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Abstract 
This thesis aimed to analyse the influence of VR technology on categorical membership and 
user evaluation within video games. As the video game industry is steadily growing, which is 
partly driven by the integration of VR technology, it is of interest to understand how VR 
technologies have shifted genre classifications and user expectations. Categorical 
membership refers to an organisation or its entity to be assigned to a specific category based 
on the exhibited characteristics shared within this category. Therefore, the following research 
question was composed: What is the influence of VR technologies on categorical membership 
and user evaluation within the video game industry?  

This study adopted a mixed method research design. The research design utilised a 
quantitative and a qualitative analysis of which utilised the quantitative analysis tested six 
hypotheses. This showed that VR video games tend to be classified under more genres, make 
use of less conventional genre combinations than in traditional gaming and receive lower user 
ratings as they are disruptive of nature. To provide more nuance to these findings, a 
qualitative analysis was implemented, which analysed negative user sentiments and identified 
recurring themes that explain these negative sentiments. These themes showed and 
confirmed that VR video games exhibit characteristics of a disruptive innovation, which has 
initially lower performances and stretches out the categorical boundaries of genres.  

The findings suggest that while VR technology opens up numerous opportunities for 
developers it also introduces challenges. Therefore, it is of importance that developers take 
these identified issues and the disruptive nature of VR technology into consideration, during 
the development of their video games. A good balance between creativity and user 
expectations can help innovation penalty and support the integration of VR technology in the 
gaming industry. 

  



 
 

2 
 

Table of contents 
Abstract ......................................................................................................................................................... 1 

1. Introduction .......................................................................................................................................... 4 

2. Theoretical framework ....................................................................................................................... 6 

2.1 Categorical membership ................................................................................................................. 6 

2.2 Online feedback mechanisms ........................................................................................................ 8 

2.3 Genres in video games ................................................................................................................. 10 

2.4 Technological redefinition ........................................................................................................... 11 

3. Methods ............................................................................................................................................. 14 

3.1 Quantitative analysis .................................................................................................................... 14 

3.1.1 Research design ..................................................................................................................... 14 

3.1.2 Data collection........................................................................................................................ 14 

3.1.3 Variable construction ............................................................................................................ 15 

3.1.4 Regression analyses ............................................................................................................... 17 

3.1.5 Hypotheses equations .......................................................................................................... 18 

3.2 Qualitative analysis ....................................................................................................................... 19 

3.2.1 Research design ..................................................................................................................... 19 

3.2.2 Data collection........................................................................................................................ 19 

3.2.3 Operationalisation ................................................................................................................. 20 

3.3 Research quality............................................................................................................................. 21 

4. Quantitative results ......................................................................................................................... 22 

4.1 Descriptive statistics ..................................................................................................................... 22 

4.2 Descriptive statistics VR video games ...................................................................................... 23 

4.3 Correlation test .............................................................................................................................. 24 

4.4 User rating ...................................................................................................................................... 25 

4.5 Genres .............................................................................................................................................. 29 

4.6 Genre commonness ...................................................................................................................... 30 

4.7 Multicollinearity ............................................................................................................................. 32 

5. Robustness check ............................................................................................................................. 33 

5.1 Descriptive statistics ..................................................................................................................... 33 

5.2 Descriptive statistics of VR video games in the robustness checks.................................... 34 

5.3 Correlation test .............................................................................................................................. 35 

5.4 User rating ...................................................................................................................................... 36 

5.5 Genres .............................................................................................................................................. 40 

5.6 Genre commonness ...................................................................................................................... 41 

5.7 Multicollinearity ............................................................................................................................. 43 



 
 

3 
 

6. Qualitative results ............................................................................................................................ 44 

6.1 User reviews ................................................................................................................................... 44 

6.2 Overview of themes ..................................................................................................................... 44 

6.2.1 Technological issues .............................................................................................................. 45 

6.2.2 Immersive issues .................................................................................................................... 46 

6.2.3 Developer issues .................................................................................................................... 47 

6.2.4 Genre specific themes .......................................................................................................... 49 

7. Discussion .......................................................................................................................................... 50 

7.1 Theoretical implications ............................................................................................................... 50 

7.2 Limitations....................................................................................................................................... 52 

7.3 Recommendations ......................................................................................................................... 52 

8. Conclusion ......................................................................................................................................... 54 

References ................................................................................................................................................. 55 

 

  



 
 

4 
 

1. Introduction 
Over the past decade, rapid technological progression has transformed numerous industries 
through significant investments in research, education and innovation (Khan, 2020). These 
investments have incentivised advancements across various domains of science and 
technology, which have resulted in the Fourth Industrial Revolution (Schwab, 2024). 
Innovations driven by the Fourth Industrial Revolution, such as artificial intelligence (AI) and 
5G internet, have redefined how users interact with digital environments and are blurring the 
lines between the physical and digital world (Khan, 2020; Schwab, 2024). Among these, 
Virtual Reality (VR) and Augmented Reality (AR) have introduced new levels of immersion, 
which contribute to this convergence of the physical and digital world. 

The introduction of these transformative technologies has resulted in significant increases in 
investments (Machala, 2022). This increase in investments for AR/VR is particularly evident in 
the video game industry, where funding rose from 93.8 million USD in 2013 to 762.4 million 
USD in 2021, causing an increase of 712.79% (Statista, 2024). Many stakeholders expect 
AR/VR to be the future of the gaming industry (Melnikava et al., 2021).   

The introduction of AR/VR games potentially revolutionised the way video games are 
experienced through the introduction of entirely new dimensions of interaction, through new 
gameplay mechanics, and immersion. AR enhances the physical world by overlaying vibrant 
and visual elements onto the user’s real-life environment, completing their experience with 
additional components. VR also creates a more immersive experience by engaging users in a 
fully simulated environment, enabling the creation of alternate worlds limited only by the 
player’s imagination (Tulane University, n.d.). Examples of such technologies are for instance 
Pokémon GO, which is a prime example of an AR video game and Meta Quest, which is a VR 
technology that allows people to immerse themselves in a 3D space (Meta, 2024).  

The impact that the introduction of AR/VR in the gaming industry has, is studied by several 
researchers. In the research by Tiwari et al. (2023), it is shown that AR/VR gaming can provide 
risk-free settings, which allow individuals to make errors without facing permanent 
consequences. This capability can prominently be seen in serious games within high-risk 
industries, such as the medical, aviation or engineering fields, where students and trainees can 
utilise AR/VR applications to practice specific tasks. These simulations allow students and 
trainees to develop their skills and knowledge, which ultimately enhances their efficiency and 
safety when performing these tasks in real-world settings.  

Van Nguyen et al. (2022), show possibilities that AR/VR has with regards to digital tourism. 
According to Van Nguyen et al. (2022), it is possible to reconstruct digital heritage objects in 
3D, which then can be used to create, for instance, a virtual museum. This would be an 
efficient way of providing cultural and historical values of heritages to communities in a more 
engaging manner. According to Theodoropoulos (2022), AR/VR does not only support offsite 
cultural experiences, but also onsite cultural experiences. The incorporation of AR/VR in 
museums can increase museum visiting motivation through its dynamic engagement. 
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A final example of this is the application of VR in educational settings, which increased 
student engagement. The incorporation of a VR environment led to higher levels of active 
participation and interest among students, due to the interactive learning experience (Shah et 
al, 2024). The integration of VR technology makes it possible to design complicated scenario’s 
that otherwise would not have been possible to create or create safely. Therefore, students 
are able to immerse themselves in a complicated, stress-inducing situation, which will enable 
them to effectively and safely manage similar situations in the future. 

These researches highlight the significant potential of AR/VR gaming through its immersion, 
however AR/VR remains an emerging and immature technology (Bian, 2023). Consequently, 
this research will focus exclusively on VR video games. Due to the limited maturity of AR/VR 
technologies, the application of AR technologies within the video game industry remains 
relatively scarce. This has resulted in a limited number of AR video games available on gaming 
platforms, making AR video games an unviable subject for analysis. 

The influence of the immersion that VR brings is still not completely researched. 
Aforementioned researches show that VR can create video games in multiple various 
directions. However, the new possibilities that are introduced by VR, also give rise to certain 
uncertainties. The new capabilities that are achieved through VR may influence the way that 
video games are classified. For instance, certain combinations of video game genres may 
become more relevant, due to the enhanced immersion or new gameplay mechanics offered 
by VR, while conventional genre combinations may lose their relevance. As a result, video 
games classification may experience significant changes due to the introduction of these 
technologies.  

This shift in classification may also impact the experience of users. Video game users may 
have developed specific preferences for certain genre combinations or may favour standalone 
genres. However, the change in classification from the introduction of VR technologies, could 
expose video game users to new genre combinations, which can influence their levels of 
satisfaction. While some users may find these new combinations very intriguing and engaging, 
others may perceive them as mismatched or dull, leading to divisions in user evaluation.  

For this reason, this research could be highly valuable for game developers , that are preparing 
on starting or already working on VR gaming projects. According to Statista (2025), 34% of 
video game developers are currently working on projects for Meta Quest, while 26% are 
developing games for Steam VR, which showcases the impact of VR in todays market. It is 
essential for these developers to understand the key factors that influence user expectations 
and preferences, especially regarding the classification of their video games. Developers could 
invest heavily in a single genre or a specific combination of genres based on past success, 
however the introduction of VR as a new variable may have changed the dynamics of genre 
utilisation and classification. Failing to account for these shifts could results in tremendous 
losses, which could have been avoided with a better understanding of these trends. 
Therefore, this research aims to provide insightful results for businesses to refine their 
strategies, which enhances their potential of developing a successful VR game.  

Consequently, this research will evaluate whether the introduction of VR technology in video 
games is associated with a shift in genre classification and whether these changes influence 
user ratings. Put differently, VR technology may make it more difficult to assign video games 
as members to categories and thus genres. This leads to the following research question: 
What is the influence of VR technologies on categorical membership and user evaluation within 
the video game industry? 
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2. Theoretical framework 
This section provides a framework consisting of four core bodies of literature to evaluate the 
influence of VR on video game classification and evaluation: (1) categorical membership, (2) 
online feedback mechanisms, (3) genres in video games and (4) technological redefinition. 
These core bodies will function as the foundation for the formulation of six hypotheses aimed 
at addressing the research question.  

2.1 Categorical membership  
According to Durand et al (2017), categories act as disciplinary mechanisms that bring order 
to organisational interactions in markets. Categories are groupings of entities that help 
audiences understand the world by highlighting the characteristics that are most important, 
which makes recognition and actions easier (Durand et al, 2017). Audiences structure their 
environment by organising items into relevant categories, thereby imposing order and 
facilitating a more comprehensible and systematic understanding of the world. These 
categories are defined by their respective categorical boundaries (Vergne, 2014). Categorical 
boundaries specify the criteria that determine the inclusion and exclusion of organisations or 
its offerings to a particular category. These boundaries are typically set through a list of 
category attributes, which an organisation or its offerings must posses to be considered part 
of the category. An organisation or its offerings can only be included in the category if it 
possesses all of the attributes (Vergne, 2014). According to Frenken and Punt (2023), certain 
items serve as representative items of a category, called exemplars. They function as a 
prototypical example that best embody the defined attributes of the respective category.   

An organisation or its offerings is recognised as a category member by audiences if the 
organisation or its offerings hold all the attributes of the category boundaries and if the 
organisation is focused enough (Vergne, 2014). The second requirement is just as important 
as the first requirement, as it creates legitimacy for audiences. This can particularly be a 
problem in organisations that try to diversify into different categories. An example is Harley 
Davidson, the renowned motorcycle manufacturer, which in the nineties attempted to 
diversify its brand portfolio by producing perfume (Medium, 2021). Audience members were 
accusing Harley Davidson of producing more products just to increase sales and did not adopt 
the products. Even though, the product falls within the category boundaries of that industry, 
the firm was not focused enough and was still associated with just being a motorcycle 
manufacturer. 

In some instances, organisations or its offerings, may be recognised only as a partial member. 
Partial membership occurs when the organisation or its offerings exhibit some, but not all, of 
the defining category attributes and when the partial member is not focused enough, in terms 
of its offerings, to be seen as a member of the category (Vergne 2014). Partial membership 
can thus be caused by solely exhibiting some of the defining attributes from a lack of focus or 
from a combination of both factors.  
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The notion of categorical membership extends beyond individual classifications, as categories 
are often embedded in larger categorical systems (Boghossian & David, 2021). This reflects 
the principle of categorical granularity, wherein subcategories belong to basic categories, 
which in turn belong to superordinate categories forming a hierarchical nested system 
(Durand and Cudennec, 2023). Within such nested systems, categories are vertically 
organised; higher level categories function as umbrella categories and meaning from these 
categories can flow to subordinate categories (Wry & Lounsbury, 2013; Durand & Boulongne, 
2017).  

The nested structure of categories plays a crucial role in giving meaning and perceived value 
of a category. When a category’s position shifts within the system or when a new umbrella 
category is introduced, the interpretation and significance of a category may be, either 
positively or negatively, altered. This dynamic is particularly evident in the introduction of 
novel products by entrepreneurs. When entrepreneurs introduce novel products onto the 
market, audience members notice specific and unique traits of the product, which may, over 
time, contribute to the formation of a new categorical prototype (Boghossian & David, 2021). 
Products within the same category are evaluated based on their alignment with this 
prototype, where products with better alignment are perceived as more valuable products 
opposed to their counter parts.     

However, the classification of an organisation or its offerings as fully, partially or not 
belonging to a specific category is rarely straightforward. Categorical boundaries inherently 
possess a degree of ambiguity, which is often referred to as category fuzziness (Hannan, 2010). 
This concept questions the clearly defined boundaries between category members and non-
members (McCloskey et al, 1978). A high degree of fuzziness indicates blurred boundaries of 
a category, which makes it challenging to distinguish between those that belong within the 
category and those who do not (Motamendi, 2014). Vergne (2014), adds to this notion that a 
category’s boundaries are fuzzier when there is a disagreement between producers and 
audiences about which attributes should be considered for a category’s definition and if 
category members have multiple memberships in several categories. High fuzziness allows for 
audience members to be more free in understanding and using categories (Frenken and Punt, 
2023). 

