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Abstract—The market for virtual reality (VR) games is growing
rapidly, and is expected to grow from $3.3B in 2018 to $13.7B
in 2022. Due to the immersive nature of such games and the
use of VR headsets, players may have complaints about VR
games which are distinct from those about traditional computer
games, and an understanding of those complaints could enable
developers to better take advantage of the growing VR market.
We conduct an empirical study of 750 popular VR games and
17,635 user reviews on Steam in order to understand trends in VR
games and their complaints. We find that the VR games market
is maturing. Fewer VR games are released each month but their
quality appears to be improving over time. Most games support
multiple headsets and play areas, and support for smaller-scale
play areas is increasing. Complaints of cybersickness are rare and
declining, indicating that players are generally more concerned
with other issues. Recently, complaints about game-specific issues
have become the most frequent type of complaint, and VR game
developers can now focus on these issues and worry less about
VR-comfort issues such as cybersickness.

Index Terms—Virtual Reality games, gamer complaints

I. INTRODUCTION

The releases in 2016 of consumer virtual reality (VR)
headsets such as the HTC Vive and Oculus Rift has afforded
developers a large and growing audience for VR computer
games. The VR market is rapidly growing in size: the install
base of VR is expected to grow from 14 million in 2018 to
51 million in 2022, and the VR game market is expected to
grow from $3.3B to $13.7B in the same period [45].

The unique display and input hardware used in VR games
offers new and different experiences and means of interaction
for players of VR games. When comparing the VR and
non-VR modes of individual games, VR has been shown to
increase immersion and enjoyment, but also may be associated
with worse performance in completing in-game tasks and a
perceived loss of control [27, 37, 46]. Moreover, use of VR in
games may lead to cybersickness [39], an issue typically ab-
sent from non-VR games. Reflecting these differences, players
may have complaints about VR games which are distinct from
complaints about ‘traditional’ computer games. An awareness
of such complaints would enable developers to take greater
advantage of the growing VR market as it continues to evolve.

While many aspects of VR computer games have been
studied (e.g., their medical [15, 26] or educational [7, 48]
potential, and comparisons with non-VR games [27, 37, 46]),
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to the best of our knowledge our study is the first large-scale
examination of user complaints of such games.

In this paper, we conduct a large-scale study of 750 VR
games and 17,635 reviews on the Steam platform, one of the
most popular distribution platforms for computer games. Our
study provides a broad view of complaints among players
of VR games. We first conduct a preliminary analysis of
the metadata of VR games on Steam. We then examine
the negative reviews of those games and classify them into
categories to identify common complaints. We focus on the
following two research questions.

RQ1: What are the characteristics of VR games on
Steam? The games have a median of 3 updates each,
and a median price of $10.99, though this price has
increased over time. Cross-platform support for multiple
VR headsets is increasing, although support for Windows
Mixed Reality headsets lags behind. Support for smaller-
scale play areas is getting increasingly common.

RQ2: What do players of VR games complain about?
We identify seven complaint categories. The most com-
mon complaint is that games are overpriced or lack
content; however, the total proportion of such complaints
is rapidly decreasing over time. Complaints reflecting
issues that are most related to VR-comfort, such as cy-
bersickness and VR control schemes, are rare. Recently,
game-specific complaints have become the most common
type of complaint.

This paper is organized as follows. Section II provides back-
ground information on VR technology and Steam. Section III
presents the methodology of our study. Sections IV and V
present the results of our investigation into VR game charac-
teristics and user complaints respectively. Section VI discusses
the implications of our findings. Section VII discusses related
work. Section VIII discusses threats to the validity of our
study. Finally, Section IX concludes the paper.

II. BACKGROUND

In this section we provide a brief background on the VR
technology used by the games we study. We also describe
aspects of the Steam Store and Community which are relevant
to our data mining processes.

A. VR technology for games

The main device needed to play VR games is a VR headset,
which creates the illusion of a physical world by showing each
eye a separate render of the virtual game world. Orientation
and position tracking are used to update the virtual world
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TABLE I
AN OVERVIEW OF THE FOUR MOST POPULAR VR HEADSETS USED TO PLAY STEAM GAMES

Name Tracking Controllers Controller Tracking
Oculus Rift External sensors (outside-in) Oculus Touch Same as headset
HTC Vive External markers (inside-out)  Vive controllers Same as headset

Windows Mixed Reality
HTC Vive Pro

Markerless inside-out

External markers (inside-out)

WMR controllers
Vive controllers

Sensors on headset
Same as headset

based on the user’s movements. According to the June 2019
Steam survey [47], the most popular VR headsets used with
Steam games are the Oculus Rift, HTC Vive, Windows Mixed
Reality', and HTC Vive Pro. The capabilities of these headsets
are summarized in Table I.

Several headsets use external apparatus to aid position and
orientation tracking, such as external sensors for the Oculus
Rift and external markers for the HTC Vive and HTC Vive
Pro. However, some headsets, especially those released later,
implement tracking using only cameras and sensors on the VR
headset itself (markerless inside-out tracking). All Windows
Mixed Reality headsets use this method of tracking.

VR headsets can be roughly grouped into three categories.
PC-based headsets require a tethered connection to an external
desktop or laptop computer in order to offload processing
and rendering from the headset. Smartphone-based headsets
instead require a connection to a smartphone that is used for
processing and display. Finally, standalone headsets require
no connection to any external device in order to function. It
is worth noting that various means exist to use a wireless
connection instead of a tether for PC-based headsets, such as
the Vive Wireless Adapter for the Vive and Vive Pro. Also,
some standalone headsets (such as the Oculus Quest) can be
connected through a wire to a PC as well.

