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Abstract. Brain-computer interface (BCI) games can satisfy our need
for competence by providing us with challenges that we should enjoy
tackling. However, many BCI games that claim to provide enjoyable
challenges fail to do so. Some common fallacies and pitfalls about BCI
games play a role in this failure and in this paper we report on a study
that we carried out to empirically investigate them. More specifically,
we explored (1) active and passive interaction with BCI games, (2) BCI
gaming as a skill and (3) playability of a BCI game. We conducted an
experiment with 42 participants who played a popular computer game
called World of Warcraft using a commercial BCI headset called EPOC.
We conducted interviews about the participants’ experiences of the game
and ran a phenomenological analysis on their responses. The analysis
results showed that (1) the players would like to play a BCI game actively
if the BCI controls critical game elements, (2) the technical challenges of
BCI cannot motivate the players to play a BCI game and (3) the players’
enjoyment of one-time playing of a BCI game does not imply playability
of the game.

1 Introduction

Brain-computer interfaces (BCIs) are physiological computing systems that sat-
isfy or support the needs of their users by interpreting the user’s brain activity
[1,2]. There are different groups of BCI users and each of them has different
needs. Besides paralysed individuals who use BClIs to satisfy their basic physio-
logical needs for survival, there is a larger user group including not only paralysed
but also healthy individuals who use BClIs to satisfy their psychological needs.
BCI games are prominent applications for this group of users thanks to their
capability to satisfy some psychological needs such as competence, pleasure and
relatedness [3]. For example, by overcoming the challenges posed by a BCI game,
people can satisfy their need for competence [4].

Many BCI games have been developed with the claim of satisfying psycho-
logical needs but without succeeding to do so. Common fallacies and taken-for-
granted assumptions about BCI games (or BCIs) play a role in this. Our goal
in the paper is to test some of these issues empirically so that we have a better
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understanding of them and that we can consider them while developing BCI
games. The first issue is about active and passive BCI games. Active BCI games
are those in which the players generate brain signals intentionally, in order to
control the game. In passive BCI games, players do not generate brain signals
for controlling the game but their naturally occurring brain signals influence
the game play. The fallacy with active and passive BCI games is that they are
thought of as distinct applications, as we have just introduced above as well.
However, this is not necessarily the case. We conjecture that active or passive is
a property not of a BCI game alone but rather of the interaction between the
BCI game and its player. More specifically, while some players interact with a
particular BCI game actively, others may do so passively. Furthermore, a player
can interact with a BCI game in a dynamic manner, switching between active
and passive interaction modes. This is the basis of the first research question
(RQ) in the paper:

RQ1: When and why do players opt for active or passive interaction while
playing a BCI game.

The second issue is about the challenges that BCI games pose and the player
skills required to overcome them. We have mentioned that BCI games can sat-
isfy people’s need for competence by offering some challenges to them. Many
BCI games claim to be challenging simply because the technical shortcomings
of BClIs (e.g. noise in acquired brain signals) pose a fundamental challenge to
players [5]. However, such technical challenges cannot satisfy people’s need for
competence because they cannot be overcome (merely) by the player’s effort.
The real challenge a BCI game should offer is to find out how to generate the
desired brain patterns to control the game. This is the second research questions
which is addressed in the paper:

RQ2: Do BCI game players consider BCI control as a skill?

The third issue concerns long-term interaction with BCI games. The major-
ity of the user studies on BCI games have asked participants to evaluate their
experience of a particular experiment that they took part in (e.g. [6,7,8]). The
potential pitfall with such an evaluation is that participant responses may reflect
their experience of, rather than the BCI game as a product, the whole experi-
ment which includes visiting a new place, interacting with new people and trying
novel technology. Participants may find the experiment to be fun but may not
ever want to play the BCI game again. People’s view of BCI games as products
and their willingness to bring them to their homes and play as they do with
other computer games is therefore as yet unclear. This is partly because the BCI
games evaluated so far were simple toy games and/or they required expensive
hardware (e.g. electroencephalographs or near-infrared spectrographs). Under
these conditions, it would not be realistic to imagine playing BCI games as play-
ing, for example, a casual game on a personal computer. However, the situation
is changing with the emerging consumer grade hardware [9]. We envision people
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playing computer games in their homes using such hardware. This brings us to
the third research question:

RQ3: Are people willing to play a non-toy computer game using consumer grade
BCI hardware?

