Overhead floor plan of a virtual apartment. This image shows the layout used 
to guide cadets in navigating virtual environments, providing a clear view of risk zones
and checkpoints within the simulation.

The pre-questionnaire aimed to gather information about the participants’ 
prior experience with VR, their perceived stress levels using the Perceived Stress
Scale (PSS) [13], and their confidence in conducting apartment searches. Addi-
tionally, participants were asked to estimate how effective they believed VR 
would be as a tool for improving their s earch abilities. The outcome of this
question compared with the actual performance score and helped to determine
the

After completing the VR training, participants filled out a post-questionnaire 
based on the Presence Questionnaire by Witmer et al. [20], which assessed their 
sense of presence and engagement in the virtual environment. Further questions 
were included to evaluate the usability of the control devices and h ow much the
training experience improved their confidence in conducting apartment searches.

Objective data was collected directly from the VR simulator during the train-
ing exercises. Two key metrics were recorded: (1) the time taken to complete the 
apartment search and (2) the performance score, which was calculated based on 
the trainee’s ability to correctly secure all risk zones in the v irtual environment.
Each risk zone was equipped with sensors, and the system automatically marked
them as secure when they were observed by the trainee during the simulation.

3.4 Data A nalysis

Data analysis focused on both the subjective responses from the pre- and post-
questionnaires as well as the objective performance metrics collected during the
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Fig. 2. Another view of a 3D room model used in the VR simulation. This provides a 
different perspective of the training environment, e mphasizing the variability in apart-
ment layouts for different training scenarios.

session. If a sensor is obscured by furniture, it will automatically be considered 
secure at the start of the session unless there is enough space between the sensor 
and the furniture to allow for prop er observation. Each secured area contributes
to the operator’s score, which is assessed by the simulator (Fig. 8). 

The automated assessment system was designed to accurately detect which 
zones in the apartment have been properly checked without compromising the 
simulator’s performance. This allows instructors to p rovide live feedback based
on the operator’s score as they secure each risk zone.

3.3 Data C ollection

To evaluate the effectiveness of the VR simulator as a training tool, both sub-
jective and objective data were collected during the study. The subjective data 
consisted of pre- and post-questionnaires administered to the participants, while
the objective data were automatically collected by the simulator during the
training sessions.
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Fig. 1. 3D model of a room used in the VR simulator. This model represents the basic 
environment in which police cadets train for a partment searches, helping them develop
situational awareness and decision-making skills.

helps cadets develop situational awareness and learn to focus on key objectives 
even when presented with cluttered or visually stimulating surroundings.

Although the visual fidelity of the simulator balanced simplicity and realism, 
the detailed models (see Figs. 5 and 6) ensured that the training environments 
were engaging without being overwhelming. Previous research by Wickens [18] 
showed that excessive realism could detract from learning by introducing unnec-
essary visual information. Therefore, the simulator maintained an optimal level 
of detail to help cadets concentrate on identifying risks, such as the checkpoints
seen in Fig. 4, and improve their ability to secure eac h zone effectively.

Overall, the VR simulator’s design aimed to maximize immersion while focus-
ing on core training objectives, such as decision-making under pressure and the 
dev elopment of situational awareness, which is a critical skill for law enforcement
officers.

3.2 Simulator Monitoring and P erformance Scoring

The simulator was responsible for monitoring the various inputs from the opera-
tor and using these inputs to score performance through data collection. Inputs 
we re collected via the VR headset and the two VR controllers held by the user.

The simulator determines which objects are within the operator’s field of 
view using the headset’s position and rotation sensors. Since precise eye-tracking 
equipment was unavailable, the simulator assumes that everything in the oper-
ator’s field of view is being observed. This data was essential in facilitating the
functionality that allows the operator to secure a risk zone (Figs. 7). 

Whether an area of the apartment is secured or unsecured is determined by 
sensors placed in key risk zones. These sensors are considered secured once they
have been observed at least once, and they stay secure for the remainder of the
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3.1 Artifact Developmen t

The development of the VR training simulator followed an iterative process, 
divided into two phases: the creation of a level editor and the development 
of the VR simulator itself. The level editor enabled easy assembly of diverse 
apartment layouts, while the VR simulator executed apartment search scenarios 
in real-time. T his iterative approach allowed for continuous refinement based on
feedback from the police academy instructors, ensuring the final artifact met the
specific training needs of law enforcement.

Level Editor. The development of the VR simulator began with the creation 
of a level editor, which allowed for the rapid design and customization of vir-
tual apartment layouts used during training. This editor was designed to enable 
instructors to easily configure rooms by adjusting the layout and positioning of 
various elements suc h as walls, doors, and windows. By using the editor, trainers
could quickly generate diverse environments that simulated real-world apartment
settings.

The 3D models of these rooms (see Figs. 1 and 2) demonstrate the basic 
structure and variability of the apartment search environments used in the VR 
simulation. These environments provide the foundation for training police cadets 
in situational awareness, an essential soft skill for identifying potential risks and
hazards in unfamiliar spaces.

In addition to the 3D room models, an overhead floor plan (Fig. 3) was gen-
erated for each virtual apartment. This floor plan outlines key areas, such as 
risk zones and checkpoints, that trainees need to clear during the apartment 
search operation. The floor plan ensures that eac h simulation is well-structured,
enabling cadets to navigate the environment efficiently and focus on securing
critical areas.

The flexibility provided by the level editor allows trainers to modify environ-
ments as needed, ensuring that trainees encounter a wide range of scenarios. This 
capability is critical for helping police officers develop the quick decision-making
and situational awareness necessary in real-life operations.

VR Simulator. The VR simulator was designed to run on the Oculus Quest 3, 
providing an immersive training experience for police cadets. The system tracked 
the cadets’ head and hand movements, enabling them to interact with and navi-
gate through virtual apartments while searching for risk zones. As demonstrated 
in previous studies, room-scale VR simulations can create a high level of immer-
sion, which is critical for training exercises that require situational awareness
and decision-making under stress [4]. 

The virtual environments used in the simulator featured various levels of 
complexity, starting from basic layouts a nd advancing to more intricate spaces
furnished with obstacles. Figures 5 and 6 illustrate these environments, where 
cadets were challenged to identify and secure risk zones amid furniture and other
potential distractions. This progressive increase in environmental complexity
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training emergency responders by providing them with realistic, stress-inducing 
environments that mirror real-world incidents. This suggests that VR’s capabil-
ity to create dynamic, responsive training environments is especially beneficial
for police officers, who must remain calm and effective in unpredictable, high-risk
situations.

Moreover, the use of VR for decision-making in crisis situations has show n
significant potential, Conges et al. [5] emphasized the importance of training 
police officers and crisis managers in simulated environments where decision-
making under stress is a key factor. This aligns with research by Witmer et
al. [19], which showed that presence and immersion in VR directly impact how 
effectively trainees engage with the training scenarios, ensuring better retention
of learned skills.

Despite the growing body of research on VR’s effectiveness in various pro-
fessional fields, there remains a gap in the literature regarding its sp ecific appli-
cation to soft skill training for police officers, particularly in apartment search
operations [7]. This study seeks to address that gap by investigating how VR 
can be used to enhance situational awareness, decision-making, and risk man-
agement in such contexts. By utilizing a design science methodology, we aim to 
evaluate the extent to which VR can complement traditional training methods
while providing additional flexibility and scalability [17]. 

This research builds on existing studies and aims to contribute new insights 
into the role of immersive technology in law enforcement training. By focus-
ing on situational awareness skills, this study adds a critical dimension to the 
broader conversation about how VR can be leveraged to enhance the training of
professionals who regularly operate in high-stress, life-threatening environments.

3 Methodology 

This study employed a design science research methodology, which emphasizes 
the iterative development of artifacts through collab oration with stakeholders,
ensuring the practical applicability of the results [10]. The primary goal of this 
research was to prototype a Virtual Reality (VR) simulator aimed at supple-
menting traditional training for police cadets. Specifically, the study focused on 
apartment search operations, where trainees must iden tify and secure risk zones
under pressure, simulating real-world scenarios that require situational aware-
ness and decision-making skills.

The study was conducted at Malmö University Police Academy in Sweden, 
where police instructors served as stakeholders and provided critical feedback 
throughout the artifact development process. The VR simulator was designed
and implemented using the Unity game engine [16], and the hardware employed 
included the Oculus Quest 3 VR headset, which offered a portable and immersive
environment for training.
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can stimulate situational awareness by creating a sensory-rich experience. Such 
multisensory simulations play a crucial role in developing high-pressure decision-
making skills essential for police officers in training. Allcoat et al. [1] found that 
VR contributes significantly to learning outcomes by enhancing engagement, 
immersion, and interactivity. Blacker et al. [21] demonstrated the effectiveness of 
VR in improving decision-making under stress, particularly during high-pressure 
military operations, further highligh ting the potential for VR in law enforcement
training.

Despite these clear advantages, the integration of VR into official training 
curricula has b een slow due to logistical, technological, and financial constraints
[15]. Traditional police training methods often involve the creation of physical 
environments, such as mock apartment complexes or training facilities, which 
are both resource-intensive and difficult to adapt to different scenarios. As police 
training continues to evolve to address increasingly complex threats, VR offers a
flexible, cost-effective alternative capable of generating diverse training scenarios
on demand.

The educational benefits of VR are well-documented beyond law enforce-
ment. Wickens [18] argued that while VR environments should focus on key 
learning objectives, it is essential to avoid unnecessary visual complexity that
could overwhelm trainees. Peffers et al. [10] further highlighted the importance of 
structured design in developing training systems to ensure that they align with 
pedagogical goals. This balance between immersion and simplicity has informed 
the design of many contemporary VR training systems, including those used for
police training.