All four of the headsets in Table I are PC-based. Howeyver,
playing Steam games on other types of headsets is also
possible, and various projects exist for this purpose, such as
ALVR? which acts as a remote display for the smartphone-
based Samsung Gear VR and the standalone Oculus Go and
Oculus Quest headsets.

While some VR games can be controlled using standard in-
put devices such as keyboards, mice, and game controllers, VR
gaming systems typically have dedicated motion controllers.
In most cases two controllers are used, one held in or attached
to each hand. Like the headset, their position and orientation
is tracked to provide a more natural and intuitive input than
traditional control schemes. These controllers may be tracked
using the same external markers or sensors as the headset, or
by sensors on the headset itself. Controller support is generally
limited to a single headset or series of headsets, but exceptions
exist (e.g., 3rd-party software exists to use the Vive controllers
with Windows Mixed Reality headsets).

Although game engines such as Unity and Unreal attempt
to abstract away the differences in controller and headset
functionality, such differences still have implications for game

'Windows Mixed Reality is not actually a discrete headset but instead refers
to any VR headset following Microsoft’s Windows Mixed Reality standard,
known as Windows Mixed Reality immersive headsets.

Zhttps://github.com/polygraphene/ALVR

developers. For example, using the headset to track controllers
(as Windows Mixed Reality systems do) can lead to less
reliable controller tracking than other methods, potentially
breaking games which need 360° tracking of controllers.

B. VR games on Steam

Steam is a digital distribution platform maintained by Valve
Corporation. It is the largest digital distribution platforms for
PC games, containing over 30,000 games® and over 90 million
active users monthly*.

Steam is also a major source of VR games, containing
over 3,000 games which support VR in some capacity. By
contrast, the official Oculus Rift store “Rift Experiences” had
792 games, and the official HTC Vive store “Viveport” had
986 games, as of 2019-05-13. Valve provides a set of tools
and services for users and developers of VR games known
collectively as SteamVR’. Applications can interface with
SteamVR using the OpenVR SDK. However, to publish a VR
game on Steam, it is not mandatory to use SteamVR. For
example, a game might use the Oculus SDK to support the
Oculus Rift and the OpenVR SDK to support other headsets.

VR games on Steam are searchable through two separate
filters: VR Only and VR Supported. The former describes
games which require VR hardware in order to play; in the
latter, use of VR is supported but optional. VR Only is almost
entirely a subset of VR Supported (we observed during our
data analysis that the four exceptions are likely an error by
Valve or the games’ developers).

For each game, developers can indicate officially supported
categories of headsets and controllers as seen by users. Headset
support is indicated to users as any combination of Oculus Rift
(e.g., Oculus Rift, Oculus Rift S), HTC Vive (e.g., HTC Vive,
HTC Vive Pro), and Windows Mixed Reality (all Windows
Mixed Reality immersive headsets)®; controller support by
Gamepad, Keyboard/Mouse, and Tracked Motion Controllers.
While in theory all SteamVR games are compatible with all
headsets among the possible categories (i.e., they will run), as
noted previously there are still differences in practice, which
make testing on individual devices important. In addition to
controllers and headsets, developers can specify supported
play areas for their games, indicated to users as Seated,
Standing, and Room-Scale. Valve defines a Standing play area

3https://store.steampowered.com/search/?category 1=998

“4https://partner.steamgames.com/

Shttps://www.steamvr.com/en/

SThere are also labels for the Oculus Rift developer kits, but these are rarely
used, hence we ignore them. Additionally, after our data was collected Steam
added a label for the Valve Index headset.
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as a l-meter diameter circle and a Room-Scale play area as a
rectangle of at least 2 x 1.5 meters.’

C. Steam Community

Once a user has recorded playtime® for a game on Steam,
they are able to post a user review for that game to Steam
Community. Instead of a star rating system, Steam reviews
are designated either Recommended or Not Recommended,
corresponding with positive and negative ratings respectively.
For each game, these ratings are summarized on the store page
in categories (e.g., Mostly Positive or Mixed), over all reviews
and over only reviews posted within the last 30 days.

Through Steam Community, developers and journalists are
able to post news updates, such as promotions or update
announcements, on a per-game basis. These news posts are
organized into channels denoting their origin or intended
purpose, such as PC Gamer or Product Releases.

I[II. METHODOLOGY

In this section we describe the methodology of our empirical
study. Figure 1 gives a visual overview of our data collection
and filtering processes. In the remainder of this section, we
describe the processes in greater detail.

A. Collecting basic game data

We adapt a customized crawler from our prior work [23]
to extract information for all 31,177 games on Steam as of
April 4, 2019. For each game, the crawler gathers the title,
release date, publisher, developer(s), price (undiscounted, in
Canadian dollars), supported headsets, supported input de-
vices, supported playing areas, VR support (the VR Supported,
VR Only properties), and number of reviews. Vague or non-
specific release dates (e.g. January 2018) are ignored; only
release dates with daily precision are gathered.’

We select the games for our study according to the following
criteria:

o VR support: The game must be a VR game.

o Popularity: The game must have 25 or more reviews.

We wish to investigate which complaints players have with
VR games. This makes gathering reviews for games with
optional VR support somewhat problematic, since we do not
know whether a review describes the experience with or
without VR. Unfortunately, Steam provides no mechanism to
determine if a review is of the VR mode or non-VR mode of
a game (or both). Therefore, we only consider games marked
VR Only as “VR games” in this study.

There are a few instances in the paper in which it is helpful
to consider the full set of games (including the non-VR and
less popular ones); these cases are noted specifically when
they occur.