Categorical boundaries and their fuzziness function as a stepping stone in the article by 
Frenken and Punt (2023), who explore the relationship between the innovation types; radical, 
disruptive, breakthrough and incremental innovations, and categorical membership. An 
innovation is considered categorical radical, when society categorises and institutionalises this 
innovation into a completely new category instead of in an existing category, and appreciates 
it for its novelty. An innovation is seen as categorical disruptive, when the innovation is 
categorised and institutionalised within an existing category, but by stretching the boundaries 
of this category often by ignoring one or more attributes, and being positively assessed as it 
makes an artefact or practice more accessible. An innovation is considered categorical 
breakthrough, when the innovation is categorised and institutionalised within an existing 
category and is assessed positively due to its major improvements in known attributes. On the 
contrary, an innovation is called categorical incremental when the innovation is categorised 
and institutionalised in an existing category and assessed positively due to its minor 
improvements in known attributes. 
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This view on innovation related to the theoretical notion of categorical imperative, which is a 
notion that has been extensively explored by Zuckerman (1999, 2017). According to 
Zuckerman (1999, 2017), a categorical imperative refers to the pressure that individuals or 
organisations face from their audience to conform to established expectations associated with 
recognised categories. Market actors encounter legitimacy constraints, when their products 
or services deviate from conventional products or services that are more commonly seen in 
said markets. Frenken and Punt (2023) also address this concept of innovation penalty through 
categorical penalties; when an entity deviates from the exemplar of a category, audience 
member could experience greater difficulty in accurately categorising the entity. This could 
lower the perceived valuation of the entity and potentially lead to a lack of investment or 
sales. This phenomenon is often seen with entities that are either radical or disruptive, as they 
create new categories or stretch existing categorical boundaries. This can obstruct audience 
members from directly comprehending their value, which often results in a lower perceived 
valuation. 

Categorical membership theory provides a framework for understanding how users perceive 
and unconsciously respond to the classification of products. However, the measurement of 
such responses is operationalised through feedback mechanisms. A feedback mechanism that 
is particularly important in todays society is the utilisation of online feedback mechanisms, 
where user ratings and reviews are used to assess whether certain products are accepted by 
consumers.  

2.2 Online feedback mechanisms 
User reviews and ratings are forms of online feedback mechanisms (Dellarocas, 2003). They 
are important ways of distinguishing whether items are widely approved or refused. Although, 
the two concepts are commonly used interchangeably, they are distinct in meaning 
(Lackermair, 2013). A product review refers to a textual review detailing a customer’s 
experience with a product, providing feedback. In contrast, a product rating represents the 
customer’s evaluation expressed on a predefined scale, such as between 1 and 5 (Lackermair, 
2013). Therefore, product reviews offer a qualitative measure of their opinion, while product 
ratings offer a quantitative measure of their opinion.  

Online feedback mechanisms are widely recognised for their role in establishing trust in 
offerings and supporting users to make judgements and choices about offerings. However, 
their influence extends beyond these functions, exerting a broader impact on organisations 
(Dellarocas, 2003). Organisations can use the feedback generated from these mechanisms for 
customer acquisition, customer retention, brand building and product development 
(Dellarocas, 2003). Organisations can be fundamentally altered or developed based on 
insights from online feedback mechanisms. This feedback offers great input for decision 
making processes, which enables organisations to alter their strategies to align with customer 
preferences.  
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Online feedback mechanisms impact not only organisations, but also potential customers. 
According to Lackermair (2013), the first indicator in the decision making of a product is often 
the user rating of said product. As aforementioned, user ratings are expressed on a predefined 
scale, which often involves a Likert-scale. Potential customers can quickly and efficiently 
asses a product’s user rating through online feedback mechanisms. For instance, if a product 
has an average rating of 2 out of 5 based on 500 reviews, then potential customers will be 
less inclined to purchase such a product as the low rating signals dissatisfaction among 
customers.  

User reviews have the same impact on potential customers, but are seen as a less efficient 
mechanism (Lackermair, 2013). User reviews provide more comprehensive insights about 
customer dissatisfaction with certain products. By offering textual feedback, customers can 
express their opinions in detail about aspects they appreciate and dislike. Nevertheless, this 
more detailed approach results in potential consumers having to invest more time in research, 
which is not always preferred. Potential customers perceive longer reviews as more 
informative compared to shorter ones. However, the increased length can complicate 
comparison between reviews, which has negative influence on decision making efficiency. 
This ultimately may lead to certain aspects to remain unclear (Lackermair, 2013). 

User ratings and reviews have also been used in empirical research about categories. In 
particular, empirical studies have shown that offerings that have only partial membership 
receive, on average, lower ratings and reviews. Hsu et al. (2009), for example, have analysed 
the effects of multiple categorical membership on the appeal and commercial success of films 
released in the United States. The films analysed in this empirical study were classified into 17 
distinct genres, encompassing genres ranging from action to romance. The findings indicated 
that films targeting a broader audience with less specialisation in specific genres tend to 
perform worse in terms of appeal and box office success compared to films with a narrower, 
more focused genre orientation.  

Kovacs and Hannan (2010) also examined the concept of partial membership, but in the 
context of restaurants and other food services. The study analysed restaurants based on the 
variety of cuisines they represent and evaluate the impact on consumer assessment. The 
findings indicate that restaurants offering a high contrast combination of categories, such as 
serving both Indian as Mexican cuisines, are more difficult for audience member to interpret. 
This ambiguity in categorical identity may result in lower evaluations compared to restaurants 
that focus on one or more low-contrast categories. 
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These empirical studies thus confirm the categorical imperative theory, which explains why 
innovations that diverge from conventional category norms often struggle to secure approval 
and acceptance from relevant stakeholders. Accordingly, the theories of online feedback 
mechanisms and categorical membership will serve as the foundational framework for 
examining whether categorical classification within video game industry adheres to similar 
dynamics of approval and refusal. 

2.3 Genres in video games 
Following previous research on restaurants and movies, one can evaluate user ratings and 
reviews to examine and analyse how users assess video games based on their categorical 
membership. User feedback, expressed through reviews, provides valuable insights into 
players’ satisfaction and perceptions of the game’s quality. On the other hand, sales data 
serve as an indicator of the game’s commercial appeal and its ability to capture a broad 
audience. However, the influences of these two indicators are not perfectly correlated; in 
principle, a game that has lower reviews can still generate a lot of sales and, reversely, a game 
that has good reviews may still have low sales.  

According to Hsu (2006), who researched the influence of genres on box office success in 
movies, producers that target a broad area of the market have access to greater potential 
revenue, despite lower appeal. The total size of the market is increased, when producers 
target multiple genres, thereby creating opportunities to access a greater pool of resources. 
This could also be the case for video games. Video games that focus on a single genre, 
therefore limiting the market size, may tend to get high appeal and they target a well-defined 
audience with niche interests. In contrast, video games that integrate multiple genres into 
their game expand their audience base and provide a much more diverse experience, may get 
lower appeal, but can, in principle, attract a broader range of potential consumers. 

As aforementioned, through the production of multi-genre games a larger proportion of the 
audience is targeted, thus increasing sales. However, this may have negative impacts on the 
experience of particular audiences (Hsu, 2006). These films that target different genres create 
a difficult scenario as they try to appeal to multiple audiences, where they have difficulties 
interpreting the identities of the movies. This results in audiences disapproving the entire 
production, as it has a poor fit with their expectations and preferred taste (Hsu, 2006). This is 
also supported by Leung (2009) and Zuckerman (2017), which shows that actors that span 
multiple categories are devalued relative to others that focus on a single category.  
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The extent to which audiences may disapprove a multi-genre video game may vary, according 
to the actors that are involved in the production of these video games. According to Hsu et al. 
(2009), novel actors benefit from associating their product with a single category, because 
audiences interpret their niche experience as a signal of skill in this specific category. 
Therefore, products that target multiple categories are automatically perceived as an inferior 
product, with regards to category specific products. Regarding incumbent actors this may 
matter less, as they have already proven themselves in their respective branch of work and 
therefore will not be seen as unskilled if they tend to produce a product that adheres to 
multiple categories.  

In conclusion of the previous arguments, the following hypotheses have been formulated: 

Hypothesis 1: Video games that are classified under multiple genres receive lower user 
ratings compared to video games that are categorised under a single genre. 

Hypothesis 2: Video games that are classified under multiple genres produced by novel 
developers receive lower user ratings compared to video games that are classified under 
multiple genres produced by incumbent developers. 

As VR opens up possibilities for new genre combinations and classifications, due to their new 
capabilities, which could cause difficulties with categorisation by audience members, the third 
hypothesis is: 

Hypothesis 3: Video games that integrate VR technology are more likely to receive lower 
user ratings compared to non-VR video games, due to their disruptive nature. 

2.4 Technological redefinition 
The gaming industry has experienced continuous improvements as more technological 
advances are made each year. Initially, innovative developments in gaming were focused on 
improvements of resolution and visual quality. For example, the first commercially successful 
game, Atari Pong, functioned on a display of 210x160 pixels (Weitkamp, 2019). Technological 
progress has enabled the development of video games to support high definition resolutions, 
such as 4K or 3840x2160 pixels, which has increased the visual experience for users 
tremendously (Yarnell, 2022).   

While advancements in visual quality and resolution continue, with efforts toward the 
commercial implementation of 8K technology, the focus has shifted towards enhancing 
immersion in gaming experiences (Bove, 2018). Technological developments resulted in the 
creation of immersive technologies such as VR. According to Verhulst et al. (2021), VR is 
defined as the creation of a fully computer generated environment, resulting in a completely 
synthetic world.  

According to Neo-Schumpeterian growth theory, new innovations emerge to successfully 
challenge and eventually replace existing innovations within society (Schumpeter, 1942). 
These radical innovations use new technology and open up new markets, which require 
specific organisational capabilities, such as agility and willingness to take risks, which 
incumbent firms often lack. Henkel et al. (2015) highlight that new entrants are typically 
better positioned to engage in radical innovation due to their organisational flexibility, lack of 
established customer relationships and the absence of existing products. These characteristics 
are all crucial in order to engage in radical innovation. 
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Building on this, Christensen (1997) introduced the concept of disruptive innovation. This 
concept also involves the emergence of new technologies, but instead of creating a new 
market, it disrupts an existing market. Disruptive innovations have unique characteristics, 
which are used to replace traditional technologies and completely shift an industry. At the 
time of introduction onto the market, these innovations typically underperform, compared to 
the industry standards, but offer higher value on affordability and accessibility. As the 
technology matures, its performance improves, which ultimately results in the innovation to 
surpass the dominant technology and to reshape the market. Similarly as radical innovations, 
disruptive innovations are often introduced by new entrants that have the flexibility, 
organisational capabilities and lack of established customer relationships to engage in this 
type of innovation.  

On the contrary, incumbent firms are defined by their established customer relationships and 
focus on improving their existing products (Tripsas & Gavetti, 2000). These firms often 
engage in incremental innovation rather than radical or disruptive, because of path 
dependency. They have made tremendous investments in specific capabilities and processes, 
which keeps them locked into a set trajectory (Schumpeter, 1942). Diverging from this 
trajectory requires a structural reorganisation of the firm, which is costly and perilous. 
Therefore, incumbents are more inclined towards incremental innovation, which aligns with 
their organisational structure. Moreover, diversifying into different products and possibly 
markets could put their existing customer base at risk, therefore short term and risk free 
investments are more preferred. Thus, new entrants and incumbent firms fulfil different roles 
in driving technological advancements.   

Accordingly, emerging technologies, such as VR are not likely to be pursued by incumbent 
firms, because of the uncertainty the technologies bring with them. The applications of VR 
technologies are still immature with a global user penetration rate of 1.3% that own a VR 
headset, compared to a penetration rate of 45% for video games in 2023 (Statista, 2023). 
Therefore, those who engage in the development of these technologies could very well be 
mostly new entrants.  

Despite this low penetration rate, the implementation of VR technologies has shown its 
potential of increased user engagement through their immersive experiences.  Examples, also 
mentioned in chapter 1, include serious gaming in high-risk training settings (Tiwari et al. 
2023), digital tourism and heritage (Van Nguyen et al. 2022; Theodoropoulos (2022), and 
interactive learning in education (Shah et al., 2024).  
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The applications of VR technologies, however, extend beyond these specific settings, as the 
gaming industry also recognised its potential opportunities. The introduction of VR 
technologies within the video game industry has opened up numerous complex possibilities 
for the gaming community through innovative features. These new possibilities that VR bring 
into the gaming industry may disrupt how users evaluate video games in its entirety. VR video 
games are perceived differently due to their nature, which may lead to differences in user 
evaluation compared to traditional video games, and difficulties and disagreements on how to 
classify VR video games into genres. Critics and users are accustomed to evaluating video 
games to established preferences and criteria. The introduction of new characteristics, such as 
enhanced immersion, may change the way video games should be evaluated. This shift in 
evaluation is not only influenced by the possibilities that VR introduces, but also by their 
current limitations. As VR technology is still immature, video games that use these 
technologies may showcase weaker performances in graphics or bad user interfaces, which all 
have influence on user evaluation. Therefore, the video game industry may be in need of a 
reconsideration of evaluation criteria. 

These advancements and limitations from VR technologies do not only have the potential to 
change user evaluation completely, but may be able to establish entirely new categories 
within the industry. The capabilities that VR introduce, may be able to combine previously 
seen unfitting genres to create a novel and captivating combination. Certain genres now could 
work well together, only because of, for instance, the enhanced immersion that VR offer. The 
same principle applies to the limitations of VR technologies, as certain aspects VR does not 
excel in could inhibit the combination of genres, which otherwise would go fine together.  

To the best of my knowledge, the influence of VR technologies on categorical redefinition and 
user evaluation has yet to be thoroughly researched. 

In conclusion of the previous arguments, the following hypotheses have been formulated: 

Hypothesis 4: Video games that integrate VR technology are more likely to be classified 
under multiple genres compared to non-VR video games 

Hypothesis 5: Video games that integrate VR technology are more likely to feature genre 
combinations that were previously less common in traditional video games.  

As VR represent a new technology opening up new possibilities and genre combinations that 
newcomers are generally better at leveraging compared to incumbents focusing on 
incremental innovation, the last hypothesis is: 

Hypothesis 6: Video games that integrate VR technology and are classified under multiple 
genres receive higher user ratings when developed by novel developers compared to 
incumbent developers. 
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3. Methods 
This research adopted a mixed method research, which has made use of quantitative and 
qualitative research approaches. The methodology provides insights into the research design, 
data collection, operationalisation of concepts and research quality of this mixed method 
research. 