We opted for phenomenology to investigate our RQs due to its power in ex-
tracting lived human experience [10]. We let people play a popular computer
game called World of Warcraft ! (WoW) once using its default controllers (i.e.
the mouse and the keyboard) and once using a consumer grade BCI hardware
called EPOC?2. This way, we could evaluate their experience of BCI control inde-
pendent of their experience of the game. They could interact both actively and
passively with the BCI version of the game. After they had played the games,
we conducted interviews to collect people’s experiences of the BCI game. In
this paper, we present our findings of the analyses that we ran on the interview
responses.

2 Methodology

2.1 Participants

To support generalisability of our findings, we tried to obtain a participant space
that is as diverse as possible with respect to participants’ age, gender, nationality
and experience with computer games and the game WoW. We recruited the
participants through the posters we hung around our institution, word-of-mouth,
social media and our mailing lists from previous studies. Forty-two people (12
female, 30 male) participated in the experiment. Their ages ranged from 17 to
49 years (mean = 24.86). Three participants were Spanish, 2 were Chinese, 2
were German, 1 was Ecuadorian and the rest were Dutch. Thirty-six participants
indicated playing or having played computer games. Fourteen participants were
experienced WoW players (reached level 35 or above with their game character).
The participants were paid according to the regulations of our institution.

2.2 Game

WoW is a massively multiplayer online role-playing game (MMORPG). At the
time of writing, it was the world’s most-subscribed MMORPG with more than
10 million subscribers®. It has frequently been used in human behaviour and
experience [11,12,13] and also BCI research [14,15]. In WoW, people play the role
of a fantasy hero. They control a character to fight other players’ characters or
non-player characters and complete quests. The more quests they complete, the
higher the level they reach. Although there is a maximum level that players can

! From Blizzard Entertainment, Inc., CA, USA

2 From Emotiv Systems, CA, USA

3 http://www.ign.com/articles/2012/10/04/mists-of-pandaria-
pushes-warcraft-subs-over-10-million
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reach, the game does not end when this level is reached. Players can still keep on
playing to finish awaiting quests, enjoy regular content updates or socialise with
other players. By default, they use the mouse and the keyboard to interact with
the game. The characters the players control belong to a class that determines
the type of weapons and armor the character can use, as well as the abilities it
can gain. For example, a character belonging to the class of Druids has the unique
ability to transform into different forms (also called shapeshifting). For this, the
players with a Druid character can click on the icon representing the form they
want to transform into (e.g. an elf or a bear). Each form has its strengths. For
example, an elf can cast attacking and healing spells, and attack from a distance
while a bear can resist attacks for a long time and cause high damage in close
combat. We created a BCI game based on WoW, called alpha WoW (aWoW),
which infers the player’s state of relaxation and transforms the player’s character
into an elf or a bear form [14]. We tried to achieve an intuitive match between
the character forms and the player’s relaxation state. If the player is relaxed,
then their character transforms into the elf form. If they are not relaxed (but,
for example, stressed or occupied with executing mental processes) then their
character transforms into the bear form. A bar on the top left of the screen
indicates the player’s level of relaxation (see Figure 1). Relaxation is estimated
by analysing the player’s brain activity over the posterior region (see §2.3 for
details). Players can also transform their character by clicking on the designated
icons, as in the original WoW game. We consider aWoW as a BCI game that
offers both active and passive interaction modes. In active interaction players
might voluntarily regulate their relaxation to benefit from the advantages of a
specific form while in passive interaction they might simply enjoy seeing the
game reflect their natural state and improve their sense of presence.

2.3 Relaxation Estimation

In aWoW, the player’s relaxation is inferred by analysing their alpha rhythm.
The alpha rhythm oscillates between 8-13 Hz over the posterior region. It is
blocked or attenuated by attention and mental effort. Therefore it has been
associated with physical relaxation and relative mental inactivity [16]. The feed-
back of alpha rhythm has frequently been used in treatment of stress-related
anxiety disorders [17].