For each studied game, we also collected all Steam Commu-
nity news posts. As described in Section IV, we use these news

7https://steamcommunity.com/app/358720/discussions/0/
350532536103514259/

8https://partner.steamgames.com/doc/store/reviews

9Only the release date is ignored. The rest of the game data is still crawled
and processed as usual.

TABLE II
A BRIEF SUMMARY OF THE DATA COLLECTED FROM THE STEAM STORE
AND STEAM COMMUNITY

# of collected games in total 31,117
# of VR games 2,710
# of VR games with > 25 reviews 750
# of collected reviews 150,887
# of unique review authors 74,899
# of English reviews 117,012
# of English, negative reviews 17,635
# of collected news posts 5,436

posts to estimate the number of updates for each VR game.
Additionally, we created a crawler to collect historical pricing
information of Steam games from the website SteamDB'?. We
ran this crawler for all non-free, popular VR games to capture
how their prices changed over time.

B. Collecting reviews of VR games

We use another custom crawler to collect all 150,887
user reviews of the studied VR games. This crawler was
executed directly after the basic characteristics crawler and
also performed its data collection on April 4, 2019. For
each user review, we gather the title of the game under
review, the review’s content, the rating (Recommended or Not
Recommended), and whether the review was an early access
review.

C. Dataset description

Table II shows a brief description of the collected data.
As noted in prior sections, basic characteristics were crawled
for every game on Steam, but reviews and news posts, and
historical prices were only collected for VR games with 25 or
more reviews.

IV. RQ1: WHAT ARE THE CHARACTERISTICS OF VR
GAMES ON STEAM?

Motivation: Before analyzing user reviews, we examine the
basic characteristics of VR games. As our paper is the first
large-scale examination of VR games on Steam, it is important
to understand the dataset. We examine trends within the data to
understand the evolution of VR games over time. The findings
in this section contextualize the remainder of the study.

Approach: We examined the release dates, developers,
prices, and updates of the collected VR games. We also
examined the level of support over time for the categories
of headsets, controllers, and play areas.

To estimate the number of updates for each VR game, we
used a method from our prior work which extracts release
notes from collected Steam Community news posts [21]. This
method was evaluated in that work to have a precision of
89% and a recall of 87% for early access games. Only news
posts from the Product Updates, Product Releases, Client Up-
dates, and Steam Community Announcements channels were
considered. A news post from these channels was considered
to contain release notes if:

10https://steamdb.info
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Fig. 1. An overview of the methodology of our study.

e it was published on the Product Updates or Product
Releases channel; or

o its title contained the word update, release, patch, hot-
fix, or change log, ignoring case, and using the case-
insensitive regex patterns hot.xfix and change.x*log
for hotfix and change log respectively; or

o its title contained a version number, using one of the
following case-insensitive regex patterns:

— (version|alpha|beta|gamma|build) ?[0-9]+ , Or

\bv\.? ?2[0-9][0-9.a-z]*\b .

The number of updates per game was then considered to be the
number of news posts for that game which contained release
notes.

To compare the price and update distributions, we used the
Wilcoxon rank-sum test, a non-parametric test which can be
used to compare two independent distributions. If p < 0.05
we consider the distributions to be significantly different. To
quantify this difference, we use Cliff’s delta (d) [24], with the
thresholds provided by Romano et al. [40]:

negligible if |d| € [0,0.147]
Effect size is smal.l ?f |d| € (0.147,0.33]

medium  if |d| € (0.33,0.474]

large if |d| € (0.474,1]

Early access games were identified as in our prior work [21],
using the presence of either an early access banner or an early
access review.

We estimated the release price of the paid games by com-
bining the SteamDB historical pricing data with the game’s
release date from Steam. If SteamDB recorded the price before
or at the release date, we used the last recorded price as
the release price. Otherwise, we estimate the release price
using the earliest recorded price for the game, provided it was
recorded no more than two days after the game’s release date.

Results: The rate at which VR games are released is
declining. Figure 2 shows the number of games released per
week from 2016 to 2019. Throughout the year 2018, 158
of the studied games were released, corresponding with 3.04
releases per week. The release rate of VR games peaked at
the beginning of 2017 and thereafter declined. However, since
only games with 25 or more reviews were considered, a slight
decline is to be expected nearer the present, as recent games
have had less time to accumulate reviews. For this reason
Figure 2 also shows the number of games per week for all VR
games, including those with few reviews. When considering
all VR games, the release rate peaked mid 2017, but again
declined after that time. The initial spike coincides with the
release of the HTC Vive in June 2016. The next spike, at the
end of 2016, occurs in the first three-quarters of December in
that year and is likely a result of developers rushing to release
their games by Christmas 2016.

The median price of a VR game was $10.99, and $14.24
when considering paid VR games only. Paid VR games
were more expensive than paid non-VR games. Figure 3
shows the price distribution of the games. The median price of
the studied games was $10.99. 184 of 750 (25%) of the studied
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Fig. 2. Release dates of Steam VR games. The plot on the left shows the
release dates of the VR games with > 25 reviews; the plot on the right shows
all VR games, including those with fewer reviews. Games with release dates
in the future are excluded, as are 6 games with release dates before 2016.
Additionally, 151 games with no release date given are not shown (including
1 with 25 or more reviews). The trend line is a LOESS trend line which
provides a smoothed estimate of the rate of releases at each point in time.
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Fig. 3. Price distribution of the studied VR and non-VR games. The x-axis
is 1 + the price of the game, in Canadian dollars. The black vertical lines
indicate the median values of each distribution.

games were free or free to play. Excluding these games, the
median price (of non-free games) was $14.24. The two most
costly games, with a price of $80.00, were Fallout 4 VR'' and
The Elder Scrolls V: Skyrim VR'?, both developed by Bethesda
Game Studios. The median price of a non-VR game (with 25
or more reviews) was $7.79 and $8.99 when considering paid
games only. A Wilcoxon rank-sum test showed that the price
distribution of the VR games was significantly different than
that of (popular) non-VR games, both in the overall and paid
case. The effect size was negligible (|d| = 0.06) overall and
small (|d| = 0.30) for paid games.