Skills training, such as situational awareness and decision-making, is a central 
aspect of police education. For example, in apartment search operations, officers 
must quickly identify and secure risk zones, an essential task in law enforce-
ment operations [21]. However, traditional training often lacks the scalability 
and adaptability needed to prepare officers for the full range of environments 
they may encounter in the field. VR can address this gap by offering a platform 
where training scenarios can be endlessly modified and adapted to different con-
texts, thus providing a richer, more comprehensive training experience [8]. 

Previous research has highlighted the role of immersion in VR-based l earning
environments. Ponder et al. [11] emphasized that immersion and user interaction 
are critical factors for the successful transfer of skills from virtual to real-world 
scenarios. Their work on interactive storytelling in VR f ound that more immer-
sive environments resulted in better user engagement and skill retention. Narciso
et al. [9], in their systematic review of VR applications in professional training, 
concluded that VR is particularly effective in environment s requiring complex
decision-making, such as those faced by law enforcement officers.

Furthermore, advances in VR technology have made it possible to integrate 
real-time performance tracking and automated feedback into training sessions, 
providing trainers with valuable data on trainee performance. This real-time 
assessment allows for more precise evaluations of skill development, particularly
in high-pressure scenarios. Kinateder et al. [6] found that VR was effective in
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training, where cadets are required to develop skills such as situational awareness, 
decision-making, and risk management in complex and unpredictable scenarios.

Traditional police training often involves physically replicating environments 
where trainees must practice techniques such as securing risk zones in apart-
ment searches. These physical setups can be costly, time-consuming, and may 
not always provide the variety needed to adequately prepare cadets for the 
diverse situations they will encounter in t he field. Additionally, ensuring psy-
chological resilience in high-pressure situations requires repeated exposure to
stress-inducing scenarios, something that can be difficult to achieve consistently
through traditional means.

VR offers an alternative by providing immersive, interactive environments 
that can replicate these complex training scenarios with high fidelity. In a VR 
simulation, cadets can engage in tasks such as clearing rooms, identifying risk 
zones, and making split-second decisions in a controlled yet realistic virtual set-
ting. These environments are highly customizable, allowing for varied scenarios
to be presented without the need for extensive physical resources.

This study explores the use of VR as a supplementary tool for training in 
police academies, specifically within the context of apartment search operations. 
The primary goal of this research was to prototype a Virtual Reality (VR) 
simulator aimed at supplementing traditional training for police cadets. More 
specifically, t o which degree can VR replicate the immersive experience of real-
world scenarios, maintain training quality, and contribute to the psychological
preparedness of police students?

The evaluation of the VR system focused on key factors such as user immer-
sion, interactivity, and performance outcomes. The results of this study aim to 
contribute to the broader understanding of how VR can be effectively utilized
as a supplement to traditional training in fields where situational awareness is
critical to success under pressure.

2 Background 

As Virtual Reality (VR) technology continues to evolve, its applications in pro-
fessional training, particularly in law enforcement, have gained increasing atten-
tion. VR offers the ability to simulate complex, high-stakes environments that 
are difficult or expensive to replicate in the physical world, making it a powerful 
tool for training in areas such as situational awareness, decision-making, and
risk management. These skills are critical for police officers in high-pressure field
operations where the ability to make split-second decisions can have life-or-death
consequences [2]. 

VR has shown great potential in the realm of police training, with m ultiple
studies demonstrating its effectiveness. Caserman et al. [4] explored VR’s role 
in tactical police training using AI-supported simulations for cover detection, 
showing how immersive environments can enhance critical thinking and tactical 
skills. VR enhances sensory immersion, a key factor for skill development in
complex environments. In [14] Rosenkvist et al. (2019) demonstrated how VR
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1 Introduction 

Virtual Reality (VR) technology has seen significant advancements in recent 
years, leading to its increasing adoption across a range of sectors, including edu-
cation, healthcare, and law enforcement. In particular, VR has shown potential 
as a valuable tool for training in high-stakes environments, where traditional 
training methods may be resource-intensive and limited in scope. Beyond tra-
ditional law enforcement applications, VR has been increasingly recognized for
its educational value in high-stakes environments. For instance, VR-based anti-
doping education for young athletes has shown that immersive environments
can effectively promote ethical decision-making and situational skills [12]. This 
underscores VR’s versatility as an educational tool, validating its application in 
diverse training scenarios suc h as police work. One such environment is police
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of three sessions per participant, highlighting a significant deviation from our
goals.

Student 10 received six sessions in a row, while Student 11 only received one 
VR session, both showing some improvements during post-observations. Despite 
the teachers’ enthusiasm and dedication, the logistical difficulties and constraints 
faced by the teachers and pedagogues at Frejaskolen, such as time management
and scheduling, posed significant barriers.

Future iterations should include some changes to the VR train station sim-
ulation. This includes scenarios like delayed or canceled trains and last-minute 
track changes. Additionally, the simulation does not accurately reflect the usual 
crowd at Anonymous station. Anonymous station is typically quite busy, not 
represented by the number of NPCs walking around in the current version of 
the application. The number of passengers on the trains is also lacking, as trains 
would be almost full during peak hours, and children would have to wait their 
turn to get on or off the train. Since the target group might have sensory issues,
including this aspect in the simulation could prepare the participants for the sen-
sory overload they might experience at a crowded station or on a packed train.
This was, however, not possible in this version due to the limited computational
capabilities of the Meta Quest 2.

Additionally, in real life, children would sometimes encounter a ticket inspec-
tor, which is not part of the current simulation. Including this element could pro-
vide a valuable learning experience, teaching children how to interact with the 
inspector and presenting scenarios where others might not have a ticket. These
situations could lead to raised voices or other behaviors, creating unfamiliar
situations for the children to navigate.

Our study demonstrates VR’s potential to bridge gaps in practical skill acqui-
sition for children with ASD, while highlighting g the need for robust and adapt-
able VR systems. Future work could explore the integration of AI to dynamically 
adjust scenarios based on real-time user feedback and behavior, enhancing the 
personalized learning experience. Additionally, creating an application on a dif-
ferent device, such as a tablet, would allow the teachers to follow the studen t’s
performance in real-time as well as enable them to make changes to the sim-
ulations, such as the number of NPC passengers, noise level or even introduce
events such as train delays, cancellations and changes of tracks.

This short paper aims to explore VR’s opportunities and illustrate its poten-
tial. It hopes that future research and development can make significant strides 
in utilizing VR to s upport and enhance the independence and quality of life for
individuals with ASD and other special needs.
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and introduce them to the steps required for independently utilizing this form of 
public transportation. In this section, we will discuss the results of the two par-
ticipants who went t hrough all phases of the planned evaluation: pre-observation,
VR training, and post-observation: student 10 and student 11.

The data collected from pre- and post-VR training observations demon-
strated improvements in the participants’ skills in key areas, such as recognizing 
transportation signs, understanding schedules, and managing check-in systems. 
These findings suggest that the VR intervention can potentially enhance inde-
pendent public transportation skills.

During the pre-observational phase, participants exhibited varying levels of 
confidence and familiarity with the public transportation system. Notably, some 
participants relied heavily on habitual behaviors or required peer support. For 
instance, Student 10 focused exclusively on reaching the platform to catch the 
train, demonstrating an unawareness of the need to take a different train. Con-
versely, in the post-observational phase, the same student displayed marked 
improvements in confidence and attentiveness, consistently checking relevant
screens, successfully navigating to the correct platform, and entering the correct
train. This transformation, observed after six VR training sessions with Student
10, underscores the effectiveness of VR training in altering habitual behaviors
and enhancing situational awareness.

Similarly, Student 11 exhibited challenges during the pre-observational phase, 
including a complete lack of awareness regarding when to disembark from the 
train. Pedagogues had to intervene as the student had traveled one stop too 
far. During post-observation, however, Student 11 demonstrated considerable 
improvemen t by independently getting off at the correct station. The progress
after just one training session highlights the potential for further advancements
with additional training.

Interestingly, the students spent more time in the real train station after VR 
training compared to the pre-training observations. Student 10’s time increased 
from 2 min to 5:44 min, and Student 11’s time increased from 3 min to 6:42 min. 
This increase in time suggests that the students were perhaps more attentive to 
their surroundings during the second attempt, likely because they had trained 
in the VR simulation. The VR training may have made them more aw are of
their environment and more diligent in following the steps necessary to navigate
the station independently. However, it is also possible that unknown factors
influenced their performance, and further investigation would be required to
understand these changes entirely.

The special education school participating in this study has VR and gaming 
on their schedule for their students. Therefore, the teachers received complete 
control of the VR training sessions, and the authors had no interaction with the 
students during the whole process. This, however, removed the ability to control 
the training phase, resulting in training not being performed as planned due to 
scheduling issues at the school. Out of the 11 participants initially participating
in the pre-observation phase, only five proceeded to the training phase, with
varying numbers of sessions. Only one participant met the expected minimum
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– Student 6: Conducted one session, spent 4 min and 4 s, asked for help, 
entered the correct train on the first attempt but missed one task, and noted
a lack of realism.

– Student 10: Conducted six sessions over 9 days. In the first session, the stu-
dent spent 10 min and 57 s, did not ask for help, and entered the correct 
train on the second attempt. In subsequen t sessions, the student consistently
entered the correct train on the first attempt, noted task completion discrep-
ancies, and discovered glitches.

– Student 11: Conducted one session, spent 34 min and 53 s, asked for help 
initially, entered the correct train on the second attempt, completed most 
tasks, had issues with the virtual school transportation card, and seemed to
enjoy the experience.