3.1 Quantitative analysis 

3.1.1 Research design 
The research has utilised a cross-sectional study design for the quantitative analysis. It was a 
deductive analysis, in the sense that several hypotheses have been predetermined. These 
hypotheses were tested and have either been accepted or rejected based on the findings. The 
assessment of the hypotheses was done through regression analyses. The datasets that have 
been used for this analysis originate from 2024, as the data reflect a single point in time, the 
research was appropriated for a cross-sectional study. This cross-sectional approach has 
enabled the identification of patterns and trends regarding categorical membership within the 
video game industry and evaluation of said video games.  

The datasets have been sourced from Steam, the largest video game distribution service, to 
ensure most representative outcomes for this research (Statista, 2024). With an estimated 
409 million video games sold in 2022 and over 100,000 titles available, Steam is widely 
recognised as the leading platform in the video game industry (Statista 2024; Backlinko, 
2024). Due to Steam’s extensive consumer base and variability of games that are offered, 
Steam provides an excellent starting point for the analysis of the implementation of VR 
technologies in video games on categorical membership and user evaluation, which has 
established extensive results.  

3.1.2 Data collection 
This research has employed desk research for the collection of data. The data has been 
collected from secondary sources, such as Kaggle or GitHub, that utilise data which originates 
from Steam. The datasets were obtained through the use of application programming 
interfaces (API’s) and uploaded on these sites. An initial attempt was made to carry out the 
API’s independently, in order to secure reliability and consistency of the data, but this proved 
to be not viable. Therefore, the datasets were sourced from secondary sources and a manual 
review of 50 observations was conducted to verify the consistency and reliability of the data. 
This manual review cross-referenced the datasets with the data from Steam, in order to check 
the consistency of the datasets. This ensured validity and accuracy of the datasets that have 
been used in this research.  

The required datasets had to include several important topics for them to be eligible for use. 
This included details on video game genres, the number of downloads a video game has, user 
ratings, total amount of user ratings and the developers of the video game. A thorough review 
of the secondary sources has been conducted for the identification of suitable datasets. The 
information that was acquired through these sources are all publicly available and therefore 
have not resulted in any legal issues with regards to Steam’s privacy.  
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Individual datasets that were derived from the secondary sources were insufficient, because 
they did not include all the important information. Therefore, multiple datasets have been 
combined in order to create the most comprehensive and complete dataset. The different 
datasets have been combined with the help of R. This dataset totalled 83,008 different 
observations. However, the combined datasets had to be cleaned in order to remove all 
observations that were deemed invalid, due to unusable values in key variables. Specifically, 
observations with a value of 0 for estimated ownership or user ratings of -1 were excluded 
from the dataset. This resulted in a dataset with a total of 45,244 observations, which served 
as the final sample size of the study.  

3.1.3 Variable construction 
Based on the different hypotheses, several dependent variables had been identified for the 
analysis of the hypotheses. For hypothesis 1, 2, 3 and 6 the dependent variable was the user 
ratings. Hypothesis 4 examined the number of genres a video game is classified under, while 
hypothesis 5 focused on the commonness of genre combinations.  

The concept of user ratings is easily presented on Steam. Steam users are given the option to 
evaluate a video game based on their experiences by providing either a “thumbs up” to 
indicate positive feedback or a ”thumbs down” to indicate negative feedback. All the 
individual ratings are then accumulated by Steam to produce an overall score ranging from 0% 
to 100% which reflects overall customer satisfaction1. This aggregated rating will be utilised 
as the primary measure for user ratings in the analysis.  

The concept of the number of genres a video game has been classified under is 
straightforward to operationalise, as the datasets provide a clear list of genres for each game. 
This dataset encompasses a total of 11 distinct genres, which includes genres such as action, 
sports, racing and strategy. This ensures an accurate identification of genre variability for the 
analysis. It is important to note that Steam employs a specific genre classification system. 
According to Valve Corporation (2022), video games on the platform can be categorised into 
three levels of genres: super-genre (e.g. Action), genre (e.g. Platformer) and sub-genre (e.g. 
Precision Platformer). This study focussed exclusively on the super-genre level, as it captures 
the most noticeable differences between games. This has also been proven by Guzsvinecz & 
Szucs (2023), where they used super-genres or top-level genres (TLG’s) in their research. The 
assignment of these super-genres is carried out by the game developers themselves, who 
determine under which genres their games should be classified (Guzsvinecz & Szucs, 2023).  

Regarding the prevalence of genre combinations required a more nuanced approach. To 
determine which genre combinations were regularly observed and which not, a list of all 
unique genre combination was composed, which resulted in a total of 1,458 different 
combination of genres. The frequency of combinations was calculated based on the 
reoccurrence of the combinations throughout the dataset. This frequency served as an 
indicator of whether a genre combination was usual or unusual to see in video games. 
Consequently, a genre combination received a commonness score, which ranged from 1 to 
2,496. Higher values for the commonness score indicated that it was more common to 
observe the genre combination in video games.  

 
1TotalReviews=PositiveReviews+NegativeReviews 
ReviewScore=PositiveReviews/TotalReviews 
Rating=ReviewScore−(ReviewScore−0.5)*2−log10(TotalReviews+1) source: SteamDB (2017) 
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These dependent variables did act interchangeably, as they served as a dependent variable in 
one hypothesis and could serve as an independent variable in others. For instance, the 
number of genres assigned to a video game acted as an independent variable in hypotheses 1, 
2, 3 and 6, however in hypothesis 4 it acted as a dependent variable. However, the amount of 
genres was a categorical variable, therefore when the variable functioned as an independent 
variable it had to be transformed into a dummy variable, so that it could be included in the 
regressions.  

Two additional independent variables were utilised in this study. The first independent 
variable was the inclusion of VR elements in video games. Video games that would have 
access to VR technologies had received the tag “VR”, which made it possible to distinguish the 
video games from non-VR video games. 

The second independent variable was the developer’s background with regards to whether it 
could be classified as a novel or incumbent developer. In this study, the distinction between 
novel and incumbent developers was based on the types of games they produced. Developers 
characterised as incumbent were those producing AAA games, which are video games that 
have significant backing and funding from major publishers (Prolific Studio, 2024). Contrarily, 
developers of AA or Indie games, which operate on a significantly smaller budget and smaller 
team, were characterised as novel developers. The identification of the type of developer has 
been done manually, as datasets would only include information on whether the video games 
were Indie games. Therefore, developers from video games that were not Indie were analysed 
to determine whether they develop AAA video games. 

Several control variables have been incorporated in order to prevent omitted variable bias, 
which occurs when a third variable is absent in an analysis, while this variable causes the 
independent and dependent variable (Wilms et al. 2021). In the study by Philp & 
Nepomuceno (2024), several control variables had been considered for their research on the 
influence of reviews on product usage. One such variable was whether a video game included 
a multiplayer mode. The presence of a multiplayer functionality may influence the genre 
classification of video games, the type of developer behind the game, and ultimately user 
ratings. Another control variable that was included in the analysis is the release date of a 
video game. Video games released prior to the introduction of VR technologies did not 
experience the potential classification shift and therefore their evaluations may differ from 
those games released after the introduction of VR technologies.  

The estimated number of owners has also been taken into account, as this has influence on 
the representation of user evaluation, where games with a lot of owners tend to have more 
user ratings. This does not necessarily have negative or positive consequences for user 
ratings, but it does give a more nuanced view of user evaluation and therefore had to be 
included in the analysis. The amount of supported languages in a video game was included as 
a control variable. A greater number of supported languages increases the accessibility of the 
video game to a more diverse audience. People from all different kind of countries are able to 
engage with the game. This broader accessibility enables people of different backgrounds to 
form an opinion on the video games and share them through user ratings. Therefore, it was 
deemed important to include this variable in the analysis. 
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The final control variable that had been included was whether a video game had an official 
age rating of 16+. Video games with age ratings could have different genre combinations, as 
certain immersive genres are more effectively expressed without age restrictions. These 
differences in game expression could influence user evaluations as well. The inclusion of 
these variable as a control variable ensured a more nuanced analysis of the relationships 
between the variables.  

3.1.4 Regression analyses 
These variables have all been used in linear regression models, also known as ordinary least 
squares (OLS) regression, for either the acceptance or rejection of the hypotheses 1, 2, 3, 5 
and 6. The dependent variables regarding these hypotheses were all continuous and therefore 
are suitable for linear regression. This method was used to minimise the sum of square 
differences between the observed and predicted values (XLstat, n.d.). This assumption of a 
linear relationship has been made due to the fact that several similar studies, such as the 
studies by Philp & Nepomuceno (2024) and Brunt et al. (2020) showed that this was the case.  

With regard to hypothesis 4, the dependent variable represents count data, which makes 
linear regression deemed as inappropriate. To determine the most suitable regression model, 
an analysis of the dispersion was conducted. This analysis indicated that there was a presence 
of under dispersion. Consequently, a quasi-Poisson regression model was selected, as quasi-
Poisson regression models have great power to determine significance of covariates in states 
of under dispersion (Harris et al., 2012). For the interpretation of the estimates derived from 
the quasi-Poisson regression models, it was required to take the exponential estimated values. 
This allows for an accurate interpretation of the actual effect of the predictors on the 
dependent variable. 

For the regression analyses a confidence interval had to be determined. This was important as 
this range represents the probability that the estimate will fall between the range of this 
interval for a certain percentage of times (Scribbr, 2023). It was decided that, for this research, 
the confidence interval of 90% would be used for all the regression analyses. This confidence 
interval was chosen, because the sample size for the analyses was very large. Large sample 
sizes give narrower intervals, which enables the use of larger confidence levels. This allows for 
more efficient detection of effects between variables (Statsig, 2025). Furthermore, to assess 
the proportion of variance in the dependent variable explained by the independent variables 
of the regression analyses, the adjusted R2 was taken for the OLS models and for the quasi-
Poisson model the pseudo R2. It is common to observe low R2 and pseudo R2 values in social 
sciences, which would indicate poor model fit. However, this is not necessarily bad as the 
primary goal is not to predict behaviour, but rather to analyse whether predictors have a 
significant effect on the dependent variable (Ozili, 2023). Therefore, even if these values turn 
out to be low, they can still be accepted. 

To assess the strengths of the regression results, robustness checks were conducted for all 
models through the alteration of the regression specifications. This was done by performing 
the regressions using a subset of the data, which only included video games that had at least 
100 user ratings. This approach allowed to observe whether the estimated coefficients were 
consistent under different conditions. This threshold of user ratings was taken to preserve a 
large proportion of the VR video games, as their representation would diminish quickly with a 
higher amount of minimum user ratings. This would not have given a valid illustration on how 
VR technology is influencing categorical membership and user evaluation.  
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To provide more contextual information prior to the regression analyses and, consequently, 
the robustness checks, descriptive statistics are shown for the complete dataset, the dataset 
for the robustness checks and also for the proportion of VR video games within these 
datasets. In addition, correlation tests have been conducted for both datasets to assess the 
presence of correlations between independent variables that were not expected.    

Following the robustness checks, the models were assessed for multicollinearity through the 
use of the Variance Inflation Factor, also known as the VIF test. VIF values between 1 and 5 
are generally considered acceptable and indicate low to moderate multicollinearity and 
suggest that the independent variables are not correlated. VIF values exceeding 5 indicate 
multicollinearity, which make statistical references less reliable. Therefore, it is important to 
maintain VIF values between 1 and 5, closer to 1 is preferred, to ensure validity of the results.   

3.1.5 Hypotheses equations 
The relationships between the different variables have been calculated through the following 
equations: 

Hypothesis 1: 𝛽1 < 0,  User rating = 𝛽0 + 𝛽1(Genre Dummy) + 𝛽2(Multiplayer) + 𝛽3(Release 
Date) + 𝛽4(Age Rating) + 𝛽5(Supported Languages) + 𝛽6(Estimated Owners) + error 

Hypothesis 2: 𝛽1 < 0, User rating = 𝛽0 + 𝛽1(Genre Dummy)*𝛽2(AAA Developers) + 
𝛽3(Multiplayer) + 𝛽4(Release Date) + 𝛽5(Age Rating) + 𝛽6(Supported Languages) + 𝛽7(Estimated 
Owners) + error 

Hypothesis 3: 𝛽1 < 0,  User rating = 𝛽0 + 𝛽1(VR) + 𝛽2(Genre Dummy) + 𝛽3(Multiplayer) + 
𝛽4(Release Date) + 𝛽5(Age Rating) + 𝛽6(Supported Languages) + 𝛽7(Estimated Owners) + error 

Hypothesis 4: 𝛽1 > 0, Genres = 𝛽0 + 𝛽1(VR) + 𝛽2(Multiplayer) + 𝛽3(Release Date) + 𝛽4(Age 
Rating) + 𝛽5(Supported Languages) + 𝛽6(Estimated Owners) + error 

Hypothesis 5: 𝛽1 < 0, Genre combination commonness = 𝛽0 + 𝛽1(VR) + 𝛽2(Multiplayer) + 
𝛽3(Release Date) + 𝛽4(Age Rating) + 𝛽5(Supported Languages) + 𝛽6(Estimated Owners) + error 

Hypothesis 6: 𝛽1 < 0, User ratings = 𝛽0 + 𝛽1(VR)*𝛽2(Genre Dummy)*𝛽3(AAA Developers) + 
𝛽4(Multiplayer) + 𝛽5(Release Date) + 𝛽6(Age Rating) + 𝛽7(Supported Languages) + 𝛽8(Estimated 
Owners) + error 
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3.2 Qualitative analysis  
The quantitative approach shows the relationship between categorical membership, user 
evaluation and VR technology, however the underlying motives from users are not highlighted 
in these figures. The reasoning behind, for instance, lower ratings are not directly reflected in 
the results of the quantitative analysis. However, understanding the reasoning is of great 
importance for comprehending what factors have influenced the outcomes. Therefore, a 
qualitative approach has been added, in order to gain deeper insights into the results from the 
quantitative analysis. Developers may be able to reflect those insights with their current or 
future VR video games to understand the sources of innovation penalty.  

3.2.1 Research design 
The qualitative analysis has utilised an inductive netnographic research design. According to 
Kozinets (2010), netnography is a form of ethnographic research that uses the participant-
observational approach in online interactions. This approach was chosen to examine the 
factors contributing to innovation penalties associated with VR video games. Therefore, a 
content analysis was conducted on user reviews of the two lowest rated genres, which are 
affected the most by this phenomenon. 