The release price of paid VR games has increased over
time. Figure 4 shows the trend of the release price of the paid
studied VR games over time. This is the undiscounted price
of each game at its release. The price increases for two years
until just after 2018, when it levels off and even decreases
slightly. Within the final six months, the median price for a
paid VR game was $22.14, compared with $10.99 within the
first six months.

https://store.steampowered.com/app/6 11660/
12https://store.steampowered.com/app/611670/
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Fig. 4. Trends for the release prices of the paid VR games. The Year axis is
grouped into months. Each data point is the median price of paid VR games
released in that month. The line is a LOESS trend line, indicating a smoothed
estimate of the median price of paid games over time. Games with release
dates before 2016 or in the future are excluded, as are 22 games with no
estimated release price from SteamDB.
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Fig. 5. Distribution of the number of updates to VR games.

The studied VR games received a median of 3 updates.
Figure 5 shows the distribution of the number of updates per
studied VR game. Of these games, 176 of 750 (23%) received
no updates at all. In addition, 439 of 574 games with updates
(76%) received only 10 or fewer updates. Early access games
received a median of 8 updates, while non-early access games
received only 2 (this difference was statistically significant as
determined with a Wilcoxon rank-sum test, with |d| = 0.61
indicating a large effect size). These figures suggest that there
is a low level of ongoing developer support for many of the
studied games.

396 of 715 VR developers (55%) published only a single
game on Steam, and 77 % exclusively published VR games.
These numbers take into account all games (including non-
VR or less popular ones) created by the VR developers.'?
Of the developers with multiple games, 153 of 319 (48%)
have exclusively created VR games. In addition, among the
developers of the studied games with both VR and non-
VR games on Steam, 72% published the non-VR game
first. Again, these numbers take into account all games by
the VR developers, including non-VR or less popular ones. A
total of 166 developers published both VR and non-VR games
on Steam. 156 of these developers had at least one game in
each category (VR or non-VR) with a well-defined release
date. Among these 156 developers, 113 (72%) released their
first non-VR game before their first VR game. Therefore while
only a small proportion of VR developers created both VR and

3By VR developer we refer to developers which created at least one of
the 750 studied VR games. Developers of only less-popular and/or non-VR
games are not considered, since we wish to characterize the developers of the
studied games only. However, all games created by the VR developers are
taken into account, in order to properly characterize their output.
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Fig. 6. Trends for headset support among the studied games. The Year axis
is grouped into months. Each data point is the fraction of games released in
the corresponding month which support a VR headset as of 2019-04-04. The
lines are LOESS trend lines, indicating for each headset a smoothed estimate
of the fraction of VR games released supporting that headset.

non-VR games, most developers among that group had prior
experience making non-VR games before publishing their first
virtual reality game on Steam.

In addition, we manually examined a random sample of
50 of these developers and determined that only 6 of their
collective 199 games (3.0%) are sequels, spinoffs, or remakes
of existing non-VR titles that were released by those devel-
opers on Steam. This indicates that, generally speaking, the
studied virtual reality games are new material likely created
specifically for VR instead of adaptations of existing games.

The HTC Vive is the most widely supported headset on
Steam with more than 99% support. Among the studied
games, 749 of 750 support the HTC Vive. In contrast, only
77% and 31% of the studied games support the Oculus Rift
and Windows Mixed Reality categories, respectively. The
high support for the HTC Vive is likely related to Valve’s
close association with the HTC Vive headsets, which were
developed by a co-operation between HTC and Valve.

Support for Oculus Rift and Windows Mixed Reality
headsets is increasing. Figure 6 shows the fraction of games
released each month with official support for each VR headset
category. Support for Oculus Rift and Windows Mixed Reality
headsets grows throughout the entire timeline. Within the final
6 months, support for Oculus Rift headsets has reached 97%,
indicating it has essentially caught up with the Vive. In that
time period, Windows Mixed Reality support still lags behind
at 67%, although it continues to increase at least up until the
time of data collection.

SteamVR gained support for Windows Mixed Reality head-
sets in November 15, 2017 [25], a month after the first launch
of Windows Mixed Reality headsets. At the time, indicated
support for Windows Mixed Reality headsets was disabled
by default, requiring developers to manually specify that
their games were compatible with Windows Mixed Reality.
Therefore it is likely that the 116 games with support for these
headsets prior to November 15, 2017 have had support added
after their release.

712 of 750 (95%) games support tracked motion con-
trollers, and support for other control schemes is de-
creasing. Figure 7 shows the proportion of games released

Gamepad =+= Keyboard / Mouse Tracked Motion Controllers
0.75
0.50

0.25 A

Fraction VR games for controller
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At LW ¢ T TE TTI——“A\
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Fig. 7. Proportion of games released each month with support for the three
controller categories. This graph is constructed identically to Figure 6, except
it displays controllers instead of headsets.

with support for each category of controller. 98% of the
studied games released in the final six months support tracked
motion controllers, and only 3 of 58 games (5.2%) released
in that time period support other control schemes (i.e. key-
board/mouse or gamepad). By contrast, only 87% of the VR
games that were released within the first 6 months of 2016
had support for tracked motion controllers, and a full 25%
supported other control schemes. A possible explanation could
be the lack of a dedicated controller for the Oculus Rift at
launch. Not only has support for dedicated VR controllers
increased to near-ubiquity, but recent releases have largely
stopped supporting traditional control schemes at all.