In summary, 12 sessions were conducted by 5 participants. Most boarded the 
correct train on the first session, with Students 10 and 11 requiring a second 
attempt. Participants generally completed the tasks, though S tudent 6 missed
one. Technical issues included glitches and incorrect displays, with varied par-
ticipant behaviors observed.

3.3 Post-observations 

Due to scheduling issues, only two participants, Student 10 and Student 11, 
were observed in this phase. The follo wing details summarize their actions and
behaviors during the observation.

– Student 10: Checked the departure screens at the entrance, outside 7-Eleven, 
and at Platform 5. Successfully checked in and boarded the correct train. No 
conversation was recorded during the observation. The observer noted that 
Student 10 was very aware of their surroundings, checked all screens, and felt 
more confident and atten tive after the training. The student spent 5:44 min
from entering the station to walking onto the right train compared to 2 min
in the pre-training observation phase.

– Student 11: Checked the departure screens at the entrance, outside 7-Eleven, 
and at Platform 5. Successfully checked in and boarded the correct train. 
During the observation, Student 11 asked, “Which side of the travel card is 
the correct side?” The observer noted some confusion between virtual and 
real experiences, but the student used the tools learned in the simulation
to navigate successfully. The student spent 6:42 s in the station during the
post-VR training observation compared to 3 min during the pre-VR training
observation.

4 Discussion 

This paper explored whether a VR intervention can be used to familiarize autis-
tic children attending a special education school with their local train station



28 A. Adjorlu et al.

– Participant 6: Recognized the stop at Carlsberg station but needed assis-
tance to get off.

– Participant 10: Initially went to the wrong platform and was guided bac k
by the accompanying teacher

– Participant 11: Zoned out, missed the correct stop and did not get off,
according to the accompanying teacher.

All participants successfully boarded the correct train. One participant (11) 
did not get off at the right station.

3.2 VR Training Sessions 

Due to scheduling issues at the school, not all students who participated in the 
observation phase received VR training. Five students tried the VR application 
following the observation phase. Each participant was tasked with navigating a 
virtual train station, entering the correct train, and getting of at the current 
station. A total of four subtasks were tracked by the VR application: Looking at 
the information screen, going to the right track, u sing the travel card to purchase
a ticket, and walking onto the correct train. The aim was to assess their ability
to complete these tasks independently and to observe their behaviors and any
difficulties encountered (Fig. 4). 

Fig. 4. Training phase results

Session Summaries. 

– Student 1: Conducted two sessions 14 days apart. In the first session, the 
student spent 25 min and 52 s, did not ask for help, entered the correct train 
on the first attempt, and noted a wall clipping glitch. In the second session, 
the student spe nt 17 min and 42 s, did not ask for help, entered the correct
train on the first attempt, and noted a glitch with external elements intruding
into the train.

– Student 8: Conducted two sessions 7 days apart. In the first session, the 
student spent 4 min and 3 s, asked for help due to difficulty reading the phone, 
entered the correct train on the first attempt, and noted a technical issue. In 
the second session, the student spent 13 min and 14 s, did not ask for help, and
entered the correct train on the first attempt but encountered an incorrect
station name display, causing a premature exit.



Virtual Station 27

study. Out of the 11 participants who participated in the pre-observations, only 
five received VR training due to issues such as scheduling conflicts, student and 
teacher illnesses, and other logistical constraints. Ultimately, only two partici-
pants could participate in the post-VR training observations at the real train 
station. While these challenges altered our original study design, they highlight
the complexities and realities of conducting research in natural settings, where
flexibility is often necessary to accommodate unpredictable variables.

3 Results 

3.1 Pre-observations 

The pre-observational study was conducted with 11 participants aged between 
11 and 16 years who were tasked with navigating the Anonymous train station to 
assess their ability to utilize public transport independently. For clarity and con-
fidentiality, each participant was assigned an ID number during pre-observation. 
These ID numbers correspond to their student numbers throughout the study
(e.g., Student 1 was ID 1, Student 2 was ID 2, etc.).

The main goal was to evaluate each participant’s ability to interact with the 
environment and other individuals and to check departure screens, locate the
right platform, and board the correct train.

Screen Checks. Of the eleven participants, six (54.5%) were observed checking 
the departure screens. Among these, three individuals checked the screen outside 
the 7-Eleven store, while the remaining three participants checked it at the 
entrance. The av erage duration for these checks was approximately 5 s, indicating
a quick interaction with the digital information displays.

Platform Identification and Boarding. All participants successfully identi-
fied and moved towards the correct train platform and boarded the correct train. 
A notable exception was one participant, Student 10, who initially walked down 
to platform 5, contrary to the task requirements. This wa s explained by the stu-
dent’s habitual use of platform 5 for their daily travel, illustrating a reliance on
routine over task-specific instructions.

Time. The time taken by participants from entering Anonymous station (start 
observation) to boarding the train (end observation) varied. The minimum time 
recorded wa s between one minute, and the maximum time was three minutes
seconds.

– Participant 1: Struggled with navigation and ask ed strangers for directions.
– Participant 2: Demonstrated independent awareness and readiness.
– Participant 3: Displayed familiarity with the train system, checking screens

and boarding with minimal hesitation.
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The school card is used to purchase train tickets, and the phone tracks objec-
tives. The main objective is to take a specific train and get off at the correct 
station, with several s ub-objectives like checking departure screens, navigating
to the correct track, and checking in before boarding.

Upon boarding the correct train, players transition to a new scene inside 
the train. The game spawns them in the corresponding train cart and requires 
them to stay attentive to red dots on the screen indicating journey progress. 
Additionally, the player could look out via the windows to see signs indicating 
which station has been reached. Successfully getting off at the correct station 
leads to a congratulatory room displaying the number of completed subtasks,
with options to restart or quit the game. Missing the stop or getting of at a
wrong stop results in a room encouraging a retry.

2.2 Evaluation 

A before-and-after training evaluation employing a quasi-experimental design 
measured the VR simulation’s impact on children with ASD’s ability to navigate 
public transportation independently. This evaluation took place in real-world 
train stations to ensure authentic behavior observation, focusing on interactions
with informational screens, schedule verification, platform safety procedures, and
overall navigation.

The first part of the evaluation involved initial observations at Annonymus 
train station with teachers accompanying the children to the Anonymous train 
station. Two authors, unfamiliar to the children, were strategically positioned 
at the station to observe from a distance without influencing behavior. They 
recorded interactions with the environment, such as checking departure screens 
and the time to board the train. The children only met and interacted with 
their teachers throughout the study, with whom they were already familiar. The
teachers received signed parental approval for the children participating in the
research and approval from the anonymous school ethical counsel.

After the observation session, a debriefing meeting was held at the Annonu-
mos school to combine the teachers’ insights with the observers’ data, ensuring 
an accurate understanding of each child’s behavior. This collaborative approach
is a core component of UCD, enhancing the reliability of collected data [5]. 

A total of 11 observations were conducted on students aged 11 to 16. Fol-
lowing the initial observations, teachers were introduced to setting up the VR 
intervention, including establishing a guardian system, starting the application, 
setting NPC and ambient sound levels, and restarting the app. They were pro-
vided with a comprehensive s etup manual and an online questionnaire to com-
plete after each session, including items on subtask completion and observation
notes. The training was planned to be conducted once a week for three weeks.

Post-training observations followed the same procedure as the pre-training 
observations, ensuring c onsistency and comparability of the data collected.

Conducting a study in a natural, real-world environment without interfer-
ence from the researchers inherently brings unpredictable challenges [13]. In our 
case, despite initial plans, several unforeseen events affected the execution of the
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(a) Real life (b) Virtual 

Fig. 1. Comparison of real-life and the virtual juice shop by the entrance of the train
station and a departure information screen

(a) Real life (b) Virtual 

Fig. 2. Comparison of real-life and virtual train station elements

Interactive elements within the game, such as interacting with train doors 
and ticket machines using VR controllers, were implemented to simulate real-life 
interactions. Each session starts at a control panel, allowing teachers to switch 
on and off elements such as the presence of other passengers and ambient sounds
to control sensory stimuli.

The Non-Player Characters (NPCs) are designed to wander around the sta-
tion, wait, or stand together in conversations, creating a realistic environment. 
Ambient sounds include traffic noise, background d diegetic music from the
shops, and announcements similar to those at real train stations in Anonymous.

Players control a human avatar with inverse kinematics-managed arms, 
equipped with a school card in t he right hand and a phone in the left hand.

(a) Real life (b) Virtual 

Fig. 3. Comparison of real-life and virtual journey progress indicators
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with a smartphone [8]. Over three weekly sessions, participants showed improve-
ment in navigating check-in, security, and b oarding processes in a real-world
airport.

The benefits of VR in teaching transportation skills to individuals with ASD 
are multifaceted. It can enhance independence and societal integration and pro-
vide a cost-effective solution to the escalating expenses associated with their
transportation needs [6]. Given the significant investment in transportation for 
students with ASD and the innovative capabilities of VR technology, this app-
roach warrants thorough exploration as a sustainable and effective educational 
tool. Additionally, VR offers ecological validity in training interventions as the
tasks and experiences in VR-based simulations can be designed to be similar to
those that are required in the real world [14]. 