This provides insights into the specific bottlenecks associated with lower rated genres in VR 
video games. These insights can be used by VR video game developers on how to better align 
their video games with user expectations or by identifying what types of genres are less 
suitable for VR compatibilities. Themes regarding reasoning behind innovation penalty were 
not predetermined, but were rather observed by reading the reviews. Consequently, this 
research was of inductive nature.  

3.2.2 Data collection 
The data for this analysis was collected using similar methods to those used in the 
quantitative analysis. Specifically, the data was collected from a secondary source, Kaggle, 
which has sourced the data directly from Steam through the use of API’s. The original dataset 
that has been taken from this source contained approximately 94 million user reviews. This 
has been systematically reduced through several filtering methods.  

First, only user reviews belonging to video games with “VR” in their title were allowed in the 
dataset. This criterion was applied to differentiate video games that had access to VR 
functionalities from video games that did not, as the dataset did not explicitly contain any 
information that included this. Manually verifying whether video games were compatible with 
VR functionalities was not feasible due to time constraints, therefore this method was used as 
an alternative. Second, the remaining reviews were filtered based on the language of the 
review. Only reviews written in English were preserved in the dataset, all other reviews 
written in a different language were omitted from the dataset, as these reviews could not be 
interpreted.  

Third, a minimum threshold of ten words per review was applied. This was done to enhance 
the consistency and reliability of the data, because this filtering process helped with the 
removal of reviews that would not contribute to the content analysis, as they would not 
provide any meaningful information. Fourth, only negative reviews of the two lowest rated 
genres were included in the datasets; sports and adventure. These genres were determined 
through their proportions of negative reviews. A percentage was calculated of negative user 
reviews for all 11 genres that were portrayed in the datasets. 
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Lastly, the provisional dataset was cross referenced with the quantitative dataset to ensure 
that all the video games, that were included in the qualitative data, were also present in the 
quantitative data. Only video games that were present in the quantitative dataset were 
retained in the final sample for the qualitative dataset.  This resulted in the facilitation of the 
most comprehensive conclusions, which are in line with the results from the quantitative 
analysis. 

This filtering process had resulted in a data sample with a total of almost 350,000 reviews. 
From this 350,000 reviews, a subset of reviews have been taken through purposive sampling 
(Researcher, 2024). In purposive sampling, samples are chosen based on their characteristics, 
which fit the study’s objective. The reviews of the genres were chosen based on their 
proportion of negative sentiments, which resulted in two definite datasets with approximately 
25,000 reviews for both; one with reviews from VR sports video games and the other with VR 
adventure video games.  

The data in this dataset is also publicly accessible and therefore did not pose any legal issues 
concerning Steam’s privacy policies. However, there were some ethical concerns regarding 
the use of netnography in research (Anne-Marie et al, 2017). Therefore, several precautions 
were implemented to ensure ethical integrity in the analysis of the user reviews. Firstly, all 
reviews were used anonymously so users can not be identified or held accountable for their 
online statements. However, anonymity can not be fully guaranteed through omission of 
usernames alone, as direct quotes may still be traceable via search engines, which could lead 
to the identification of their username. To address this, all reviews were paraphrased, while 
preserving the original meaning and intent of the users. This ensured the user’s anonymity, 
while keeping the core of their review intact so that it maintains its informational value for the 
analysis.    

3.2.3 Operationalisation 
The aim of the analysis of the reviews was to identify recurring themes that would give 
contextual meaning of innovation penalty within VR video games. Therefore, the reviews 
were meticulously read and interpreted, through an inductive thematic analysis, in order to 
identify themes that would explain this phenomenon. As aforementioned, the datasets were 
extensive, hence not all reviews could be analysed. Accordingly, random samples of the 
reviews were taken of which no more than five reviews per video game were allowed. This 
method was applied, because there was overrepresentation from certain video games, which 
would have a high proportion of reviews. This avoided that all analysed reviews would stem 
from these video games, which could have resulted in an inaccurate depiction of recurring 
themes. 

The random samples contained 50 reviews per sample, which have been analysed till thematic 
saturation was realised. According to Lowe et al. (2018), thematic saturation is achieved when 
further observations do not provide any new themes. This research determined that thematic 
saturation was realised when the following 50 reviews did not contain any new themes. This 
was assessed after 200 reviews for sports and 150 for adventure. The identified themes were 
then elaborated with quotes to provide more context, which resulted in recommendations for 
developers. 
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3.3 Research quality 
Certain methodological choices have been made in order to ensure credibility and rigor of the 
research. 

Reliability is supported through various methods, one of which are the robustness checks. As 
aforementioned, for the quantitative analyses robustness checks have been performed to 
assess, whether the results are consistent across different samples. This ensures that the 
results are reproducible and therefore increases reliability of the research. Furthermore, 
reliability is supported by the use of publicly available data from Steam. The data is obtained 
through secondary sources, but they have directly sourced the data from Steam. This data 
provides consistent and high-quality data, which guarantees reproducibility. 

This is also ensured within the qualitative analysis, where the reviews are sourced from a 
secondary source, which collected it directly from Steam. This data is also reliable and will 
ensure reproducibility. Besides, the results that stemmed from this data have been 
categorised carefully with corresponding quotes which can all be traced back, and therefore 
contributing to an increase in reliability. 

To ensure validity, control variables have been added into the quantitative analyses. The 
inclusion of these variables makes sure that the influence of confounding variables is limited, 
thereby helping to establish a causal relationship between the dependent and independent 
variables (Scribbr, 2023). Furthermore, the research is representative due to the extensive 
nature of the datasets. The generalisability of the findings is enhanced due to the inclusion of 
a large and diverse sample of video games. 

With regard to the qualitative analysis, the filtering method used for the final sample of 
reviews made sure that validity of the research is also intact. Due to this method, 
overrepresentation and irrelevant reviews were omitted, which could have given a distorted 
view, as sentiments would only be applicable to the respective video games and not the 
genres in general. Therefore, this ensured that the qualitative analysis really measured what it 
was intended to measure. In addition, the results from the qualitative analysis were shown 
after thematic saturation was determined. Thus, it was made sure that no additional themes 
were omitted by accident, hence it increases validity of the research. 

However, this research does face certain limitations that are difficult to mitigate. One such 
limitation involves the user ratings in the datasets, which are vulnerable to manipulation. For 
instance, stakeholders that are involved in the development may influence the ratings through 
an inflow of positive ratings to simulate a more successful video game. This could result in a 
biased representation of user evaluations. This was addressed through the inclusion of a 
qualitative analysis. Additionally, the coding of the qualitative data has been done by a single 
researcher. Therefore, others might have interpreted the content of the reviews differently, 
which would have resulted in different themes. While efforts were made to remain objective 
and consistent, the reliability of the themes could not be checked with other researchers. So, 
the thematic determinations could possess a small sample of subjectivity.  
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4. Quantitative results  
The results are presented in two distinct sections. The first section discusses the results based 
on the complete dataset, which constitutes of 45,244 observations. The second section 
presents a robustness check including only video games that had at least 100 different user 
ratings to assess the validity and generalisability of the initial results, which constitutes of 
18,077 observations. 

4.1 Descriptive statistics  
Several variables have been utilised in the analysis of the complete dataset and their 
descriptive statistics are presented in table 1.  

User ratings range from 0 to 100% with an average rating of 76.86% and a median of 81%. 
Regarding genre classification, video games are, on average, classified between two and three 
genres, as indicated by the mean of 2.87 and a median of 3. This variable was also 
transformed into a dummy variable, when it functioned as an independent variable in the 
regressions. This shows that approximately 85% of the video games are classified under more 
than one genre, with a mean of 0.85. The commonness of genre combinations range from 1 to 
2,496, with a mean of 853.35 and a median of 551, which indicates that the average genre 
combination is present in 853 video games. Therefore, higher values of commonness of genre 
combinations indicate that it is more common to observe such a combination across different 
video games. 

Whether video games have access to VR functionalities has been observed in 7% of the video 
games, as the mean is 0.07. This is a very small portion of the video games, which indicates 
that VR is still an emerging technology within the industry and has not reached maturity yet. 
Comparably, only around 2% of the video games were developed by incumbent developers, 
which indicates that novel developers release much more video games, controlling the 
industry. A similar proportion of video games have an age rating of 16+ as also approximately 
2% of video games have this rating.   

Multiplayer video games also seem to be less prevalent when compared to single player video 
games, as around 21% of the video games have access to multiplayer functionalities. The 
estimated number of people that own a specific video game varies considerably between 
10,000 and 350,000,000 owners, with the average video game having a total of 191,376 
different owners and a median of 10,000. The variable is utilised by the million which makes 
interpretation of its effect easier, given the broad range of the estimated owners. The video 
games have been released between 1997 and 2024, which gives a range of 27 years of which 
the most video games have been published during 2019. Ultimately, video games utilise 
different languages into their video games, ranging from 1 to 103 languages, with an average 
of 5.17 different languages supported by a video game. 
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These descriptive statistics summarise and organise the characteristics of the dataset and 
provide important context for the interpretation of the results in the following sections. 

 

 

 

 

 

 

 

 

 

 

 
Table 1: Descriptive statistics of the complete dataset 
 

4.2 Descriptive statistics VR video games 
For comparison purposes, table 2 represents the descriptive statistics for only the VR video 
games that were present in the complete dataset. 

Variable Min Max Mean Median Std_Dev 
Age Rating (16+) 0 1 0.01 0 0.11 
AAA Developers 0 1 0.01 0 0.10 
Multiplayer 0 1 0.23 0 0.42 
Estimated 
Owners 

10,000 350,000,000 111,246.25 10,000 850,503.00 

VR 1 1 1 1 0 
User Rating 0 100 73.58 77 17.76 
Supported 
Languages 1 103 3.36 1 5.39 

Genre 
Commonness 1 2,496 634.81 198.00 797.77 

Genres 1 11 2.98 3 1.39 
Genre Dummy 0 1 0.87 1 0.34 
Release Date 2008 2024 2018 2018 2.35 

Table 2: Descriptive statistics of the VR video games in the complete dataset 

  

Variable Min Max Mean Median Std_Dev 
Age Rating (16+) 0 1 0.02 0 0.15 
AAA Developers 0 1 0.02 0 0.13 
Multiplayer 0 1 0.21 0 0.41 
Estimated 
Owners 

10,000 350,000,000 191,376.87 10,000 2,350,293.85 

VR 0 1 0.07 0 0.25 
User Rating 0 100 76.86 81 17.74 
Supported 
Languages 

1 103 5.17 2 10.41 

Genre 
Commonness 

1 2,496 853.35 551 842.26 

Genres 1 11 2.87 3 1.35 
Genre Dummy 0 1 0.85 1 0.35 
Release Date 1997 2024 2019 2020 3.26 
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4.3 Correlation test 
Prior to constructing a correlation matrix, several assumptions regarding data distribution had 
to be tested in order to determine, which correlation test was suited the best to perform. The 
distribution of the data was assessed through the use of the Kolmogorov-Smirnov test as well 
as through the analysis of histograms and Q-Q plots. The results of these analyses indicated 
that the variables were non-Gaussian distributed, as p < 0.05. Therefore, the Spearman rank 
correlation method was observed as fitting the best, as it is appropriate for non-Gaussian data 
(Spearman, 1961). The correlation matrix that followed from this test is presented in table 3. 

The coefficients of Spearman’s test are interpreted based on their proximity to zero; values 
between ±0.00 and ±0.39 are considered very weak to weak correlation, which indicate little 
to no negative or positive monotonic correlation (Laerd, n.d; Statstutor, n.d.). The correlation 
matrix shows that the vast majority of the variable coefficients fall well within this range, 
which indicates that there is little to no correlation between the variables.  

However, there are two relationships that approach the upper boundary of this range, which 
are the relationships between age rating and incumbent developers and estimated owners 
and release date with coefficients of 0.3 and -0.33 respectively. Even though, they are 
approaching moderate correlation, the values still remain within the range of weak correlation 
and therefore are not considered problematic.  

On the other hand, there are two relationships that do exceed this range and even are 
considered strongly correlation relationships. These relationships are that of genres and genre 
dummy and genre commonness and genres. The relationship between genres and genre 
dummy has a coefficient of 0.63 which suggests a strong positive relationship, while the 
relationship between genres and genre commonness has a coefficient of -0.55 which suggests 
a strong negative relationship. Nonetheless, these results are theoretically expected, as the 
variable genre dummy is derived from the variable genres, as it is a dummy version of it. This 
is also the case for genre commonness, as the value for commonness is derived from the 
genres that are used. Therefore, the observed strong correlation effects do not pose concerns 
for the regression analyses that follow.  

 
Table 3: Correlation matrix of the complete dataset 
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4.4 User rating 
The regression results in table 4 illustrate how user ratings are influenced by the independent 
variables. These results show the influence across models 1, 2, 3 and 6, which correspond to 
hypotheses 1, 2, 3 and 6 respectively. Approximately 0.032-0.036 of the variation in the 
dependent variable is explained across all of the models.  

Firstly, it can be stated that almost all independent and control variables are statistically 
significant across all models with a CI of 90%. Among the most notable variables are the genre 
classification and multiplayer functionalities. Regarding genre classification, which specifies 
whether a video game is classified under more than one genre, consistently shows a strong 
and statistically significant negative effect on user ratings. This is most evident in model 1, 
where the coefficient is -1.915, which indicates that if a video game is classified under more 
than one genre, the user rating is, on average, 1.915 points lower than that of single genre 
video games.  

When the models get more complex, this strong and statistically significant negative effect 
remains, but declines in effect size. The effect sizes now are -1.597, -1.887 and -1.628 
respectively for models 2, 3 and 6. This reduction in effect size in model 2 suggests that some 
of the penalty that multi-genre video games experience are explained by whether the video 
games was developed by either incumbent or novel developers. However, in models 3 and 6 
the addition of VR functionalities slightly increases the effect size again, which suggests that 
VR functionalities may have positively influenced the decline in user ratings. 

Regarding the control variables, multiplayer functionalities display a strong and statistically 
significant negative effect on user ratings. Model 1 shows a coefficient of -2.265, which 
indicates that video games that have access to multiplayer functionalities, on average, are 
rated 2.265 points lower than video games that have only access to single player modes. This 
strong effect is maintained across the different models and is even slightly amplified in the 
subsequent models. The coefficient for models 2, 3 and 6 are -2.409, -2.245 and -2.392, 
respectively, which are both marginally lower than in model 1.  