The most common play areas are room-scale and stand-
ing, supported by 79% and 76% of games respectively.
Support for the seated play area is increasing. As seen
in Figure 9, the proportion of games released with support
for the “room-scale” and “standing” play areas has remained
approximately constant since the year 2017. However, support
for the “seated” play area has increased throughout the time-
line from 40% of games released in the first six months to
59% in the final six months. Within the final six months the
support for room-scale and standing play areas is 78% and
85% respectively, indicating that support for “standing” has
also increased. The increasing support for smaller-scale play
areas is likely an attempt by developers to make their games
appeal to a wider audience, since the larger-scale VR setups
require greater user commitment in terms of equipment and
physical space, and thus may be unavailable or unappealing for
some users. In addition, a smaller required play area would
make the game more portable. As standalone VR headsets
grow in popularity, this would allow the game to be played
while travelling, such as on an airplane.

V. RQ2: WHAT DO PLAYERS OF VR GAMES COMPLAIN
ABOUT?

Motivation: User reviews are a visible indication of the user-
perceived quality or enjoyment of a game. It is therefore im-
portant to developers to obtain positive reviews for their games
in order to maximize their chances of success. Reviews also
provide valuable feedback for developers on which aspects
of their games have been positively received and which need
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17,635 negative reviews of popular VR games
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Extracting topics: After running Twitter-LDA on the re-
views, the generated topics were ranked according to the
number of reviews assigned to each topic. Twitter-LDA is
nondeterministic, and its results will vary by run. Therefore
we ran the algorithm five times and combined the results by
grouping the top 10 topics of each run (by number of reviews)
into manually-classified complaint categories.

Categorizing complaints: Each topic was assigned one com-
plaint category as follows:

1) For each run, the first and third authors were each given

Fig. 8. An overview of our approach for extracting complaints from the negative reviews.
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Fig. 9. Proportion of games released each month with support for the three
play area categories. This graph is constructed identically to Figure 6, except
it displays play areas instead of headsets.

improvement. Although both positive and negative reviews can
provide useful feedback, our prior work shows that negative
reviews do so more often [23]. Here we analyse negative user
reviews to extract the most commonly-occurring complaints
for virtual reality games. Such an overall understanding of
users’ complaints of VR games is useful for developers and
could enable them to tailor their development and testing
efforts to most effectively address players’ concerns.

Approach: Figure 8 give an overview of our approach for
extracting complaints from reviews. We detail each step below.

Preprocessing the data: All 17,635 negative, English re-
views for the studied VR games were automatically classi-
fied using the Twitter-LDA [51] algorithm. Twitter-LDA is a
variation of LDA that is designed to assign topics to Twitter
“tweets”, and as such is capable of generating meaningful
topics from smaller amounts of text than traditional LDA. One
topic was assigned to each document (review). Prior to running
the algorithm, each review was preprocessed as follows:

1) The review text was converted to lowercase and punc-
tuation was removed.

2) Using the Python package n1tk [3], English stopwords
were removed from the review text.

3) The review text was stemmed using the Porter stemmer,
as implemented by nltk.

a random sample of 20 reviews for each of the top 10
topics of that run. Each author was therefore assigned
a total of 1000 reviews over 50 topics. Using these
reviews, both authors independently identified categories
for each topic. Each topic was assigned exactly one
category.

2) The categories identified by each author were consoli-
dated into a new set of 7 complaint categories agreed
upon by both authors. These complaint categories are
shown in Table III.

3) The topics were classified by the first and third authors
once more (using the same set of reviews as in step 1),
this time into the predefined complaint categories. The
authors disagreed on 3 of the 50 classified topics, with
Cohen’s kappa k = 0.929, indicating a strong agreement
between categorizations. The remaining differences were
resolved through discussion.

After this process was complete, each review had been
automatically classified into a topic once in each run, and
each of the top 10 topics for each run had been grouped
into a complaint category. We therefore considered a review
to belong to a complaint category if it was assigned a topic
which was grouped into that category. For each run, we ranked
the complaint categories by number of reviews, from 1 to
7 for most to least reviews. For each complaint category,
we calculated the median rank across runs to summarize its
relative occurrence among the reviews.

Results: Table III shows the median rank of each category
across all runs. Categories with rank 1 had the most reviews
within a run; categories with rank 7 had the least. Figure 10
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TABLE III
MANUALLY IDENTIFIED COMPLAINT CATEGORIES FOR NEGATIVE REVIEWS OF STEAM VR GAMES. THE EXAMPLE FOR EACH COMPLAINT CATEGORY IS
A FRAGMENT OF TEXT FROM A REVIEW WITH THAT CATEGORY (THE REVIEW TEXT HAS BEEN MINIMALLY EDITED FOR CLARITY).

Complaint category Description and Example

Median rank

lacks content
game-specific

The game is too short, lacks content, or is overpriced. “it’s good but not worth the money” 1
A significant number of reviews in the topic are for a single game only, and contain complaints about game- 3

specific information such as gameplay. “Skyrim is cool and all, but .. .it’s basically ‘Crouch-Simulator with

dragons’ ”

community The game has been abandoned by either players or developers, or has multiplayer issues. “I couldn’t find 4
anyone online to play with”

crashes The game crashes, freezes, cannot start, or otherwise has major bugs rendering it unplayable. “it crashes 4
within minutes of starting”

nausea The game causes nausea or headaches. “made me ill to the point I have to lie down” 5

controls The game has various issues with controls (locomotion and/or manipulation) or with headset. “can’t correctly 6
use the oculus touch controllers”