In contrast to previous studies, this short paper presents a VR intervention 
simulating a virtual train station, mirroring a real-world station’s appearance 
and functionality. Our VR environment is designed to replicate essential tasks 
such as checking departure times, purchasing tickets, finding the correct track, 
and boarding and exiting the train-offering an immersive experience that par-
allels the actual procedures required in a real station. T his localized, detailed
simulation specifically focuses on train travel, representing a novel contribution
to the field by providing a practical, real-world scenario for autistic children to
practice independent transportation skills

2 Methods 

The development of the VR intervention for public transportation training in 
autistic children was grounded in User-Centered Design (UCD) principles. UCD 
prioritizes the needs, preferences, and constraints of end-users throughout the
design and development phases to ensure the final product is both functional
and user-friendly [5,17]. 

In collaboration with Annonymus school, a specialized institution for children 
with special needs, our development process involved iterative feedback loops 
with teachers and pedagoges at the school. Several design workshops were held 
at the school to gather input and feedback. Based on these workshops, it was
decided that the VR simulation should realistically mimic the Anonymous S-
train station frequently used by the students for their daily commutes.

2.1 The VR Intervention 

The VR simulation was developed using Unity3D to run on a Meta Quest 2 
and was designed to closely replicate the environment of the Anonymous S-train 
station. To ensure a lifelike experience, 3D models of real station elements-such 
as ticket c heck-in stands, departure screens, and various interiors and shops-were
meticulously crafted to look like their real-life counterparts (see Figs. 1a, 1b, 2a, 
2b, 3a, 3b).
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ing approximately 1.4 billion (anonymous currency) annually [1]. This expendi-
ture has been increasing; for instance, Anonymous’s budget for student trans-
portation grew from 47.9 million (anonymous currency) in 2018 to 78.2 million 
(anonymous currency) in 2022, largely due to the rising costs of individual taxi
services and an increase in the number of diagnosed children [7]. Despite efforts 
to manage these costs through centralizing services and encouraging collective 
transportation solutions, significant financial and logistical challenges remain.

Personalized support and interventions are crucial to promote independence 
and improve the quality of life for individuals with ASD. Pfeiffer et al. [11] 
investigated the effect of peer-mediated travel training to help autistic indi-
viduals achieve independent travel skills and community mobility. The results 
showed that peer-mediated training significantly improved the travel skills of
the participants. Another study by Pfeiffer et al. [12] showed the effectiveness 
of the Kennedy Center’s travel training guide and curriculum (TCG), where 
individualized training with educated travel coaches helped autistic individuals 
gain the necessary skills for independent travel. These methods are, however, 
resource intensive, requiring trained peers or educators. Another disadvantage 
of using trained peers or coaches with autistic individuals is the social barriers
to interacting with another person, which is one of the most common difficulties
of autistic individuals [11,12]. 

Virtual Reality (VR) can provide a more cost-effective intervention, offering 
a socially safe environment where autistic individuals can practice essential skills
without the pressure or discomfort of direct social interactions.

Previous studies have demonstrated the potential of VR in teaching DLS 
to autistic children and adolescents [3, 4]. VR allows individuals with ASD to 
engage in immersive simulations of real-world s cenarios in a controlled and safe
environment [10]. This technology facilitates repeated practice and mastery of 
DLS, enabling personalized learning experiences that accommodate the unique 
needs and learning paces of individuals with ASD. VR simulations offer error-
free learning and self-directed exploration opportunities, which are crucial for
building confidence and competence in navigating public transportation systems
[9]. 

A recent review by Carnett et al. highlights the efficacy of VR in behavioral 
interventions aimed at enhancing independence among autistic individuals [4]. 
This review supports VR’s use in teaching specific skills like driving and interview 
techniques, advocating for its inclusion as an evidence-based practice. Of the 23
studies reviewed, two address transportation difficulties using VR.

One study by Simoes et al. describes a VR intervention for t eaching public
bus usage to individuals with ASD [16]. This game provided a three-dimensional 
city environment where participants practiced tasks associated with bus travel, 
such as finding the appropriate bus, purchasing a ticket, finding a seat, and 
getting off at t he correct stop. Results indicated significant improvements in
participants’ knowledge and comfort with bus travel procedures.

Another study involved practicing air travel by exposing participants to 360-
degree videos of airports and airplanes using Google Cardboard in combination
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Abstract. Public transportation can be a significant challenge for autis-
tic adolescents, who often face difficulties with navigating complex envi-
ronments, managing schedules, and interacting with unfamiliar systems. 
In this short paper, we explore the potential of Virtual Reality (VR) as 
an intervention to address these challenges. Specifically, we developed a 
VR simulation of a local S-train station in collaboration with a special-
ized school, allowing autistic students to practice essential transportation 
tasks such as checking schedules, purchasing tickets, and navigating plat-
forms in a safe and controlled environment. 

Our study employed a quasi-experimental design with pre- and post-
training observations to evaluate the effectiveness of the VR interven-
tion. Results demonstrated improvements in students’ abilities to under-
stand schedules, recognize transportation signs, and manage check-in
systems. Post-training observations also revealed increased time spent
navigating real train stations, suggesting greater attentiveness and con-
fidence. Despite logistical challenges and the need for more immersive
elements, such as handling crowded environments and interacting with
ticket inspectors, our findings highlight the promise of VR in preparing
autistic adolescents for independent public transportation.

Keywords: Everyday living skills · Virtual Reality · Autism Spectrum
Disorder

1 Introduction 

Autism Spectrum Disorder (ASD) is a complex neurodevelopmental condition 
characterized by a spectrum of symptoms affecting social interaction, communi-
cation, and sensory processing. T hese challenges can significantly impede daily
living skills (DLS), such as using public transportation [2,15]. 

In Anonymous country, the financial burden of accommodating the trans-
portation needs of students with ASD is substantial, with municipalities spend-
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as blockchains, artificial intelligence, and the Internet of Things [24] continue to 
shape the metaverse landscape, future research could explore the integration of 
these advancements into the MIC, enabling a more comprehensive and future-
proofed ideation process. Conducting empirical studies to validate the efficacy o f
the MIC in real-world scenarios could provide quantitative evidence of its impact
on the success rates of AR/VR startups.

7 Concluding Remarks 

This research made several notable contributions to the understudied domain 
of augmented reality (AR) and virtual reality (VR) entrepreneurship. First, it 
identified prevalent failure factors based on an in-depth i nvestigation of unsuc-
cessful AR/VR startups, elucidating common pitfalls that can lead ventures in
this space to fail.

Understanding these factors can provide valuable lessons for aspiring 
entrepreneurs seeking to increase their chances of success. Second, grounded in 
design research methods such as autoethnography, autobiographical design, and 
insights from industry expertise, this study presented the novel MIC as a strate-
gic ideation toolkit tailored to addressing unique considerations of extended
reality ventures.

This specialized canvas guides founders through prompts that encourage the 
consideration of critical factors such as the user experience, the technological 
feasibility, the problem-solution fit, and the business viability starting from the 
earliest stages. Third, the proposed MIC framework prompts a human-cen tered,
problem-driven approach to conceive products and services that leverage the
differentiating capabilities of immersive technologies such as AR and VR.

Its tailored blocks push entrepreneurs to ideate solutions that provide value 
propositions exclusive to XR, going beyond simply replicating non-XR expe-
riences. Fourth, the research methodology synthesized mixed qualitative tech-
niques such as focus groups, content analyses, and external evaluations b y
startup consultants to produce actionable and valid insights. The triangulation
of perspectives enhanced the reliability and applicability of the findings.

Overall, this work combined an insightful analysis of the real-world chal-
lenges faced by failed AR/VR startups with an innovative design output-the 
MIC-aimed at enhancing the viability of future ventures in this space through 
a tailored, reflective ideation process. The MIC provides a model for human-
computer interactions and design researchers seeking to bridge conceptual con-
tributions with practical entrepreneurial impact to drive the adoption of novel
technologies.
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ogy, suggesting that founders may need the assistance of an XR specialist to 
accurately complete this field. This highlights the technical knowledge r equired
to address usability concerns and design effective user experiences within the
AR/VR domain.

Furthermore, two participants emphasized that the lack of scalability within 
a short timeframe was a prominent failure factor for two of the startups. One 
participant pro-posed the addition of a timeline block to the MIC to address this 
concern. By incorporating a timeline, startups would be prompted t o consider
and plan for the scalability of their ventures over time, recognizing the potential
threats and opportunities that may arise in the future.

Overall, the engagement of the startup consultants in completing the MIC 
high-lighted key areas of focus, such as the XR value propositions, usability
considerations, and scalability.

6 Limitations and Future Work 

One limitation of this study was the sole reliance on qualitative data from startup 
consultants to evaluate the MIC. While the feedback of these consultants pro-
vided valuable insights, incorporating quantitative metrics to objectively mea-
sure key factors such as the XR value propositions, usability considerations, 
and scalability could further strengthen the evaluation. Future research should 
explore the development and validation of quantitative instruments to assess 
these critical elements within the context of XR business modeling. By combin-
ing qualitative expert feedback with quantitative measurements, a future study
could triangulate the findings and provide a more comprehensive understanding
of the canvas’s efficacy in enhancing the viability of metaverse startups.

Another limitation of this study was the lack of an analysis on the success 
factors for thriving AR/VR startups. While our investigation of failed ventures 
provided valuable insights into common pitfalls, incorporating an examination 
of successful cases could further enrich the findings and provide a more com-
prehensive understanding of the critical factors influencing a startup’s success
in the AR/VR domain. Future research could extend this work by analyzing
prosperous AR/VR startups and integrating the identified success factors into
the MIC framework.

The analysis of market dynamics and user adoption patterns in the AR/VR 
industry may have been oversimplified in this study. A more in-depth explo-
ration of these factors could yield additional insights and nuances that were 
not captured in the cur-rent scope of this research. The data collection for this 
study was conducted in the previous year, and may not h ave fully captured the
rapidly evolving nature of the AR/VR industry. As new technologies and market
trends emerge, the identified failure factors and the applicability of the MIC may
require further validation and refinement.