This increase in effect size after the introduction of the type of developer, suggests that some 
of the penalty that multiplayer video games experience are explained by the type of 
developer that developed the video game. The minimal change in effect size between models 
2 and 6, with the introduction of VR functionalities, suggest that VR functionalities have a 
small positive influence on the decline in user rating, as the effect size became smaller.  

While these two variables showed that they had negative effect on user ratings, there are also 
variables that are perceived as positive on user rating. Release date is one of those variables, 
as it shows a statistically significant positive effect on user ratings with a coefficient of 0.888 
in model 1. In models 2 and 6, this is effect is intensified again, with coefficients of 0.910 and 
0.902 respectively, while model 3 shows a similar effect size of 0.878. These results suggest 
that more recently released video games, on average, receive slightly higher user ratings.  

Supported languages also show a statistically significant positive effect on user ratings across 
all models. This indicates that video games that support a broader range of languages are 
rated averagely higher. The coefficient of model 1 is 0.031 and the effect sizes appear to 
diminish with the introduction of the additional variables in models 2, 3 and 6, with coefficient 
of 0.029, 0.029 and 0.026 respectively. Even though, the effect sizes decrease they are not of 
a considerable magnitude and therefore have not a big significant effect on user ratings. 
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The estimated owners of a video game has also a consistent positive and statistically 
significant effect on user ratings across all models, however similarly to supported languages, 
the effect size of this variable appears small. The effect sizes are, respectively, 0.304, 0.269, 
0.301 and 0.266 for models 1, 2, 3 and 6. The results are all statistically significant and 
positive, thus it indicates that games that are owned by more users tend to receive, on 
average, higher user ratings even if it is marginally.  

On the other hand, age rating does not show any statistically significant effect on user ratings 
across all models. This suggest that there is not any concluding evidence on whether a game 
is rated 16+ has any influence on how users would evaluate the video games. 

As aforementioned, in models 2 and 6 another variable was added, which is whether a video 
game is developed by an incumbent or novel developer, i.e. AAA developers. This variable 
shows a considerable and statistically significant positive effect on user ratings for both model 
2 and 6. With coefficient of 7.090 and 7.366 respectively for models 2 and 6, it suggests that 
video games that are developed by incumbent developers, averagely receive a user rating that 
is 7.090 or 7.366 points higher than video games developed by novel developers. These 
effect sizes are very large and therefore this variable appears to have the most influence on 
user evaluation in video games. 

In models 3 and 6 another additional variable is included which is the variable of VR 
functionalities. This variable appears to have a strong and statistically significant negative 
effect on user ratings, with a coefficient of -2.809 and -3.521 for models 3 and 6. This 
suggests that video games that have access to VR functionalities are on average lower rated 
than video games that do not have access to these functionalities.  

In model 2, an interaction term between genre classification and type of developers behind 
the video game has been included to test hypothesis 2. The coefficient for this interaction 
term is -3.078. In order to interpret the actual influence of this interaction, the coefficients of 
the individual variables; genre classification (-1.597), type of developer (7.090) and their 
interaction have to be taken together. The resulting coefficient is 2.415, which means that the 
negative effect of multi genre classification diminishes and the positive effect of being 
developed by an incumbent is partially nullified when both variables are found in video games. 
However, the effect remains positive, so video games that are both developed by an 
incumbent developer and are classified under multiple genres are expected to receive a user 
ratings that is averagely 2.415 points higher than those developed by novel developers and 
are classified under a single genre. 
 
Model 6 extends on this interaction term by incorporating three additional interaction terms: 
(1) VR functionalities and developer type; (2) VR functionalities and genre classification; (3) VR 
functionalities, genre classification and developer type. Table 4 shows that the same 
interaction term as in model 2 has a similar effect in model 6, as it has a strong and 
statistically significant negative coefficient of -3.409. When the coefficients of the individual 
variables and the interaction term are combined, the actual predicted effect is 2.329. This 
suggests that even though the negative effect of multi genre classification and the positive 
effect of incumbent developers are both reduced, the overall effect remains positive with an 
estimated user rating increase of, on average, 2.329 points.  
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The interaction between VR functionalities and developer type shows an even stronger 
effect, as the coefficient for this interaction is -8.533. The combined individual effects give an 
actual effect of-4.688, which has a strong and statistically significant negative effect on user 
ratings. This implies that while video games developed by incumbents typically receive higher 
user ratings (7.366), this effect is lowered when the video games includes VR functionalities  
(-3.521). Therefore, video games that are both developed by incumbents and have access to 
VR functionalities, it is expected that these video games averagely receive 4.688 points lower 
than video games that do not. 

The remaining two interaction terms are that of VR functionalities and genre classification and 
VR functionalities, genre classification and developer type. These interactions have a 
coefficient of 0.910 and 8.972 respectively. The actual effects for these interactions are  
-4.239 for multi genre video games with VR functionalities and -0.843 for multi genre video 
games with VR functionalities developed by incumbents. However, neither of these 
coefficients is statistically significant, which indicates that there is no concluding evidence 
that these interaction effects have meaningful influence on user ratings. As such, 
interpretation of these interactions should be made carefully and no definitive claims about 
their impact should be drawn. 

In conclusion, the results presented in table 4 show that the hypotheses 1, 2 and 3 should be 
accepted. In the case of hypothesis 6, the results are also consistent with the hypothesis, 
however the lack of statistical significance results in the rejection of the hypothesis.  
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User Rating 

Ordinary Least Square (1) (2) (3) (6) 
 Coef. Coef. Coef. Coef. 
Variables (se.) (se.) (se.) (se.) 
Genre Dummy -1.915*** -1.597*** -1.887*** -1.628***  

(0.234) (0.239) (0.234) (0.247) 
Multiplayer -2.265*** -2.409*** -2.245*** -2.392***  

(0.203) (0.204) (0.203) (0.203) 
Release Date 0.888*** 0.910*** 0.878*** 0.902***  

(0.026) (0.026) (0.026) (0.026) 
Age Rating 0.920 -0.411 0.828 -0.479  

(0.568) (0.591) (0.568) (0.590) 
Supported Languages 0.031*** 0.029*** 0.029*** 0.026***  

(0.008) (0.008) (0.008) (0.008) 
Estimated Owners 0.304*** 0.269*** 0.301*** 0.266 ***  

(0.035) (0.036) (0.035) (0.036) 
AAA Developers - 7.090*** - 7.366***  

- (0.916) - (0.934) 
VR - - -2.809*** -3.521***  

- - (0.330) (0.925) 
Genre Dummy:AAA Developers - -3.078** - -3.409***  

- (1.239) - (1.267) 
VR:AAA Developers - - - -8.533*  

- - - (4.415) 
VR:Genre Dummy - - - 0.910  

- - - (0.990) 
VR:Genre Dummy:AAA Developers - - - 8.972  

- - - (6.030) 
Constant -1,713.659*** -1,759.040*** -1,693.567*** -1,741.804***  

(51.883) (52.120) (51.896) (52.153) 
Observations 45,244 45,244 45,244 45,244 
R2 0.032 0.034 0.034 0.036 
Note: *p<0.1; **p<0.05; ***p<0.01 

Table 4: Regression estimates for user ratings 
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4.5 Genres 
Table 5 presents the regression results for the fourth model, which analyses the influence of 
the independent variables on genre classification. The coefficient presented in this table were 
derived from a quasi-Poisson regression model, this means that the coefficients do not 
represent the actual effects. Therefore, for the interpretation of their actual effects, the 
exponential of all coefficients have been calculated. The interpretation of these values will be 
discussed for each variable individually. 

All the independent variables in the model are statistically significant, except for the variable 
of estimated owners. It is also interesting to note that all independent variables have almost 
the same effect size and are all positive. Approximately 0.034 of the variation in the 
dependent variable is explained within this model. 

The variable of VR functionalities shows a positive and statistically significant coefficient of 
1.05. Therefore, video games with VR functionalities are, on average, classified under 1.05 
more genres than video games without VR functionalities.  

Similarly, multiplayer functionalities also has a positive and statistically significant effect on 
genre classification. Video games that have access to multiplayer functions are averagely 
classified under 1.11 more genres than video games that only have access to singleplayer 
modes.  

The release date of a video game is also positively and statistically significantly associated 
with its genre classification. More recently released video games classify a higher amount of 
genres than those that were released earlier. For every additional year, that a video game is 
released about 1.02 more genres are classified under that video game.  

Two additional variables, supported languages and estimated owners, also show positive. 
Specifically, each additional language that is supported within a video game results in a 
statistically significant increase in genre classifications of averagely one. Highly diffused video 
games are also approximately classified under one more genre, however the results are 
statistically insignificant. 

Age rating is the variable that has the lowest effect size in this model with a coefficient of 
0.762, which indicates that video games with an age restriction of 16+ are associated with 
more genre classifications, as they are, on average, classified under 0.762 more genres than 
those that do not have this age restriction.  

In conclusion, the results presented in table 5 indicate that hypothesis 4 should be accepted.  
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 Genres 
Quasi-Poisson (4) 
 Coef. 
Variables (se.) 
VR 0.049*** 
 (0.009) 
Multiplayer 0.106*** 
 (0.005) 
Release Date 0.020*** 
 (0.001) 
Age Rating -0.272*** 
 (0.017) 
Supported Languages 0.001*** 
 (0.0002) 
Estimated Owners 9.14*10e-10*** 
 (8.57*10e-10) 
Constant -39.016*** 
 (1.401) 
Observations 45,244 
Pseudo R2 0.034 

Note: *p<0.1; **p<0.05; ***p<0.01 
Table 5: Regression estimates for genres 

4.6 Genre commonness 
Table 6 presents the regression results for model 5, which analyses the influence of the 
independent variables on the commonness of genre combinations in video games. This model 
explains approximately 0.03 of the variation in the dependent variable. It is important to note, 
that the genre commonness variable ranges from 1 to 2,496. This indicates that a value of 1 
corresponds to a genre combination that appears in only one video game in the dataset, 
therefore is highly uncommon, while a value of 2,496 indicates that the combination is found 
in 2,496 video games and therefore is highly common. 

The accessibility to VR functionalities has a statistically significant negative effect on genre 
commonness, with a coefficient of -233.446. This indicates that, on average, video games that 
have access to VR functionalities are associated with 233 fewer video games, than non-VR 
video games that share the same genre combinations. 

Similarly, multiplayer functionalities exhibit a statistically significant negative effect on genre 
commonness, with a coefficient of-295.477. This effect size suggests that video games that 
incorporate multiplayer elements into their game, averagely are shared with 295 fewer games, 
opposed to single player video games that share the same genre combinations.  

The release date of video games also shows a statistically significant negative effect on genre 
commonness, but its effect size happens to be of smaller magnitude. The coefficient regarding 
release date is -17.139, therefore this indicates that for each additional year the genre 
combination will see 17 less video games.  
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The diffusion of video games also has a statistically significant negative effect on genre 
commonness. Although significant, the effect size is extremely small, which indicates that its 
effect is almost negligible. Video games that have a higher amounts of owners, averagely are 
associated with 6.57 less video games than those with lower amounts of owners.  

Conversely, supported languages has a statistically significant positive effect on genre 
commonness, with a coefficient of 1.926. This indicates that every additional language that is 
supported in a video game results in approximately two extra games associated with the same 
genre combination.  

Finally, the age rating variable shows to have a positive coefficient of 40.098, which would 
indicate that video games that have an age restriction of 16+ have about 40 more video 
games associated with the same genre combinations, than those without age restriction. 
However, the variable is statistically insignificant and therefore suggests that no reliable 
conclusion can be drawn, regarding it impact on the commonness of genre combinations that 
are found in these video games. 

In conclusion, the results presented in table 6 indicate that hypothesis 5 should be accepted. 

 Genre commonness 
Ordinary Least Square (5) 
 Coef. 
Variables (se.) 
VR -233.446***  

(15.730) 
Multiplayer -295.477***  

(9.657) 
Release Date -17.139***  

(1.218) 
Age Rating 40.098  

(26.967) 
Supported Languages 1.926***  

(0.377) 
Estimated Owners -6.57***  

(1.68) 
Constant 35,528,390***  

(2,459,308) 
Observations 45,244 
R2 0.03 

Note: *p<0.1; **p<0.05; ***p<0.01 
Table 6: Regression estimates for genre commonness 
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4.7 Multicollinearity  
The regression models are all assessed for multicollinearity through the use of the VIF test. 
The results presented below concern all the hypotheses and to increase clarity and readability 
the VIF results have been put in a range across all models. The results show that all VIF values 
were below the threshold of 5 and are all even close to 1, which indicates that there is no 
multicollinearity throughout the different models. 
 

  Variable VIF range Outcome 
Genre Dummy 1.01-1.03 No multicollinearity 
AAA Developers 1.01-1.03 No multicollinearity 
Multiplayer 1.01-1.02 No multicollinearity 
Release Date 1.03-1.04 No multicollinearity 
Age Rating 1.02-1.06 No multicollinearity 
Supported Languages 1.00-1.01 No multicollinearity 
Estimated Owners 1.01-1.02 No multicollinearity 
VR 1.00-1.01 No multicollinearity 

Table 7: VIF results complete dataset 
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5. Robustness check 
A robustness check was conducted to enhance the validity and generalisability of the 
regression analysis. This check assesses the sensitivity of the results to changes in the dataset, 
which can increase the confidence in the findings. Therefore, a subset of the original dataset 
was constructed, which included only video game with at least 100 user ratings under the 
assumption that a higher number of ratings ensures more reliable outcomes. 

5.1 Descriptive statistics 
The descriptive statistics of the filtered dataset are presented in table 8. 

The user ratings in this dataset show an average rating of 80.06% and a median of 83%, which 
closely aligns with the full dataset. Similarly, video games are on average classified between 
two and three genres. This is indicated by the mean of 2.84 and median of 3. The dummy 
version for genre classification, which represents whether a game is classified under more 
than one genre, has a mean of 0.84, indicating that 84% of the video games is classified under 
more than one genre. The commonness of genre combinations still ranges from 1 to 2,496 in 
this dataset and has a mean of 777.06 and median of 478, which indicates that the average 
genre combination can be found in approximately 777 video games.  

There are some shifts that have been noticed in the filtered dataset: 

- VR functionalities are present in 5% of the video games, which was 7%. 
- The incumbent developers now account for 4% of the video games, which was 2%. 
- Video games that have an age rating of 16+ has increased from 2% to 5% 
- Multiplayer functionalities can now be found in 28% of the video games, which was 

21%. 