optimization The game has optimization issues such as stutters or a low framerate. “starts out smooth then gets progressively 7
choppier”

shows the relative frequency of each complaint category over
time. The most common complaint was that games lack
content or are overpriced. The frequency of this complaint
is decreasing. These complaints correspond with the lacks
content complaint category. As can be seen in Figure 10,
the relative frequency of this complaint category has decreased
over time from 2016 to 2019. Interestingly, while one might
expect early reviews to be more tolerant of such concerns given
the early nature of the technology, this does not appear to be
the case. The decreasing frequency of this complaint suggests
that that the VR games market has become more mature over
time, with developers as a whole moving away from smaller,
“tech demo”-like experiences typical of early efforts. Another
explanation could be that gamers are now used to VR games
being smaller than non-VR games and hence compare newer
VR games to older VR games, instead of to non-VR games.
It is interesting to note that the release price of VR games has
increased over time (see Figure 4) even as the frequency of
lacks content complaints have decreased. This suggests
that as time goes on, players of VR games have felt they are
getting better value for their money.

A major complaint was with lack of developer or player
community. The corresponding complaint, community, had
median rank 4 and is thus tied for second most-occurring
(aside from the game-specific complaint category). The
relative frequency of this complaint has largely stayed constant
over time. This suggests that abandoned games (both by the
developer and the players) have been and continue to be an
issue for players of VR games.

Crashes, freezes, and game-breaking bugs were com-
plained about less frequently than game design- and
business-oriented issues. The category crashes, cor-
responding with such bugs, had median rank 4. The
game design- and business-oriented lacks content and
community complaint categories, with ranks 1 and 4 respec-
tively, collectively occurred more frequently than complaints
about bugs and crashes. This observation is consistent with
our prior work [23], which was not specific to VR games and
which showed that, especially among negative reviews, com-
plaints about game design are more common than complaints
about bugs (including crashes).

The relative frequency of game-specific complaints
jumped in early 2018. These complaints (belonging to the
game—-specific category), are from topics with a large
percentage of reviews that complaint about a single game.
This increase and another in early 2019 was large enough to
make these complaints the second-most-frequently occuring.
This could indicate a shift to complaints about specific game
content instead of other issues. As with the decline in the
lacks content complaint category, this shift likely reflects
the growing maturity of the VR games market.

The complaints reflecting issues that are most unique
to VR occurred the least often. The complaint categories
nausea, controls, and optimization had the lowest
median ranks assigned, at 5, 6, and 7 respectively. These
categories correspond most closely with issues specific to
VR-comfort: nausea since it describes symptoms of cy-
bersickness; controls due to the unique control schemes
in VR; and optimization since VR games require extra
processing power to render scenes to each eye, and since issues
with unoptimized games (e.g. stuttering or reduced framerate)
can induce cybersickness. While the absence of these issues
does not guarantee user enjoyment, such issues can quickly
render a game unplayable. The low rank assigned to the
categories suggests that these issues were considered by users
to be less important than the others which are less intrinsic
to VR platforms, suggesting that developers and hardware
designers have largely succeeded in reducing VR-comfort
issues to an acceptable level for computer games.

VI. IMPLICATIONS

The VR games market is maturing. Complaints that
games are overpriced for their content have decreased sharply,
even as the price of VR games has risen over time. The median
price of a paid VR game has risen from $10.99 in the first
six months of 2016 to $22.78 in the latest six months of
data collection, levelling off after 2018. Despite this increase,
complaints about games which are overpriced or lack content
have decreased in frequency from roughly 50% to 20% of all
complaints. This decrease suggests that the quality of new
games has generally increased, since players have become
more satisfied with the amount of content in newer games even
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Fig. 10. The fraction of categorized negative reviews belonging to each category over time. The Year axis is grouped into months. Each point is the fraction
of categorized complaints published in that month belonging to the given category. This fraction is calculated using the combined topics and categories of all
five runs. The lines are LOESS trend lines, providing a smoothed estimate of the Fraction of categorized complaints with each topic over time.

as they are more expensive. Hence, while less VR games are
released each month, their quality seems to be improving.

Developers should be prepared to deliver cross-platform
experiences which support multiple play areas. The ma-
jority of recent releases have support for multiple headset
categories and play areas, likely creating an expectation of
such support among players. Within the final six months of
our study period, 97% of the released games supported both
Oculus Rift and HTC Vive headsets, with Windows Mixed
Reality support at 67% and increasing. Similarily, within this
time period 85% of the releases supported Standing and 78%
of the releases supported Room-Scale play areas. Seated play
areas have seen increasing support, reaching 59% overall
within the final six months and climbing steadily, a trend
developers should keep in mind when creating their VR games.

It is also worth noting that nearly all recent releases have
supported tracked motion controllers: 98% of games released
in the final six months have support for tracked motion
controllers, and only 5.2% supported other control schemes.
Therefore developers should not worry about including key-
board or gamepad support in their games.

Cybersickness is not a major issue among players of
current VR games. The frequency of complaints reflecting
cybersickness has decreased steadily over time, likely reflect-
ing efforts of developers and hardware makers to mitigate the
issue. However, cybersickness has never comprised a large
proportion of the complaints. It was initially dwarfed by
complaints about price and content, and recently by complaints
about game-specific issues. Overall, it is ranked the Sth-most
common complaint category. While Rangelova et al. con-
cluded from an online survey that cybersickness is widespread
among gamers [38], our results suggest that cybersickness is
not a major issue with players compared with other concerns.