Expanding the research scope to include AR/VR startups from diverse cul-
tural and geographical contexts could enhance the understanding of region-
specific factors that influence startup success or failure. As new technologies such
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Table 1. Analysis of five startups

Category Start Year Stop Year Summary 
Startup #1
Shopping

Q3 2022 Q2 2022 This startup was an AR android application 
for buying home decor. The revenue model 
was based on selling commissions. The app 
included a Web back end, and shop o wners
were able to list their products. The shop
included more than 1000+ products and
achieved 100,000+ installations

Startup #2
Shopping

Q2 2019 Q2 2021 This startup was a VR app with 10,000+ 
installations that simulated shopping malls. 
The app’s revenue model relied on selling 
subscriptions to shop owners. The users
needed to have Google Cardboard VR to use
the app

Startup #3 
Social 
Net work

Q2 2018 Q3 2021 This startup was an AR-only location-based 
social network that allowed people to meet 
other people around them and evaluate. It 
crossed 5K users. The app’s revenue model 
relied on selling ad-spaces for sending AR 
gifts and AR. The app was available for
phones, tablets and never models, and it was
installed on more than 100,000 devices

Startup #4
Gaming

Q1 2018 Q1 2022 This startup developed a location-based AR 
mobile game available on iOS and Android, 
generating 200,000+ installation. Revenue 
was generated through in-app purchases. 
Despite a successful launch, the game faced a 
swift decline in user retention. T he gameplay
required physical movement, incorporating
the player’s actual locomotion as a core
mechanic

Startup #5 
Pro ductivity

Q3 2017 2021 This app was released for iPhone and iPad, 
and most features required the constant use 
of AR mode. The app aimed to facilitate the 
organization of to-do lists by augmented 
reality by animating 3D objects. The users
were able to use the app for free and it
crossed 20,000 installations

modification in expanding the possibilities for innovations within the XR space. 
When the designers were queried about the usability blocks, there was a general 
consensus among the participants that these blocks are crucial for effectively 
communicating ideas prior to the development phase. However, they also noted
that filling this section may require a solid understanding of AR/VR technol-
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The “existing scalability limitations” and “future threats” counter the myth 
and difficulty of short-term planning by pushing founders to forecast the obsta-
cles to long-term growth. “Future opportunities” guides the consideration of
how evolving technology and trends can enable the XR solution to be scaled
over time.

4.7 Measurable Metrics 

To account for the critical role of usability in the profitability of XR prod-
ucts and services, we incorporated predefined metrics into the MIC. These met-
rics included the expected usable session (minutes), representing the anticipated 
duration of each user session; the expected daily engagement for each user (ses-
sions), c apturing the project-ed frequency of user engagement; and the expected
revenue per user, providing in-sights into the anticipated revenue generated from
individual users.

5 Testing the Model with Startup Experts 

This study included an analysis of the five startups presented in Table 1: two 
developed a shopping application, another specialized in gaming, one ventured 
into social networking, and the final one concentrated on productivity solutions.

The consultants had no prior knowledge of the specific reasons behind the 
failures of these startups. They were provided with the summary, main usage
scenario, and start and stop dates of these ventures.

A common theme emerged among all the participants that emphasized the 
significance of XR value propositions. It was collectively observed that three out 
of the five failed startups did not offer value propositions that leveraged the 
unique capabilities of XR systems, missing out on the potential benefits that 
the t echnology could provide. This highlights the importance of creating value
propositions that are exclusive to XR experiences in order to fully capitalize on
the potential of the technology.

The shopping app, VR social network, AR social network, and productivity 
app startups faced challenges that justified the value of their solutions against 
the cognitive and physical demands placed on the users. All the participants 
emphasized the need to justify motion-based interactions. One consultant sug-
gested that XR startups should avoid brief, buzzword-focused pitches centered 
on being “AR/VR,” and in-stead clearly articulate their unique value proposi-
tion. For example, the shopping app only implemented an AR display feature. As
its competitors had integrated similar in-room display capabilities, this startup
lacked a defensible advantage. One participant stated that pointing out future
threats prompted the founders to think beyond the short-term trends and con-
sider sustainable differentiation.

One of the participants expressed appreciation for the modification made to 
the existing alternative block, recognizing its ability to stimulate ideation and
inspire new ideas during the design process. They acknowledged the value of this
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– VR UX opportunity: How does this solution help users in a fully immersive
environment?

– Social opportunity: How does this solution create value f or users via social
interactions?

– Virtual economy opportunity: How does using the virtual world econom y
paradigm create value for customers?

– Interoperability features: How does the solution adopt interoperability or 
achieve t he interoperability needs of users?

– Minimum viable experience scenario: This is a written form of a user 
storyboard that explains an ideal usage story in a short manner, which may
include all or some pieces of the usability elements.

The motion-based interaction load addresses the mistake of deferring 
usability considerations by prompting the upfront justification of motion inter-
faces versus physical/cognitive burdens. The “AR UX opportunity” and “VR 
UX opportunity” guide the ideation of AR and VR use cases distinctly. The 
“social opportunity” and “virtual economy opportunity” promote the consid-
eration of the novel social and economic models afforded by XR worlds. The
“minimum viable experience scenario” narrative description helps convey and
refine the envisioned user experience holistically.

4.5 Viability Element s

The viability blocks of the MIC encompass essential elements such as channels, 
costs, and revenue streams, which were derived from the Lean Canvas framework. 
These blocks allow startups to strategically plan and analyze their distribution 
channels, estimate the costs associated with their metaverse ventures, and iden-
tify poten tial revenue streams. These elements inherited from the Lean Canvas
address the difficulties around premature scaling by starting with a minimally
viable offering before expanding.

4.6 Future Scalabilit y

The future scalability block within the MIC includes various crucial aspects, 
including the existing scalability limitations, future threats, and future oppor-
tunities.

By considering these elements, founders can assess the potential for scaling 
their metaverse ventures over time. This block enables startups to identify and 
understand any existing limitations or challenges that may hinder their scalabil-
ity, allowing them to proactively strategize and overcome such obstacles. Addi-
tionally, by considering future threats and opportunities, startups can anticipate 
the market dynamics, emerging technologies, and changing user preferences that 
may impact the scalability of their metaverse solutions. This forward-thinking
approach empowers startups to position themselves for future growth, adapt to
evolving trends, and seize new opportunities within the rapidly evolving meta-
verse landscape.
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tasks or areas of interest. Solutions in this category address this need by offer-
ing value in the form of information, entertainment, or self-expression. Netflix, 
so cial media, and video games are examples of solutions that address focus drive
problems [10]. The myths around only considering digital/XR alternatives and 
the thought that bringing an app to XR is a value proposition are addressed by 
separating “existing XR alternatives” from “existing non-XR alternatives” and 
“existing non-digital alter-natives.” This prompts founders to consider a broader 
set of solutions beyond just XR. The difficulty in defining the core problem is
mitigated by the “user engagement goal” checkboxes that guide problem framing
in terms of the focus drive, productivity, or transaction needs.

4.3 Solution 

The concept of a unique value proposition has been adapted to the context of 
XR, resulting in the XR unique value proposition. This shift is essential for 
startup designers to recognize and emphasize the value propositions that users
can exclusively experience through XR solutions, distinguishing them from non-
XR alternatives.

In the XR landscape, it is crucial to identify and leverage the immersive 
and trans-formative qualities that XR technologies offer. Startups need to go 
beyond replicating existing non-XR solutions and instead focus on harnessing 
the unique capabilities of XR to provide novel and engaging experiences that
cannot be achieved through traditional means.

The “XR unique value proposition” block directly counters the myth that 
simply bringing something to XR is valuable b y pushing founders to articulate
the value enabled specifically through XR capabilities.

4.4 Usability 

We aimed to minimize the usability ideation in a text-based manner by creating 
the following blocks. Filling all the fields is not mandatory for each startup, but 
it can give a quick o verview about the position of a startup in the metaverse
landscape. Motion-based interaction load:

The motion-based interaction load encompasses the physical and cognitive 
demands imposed on users as they interact with XR experiences using gestures 
and body movements. The value proposition of motion-based inter-actions lies in 
their ability to provide a more immersive and intuitive user experience, enhanc-
ing engagement and enabling new possibilities in fields such as training simula-
tions and gaming. However, it is crucial to strike a balance between the benefits 
and the associated load, considering factors s uch as user comfort and the learning
curve. By justifying their value proposition and addressing challenges, startups
can leverage motion-based interactions to create compelling XR experiences that
captivate users and drive the adoption of this transformative technology.

– AR UX opportunity: How does this solution help users in a semi-immersive
environment?
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use face computers such as AR/VR HMDs for multiple hours. These considera-
tions directly im-pact the sustainability of the business model.

In response to these concerns, we developed a one-page business plan tem-
plate specifically tailored for XR startups, known as the Metaverse Innova-
tion Canvas, as depicted in Fig. 1. The MIC comprises five distinct types of 
blocks, with each serving a unique purpose: problem (red blocks), solution (green 
blocks), usability (blue blocks), viability (yellow blocks), and future scalability
(purple blocks).

Fig. 1. Metaverse Innovation Can vas

4.2 Problem 

The problem section includes blocks that describe a problem and the people who 
have the problem. In order to help designers and founders define their problems 
more effec-tively, we added user engagement goal checkboxes to the problem 
section, w hich included focus drive, productivity, and transaction. We adopted
this from an article about the Three Games of Customer Engagement Strategy
[10]. 