This suggests that video games that have more than 100 user ratings are more likely to be 
developed by incumbent developers, target mature audiences and support multiplayer. On 
the other hand, they are less likely to incorporate VR functionalities into their video games. 

The extent of estimated number of owners remains between 10,000 and 350,000,000 
owners, but the mean regarding this variable has shifted considerably. The average video 
game now has a total of 447,539 different owners and a median of 75,000.  

The ranges for the supported languages and release date are also maintained as in the full 
dataset. However, the average number of languages that are supported in video games have 
risen to 6.18 with a median of 4, which is a one language increase. And for the release date 
the year that the most games have been released has shifted from 2019 to 2018. 

As mentioned, there are differences in the descriptives for the dataset of the robustness 
check with regards to the full dataset, however the changes are relatively minimal. The 
descriptives of the robustness check dataset is closely similar to that of the full dataset. This 
confirms it suitability for further analysis and supports the validity of the results.   
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Variable Min Max Mean Median Std_Dev 
Age Rating (16+) 0 1 0.05 0 0.21 
AAA Developers 0 1 0.04 0 0.20 
Multiplayer 0 1 0.28 0 0.45 
Estimated 
Owners 

10,000 350,000,000 447,539.97 75,000 3,703,021.10 

VR 0 1 0.05 0 0.21 
User Rating 7 100 80.06 83 14.07 
Supported 
Languages 

1 103 6.18 4 8.82 

Genre 
Commonness 

1 2,496 777.06 478 807.29 

Genres 1 11 2.84 3 1.35 
Genre Dummy 0 1 0.84 1 0.36 
Release Date 1997 2024 2018 2019 3.72 

Table 8: Descriptive statistics robustness check dataset 

5.2 Descriptive statistics of VR video games in the robustness 
checks 
For comparison purposes, table 9 present the descriptive statistics for VR video games in the 
robustness check dataset. The descriptive statistics are closely in line with those in the 
complete dataset. 

Variable Min Max Mean Median Std_Dev 
Age Rating (16+) 0 1 0.03 0 0.16 
AAA Developers 0 1 0.03 0 0.18 
Multiplayer 0 1 0.38 0 0.49 
Estimated 
Owners 10,000 350,000,000 340,394.89 75,000 1,561,973.77 

VR 1 1 1 1 0 
User Rating 25 99 79.89 82 12.65 
Supported 
Languages 1 28 4.77 2 4.99 

Genre 
Commonness 1 2496 673.20 238 821.19 

Genres 1 11 2.92 3 1.35 
Genre Dummy 0 1 0.87 1 0.33 
Release Date 2008 2024 2018 2018 2.60 

Table 9: Descriptive statistics of the VR video games in the robustness check dataset 
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5.3 Correlation test 
For the correlation test of the dataset for the robustness check the same assumptions were 
tested and the same outcomes were observed. Therefore, the Spearman rank correlation 
method was used, which is presented in table 10.  

The correlation matrix shows that the vast majority of the variable coefficients fall within the 
range of very weak to weak, which indicates that there is little to no correlation between the 
variables.  

The same two relationships as in the full dataset approach the upper boundary of this range, 
which are the relationships between age rating and incumbent developers and estimated 
owners and release date with coefficients of 0.33 and -0.36 respectively. the same is 
considered for this dataset, as the coefficient are similar; the values remain within the range 
of weak correlation and therefore are not considered problematic.  

The relationships that exceed the range and are considered strongly correlated are also the 
same; genres and genre dummy and genre commonness and genres. Their coefficients are 
0.65 and -0.55 respectively. However, these results were again expected so the observed 
strong correlating effects do not pose concerns for the regression analyses. 

 

 
Table 10: Correlation matrix robustness checks 
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5.4 User rating 
The regression results in table 11 provide insights into how user ratings are influenced by the 
independent variables under the robustness check conditions. This robustness check includes 
only video games that have a minimum of 100 user ratings.  

The effect of genre classification on user ratings remains consistent with the results from the 
full dataset. The variation that is explained of the dependent variable remains around 0.036. 
Additionally, it displays a strong and statistically significant negative influence on user ratings. 
In model 1, the coefficient for genre classification is -1.735. which indicates that video games 
classified under multiple genres with more user ratings are rated, on average, 1.735 points 
less. As the models become more complex, with the addition of variables, this negative effect 
slightly diminishes with coefficients of -1.519 in model 2 and -1.473 in model 6, while it 
increases slightly in model 3 with a coefficient of -1.739. This increase is minimal, so the 
results are in line in the full dataset.  

The effect of multiplayer functionalities remains the same as in the full dataset, where it 
maintains a strong and statistically significant negative effect on user ratings. The coefficient 
is -4.285, which significantly larger than the -2.265, which was observed in the full dataset. 
This suggests that video games with more user ratings experience stronger penalty for 
including multiplayer functionalities. This negative effect further intensifies in the other 
models, where  coefficients increased from -2.409, -2.245 and -2.392 for models 2, 3 and 6 
respectively to -4.346, -4.294 and -4.362.  

Contrary to the full dataset, where age rating was statistically insignificant across all models, it 
is now statistically significant in the robustness check. The effect of age rating is consistently 
negative across all models, with a coefficient of -0.979 in model 1. This effect intensifies in 
the following models, with coefficients of -1.393 for model 2 and  
-1.350 for model 6, while it decreases slightly with -0.973 for model 3. This indicates that 
video games with an age restriction of 16+ are associated with lower user ratings, especially 
in video games that have more user ratings.  

Release date maintains a statistically significant positive effect on user ratings across all 
models, which is still consistent with the full dataset. Although, the effect sizes have changed 
a little bit, as these have become slightly lower in the robustness check. In model 1, the 
variable of release date exhibits a coefficient of 0.394. This effect is intensified or remains the 
same in the subsequent models with a coefficient of 0.403 in model 2, 0.394 in model 3 and 
0.404 in model 6. This indicates the same effect as in the full dataset, where more recently 
released video games tend to receive higher user ratings, even though the effect size of this 
effect is slightly reduced. 

The effect of supported languages also remains statistically significant and positive on user 
ratings across all models. The coefficient of 0.066 in model 1 is nearly doubled with that of 
the full data set. This suggests that video games with more user ratings are more positively 
impacted by the amount of languages that are supported in the video game. This effect 
remains stable in the other models, as these coefficients are 0.064, 0.066 and 0.065 for 
models 2, 3 and 5 respectively.  
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The estimated owners of a video game exhibit a positive and statistically significant effect on 
user ratings across all models, which is in line with the results of the full dataset, with 
coefficients of 0.179, 0.170, 0.179 and 0.170 for the models 1, 2, 3 and 6 respectively. It is a 
small decrease with regard to the full dataset, but it still indicates that an increase in the 
number of owners that a video game has, results in a slightly higher user rating. However, the 
effect size of this variable suggests that the effect is not that influential.  

The influence of the type of developer behind a video game remains positive and statistically 
significant in both models 2 and 6. However, the effect sizes of the coefficients has decreased 
significantly in the robustness check for both models. The coefficients for the type of 
developer were 7.090 and 7.366 for models 2 and 6, considering that the coefficients now 
are 2.148 and 2.549, respectively. This implies that the benefit that video games experience 
by being developed by incumbent developers is less pronounced in video games with more 
user ratings.  

VR functionality was statistically significant in the full dataset, but now is statistically 
insignificant in the robustness check for both models 3 and 6. This change is likely because of 
the reduction in share of VR video games in the data, which decreased from 5,700 to 871. 
This decreased sample size could have resulted in an inability to detect an effect on user 
ratings. 

Model 6 had an additional three interaction terms incorporated in the model. The interaction 
term’s coefficient between VR functionalities and developer type has remained statistically 
significant and negative, however it has increased from -8.533 to -11.222 with regards to the 
full model. The actual predicted effect that was perceived was -4.688, which had a negative 
effect. This actual effect has stayed negative, with now a coefficient of -6.904. This suggests 
that video games with more user ratings, that have access to VR functionalities and developed 
by incumbents are penalised more, by approximately two points.  

The interaction term between genre classification and type of developers had a negative 
coefficient in the full dataset, which can also be seen in the robustness check. However, the 
coefficient is statistically insignificant, which was not the case in the full dataset. This could 
indicate that the interaction term is mostly dependent on less widely-rated video games, 
where differentiation in genre classification may play a more important role in user ratings. 

The remaining two interaction terms, between VR functionalities and genre classification, and 
VR functionalities, genre classification and developer type, presented similar results in both 
the full dataset as in the robustness check. The actual predicted effects for both interaction 
terms were negative and they did not show any statistical significance, which was also 
captured in the results of the full dataset. 

Overall, the robustness check generally confirms the results from the full dataset, but with 
some difference in the magnitudes of effect sizes and statistical significance. The most 
prominent changes were those observed for the variable of multiplayer functionalities, which 
has a much stronger negative effect on user ratings and the variable of age rating, which 
becomes statistically significant in this check. The variable of VR functionalities showed a 
statistical insignificance, which is most likely due to the reduced number of VR games in the 
dataset.  
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The results are generally consistent with the hypotheses. Model 1 shows a consistent 
statistically significant result and supports the hypothesis. Similarly, model 6 shows a 
consistent statistically insignificant result and rejects the hypothesis. However, in the case of 
model 2 the result is consistent with the hypothesis, but lacks statistical significance. Since 
the hypothesis was statistically significant in the results from the complete dataset, the 
hypothesis will still be accepted, however it is only weakly supported due to the statistical 
insignificance in the robustness check. The same applies to model 3, for which the robustness 
check results indicate statistical insignificance, therefore the hypothesis is still accepted based 
on the results from the complete dataset, but is only weakly supported.   
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User Rating 

Ordinary Least Square (1) (2) (3) (6) 
 Coef. Coef. Coef. Coef. 
Variables (se.) (se.) (se.) (se.) 
Genre Dummy -1.735*** -1.519*** -1.739*** -1.473***  

(0.290) (0.306) (0.290) (0.312) 
Multiplayer -4.285*** -4.346*** -4.294*** -4.362***  

(0.230) (0.231) (0.231) (0.232) 
Release Date 0.394*** 0.403*** 0.394*** 0.404***  

(0.029) (0.029) (0.029) (0.029) 
Age Rating -0.979* -1.393*** -0.973* -1.350**  

(0.502) (0.524) (0.502) (0.525) 
Supported Languages 0.066*** 0.064*** 0.066*** 0.065***  

(0.012) (0.012) (0.012) (0.012) 
Estimated Owners 0.179*** 0.170*** 0.179*** 0.170***  

(0.028) (0.028) (0.028) (0.028) 
AAA Developers - 2.148*** - 2.549***  

- (0.774) - (0.787) 
VR - - 0.376 1.769  

- - (0.484) (1.454) 
Genre Dummy:AAA Developers - -1.069 - -1.364  

- (1.040) - (1.060) 
VR:AAA Developers - - - -11.222***  

- - - (4.035) 
VR:Genre Dummy - - - -1.321  

- - - (1.545) 
VR:Genre Dummy:AAA Developers - - - 8.565  

- - - (5.386) 
Constant -713.449*** -730.613*** -713.167*** -732.871***  

(57.830) (58.103) (57.832) (58.127) 
Observations 18,077 18,077 18,077 18,077 
R2 0.036 0.036 0.036 0.036 
Note: *p<0.1; **p<0.05; ***p<0.01 

Table 11: Regression estimates for user rating in robustness checks 
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5.5 Genres 
Table 12 presents the regression results of the robustness check for the fourth model, which 
analyses the influence of the independent variables on genre classification. The exponential of 
all coefficient from the table are again calculated for the interpretation of the actual effects. 
The findings from this robustness check largely align with those from the full dataset. 
However, there are two notable differences in the variables of VR functionalities and 
estimated owners and the explained variation is seen to be doubled to 0.067. 

Even though, the coefficient and positive effect for VR functionalities are quite similar, which 
was 1.05 and now is 1.01, the effect is not statistically significant in this robustness check. As 
aforementioned, this statistical insignificance was also seen in the models for user ratings and 
this was most likely due to the reduced amount of VR video games in the dataset, which is 
probably the same case for this instance. 

Multiplayer functionalities maintain a consistent and statistically significant positive effect on 
genre classifications, with a coefficient of 1.10 This is nearly identical to the coefficient that 
was observed in the full dataset, which was 1.11. 

The variable regarding the release date also shows consistent results between the robustness 
check and the full dataset. It holds onto a statistically significant and positive effect with a 
coefficient of 1.03, which is a slight increase compared to the 1.02 in the full dataset. 

Two variables showed similar positive effect sizes in the full dataset, which were supported 
languages and estimated owners. This remains true in the robustness check with regards to 
the magnitude of the effect sizes, as they are both identical, to be more precise, they are both 
1.00. However, the effect of estimated owners has shifted, with regards to statistical 
significance, as the effect size now has become statistically significant. 

Age rating remains the variable with the least pronounced positive effect on genre 
classification, as the statistically significant and positive coefficient is 0.725. which is almost 
identical to the results observed in the full dataset. 

In summary, the results that have been observed in the robustness check regarding genre 
classifications are highly consistent with the results of the full dataset. The biggest changes 
are the shifts in statistical significance for VR functionalities and estimated owners in genre 
classifications. However, the sample size for VR video games decreased substantially, which 
may be the cause for the observed shift in statistical significance. Regarding estimated 
owners, the robustness check excludes niche video games with low player counts, which may 
have been the main cause for this shift in statistical significance. 

Therefore, due to statistical insignificance hypothesis 4 is still accepted, but weakly 
supported.    
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 Genres 
Quasi-Poisson (4) 
 Coef. 
Variables (se.) 
VR 0.010  

(0.016) 
Multiplayer 0.097***  

(0.008) 
Release Date 0.027***  

(0.001) 
Age Rating -0.322***  

(0.019) 
Supported Languages -0.001***  

(0.0004) 
Estimated Owners 0.166***  

(8.07*10e-4) 
Constant -52.491***  

(1.959) 
Pseudo R2 0.067 
Observations 18,077 

Note: *p<0.1; **p<0.05; ***p<0.01 
Table 12: Regression estimates for genres in robustness checks 

5.6 Genre commonness 
Table 13 presents the regression results for the fifth model, which analyses the effect of the 
independent variables on the commonness of genre combinations in video games. The 
findings from the robustness check generally align with those of the full dataset, with some 
differences in effect sizes and a notable difference in the variable age rating. The explained 
variation in the dependent variable has increased a little bit to 0.043 

VR functionalities remain having a statistically significant negative effect on genre 
commonness, with a coefficient of -66.552. This coefficient indicates that, on average, video 
games that have access to VR functionalities are associated with 66 fewer video games, than 
non-VR video games that share the same genre combinations. This effect is slightly lower 
than that observed in the full dataset. VR functionalities proved to be statistically insignificant 
in the other models, however for this model it is statistically significant. This suggests that VR 
functionality has a more direct impact on how genres are combined, instead of on the amount 
of genres or user evaluation for video games with more than 100 user ratings.   