To evaluate the estimation accuracy in aWoW, we conducted a pilot study
with 10 participants (2 female). Instead of aWoW, we used a simpler game (see
Figure 2) that used the same relaxation estimation method as aWoW. In this
game, a ball fell from the top centre to the bottom of the screen in 7 seconds and
the participants steered the ball to the left or right so that it hit the bottom at
the target half of the screen. The target half was indicated by a green bar and the
other half with a red one. The target half was randomly chosen for every falling
ball. The ball moved to the left with increasing relaxation and otherwise to the
right. If the ball hit the target half of the screen, the player score was increased
by one. Participants first played 3 training sessions each of which contained 20
trials (i.e. 20 falling balls). We did not keep track of their training game scores.
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Fig. 1. A screenshot from aWoW. The orange bar located to the top left corner of the
screen, under the health and mana bars, indicates player’s relaxation state.

Then, they played 5 sessions (i.e. 100 trials per participant) and we recorded their
scores. For each participant we computed the relaxation estimation accuracy by
averaging their game scores. The mean estimation accuracy over all participants
was 74.1% (SD = 13.9). Although such an accuracy cannot compete with the
reliability of traditional controllers (e.g. the keyboard), it meets the de facto
threshold accuracy for BCIs*. According to this threshold assumption, half of
the participants could not control the game since 5 people remained under the
mean (as well as the threshold).

2.4 Experiment Protocol

Each experiment was carried out by one of three experimenters. To prevent bi-
ases, all three experimenters followed a written, itemised protocol strictly. The
participants also received instructions written down in English so the exper-
imenters refrained from giving oral instructions unless the participants asked
for specific information. The basic instruction sheet introduced WoW and con-
tained information on moving, quests, transformations, armors, areas, chatting
with other players and how to re-start playing the game if the game character
died. This sheet and an informed consent form were available to the participants
online so that they could read them before coming to the experiment. They also

* An accuracy of 70% is widely assumed in the BCI community as the threshold to
operate a BCI for communication [18,19].
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Fig. 2. A screenshot from the game used in the pilot study

filled out in advance an online demographic questionnaire. In addition to the ba-
sic instruction sheet, the participants received two additional instruction sheets;
one before playing WoW with the default controllers and one before playing it
with BCI. These sheets gave specific instructions on shapeshifting (e.g. not to
use the icons to transform while playing with BCI). Participants could access
the instruction sheets at any time during the experiment.

The experiment protocol was executed as follows. The participants signed the
informed consent form while the experimenter mounted the EPOC electrode
headset on them. The experimenter tilted the headset forward at an angle of
approximately 25° (see Figure 3) so that the electrodes touched the scalp on
the desired locations (see §2.3). After (re-)reading the basic instructions, the
participants played the official tutorial of WoW with a level 1 character until they
felt that they were comfortable with playing the game. Afterwards, they played
the game with a level 28 character in two sessions. We chose a level 28 character
because we wanted the game character to be sufficiently high level so that the
participants could (1) transform into the bear shape, and (2) investigate an area
that would remain interesting enough for some levels. In one of the sessions they
used the default controllers and in the other the BCI. The order of these games
were counterbalanced across the participants. In each session, the participants
first received and read the additional instruction sheet. Then, the experimenter
left the room. According to the instructions they had read, the participants rang
a bell when they did not want to play anymore. If they did not ring the bell
within 30 minutes the experimenter interrupted them, but this was not written
in the instructions. After that, they filled out a user experience questionnaire®
and took a break for as long as they wished. Finally, after completing both
sessions, they took part in an interview.

The experiments were carried out in two separate rooms, using two separate
laptops. Each laptop was associated with a different WoW account. This allowed
two experiments to be carried out simultaneously. To ensure that the partici-
pants began playing the game under the same conditions, we created characters

® The questionnaire responses were analysed in the context of another study and the
results are reported elsewhere [20].
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Fig. 3. Illustration of the mounted electrode headset

that were equally levelled on both accounts. Moreover, we placed the game char-
acter at the same location in the game world after each experiment with its
armor repaired. The starting location of the game character was a safe area so
that the participants would not need to start fighting as soon as they started
playing. The layout of the experimental setup was consistent in both rooms. The
experimenters were not in the same room with the participants during the play
sessions but could monitor the participants through the cameras located to the
top corners of the rooms.