Focus drive represents users’ inherent need to direct their attention and con-
centration towards specific subjects or activities. It reflects individuals’ natural
motivation or inclination to concentrate their mental resources on particular
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4.1 Myths, Difficulties and Mistakes

A common mistake during idea development is only considering digital and XR 
alternatives, while neglecting non-digital options. For example, when conceptu-
alizing an XR shopping app, the founders may focus solely on existing digital 
solutions such as online shopping websites. However, they should also consider 
brick-and-mortar stores as a non-XR alternative that users may currently uti-
lize. The tendency is to view the landscape strictly within the XR application
space, but founders need to look beyond this and analyze all potential digital
and non-digital alternative solutions to the problem they are trying to solve.

Bringing an application to XR is a value proposition. This is wrong; it might 
pro-vide an early blessing in an untapped marke t, but XR brings extra costs and
additional physical and even cognitive loads [29] for users, so these extra costs 
need to be justified by providing value propo sitions for end users. Pokémon Go
motivated [26] its users to move outside and follow location-based interaction 
practices because the users were collecting Pokémon cards before that. Niantic 
did not need to justify this e xtra load for the users, since years of marketing by
Nintendo had already accomplished this for them.

Problem definition is the toughest job for every entrepreneur and product 
designer, and the problem is further complicated by the fact that most people 
do not have clear understanding of what can be considered a problem. For exam-
ple, the case of Angry Birds may not immediately seem relevant to the problem-
solution definition. How-ever, the main issue that Angry Birds addresses is peo-
ple’s need to maintain their attention on something, and this game accomplishes
this in an entertaining and user-friendly manner.

The primary aim of the Lean Canvas is to help founders validate their idea 
as soon as possible, and for AR/VR startup founders, it is ideal to refine their 
ideas into viable, desirable, and feasible solutions. However, many AR/VR solu-
tions struggle to achieve feasibility or scalabilit y in a short time due to the lack
of advancements in enabling technologies. Therefore, the perfect business plan
for AR/VR startups should consider the impacts of predictable future market
events.

The entreprenurs have demonstrated two common mistakes in desiging star-
tups: Large customer segment, a nd lack of attention to usability considerations:

Entrepreneurs tend to expand their customer segments and write more items 
in this segment; it may sound more interesting for some investors because it can 
increase the size of their market and the valuation of the company, but it can be 
a fatal mistak e in the XR industry. This is because it increases the development
costs exponentially and will postpone idea validation for a long period.

It would be wise to limit the early adopters and find a niche market for the
minimum viable products. Thiel and Masters [28] argued that only monopoly 
profits can help a business to survive, since a monopoly pro vides the profits to
continue the innovation.

Postponing the usability considerations until the minimum marketable prod-
uct is reached. UX issues in XR environments are far more c omplex than screen-
based applications. Handheld AR can cause hand fatigue [3], and users cannot
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our proposed MIC provides specific fields to prompt the consideration of these
critical factors.

The experiences of 14 of the startups imposed high physical and cognitive 
loads on their users through excessive motion-based interactions. The benefits 
did not out-weigh the burdens of these demanding natural user interface require-
ments.

An AR productivity startup failed after the users reported physical strain 
from the extended motion-tracking required for 3D modelling. An App Store 
review stated: “It’s innovative but using hand gestures for more than 10 min is 
v ery tiring. I can’t see people using this daily.” The startup could not justify the
interaction load versus mouse/keyboard inputs.

3.5 Failure to Address a Clear Problem

Successful startups often solve tangible problems or fulfill specific needs. How-
ever, some AR/VR startups failed to address a clear problem or failed to effec-
tively communicate the problem they were solving. This lack of fo cus on a defined
problem reduced the perceived value of their offerings and hindered their ability
to attract and retain customers.

A total of 11 of the analyzed startups did not have a well-defined central 
problem that their AR/VR solution effectively solved for u sers. A lack of focus
on addressing real user needs undermined their perceived value.

A VR startup for remote communication had no clear user workflow or pain-
point that their solution addressed better than video calls. As one reviewer 
stated: “It’s nov el tech but I don’t understand when I would actually use this
instead of a Zoom call.”

By recognizing these key failure factors, future AR/VR startups can learn 
from the mistakes of their predecessors and take proactive measures to miti-
gate these challenges. Addressing issues related to long-term planning, hard-
ware limitations, usability, the v alue proposition, motion-based interactions, and
problem-solving can significantly increase the chances of success in the compet-
itive AR/VR landscape.

4 Development of the Metaverse Innovation Canvas 

The Lean Canvas, as a perfect one-page business plan template for brainstorming 
business ideas, was introduced in the Running Lean book [13] based on an exten-
sion of the Business Model Canvas [20], and it has helped a countless number 
of startups around the globe. However, since the Lean Canvas [22] is a general-
purpose framework, entrepreneurs may not use it correctly. The following is a 
list of common myths, mistakes, and difficulties that AR/VR startup founders
usually encounter when trying to deconstruct their business assumptions with
the Lean Canvas.
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immersive technologies, their work stopped short of outlining actionable strate-
gies tailored to the practical context of XR startups and product development. 
Specifically, their review did not translate their insights on ergonomic pitfalls into 
a coherent framework for mitigating issues starting from the early stages of busi-
ness modeling and design. Our research built up on their analysis by proposing
the MIC as an entrepreneurial toolkit for embedding a consideration of criti-
cal usability and user experience (UX) factors directly into the ideation process.
While [23] systematic review highlighted the usability and physical burden issues 
with augmented reality in health sciences education, their work did not provide 
an actionable framework for addressing these concerns during business ideation 
for AR/VR ventures. Our proposed MIC aims to bridge this gap by directly
incorporating human-centered experience scenarios and prompting the justifica-
tion of motion-based interactions from the start.

A total of 17 of the failed startups exhibited poor usability of their AR/VR 
offerings, with unintuitive or cumbersome user experiences that diminished the 
value proposition. Additionally, 16 of them failed to clearly articulate a com-
pelling value proposition that justified the use of AR/VR over non-immersive
alternatives.

An AR home decor app received widespread complaints about poor usability, 
with a 2.1/5 rating on the App Store. The users cited issues such as “keeps 
crashing” and “difficult to place o bjects naturally.” Without a compelling value-
add over browsing decor websites, the app struggled with engagement.

3.4 Motion-Based Interactions and Ph ysical Load

Some failed AR/VR startups struggled with motion-based interactions and phys-
ical load. While these startups offered innovative motion-based experiences, the 
physical demands and discomfort associated with prolonged use did not justify 
the value propositions for users. The disparity b etween the expected advantages
and the physical burden on users eroded the feasibility and attractiveness of
their offerings.

Although the Extended by Design Toolkit [8] acknowledges physical and 
perceptual strain as challenges in XR, it lacks constructs prompting developers 
to justify motion-based UX choices versus less-demanding interaction methods. 
Our canvas guides teams to weigh the benefits a nd burdens of natural user inter-
faces while considering the long-term feasibility. Although the review by Buch-
ner et al. [3] described the physical burdens associated with augmented reality, 
their analysis lacked guidelines for mitigating these demands during design and 
development. Studies have shown that demanding augmented reality experiences
increase the strain, reducing the com-fort and performance over time [2]. Simi-
larly, research has found significant fatigue from the extended use of augmented 
reality glasses compared to mobile devices, limiting their feasibility for daily 
tasks. Similar to the usability issues, the problems with motion-based interac-
tions and physical load for AR/VR systems [9] are not being accounted for in 
current generalized startup planning models such as the Lean Canvas, whereas
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contributed to a deeper understanding of the reasons behind the failures of these 
startups. The following factors e merged as significant contributors to the failure
of AR/VR startups:

3.1 Short Timeframe and Lack o f Future Planning

Many AR/VR startups faced difficulties due to a short-sighted approach and a 
lack of clear plans for future trends. The rapidly evolving nature of the AR/VR 
industry demands foresight and adaptability. Startups that failed often lacked 
the a bility to anticipate market shifts, technological advancements, and changing
consumer preferences, ultimately leading to their downfall.

This factor was observed in 18 out of the 29 failed startups analyzed. Many of 
these companies focused on short-term trends or gimmic ks without accounting
for longer-term market shifts or technological advancements.

3.2 Lack of Scalability and Hardw are Limitations

The lack of scalability in the AR/VR industry can be attributed to the limited 
availability of AR/VR head-mounted displays (HMDs), preventing the creation 
of a mass market service. The shortage of AR/VR HMDs hampers the scal-
ability of startups, as there is not yet a sufficient consumer base t o support
widespread adoption. The hard-ware limitations and the industry’s challenge in
providing affordable, accessible, and high-quality devices have further hindered
the scalability of AR/VR startups.

A total of 22 of the 29 startups struggled with scalability issues stemming 
from the limited availability and high cost of AR/VR headsets and other enabling 
hardware during their active years. Their solutions could not achieve mass con-
sumer adoption due to these hardware constraints.

Quantifying this constraint, only 8.1 million AR/VR headsets were shipped 
globally in 2018 (source: IDC Worldwide Quarterly AR/VR Device Tracker). 
With limited device penetration and high costs, such as USD 599 for the Oculus 
Rift, 15 of the 29 failed startups (52%) directly cited hardware availability and
pricing as a key factor hampering the scalability of their AR/VR solutions.

3.3 Lack of Usability and Va lue Proposition

Usability plays a crucial role in the success of AR/VR startups. The startups 
that neglected the importance of intuitive and user-friendly experiences faced 
significant challenges. Additionally, the lack of a compelling value proposition, 
considering non-AR/VR alternatives, contributed to the failure of some startups. 
When users could find similar solutions outside the AR/VR environment that
were more accessible, more cost-effective, or easier to use, the value proposition
of the AR/VR startups became diminished.