Developers should focus on delivering high-quality gam-
ing experiences rather than further improving VR-comfort
aspects of their games. Since approximately 2018, the most
common complaint among user reviews has been with game-
specific issues. Complaints of cybersickness, controls, and
other elements reflecting VR-comfort issues have low and

declining frequency. In order to address the largest number of
complaints, developers should focus on further improving the
value of their VR experiences as games rather than addressing
VR-comfort issues. Since the frequency of complaints about
lack of content and overpriced games has decreased sharply
over time, developers may consider improving the quality of
game content, for example by fixing bugs and crashes, or by
building game communities, both corresponding to complaint
categories ranked above VR-comfort issues.

VII. RELATED WORK

In this section, we discuss related work about (1) virtual
reality complaints, (2) game repository mining, and (3) games
and software engineering.

Virtual reality complaints: Most of the work which focuses
on what issues users of current VR technology have with
the technology is concerned with cybersickness. Porter III
et al. [36] studied discussions on Reddit about cybersickness
and immersion on the HTC Vive. Similar to our study, they
conclude that the VR games market is maturing and that the
concerns of gamers have evolved over time.

A few studies have investigated the severity of VR sickness
among current VR games. Munafo et al. [30] reported 22% and
56% incidence of motion sickness when participants played
two VR games (Balance Rift and Affected) on an Oculus Rift
DKI1. Shafer et al. [41] conducted an experiment across three
commercial VR games and two headsets (Oculus Rift DK1 and
CV1), and concluded that factors important to the enjoyment
of other types of games were also important for VR games,
and that the different headsets had no impact on the severity
of cybersickness. Walch et al. [49] compared a racing game
played on either flat screens or an HTC Vive headset. They
found that the visualization method had no significant effect
on SSQ scores (a measure of cybersickness), although users of
the VR setup felt a significantly greater amount of discomfort.
Tan et al. [46] explored gameplay experiences from the game
Half-Life 2 on the Oculus Rift DK1. While 8 of 10 participants
experienced cybersickness at some point, it largely did not
effect immersion. Rangelova et al. [38] conducted the only
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large-scale examination of cybersickness among gamers of
which we are aware. Using an online survey, they concluded
that cybersickness is widespread among players of current VR
games. While our study does not measure the incidence or
severity of cybersickness among players, we do examine user
reviews complaining of its symptoms, and are thus able to
rank its perceived severity relative to other player complaints.

Several studies have leveraged user reviews to study com-
plaints for other platforms such as mobile apps. Khalid
et al. [17] studied 6,390 low-rated reviews for 20 free iOS
apps. They found that the most frequent complaints were of
functional errors, feature requests, and crashes, while the most
negatively-impacting complaints were of ethical and privacy
issues. Mcilroy et al. [28] found that up to 30% of low-
rated reviews contained multiple complaints, and presented
a classifier to identify complaints from user reviews. Fu
et al. [8] presented a system which analyzed how user com-
plaints evolved over time. Mujahid et al. [29] investigated
complaints in 2,667 reviews of 19 Android wearable apps. The
most frequent complaints were functional errors and cost, and
the most negatively-impacting complaints were installation,
incompatibility, and ethics issues. Hassan et al. [12] studied
the top 250 bad updates (updates with the highest increase
in the percentage of negative reviews following the update)
of 2,526 free apps on the Google Play Store. They found
that feature removal and user interface issues caused the
highest increase in negative reviews but that developers were
most likely to fix crashes and functional issues. Our study
investigates PC-based VR games, and is the first to show
that the occurrence of complaints about cybersickness is low
amongst players of popular VR games on Steam.

Game repository mining: Several studies have mined data
from digital game distribution platforms. Sifa et al. [43]
analyzed the playtime distributions of over 3,000 games on
the Steam platform, grouped them into four archetypes, and
described the main types of games within each archetype.
Poretski and Arazy [35] collected data for 45 games from
the Nexus Mods game mod distribution platform to investigate
the value added by modding communities. Our prior work
has collected game and review data from Steam in order to
analyze early access games [21], urgent updates [20], and user
reviews [23]. In our prior work on user reviews, we studied
reviews of all types of games. In addition, we did not focus on
complaints of gamers. In this paper, we focus on complaints
from VR gamers in particular. VR games and their complaints
must be studied separately from traditional games due to the
presence of hardware that may affect the gamers’ complaints.

Many studies focused on the social media aspects of Steam
Community and on characterizing player behaviour. O’Neill
et al. [32] collected data from 109 million user accounts and
384 million owned games on Steam. They reported a low
number of friendships compared to other social networks,
among other findings, and emphasized the diversity of player
behaviour within their results. Becker et al. [2] analyzed
the Steam Community social network, user groups, and the
evolution of the network over time. Sifa et al. [44] used the
Steam web API to analyze cross-game behaviour of 6 million
players across more than 3,000 games. Blackburn et al. [4]

observed “cheaters” within Steam Community and found that
cheating behaviour spreads with a “contagion”-like effect, with
players having cheating friends being more likely to later
become cheaters themselves. Li et al. [19] collected user
profile for 60 thousand users within Steam Community and
extracted eight factors characterizing user attributes. Baumann
et al. [1] analyzed so-called “hard-core” gamers.

We collect game data and reviews for VR games on Steam,
and our work is the first to focus specifically on VR games.

Games and software engineering: There is a large amount of
work studying computer games and various aspects of software
engineering. Much of this is work concerned with the game
creation process, such game as architecture [9, 18, 31] or
development practices [16, 33, 34].