Multiplayer functionalities continue to exhibit a strong and statistically significant negative 
effect on genre commonness, with a coefficient of-299.575. This effect size suggests that 
video games with multiplayer functions in their game, on average, are shared with 299 fewer 
games, compared to single player video games that share the same genre combinations. The 
magnitude of the effect is nearly identical to that observed in the full dataset.  

The release date of video games also maintains a statistically significant negative effect on 
genre commonness, with a coefficient of -25.158. This indicates that for each additional year 
the genre combination will see 25 less video games. The effect is slightly increased when 
compared to the full dataset, but the difference is minor so it is not something to be wary of. 
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The diffusion of video games also continues to have a statistically significant negative effect 
on genre commonness. Therefore, video games that have a higher amounts of owners, 
averagely are associated with 5.72 less video games than those with lower amounts of 
owners. However, the magnitude of the effect remains negligible, which indicates that the 
amount of owners has no significant impact on the commonness of genre combinations. 

Supported languages remains having a statistically significant positive effect on genre 
commonness, with a coefficient of 6.622. This indicates that every additional language that is 
supported in a video game results in approximately two extra games associated with the same 
genre combination. The effect size of supported languages has slightly increased, but the 
direction and significance remain consistent. 

Finally, the age rating variable displays a positive coefficient of 94.425, which indicates that 
video games that have an age restriction of 16+ have about 94 more video games associated 
with the same genre combinations, than those without age restriction. This is a substantial 
increase in effect size as it has more than doubled compared to the full dataset, where the 
coefficient was 40. Furthermore, the variable was statistically insignificant in the full dataset, 
but now does fall in the category of statistical significance. The higher effect size and 
statistical significance in the robustness check may be the results of a higher proportion of 
age restricted video games in the dataset. 

Overall, the results from the robustness check for genre commonness are consistent with the 
findings from the full dataset. The directions of the effects remain the same, but there are 
some differences in effect sizes for certain variables. The most notable variable, age rating, 
has become statistically significant with a much higher effect size, which suggests that age 
restricted video games have more common genre combinations. In addition, the effect of VR 
functionalities on genre commonness is also statistically significant, which suggests that video 
games with VR functionalities are less likely to have commonly used genre combinations.  

Therefore, hypothesis 5 is supported through the robustness check as well. 
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 Genre commonness 
Ordinary Least Square (5) 
 Coef. 
Variables (se.) 
VR -66.552**  

(27.643) 
Multiplayer -299.575***  

(13.184) 
Release Date -25.158***  

(1.615) 
Age Rating 94.425***  

(28.486) 
Supported Languages 6.622***  

(0.673) 
Estimated Owners -5.72***  

(1.61) 
Constant 51,601.870***  

(3,259.080) 
Observations 18,077 
R2 0.043 

Note: *p<0.1; **p<0.05; ***p<0.01 
Table 13: Regression estimates for genre commonness in robustness checks 

5.7 Multicollinearity  
As the number of observations changed due to restricting the dataset to only contain video 
games with more than 100 user ratings, this could have influence on the multicollinearity of 
the independent variables. Therefore, VIF tests have also been conducted for the robustness 
checks, in order to ensure that there is no correlations between independent variables. The 
results below confirm that also in the robustness checks the VIF tests are all well below the 
threshold of 5 and indicate that there is no multicollinearity between variables in the 
regressions. 

 

 

 

 

 

 

 
Table 14: VIF results robustness checks 
 

 

Variable VIF range Outcome 
Genres 1.01-1.05 No multicollinearity 
AAA Developers 1.01-1.03 No multicollinearity 
Multiplayer 1.01-1.02 No multicollinearity 
Release Date 1.04-1.07 No multicollinearity 
Age Rating 1.02-1.07 No multicollinearity 
Supported Languages 1.01-1.02 No multicollinearity 
Estimated Owners 1.01-1.02 No multicollinearity 
VR 1.00-1.01 No multicollinearity 
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6. Qualitative results  
This section provides more nuance to the results of the quantitative analyses, through the use 
of content analysis of user reviews to identify which genres of VR video games are perceived 
as less enjoyable and to explore the underlying reasons for the innovation penalty.  

6.1 User reviews 
The dataset used for this content analysis comprised approximately 350,000 user reviews. 
Each review is associated to a single or multiple genres, which have been used to calculate the 
proportion of negative reviews per genre. This analysis revealed that, of the 11 genres 
represented in the data, the sports and adventure genres received the highest proportion of 
negative user reviews. In particular, 30.3% of user reviews for VR video games that have 
sports elements and 29.7% of user reviews for VR video games with adventure elements 
were negatively rated. To understand the reasons behind these lower ratings, the contents of 
user reviews of these genres will be further examined.  

6.2 Overview of themes 
During the thematic analysis of user reviews for both VR sports and VR adventure video 
games, several recurring themes were identified. Notably, the main issues that were identified 
through this content analysis were largely consistent across both genres. As a result, the 
analysis discusses these themes collectively, instead of separately for each genre. There were 
some themes that were not consistent across both genres, which have been discussed 
separately. The identified themes that were present in both genres have been combined into 
three main issues; technological issues, immersive issues and developers issues. These will be 
discussed firstly, then to provide further clarification on any themes specific to a genre these 
will be discussed following the discussion of the three core issues. This has been illustrated in 
figure 1. 

 
Figure 1: Thematic diagram of qualitative analysis 
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6.2.1 Technological issues 
Hardware compatibility 
One of the prominent themes observed from the user reviews was the compatibility of VR 
video games with certain VR hardware. In particular, a VR sports review stated, “I am not able 
to say anything positive about this game. I tried playing it, but the only headset that works is this 
seven year old one. Message me when they support newer headsets” (review 37). Users can not 
enjoy recently published video games, as they only support older VR devices. This resulted in 
a lot of frustration with users, which is also illustrated in a VR adventure review, “It is 
impossible to progress past the main menu. It says I have to use either this VR or this VR headset, 
unbelievable” (review 103).  

The VR market has been established only recently, but it is steadily growing and therefore 
diversification regarding VR hardware is seen more. It is important for developers to 
understand these changes in the market and realise that technical accessibility is important 
for users to engage with their video game. Otherwise, it is only natural that they receive 
negative feedback.  

Controls 
Building on the previously discussed technological issue, another theme regarding 
technological issues occurred; the controls of the VR video games. Users frequently report 
difficulties with the controls, which is especially important in VR video games, because these 
video games are more physical and therefore pose more difficulties with interactions.  

Many users mentioned that the controls of the video games were very “clunky”. One VR 
adventure review stated, “I don’t like the controls, I try to hold my gun but because of the controls 
I keep pointing it to myself. The way items are hold should be different.” (review 95). Other users 
stated that there was a lack of precision with regards to their physical actions. One user in 
specific noted: “I get what they tried with the game, but the hit detection is completely off. I swing 
with accuracy but the trajectory is nowhere near in the right direction.” (review 68). This shows 
that this resulted in outcomes which were not anticipated by the user. 

These issues create frustration among users. Users often seek to experience physical actions 
in VR that they may not be able to perform in real life. However, the risks on physical injury 
makes it difficult for developers to calibrate controls system that are both realistic and safe. 
This results in developers simplifying their controls systems, which could make it 
counterintuitive or more difficult to replicate real life experiences. This trade off between 
realism and safety is a big challenge for VR video games and therefore these video games are 
very risky for developers to develop.  
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6.2.2 Immersive issues 
Physics 
In addition to the technical issues regarding these VR video games, users express concerns 
regarding the lack of realistic physics, which ultimately negatively impacts their immersion. 
Several users reported frustration with the inability to perform certain tasks that would be 
perfectly fine to perform in real life. One user writhing a VR sports stated, “It is a good game to 
learn this sport, but I didn’t like that I couldn’t pull myself up onto things like I can outside of the 
game” (review 78). On the other hand, some noted that they could perform certain actions 
that defied logic, because of inconsistencies in the physics. For instance, “It is not a good game. 
I can lightly touch someone, but the game thinks that I used my full power” (review 115). This 
resulted in an unpleasant and unexciting experience.  

While VR video games are known for their immersion, which is not always depended on 
whether the video games adhere to real world physics, however this is valued by users in the 
context of VR sports and adventure video games. In these genres, users highly value physics 
as a means to understand and engage with the gameplay. If the video games do not adhere to 
basic physics principles, users may experience difficulties with how to approach a video game, 
which in turn can contribute to negative user experience. This suggests that for VR sports and 
adventure video games, compliance to real world physics is crucial in order for them to 
maintain immersion. Therefore, it is important for developers of VR sports and adventure 
video games to prioritise real world physics, so user can be fully engaged and to support user 
expectations. 

Motion sickness 
Another factor regarding users’ immersion is the reoccurrence of motion sickness in these VR 
video games. Multiple users mentioned that specific elements from the video games cause 
nausea, which had forced them to stop playing the video game. This is exemplified in the 
following VR sports review: “I got motion sickness after 5 minutes playing this video game. The 
video game itself seemed great, but I did not have the opportunity to play it again” (review 43). 
Even though, the video game seemed to be of high quality, the discomfort brought by the 
motion sickness resulted in less engagement with the video game. Similarly, a VR adventure 
review declared, “I need to constantly move and there is a lot of rotation going on, so the game is 
unplayable for me because I get motion sickness” (review 21). This suggests that repetitive or 
advanced movements, which involve rotations or other forms of movement that changes the 
users’ perspective, may negatively influence user experience.   

While VR video games may be perfectly developed, where functionalities and mechanics are 
optimised, the realism may result into unintended inconveniences. Repeated actions such as 
jumping, rotating or flipping could be used too many times in a short time window without 
considering the possible consequences of this. Specifically in VR sports and adventure video 
games this is pertinent, as such dynamic movements are generally frequently seen. Therefore, 
it is important for developers to create a good balance between simple and advanced 
movements and limit movements that are likely to induce motion sickness. These changes 
have the potential to benefit user experience of VR video games.  
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6.2.3 Developer issues 
Video games are released too soon 
Users frequently experienced issues with the state of the VR video games that were released. 
According to multiple users, the video games appeared as unfinished and therefore it was 
perceived that the video games were released prematurely. So did the user behind one 
review, which stated: “The game is buggy, it doesn’t listen to you and it lacks polish. I can’t 
recommend it to anyone, I don’t know why it was ever released” (review 12). 

Several users stated that full released video games resembled early access games when 
compared to their functionalities and refinement. This is accurately described in one review, 
which states: “The game is not fun at all, even for a VR game. I read some reviews that said that it 
resembles a trial and not a video game, they were right” (review 55). In some cases, video games 
that were categorised as early access games were blamed for being functionally and visually 
terrible and were unjustified to be even released. 

This suggests that developers should put more emphasis on sufficient testing and refinement 
of their video games prior to release. The visual and functional deficiencies that would have 
been noticed if the video games were published before testing can now be avoided through 
several testing methods, such as appointing a group of testers beforehand. This would help to 
confirm that there are little to no unintended consequences of in-game actions, which in turn 
would benefit user experience.  

Lack of tutorials or insufficient tutorials 
Another interesting issue that was identified is the absence or insufficiency of tutorials in 
these VR video games. Users frequently report that the tutorials were either missing or were 
insufficient with regards to detail in providing information on the understanding of the video 
game, which led to them stop playing before they could experience the gameplay. One user 
mentioned, “If you want to keep your sanity, don’t ever play this game. It is so frustrating to 
understand how to play this game. The tutorial is so bad that it only contains pictures that don’t 
say anything useful” (review 85). Another user stated that the video game did not have any 
form of tutorial, which ultimately forced them to quit the video game: “I only got a small idea of 
what I had to do through internet searches, because there just wasn’t a tutorial. I got through the 
first couple of levels, but after that I just didn’t know what to do and quit” (review 36). 

Video games should possess a detailed and working tutorial, which in particular is important 
for VR video games, as the controls for these video games are often more complex and less 
obvious for the average user. In the absence of such a tutorial, the threshold of backing out of 
a game becomes much lower, when it requires more effort to understand the video game 
rather than playing it. This may result in negative user feedback, even in cases when the video 
game might be well designed, however the user could not experience this well designed video 
game, as it was not accessible for them. Therefore, it is important for developers to ensure 
that their VR sports and adventure video games include a tutorial, but also make sure that the 
tutorial is detailed, understandable and accessible for the users. This could improve user 
experience and consequently increase the proportion of positive user feedback. 
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Limited engagement from developers 
One of the most prominent themes identified in the user reviews is the engagement from 
developers with their community. Significant users have indicated that developers are not 
engaged with their community and even had the feeling that they did not care about them. 
One review of a VR adventure video game stated, “The game could be fun, but is doesn’t work. It 
feels like the developers put the game on Steam and then just vanished” (review 33). Recurring 
issues with gameplay and request for quality of life changes were mentioned on online forums 
by the community, but without any response from the developers. This is portrayed by an 
user stating, “Why do you release a game and not respond on forums? Good luck getting feedback 
when you don’t recognise us” (review 42). There were several users that even had direct 
contact with developers, where they offered suggestions or criticism, but which were 
disregarded.  

It should be essential for developers to engage with their community, as their user base is the 
most important source of information regarding their video game as they, ultimately, are 
responsible for whether the video game becomes successful or not. If developers lack in 
communication, many users might feel undervalued, which could have detrimental 
consequences for user retention. Users might choose to abandon the video game and search 
for better alternatives. 

Therefore, it is crucial that developers carefully consider community feedback and where 
possible implement the feedback into the video game. In the end, there will be cases where 
feedback can not be implemented in the video, however transparency on the rationale behind 
the decision making process is very important. This could benefit compliance and trust from 
the community even when the expectations are not completely fulfilled, which increases user 
loyalty. 