While [ 27] comprehensively reviewed the risks of visual fatigue, cybersick-
ness, and other physical discomforts that undermine the usability and value of
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in advising early-stage ventures and were identified by searching the websites 
of startup accelerators in Iran. Each consultant was presented with the Lean 
Canvas and background information for the five f ailed AR/VR startups identified
in stage 1. They were then asked to fill out the MIC for each startup.

These consultants were asked to evaluate the usability and feasibility aspects 
of the MIC by reviewing the startup cases and providing feedback. Their insights 
from an expert perspective contributed to assessing the potential and usability 
of the proposed framework. Semi-structured interviews were conducted to gather
feedback on the usefulness and usability of the canvas. The sessions were audio-
recorded and transcribed.

It is important to note the limitations of this approach. We did not have 
access to proprietary internal information for Startups 2, 3, and 4, since we did 
not interview their founders directly. Our perspectives on these startups were 
based on publicly available information, which may have lacked key insights. 
There w as also an element of subjectivity in how we interpreted and synthesized
the data on the startups based on our own prior knowledge and experiences.

Furthermore, the participants in this study had access to limited information 
about the startups and reviewed this information in a compressed timeframe. 
During the MIC testing session, three startup consultan ts were brought in to
analyze and com-plete the canvas for five different failed AR/VR startups.

2.4 Analysis Metho d

The analysis of the collected data in this study was guided by Glaserian grounded 
theory methodology, which is a systematic approach for generating a theory
from empirical data [6, 7]. This methodology recommends the constant compar-
ative method, where data collection and analysis occur simultaneously, and the 
researcher continuously compares incidents, codes, and categories to construct a
coherent theoretical framework grounded in the data [7]. 

2.5 Ethical Considerations and Limitations

Ethical considerations were carefully addressed throughout the research pro-
cess. Con-fidentiality and anonymity were maintained when referencing specific 
startup cases or individuals within the startup studio. Informed consent was 
obtained to protect individuals’ identifiable information and prevent potential 
harm to their reputation during the research. After the analysis, the collected 
data were destroyed. The a uthors main-tained reflexivity throughout the study
by acknowledging their positional ties to the startup community and the poten-
tial influence it may have had on their observations and interpretations.

3 Key Failure Factors of AR/VR Startups 

During the analysis of AR/VR startups, several key failure factors were identi-
fied, shedding light on the challenges that led to their downfall. These factors
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Additionally, we utilized online startup directories such as Crunchbase, 
AngelList, and local startup groups to identify relevant AR/VR ventures operat-
ing within the specified timeframe of 2016–2022. We then contacted the founders 
or leadership teams of these startups, explaining the purpose of our research and 
requesting their participation by sharing relevant business documentation and 
data. For startups that had ceased op erations, we attempted to contact former
employees or stakeholders to obtain access to archival materials. Throughout
this process, we ensured the anonymity and confidentiality of the participating
individuals and companies.

2.2 Stage 2: Autoethnography and Autobiographical Design

The objective of this stage was to develop a startup business-modeling framework 
that aimed to mitigate the mistakes made by entrepreneurs when using the 
Business Model Canvas (BMC) and the Lean Canvas, which have been identified
as contributing factors to the failure of AR/VR startups. By recognizing and
addressing the key failure factors identified in Sect. 3,  the  MIC  framework  sought  
to provide entrepreneurs with a comprehensive and effective tool for strategically 
planning their AR/VR startups, thus increasing their chances of success in the 
competitive extended reality industry.Autoethnography has gained popularity
in the field of human-computer interactions in recent years [11,19,21]. 

This method is also employed in universities for conducting design research, 
as it allows for the collection of “creativ e and innovative processes” experienced
by designers [16]. Autobiographical design, a form of design research, utilizes 
autoethnography primarily for the creation of solutions that a re intended to be
used extensively by their creators [18]. 

The primary source of data for this research included the authors’ personal 
and extensive experience with the BMC [20] and the Lean Canvas [22]. We pro-
vided consulting and design services to startups and utilized strategic design 
toolkits such as BMC and its adaptations. Additionally, as the strategic design-
ers and heads of a startup studio, we shared firsthand accounts and insights 
gained from extensive experience working with AR/VR startups. W e conducted
autobiographical design interviews to gather rich and personal narratives, focus-
ing on the challenges, successes, and lessons learned in the context of AR/VR
startup ventures.

In addition, the involvement of other authors in this research played a crucial 
role in facilitating ethnography and enabling data triangulation. The authors 
collaborated in conducting a comprehensive literature review and netnography of 
the startup community on Twitter, which serv ed to triangulate the findings. This
cross-validation approach enhanced the reliability and accuracy of identifying the
factors contributing to failure in this study.

2.3 Stage 3: Ev aluation

In the third stage, the MIC was evaluated through expert testing with three 
startup consultants. These participants were recruited based on their expertise
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2 Methodology 

This research consisted of three main stages. In the first stage, data from domes-
tic and international AR/VR startups were collected and analyzed to identify 
the key factors contributing to their failure. Four focus group sessions were con-
ducted to discuss the data, and the factors were coded based on the analysis.

In the second stage, the authors applied autoethnography [21] and auto-
biographical design [18] to create an innovation tool for startup founders. By 
leveraging their more than a decade of experience in entrepreneurship, the 
authors developed the MIC. This canvas serves as a framework for investors 
and entrepreneurs in the metaverse field. Finally, in the third stage, we recruited
experts to evaluate five failed startups with the MIC and interviewed them about
the MIC’s potential for use in the AR/VR industry.

2.1 Stage 1: Analyzing t he AR/VR Startups

The first stage of the research involved analyzing AR/VR startups. The first 
author’s startup studio actively monitored the AR/VR industry and collected 
data on startups operating in various sectors, including content creation, gaming, 
social media, education, healthcare, tourism, and retail. The data spanned from 
2016 to 2022, with 2016 being a significant milestone in AR/VR history due to
the commercial success of Pokémon Go, which validated the XR market and led
to the widespread adoption of computer-mediated reality technology [4]. 

The collected data included the Lean Canvas of the startups, which was dev el-
oped based on the principles outlined in [20]. Additionally, the data encompassed 
the logs of usability testing sessions, led by the first author. To filter out failed 
startups, the authors examined the recent status of these ventures and iden-
tified 29 startups as failures. Participants were recruited through searching on
LinkedIn. In order to reduce the bias, the participants were not recruited from
the connections of the authors.

To evaluate the reasons behind the failure of these startups, the authors 
conducted focus group sessions. There were five group sessions in total, and four 
participants were recruited through searching on LinkedIn. In order to reduce 
the bias, the partici-pants were not recruited from the first connections of the
authors. These focus group sessions were conducted with the same participants.
The sessions took between 60 and 90 min and were conducted in Q1 2023.

The analysis was based on the collected data, the current status of the 
startups obtained from the C runchbase directory, and the application of stress-
testing desirability [13]. This qualitative test focused on evaluating the problem 
rather than the solution, providing valuable insights into the marketability of 
the product or service. Finally, through a c ontent analysis and codification, the
key themes of AR/VR startup failures were identified.

The selection of AR/VR startups for the analysis was conducted through 
multiple channels. First, we leveraged the authors’ extensive network within the
startup ecosystem, reaching out to companies they had previously advised or
collaborated with.
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acknowledges challenges such as physical fatigue and increased cognitive load, 
it lacks specific constructs prompting developers to justify motion-based user 
experience choices versus less-demanding interaction metho ds. Specialized busi-
ness model frameworks such as the Blitz Canvas [25] have been proposed for 
specific domains like software startups, but there remains a need for tailored 
tools addressing the unique considerations of extended reality ventures.

Successful implementations of AR/VR have the potential to revolution-
ize user experiences through immersive gaming, intuitive 3D designs, interac-
tive remote collaboration, digitally-enhanced shopping environments, and many 
other applications. How-ever, achieving sustainable, scalable ventures in this 
space requires addressing key issues such as hardwa re limitations, creating com-
pelling XR-exclusive value propositions, justifying physical/cognitive interaction
loads, and planning for interoperability and ecosystem forces [17]. 

This has motivated the need for tailored business modeling and design tools 
that can guide entrepreneurs in ideating viable, usable, and scalable AR/VR 
products and services by embedding these critical considerations starting in the
initial stages.

This research proposed the MIC, a novel framework for developing XR prod-
ucts and services. The MIC addresses the limitations of existing tools such as the 
Lean Canvas in capturing unique considerations for XR ventures. The key advan-
tages of the MIC include the following: 1) emphasizing problem solving, with 
blocks dedicated to framing the problem and articulating XR-exclusive value 
propositions; 2) incorporating usability metrics and scenario writing to com-
municate user experiences; 3) considering scalability issues specific to XR, such 
as hardware constraints; and 4) guiding ideation about the social interactions 
and virtual economies afforded by XR. Overall, the MIC provides a holistic, 
human-centered approach to ideation, enhancing the viability of XR startups 
by bridging the gaps between design and business modeling. Its tailored blocks
prompt entrepreneurs to leverage the distinctive capabilities of immersive tech-
nologies. This research made several notable contributions to the understudied
domain of augmented reality (AR) and virtual reality (VR) entrepreneurship.
First, it identified prevalent failure factors based on an in-depth investigation of
unsuccessful AR/VR startups, elucidating common pitfalls.