Numerous studies have applied data mining techniques to
compute game data. Many of these have used in-game teleme-
try, public APIs, or game logs to analyze player behavior for
a single game or small number of games, e.g. [10, 11, 13, 14,
42, 50]. Among the studies which consider a large number of
games as we do, a few gather data primarily from platforms
other than digital distribution platforms. Chambers et al. [5]
examined a collection of 550 online games using data from
GameSpy.com (now defunct) to investigate game workloads
and the potential for shared infrastructure. Cheung et al. [6]
gathered 200 reviews from a combination of Amazon and
long-form reviews from gaming websites, as well as interviews
from industry professionals, and recommended a focus on
engagement rather than fun for the first playing hour of games.
In our prior work [22], we collected metadata of Youtube game
videos and trained a random forest classifier to identify videos
showcasing game bugs.

VIII. THREATS TO VALIDITY

Internal validity: A potential threat to the validity of our
study is that we filtered out games with fewer than 25 reviews.
Recent games could be underrepresented since they have not
had much time to accumulate enough reviews. Future studies
should repeat our analysis in several years to understand how
trends have changed since then.

Another threat is that user reviews are prone to review
bombs, i.e., large numbers of negative reviews to discredit
a game. While we did not observe any indications of review
bombs in our data, future studies should further sanitize the
collected data to reveal the impact of such bombs.

In order to categorize user complaints, we only studied
reviews written in English. We also examined only negative
reviews, even though our prior work has shown that positive
reviews also frequently contain complaints [23]. Because of
the small percentage of positive reviews which contain com-
plaints, it is difficult to automatically extract complaints from
these reviews. Future studies should investigate the complaint
categories in positive reviews of VR games.

The HTC Vive headset was developed by HTC in partner-
ship with Valve, the owner of Steam. This close relationship
with Valve likely explains the large fraction of games which
support that headset.

Construct validity: We estimated trends in headset, con-
troller, and play area support by combining the release date
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of each game with the stated support on Steam. However,
developers may update these values at any time, and so the
stated headset, controller, and play area support among earlier
games may not reflect their values at launch. In particular,
we found 116 games which were released before the launch
of Windows Mixed Reality headsets, but which officially
supported those headsets at the time our data was collected.

We estimated the number of updates to each game by
filtering the game’s news posts for release notes. In our prior
work with early access games, we evaluated this method to
identify release notes with a precision of 89% and a recall of
87% [21]. Since posting such release notes is not mandatory,
our method could underestimate the number of updates.

Twitter-LDA only assigns one topic per review, even though
a review might contain multiple complaints. Our manual
categorization also assigned only one category per topic.
Assigning only one topic per review might cause complaints of
secondary importance within user reviews to be disregarded.
To assess the impact of this threat, we manually studied a
randomly selected sample of 70 negative reviews to verify
what portion of the reviews contains multiple complaints. We
found that approximately only 23% of the reviews contained
complaints from more than one category. However, most of
these reviews were categorized into the game-specific and the
controls category. During the manual categorization in the
rest of the paper, we always favoured the other complaint
categories over the game-specific category. Hence, we do not
expect that the fact that we assigned only one category per
topic influences the eventual outcome of our study. Regardless,
future studies should further investigate the impact of allowing
multiple complaint categories per review.

External validity: We only examine games with mandatory
VR support. This excludes games which have both VR and
non-VR modes, and so our results may not generalize to those
games. Unfortunately, this restriction was unavoidable since
games with optional VR support may contain reviews both
of the VR and non-VR content, with no method to determine
which is which. Likewise, we only study popular PC-based
VR games on Steam and our results may not generalize to
VR games for other platforms, such as PlayStation VR, or
PC-based VR games that are not available on Steam.

Our findings may not hold for the entire potential audience
for VR games. For example, players sensitive to cybersickness
may be less likely to own a VR headset and to review VR
games on Steam, possibly making them underrepresented in
our results. Finally, our results apply to PC-based headsets
since, as explained in Section II, these comprise the majority of
VR headsets used with Steam. Our results may not generalize
to other types of VR headsets, such as standalone headsets.

IX. CONCLUSIONS

The unique display and input hardware used by VR games
allows these games to offer different experiences than non-VR
games. Understanding what complaints players have about VR
games may allow developers to tailor their development and
testing efforts to most effectively address user concerns.

We performed an empirical study of 750 PC-based VR
games and 17,635 user reviews on the Steam platform. We ex-

amined trends in release frequency, price, headsets, controllers,
and play areas, and also examined the games’ developers
and updates. We extracted seven common categories from the
negative user reviews in order to understand player complaints,
and examined the frequency of these complaint categories over
time. Our most notable findings are:

1) The majority of recent releases have support for multiple
headset categories and play areas. In particular, support
for smaller-scale playing areas has increased.

2) Complaints that games are overpriced for their content
have decreased sharply, even though the median price
of VR games has more than doubled over time.

3) The frequency of complaints reflecting cybersickness is
low and has decreased steadily over time.

4) Since approximately 2018, the most common complaint
among user reviews has been with game-specific rather
than VR-comfort issues.

Our findings show that the PC-based VR games market
is maturing. In particular, we observe that VR-comfort is-
sues which have traditionally received widespread attention
in research, such as cybersickness, are uncommon within
complaints and have become less prevalent. There are several
possible explanations for this reduction in complaints about
VR-comfort. The first possible explanation is that PC-based
VR technology and design patterns for VR have greatly
improved over the years, allowing developers to create VR ex-
periences that are more comfortable and less nausea-inducing.
A second possible explanation is that players who suffer from
VR-comfort issues when playing VR games simply no longer
play these games, thereby reducing such complaints (even
though the issues may still exist). Future studies should further
investigate these possible explanations for the reduction in
complaints about VR-comfort.

Overall, our findings are an indication that developers of
PC-based VR games now no longer should have improving
VR-comfort as their sole focus. Instead, they can start focusing
more on improving the design and gameplay of VR games to
attract a wider range of players (while, of course, maintaining
the same level of VR-comfort).
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