Lack of gameplay variety 
The final theme related to developer issues concerns the lack of variety in gameplay. Multiple 
users stated that the VR sports and adventure video games they played quickly became 
boring, due to repetitive gameplay or they were not replayable. One user in particular said, 
“Didn’t play the game for long. Its just the same things over and over again and becomes boring. 
Not worth it” (review 88). Others acknowledged the potential of the video games, but due to 
the lack of playable levels it became too simple and monotonous. One reviewer stated, “It is a 
really exciting game to play, but there isn’t enough content. If new things would be released it could 
be a good game, but for now I can’t recommend it” (review 93). 

These statements from the users indicate that even though a video game can inherently be 
well designed, but fail to retain user engagement, because the gameplay is linear and lacks 
variety. This issue may especially occur in the context of VR sports video games, where users 
could have the opportunity to play in different environments and conditions to replicate it for 
in the real world. For that reason, a lack of variety in gameplay could decrease user 
engagement and therefore user experience.  

Consequently, it is advised for developers to carefully consider, whether the VR sports and 
adventure video games they want to publish offer sufficient longevity. This is mostly related 
to whether the video games provide adequate and diverse content to satisfy the users’ needs. 
This would keep users engaged for a longer period of time, which may positively influence 
their experience. 
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6.2.4 Genre specific themes 
As aforementioned, certain themes were identified unique to either VR sports video games or 
VR adventure video games. These genre specific themes are discussed in the following 
section to provide more clarification. 

Inaccurate sports rules 
An issue regarding the immersion of the users unique to VR sports video games, is the 
implementation of the rules of the sports that they are representing. According to several 
users, there are certain VR sports video games that did not adhere to the standard rules of the 
respective sport. One user in particular said, “The game stops way too soon, the rules say it 
should not be this soon. Serving also is just not correct: the way I have to serve in the game is not 
how you should do it in real life” (review 68). These inaccuracies made playing the game feel 
counterintuitive and created an unpleasure experience.  

Another user and dedicated fan of the sport stated, “I think I played all the games of this sport, 
but this one is just not it. I don’t think the developers have ever seen or played a game of this sport 
once in their life. This game has the worst gameplay, if you want to improve it learn the basics of 
the sports at least” (review 111). This has resulted in frustration and less immersion.  

When the rules within the VR sports video game diverge from the rules that the users are 
familiar with can lead to negative experiences as immersion is disrupted. This is especially the 
case if users have set certain expectations on how the video game will work and then it is 
completely not in line with those expectations. Therefore, developers should conduct 
research into nature of the sports that they are incorporating in their video game. This would 
help ensure that the rules are accurately portrayed in their video game. This may result in less 
resistance and more positive feedback from users. 

Combat mechanics 
A recurring theme that has been identified in user reviews of VR adventure video games is the 
dissatisfaction of combat mechanics in these video games. Multiple users shared how they are 
dissatisfied with how combat works in the video games. For example, one review stated: 
“There are only a couple moments of combat and the mechanics are so bad maybe the worst I’ve 
seen. This feels more like a simulation as you are almost only walking around” (review 12). Some 
noted that the combat was too easy and simplistic, which reduced their enjoyment from the 
video game. Hence, one review stated: “When there was combat it wasn’t fun. It was like I was 
just poking the enemy and they would just vanish” (review 65). Others thought that the 
mechanics were not appealing, which made it difficult to immerse themselves in the video 
game. One user stated, “The game is boring, fighting is just not fun. I would not waste your money 
on this” (review 89). 

VR adventure video games revolve a lot around combat, therefore it is crucial that this is 
implemented correctly and engagingly. However, incorporating complex combat mechanics, 
which would make them more profound and engaging is challenging to implement in VR video 
games. More complex combat mechanics could require more physical restrain on the user, 
which may raise concerns about user safety. These constraints intrinsic to the VR technology 
of today may limit developers to implement combat mechanics that are engaging, but also 
safe to use. Future developments in VR technology may be necessary, so that more complex 
combat mechanics can be safely incorporated in such video games.  
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7. Discussion 
This section reflects on the findings from the quantitative and qualitative analyses, while 
examining their broader theoretical implications. In addition, limitations regarding this 
research will be discussed and practical implications will be made for developers in 
accordance to the results. 

7.1 Theoretical implications 
The quantitative analysis aimed to assess how categorical membership and user evaluation 
are influenced by VR technology within the video game industry. This has been put into 
practice by formulating six hypotheses to test their association. 

Hypotheses 1 and 2 were formulated to assess whether video games that are classified under 
multiple genres receive lower ratings than single-genre video games and whether this is 
affected by the nature of the developers. The results are in accordance with these two 
hypotheses, as they both showed statistically significant negative results. That is, video games 
that are classified under multiple genres received lower user ratings compared to video games 
that are categorised under a single genre. And, multi-genre video games produced by novel 
developers received lower user ratings compared to multi-genre video games produced by 
incumbent developers. Hypothesis 3 predicted that VR video games tend to receive lower 
user ratings than non-VR video games, which was also validated. Contrary to these 
hypotheses, however, hypothesis 6 did not receive empirical support. That hypothesis 
predicted that multi-genre VR video games developed by novel developers receive higher 
ratings than. multi-genre VR video games developed by incumbents. Given the lack of 
empirical support, this hypothesis consequently was rejected. 

Hypotheses 4 and 5 addressed categorical membership with regards to VR video games. 
Hypothesis 4 expected that VR video games are more frequently classified under multiple 
genres than non-VR video games. This was supported by the results given the statistically 
significant, positive effect. Additionally, hypothesis 5 gave more insights into the definitions 
of categorical membership by VR video games. It suggested that VR video games use less 
conventional combinations of genres, than observed in non-VR video games. This hypothesis 
also received empirical support. 

The results from this analysis are closely related to the theory of disruptive innovation. The 
theory of disruptive innovation states that these types of innovations initially show lower 
performance, when they are introduced onto the market. This lower performance is observed 
in the lower user ratings that VR video games receive, which is used as a proxy of their 
performance. This is further confirmed through the findings from the qualitative analysis. 
Users that experience difficulties with the controls not working, the video games not being 
compatible with their hardware, or constant experience of motion sickness. These are all 
instances, where the technology does not perform up to standards with regard to traditional 
video games. However, VR video games do provide new value through other characteristics 
that are absent in traditional video games, such as its immersion. Therefore, due to its initial 
lower performance and new added value, VR video games can be seen as disruptive 
innovations. 
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The findings also support categorical theory on disruptive innovation by Frenken and Punt 
(2023). According to Frenken and Punt (2023), disruptive innovations are innovations that 
eventually are categorised in an existing category by stretching its boundaries so that it can fit 
in the category. VR did not form a distinct genre, but rather was seen to be added as a tag, 
which suggests that it is still categorised within the same category as traditional video games. 
Therefore, it can be concluded that the technology does not function as a radical innovation, 
as it would have opened up a completely new category, but rather functions as a disruptive 
innovation that stretches the categorical boundaries of video games. 

Additionally, the findings indicate that VR video games tend to adopt more distinct genres and 
use less conventional combinations of genres. This suggests that the introduction of VR 
technology has disrupted how genre classification functions in the gaming industry. The value 
that VR offers creates a shift in genre classification, as more genres are now applicable 
simultaneously, which has caused this increase in genre applicability. This has opened up more 
variations in genre usage as less conventional genre combinations can be used. This 
immersion that VR offers creates numerous possibilities for developers to explore new 
elements, which have become viable due to VR functionalities. As a results, categorical 
boundaries have become more fuzzy, which allows for more creativity from developers to 
innovate. 

This is also supported by the results of the qualitative analysis. In particular, it is mentioned 
that certain elements of the VR video games did not work as expected or intended by the 
developers, which could be genre defining. For instance, this is shown in the issue regarding 
combat mechanics for VR adventure video games. If characteristics that define category 
boundaries are missing in a video game, it could contribute to fuzziness of categories and 
therefore stretch these boundaries. Sports video games where realistic physics do not apply 
could also be seen as a fantasy video game, where the laws of nature can be defied or an 
adventure video game without proper combat mechanics may be perceived as a simulation 
where they only can wander the digitally constructed world. These findings suggest that VR 
technology does not adhere to traditional categorical boundaries and therefore stretch these 
boundaries through fuzziness. 

However, even though the fuzziness of boundaries may suggest that developers have more 
freedom to experiment with more innovative and unconventional video game designs, this 
research also highlights the relevance of the theory described by Zuckerman (1999), where he 
introduces the notion of innovation penalty. This is prominently evident in the context of VR 
video games, as it is observed that VR video games deviate from the exemplars in traditional 
gaming, making it difficult for users to accurately categorise the video game. This ambiguity 
has resulted in notably less positive user feedback than in traditional video games, which 
suggests that deviation from the categories established in traditional gaming has 
consequences. This is supported throughout the findings, such as the lower user ratings for 
VR video games, which shows that defection from the established norms has contributed to 
negative feedback. In addition, user sentiments illustrate how new features in VR video games 
have lead to frustration. The lack of tutorials or controls not working properly have all been 
the result of deviating from the categorical exemplar, which has resulted in penalties from the 
userbase.  
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7.2 Limitations 
This research has aimed to minimise the potential for error through careful consideration 
within its methodology, nevertheless there were some limitations that could not be avoided. 

One limitation is related to the nature of the research process. All analyses were conducted 
by a single researcher. This may have impact on the reliability of this research, because 
themes and individual sentiments were interpreted solely based on the perspective of the 
researcher. This could have resulted in the interpretation of certain themes or contents from 
the reviews, which are not shared by other researchers. 

In addition, due to time constraints, the qualitative analysis was limited to video games that 
had explicitly “VR” in their titles, which made it evident that they had access to VR 
functionalities. As a result, important and insightful reviews from other relevant VR video 
games are possibly excluded from the analysis, which could have contained insightful 
information. Additionally, the analysis was limited to the two lowest rated genres. A broader 
analysis of supplementary lower rated genres could have resulted in further insights into 
challenges facing VR video games. This may have had impact on the validity of this research. 

Further research could benefit from a more thorough qualitative analysis for video games 
with VR functionalities, despite of their title. This could identify new themes that may have 
been missed in this research. It could also be insightful to reconsider this topic, when VR 
technology is closer to technological maturity and has diffused more. This could give new 
insights in how VR technology has further disrupted the gaming industry, through categorical 
boundary shifts and if categorical penalty remains a dominant factor within VR video games. 

7.3 Recommendations 
Based on the findings, several recommendations are proposed for developers. These 
recommendations aim to inform developers about certain pitfalls with regard to VR video 
games and thereby enhancing user experience. 

First, it is advised for developers to be careful when diverging from traditional video games, 
with regards to genre classifications. Even though, the shift in categorical boundaries opens 
up possibilities for developers to be more innovative with their video games, due to 
categorical penalty may not be well received by audience members. Therefore, strong 
considerations should be made when considering the use of certain genre combinations in VR 
video games. 

Second, technological functionality is crucial for positive user experience. To be more precise, 
developers should ensure compatibility of their video games with a large portion of developed 
VR hardware. Limited hardware support may decrease its adoption rate and does not offer 
sustained benefits. Additionally, the performance and mechanisms of the controls are 
important. Poorly functioning controls may lead to users getting frustrated, due to the 
inability to perform intended actions within the video game. This may result in low customer 
retention.  
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Given that VR technology adds value through its immersion, it should be a strong point for 
these video games. Thus, regarding video games that try to depict real life situations have to 
ensure that their applied physics are realistic. A lack of physical realism can disrupt the 
immersion of the video game, which has consequences for user experiences. Moreover, it is 
recommended that the video games do not involve a lot of unnecessary and excessive 
mobility mechanics, such as flips or rotations. These mobility mechanics may induce motion 
sickness, when used immoderately, which is not preferred by users. 

It is also important for developers to maintain active communication with the user base. The 
user base experience the video game first hand and therefore are able to identify 
shortcomings, offer suggestions and highlight points of improvement. While not all feedback 
can be implemented or should be implemented, it is crucial to maintain transparent 
communication regarding the reasoning behind the decisions that are made. This builds trust 
between the developers and user base.  

Furthermore, it is advised that, prior to release, developers should test their video games to 
check for bugs or errors. This can be done either internally or with the help of beta tests. This 
offer the opportunity to identify bugs and errors before releasing the video game, which 
enhances user experience. Additionally, the video games should have access to a good 
tutorial. Tutorials should be clear, concise and comprehensive so that users can understand 
and engage with the video game. Finally, the video game should offer a variety of gameplay to 
retain customers. A lack of variety in the video game tasks may lead to repetitive gameplay, 
which may induce boredom into the users. Thus, it is important the video game has multiple 
dynamics so that the user is always entertained. 
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8. Conclusion 
This thesis aimed to look at the influence of VR technologies on categorical membership and 
user evaluation in the video game industry. This has been assessed through the utilisation of 
both quantitative regression analyses and qualitative analysis of user reviews.  

The quantitative analysis utilised regression analyses to validate six hypotheses. The first 
hypothesis was validated, as it showed that video games that are classified under multiple 
genres receive lower user ratings. The second and third hypotheses also received support, as 
it was found that lower ratings for multi-genre video games were especially observed in video 
games developed by novel producers and VR video games receive lower user ratings than 
non-VR video games. However, no evidence was found for the hypothesis that VR multi-
genre video games would receive lower rating when developed by incumbents compared to 
newcomers.  

In addition, it was assessed whether video games that have access to VR technologies tend to 
be classified under multiple genres, which was validated. These genres that are being used in 
VR video games were also less commonly seen in traditional video games, therefore VR video 
games are seen as categorical disruptive technologies, as VR video games challenge the 
existing categorical structure, by stretching them which causes them to become more fuzzy. 
This confirms the notions of Zuckerman (1999) and Frenken and Punt (2023), that categorical 
penalty occurs among VR video games, due to their deviation from the traditional categorical 
norms. 

In order to add more nuance to the findings from the quantitative analysis, a qualitative 
analysis was conducted. This analysis identified recurring themes for the two lowest rated 
genres; sports and adventure. The findings from this analysis showed that VR video games 
often struggle with three sets of issues that persist. These three issues that were identified 
are technical, immersive and developer issues. These issues contained problems such as, 
hardware incompatibility, lack of tutorials, motion sickness and limited engagement with the 
user base. These issues currently inhibit the development of VR video games and must be 
addressed in order for VR video games to mitigate innovation penalty. 

Even though VR technology opens up opportunities for more creativity among developers, 
through innovative combinations of genres, they still are exposed to legitimacy constraints 
due to categorical penalty. Therefore, it is crucial that developers maintain a healthy balance 
between creativeness and user expectations through genre classification and user feedback.  
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