Second, grounded in design research and industry expertise, it presented the 
novel MIC as a strategic ideation toolkit tailored to addressing the unique consid-
erations of extended reality ventures. Third, the proposed framework prompted a 
human-centered, problem-driven approach to conceiving prod-ucts/services that 
leverage the differentiating capabilities of immersive technologies. Fourth, the 
methodology synthesized mixed qualitative techniques and an external evalua-
tion to produce actionable, valid insights. Overall, this work combined an insight-
ful analysis of real-world challenges with an innovative design output, enhancing
the viability of future AR/VR startups through a tailored, reflective ideation pro-
cess. It provided a model for human-computer interactions and design researchers
seeking to bridge conceptual contributions with practical entrepreneurial impact.
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The emergence of AR/VR applications, services, and tools has had a pro-
found im-pact on shaping the metaverse into a dynamic and immersive digital 
realm. AR applications overlay digital information onto the real world, enrich-
ing our physical environment with virtual elements, while VR applications create
entirely simulated environments.

Over the past few decades, there has been a significant inflow of billions 
of dollars in investments into the AR/VR startup ecosystem [12,14]. However, 
despite the substantial financial backing, a considerable number of these startups 
have faced insurmountable challenges and have ultimately failed to thrive. This 
trend piqued our curiosity and motivated us to embark on an in-depth explo-
ration of the underlying reasons behind the failure of these companies. While
it is commonly acknowledged within the industry [1,17] that technological and 
hardware limitations have played a pivotal role in these setbacks, we recognized 
the importance of delving deeper into the diverse array of factors that may have 
contributed to these failures. Thus, our research aimed to unravel the complex-
ities surrounding the demise of AR/VR startups, going beyond the prevailing
notion of technological constraints.

Through an exhaustive investigation, we sought to broaden the understand-
ing of the dynamics at play within the AR/VR startup landscape. Our analy-
sis encompassed a comprehensive examination of market dynamics, user adop-
tion patterns, funding challenges, regulatory hurdles, and competition dynamics. 
Through a meticulous examination of these multifaceted factors, we aimed to
attain nuanced insights into the intricate challenges confronted by these startups.

By leveraging the insights obtained from our research, we moved beyond a 
theoretical understanding to develop a practical solution. This solution aimed 
to assist founders and investors in refining their business ideas within the dis-
tinctive context of extended reality (XR) environments. While the Lean Canvas 
serves as a useful starting point for business model development, our analy-
sis identified critical gaps when applying it to augmented and virtual reality 
ventures, including an inadequate emphasis on validating the problem-solution 
fit and accounting for the user MIC, an innovative tool designed to facilitate 
the iterative refinement of business concepts. The MIC serves as a structured 
framework for founders and investors, enabling them to identify and address
the specific needs and intricacies of XR environments. By leveraging this can-
vas, entrepreneurs can systematically explore various dimensions such as the
user experience, the technological feasibility, the market viability, monetization
strategies, and the scalability potential within the metaverse ecosystem.

Our approach of examining failed startups specifically aimed to avoid 
survivor-ship bias, a common pitfall in entrepreneurship research where only suc-
cessful cases are studied, as highlighted in [28]. Previous research has highlighted 
potential pitfalls in AR/VR adoption, such as visual fatigue, cybersickness, mus-
cular fatigue, acute stress, and mental overload [27]. However, these studies have 
primarily focused on examining ergonomic and physiological risks rather than 
providing actionable strategies tailored to the practical context of XR s tartups
and product development. Similarly, while the Extended by Design Toolkit [8]
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Abstract. This study investigated the factors contributing to the fail-
ure of augmented reality (AR) and virtual reality (VR) startups in the 
emerging metaverse landscape. Through an in-depth analysis of 29 failed 
AR/VR startups from 2016 to 2022, key pitfalls were identified, such as 
a lack of scalability, poor usability, unclear value propositions, and the 
failure to address specific user problems. Grounded in these findings, we 
developed the Metaverse Innovation Canvas (MIC) a tailored business 
ideation framework for XR products and services. The canvas guides 
founders to define user problems, articulate unique XR value proposi-
tions, evaluate usability factors such as the motion-based interaction 
load, consider social/virtual economy opportunities, and plan for long-
term scalabilit y. Unlike generalized models, specialized blocks prompt
the consideration of critical XR factors from the outset. The canvas was
evaluated through expert testing with startup consultants on five failed
venture cases. The results highlighted the tool’s effectiveness in surfacing
overlooked usability issues and technology constraints upfront, enhancing
the viability of future metaverse startups.

Keywords: Lean Canvas · Mixed Reality · AR · VR · Inno vation ·
Entrepreneurship

1 Introduction 

The concept of the metaverse has been around for decades, but it has been the 
subject of renewed interest and excitement in recent years as technology has 
advanced and virtual reality has become more accessible. The metaverse can be 
understood as an integrated network of spatial realities and virtual worlds, where
users can engage with each other and digital elements within a three-dimensional
environment, often utilizing personalized avatars [5,15]. 
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vi Preface

impacts from emerging technologies such as AR, VR, and AI on the future of collective 
dreaming. 

The paper presentations addressed new dimensions and key challenges and provided 
critical and innovative perspectives of employing design theories and tools to develop and 
implement future digital learning and innovation practices. This was reflected, among 
others, by the paper which received the Best Paper Award of EAI DLI 2024, titled A Case 
Study in Playful Facilitation for Designing Embodied Experiences by Jose Font, 
Alberto Alvarez, Raquel Robinson, and Mikaela O’Bryan, all from Malmö University 
in Sweden – congratulations on receiving the award! 

The collaboration between the General Chairs, Emma Edstrand, Anders Kalsgaard 
Møller, and Thomas Bjørner, and the Technical Programme Committee Chairs, Anders 
Kalsgaard Møller, Emma Edstrand, Thomas Bjørner, and Camilla Finsterbach Kaup, was 
essential for the successful planning and performance of the conference. We sincerely 
appreciated the coordination with Veronika Kissova, Senior Conference Leader of the 
European Alliance of Innovation (EAI), as well as with the steering chair Eva Brooks. 
We are genuinely thankful for the organising committee team’s support: João Martinho 
Moura (Web Chair), Eva Brooks (Publicity and Social Media Chair), Jeanette Sjöberg 
(Workshop Chair), Eva Brooks (Publication Chair), Maria Vesterlund (Sponsorship and 
Exhibit Chair), Emma Edstrand and Maja Højslet Scürer (Poster Chairs), and Maria 
Vesterlund (Local Chair). 

We also acknowledge the outstanding work by the Technical Programme Committee 
Members. Last, but not least, we are grateful to all the authors who submitted their papers 
and workshop proposals to the DLI 2024 conference. 

The conference was held online and organized by Halmstad University in Sweden. 
In conclusion, we firmly believe that the DLI conference offers a valuable platform for 

researchers, designers, educators, and practitioners to engage in meaningful discussions 
about the interdisciplinary field of digital technology and its impact on design, learning, 
and innovation. Additionally, we anticipate that future DLI conferences will continue to 
serve as a vibrant arena for knowledge sharing, as reflected in the contributions included 
in this volume. We look forward to welcoming you all to DLI 2025 – see you there! 

Eva Brooks 
Emma Edstrand 

Anders Kalsgaard Møller 
Thomas Bjørner



Preface 

We are delighted to introduce the proceedings of the ninth edition of the European 
Alliance for Innovation (EAI) International Conference on Design, Learning & Innova-
tion (DLI 2024). This conference brought together researchers and practitioners around 
the world to share their latest research findings in relation to development, use, and 
learning with digital and emergent technology. The theme for DLI 2024 was: New the-
ories, new methods, new technologies. Design, learning, and innovation are often 
embedded in various practices, discourses, and target groups. As media and technology 
in a wide range of ways are intertwined with design, learning, and innovation, these 
boundaries are also challenged – empirically as well as theoretically and methodologi-
cally. The aim of the EAI DLI conference is to provide several different perspectives for 
developing theoretical and methodological approaches to the study of design, learning, 
and innovation. 

The technical program of DLI 2024 included 10 paper presentations and a workshop 
session. The paper presentations were organized into two track sessions:

• Session 1: Using Immersive Technologies for Learning, Accessibility, and Techno-
logical Innovation

• Session 2: Engaging Learners through Gamification, Playful Design, and Generative 
AI 

The two tracks were chaired by Thomas Bjørner from Aalborg University in Den-
mark and Emma Edstrand from Halmstad University in Sweden. Their contribution to 
the discussion related to the sessions was productive and created fruitful and engaged 
dialogues. The workshop session was chaired by Anders Kalsgaard Møller from Aalborg 
University in Denmark and focused on: Designing for Diversity, Equality, and Inclu-
sion in Higher Education Institutions: Exploring issues of sustainability, sense 
of belonging, inclusive designs and co-creation strategies. It was organized by 
Sylvana Sofkova Hashemi (Halmstad University), Nataliya Berbyuk Lindström (Uni-
versity of Gothenburg), and Eva Brooks (Aalborg University) and was an outcome of 
the EDUCERE Nordic Network. During the workshop, the participants were invited 
to collaborative activities where they shared teaching and learning experiences, design 
models, and research evidence reflecting upon future digital skills and design strategies 
ensuring diversity, equality, and inclusion in higher education. 

Elizabet (Liz) Sanders of Ohio State University, USA, gave an inspirational keynote 
presentation titled Design and the Social Sciences: A Transdisciplinary Transfor-
mation, which was grounded in her extensive research commitments within the trans-
disciplinary fields of co-creation and co-design. She addressed the integration between 
design and the social sciences and introduced some of the frameworks that she developed 
as a design research practitioner and design educator. Further, she described the current 
movement from participatory design to “collective dreaming” and introduced potential
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