2.5 Data Collection and Analysis

We recorded the play sessions and interviews using cameras with a microphone.
Using Emotiv TestBench we recorded the electrical brain activity as electroen-
cephalograms. We logged key presses along with corresponding screenshots. For
the purpose of this paper, we only analysed the interview recordings.

Interview. We conducted semi-structured interviews with the participants to
investigate their experience. The questions asked are:

1. You played the first/second game with BCI. In this game, you could have
used BCI in two ways. The first way was to actively try to manipulate your
state when you wanted to transform. The second way was to let BCI passively
monitor and reflect your natural mental state. So in the first case, you would
take the initiative to transform while in the second case you would let the
game take the initiative. Which of these ways did you take?

2. In the BCI game, did things ever go wrong when you actively tried to trans-
form?
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3. In the BCI game, how did you feel when the game took the initiative and
transformed you?

4. (If an experienced WoW player) How frequently do you play WoW?

(Else) Let’s assume that you have WoW at home. How frequently, do you
think, you would play it?

5. Let’s assume that you also have this headset and the BCI version of WoW
at home. How frequently, do you think, you would play WoW using the
headset?

6. Do you think you can get better at controlling the transformations with
BCI?

7. (If the participant rang the bell in one of the sessions) What was the reason
that you stopped playing in the first/second game?

We asked the interview questions in the order they were written on the interview
sheet. When necessary, we encouraged the participants to elaborate on their re-
sponses by telling us about specific events that happened during the experiment
and the consequent experience they had. The interviews took place in English
unless the experimenter spoke the native language of the participant. As a result
21 interviews were conducted in English and 21 in Dutch.

Adhering to the goal of phenomenology, the interview questions aimed at
unfolding the participants’ experiences, rather than collecting their abstract in-
terpretations or opinions [21]. So, instead of questions that referred directly to
our RQs, we asked questions that encouraged the participants to talk about their
experiences during the game. The first question of the interview addressed our
first RQ on active and passive BCI games. If the participants did not motivate
their choice for an interaction mode then the experimenter asked explicitly for
it. The second, third and sixth questions addressed our RQ on BCI control as
a skill. More specifically, the second and third questions explored participants’
opinions on who was responsible for the errors in active and passive shapeshifting
respectively. The sixth question investigated whether the participants required
the technology to improve or they thought that they could improve just by prac-
tising. The fourth, fifth and seventh questions explored participants’ experience
of playability; our third RQ.

We transcribed all the interviews except for two, which did not contain au-
dio due to a software error. For each question, we performed decontextualisa-
tion and recontextualisation procedures as proposed by [22] and we took an
immersion/crystallisation analysis style [23]. More specifically, from participant
responses we extracted texts that were potentially significant to our hypotheses.
Then, we assigned codes to units of meaning by looking at the relationships be-
tween the texts. Finally, we examined the codes to identify patterns and reduced
the data into central categories and category relationships.

3 Most Important Findings

In this section we summarize the important findings concerning the most relevant
questions in the structured interview.
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Question 1: Did you play the game actively or passively? Only a small
number of participants played the game actively. They came up with differ-
ent strategies to generate the necessary brain signals to play the game and
claimed that they succeeded in transformations. Some participants had con-
trol over transformation into an elf but not into a bear. Many other participants
played the game passively but their responses implied that passive play was
not a free-will choice but a consequence of failure with active play. In short, all
participants did want and try to play the game actively but only some succeeded.

Question 2: Did things go wrong during active play? None of the par-
ticipants indicated that they could control the transformations perfectly. Some
participants explained that they could trigger transformations but they were
transformed back quickly by the BCI. Others could not trigger transformations
at all. One of the reasons stated was simply their failure in figuring out how to
trigger transformations. Another reason was the competition between the atten-
tion required to transform and that required to play the game. The detrimental
influence of competing attentional demands on play experience while playing
BCI games has been reported before as well [24].

Question 3: How did you feel during passive play? Participants appre-
ciated functional passive play mainly for pragmatic reasons. They liked it when
the game transformed them at the ‘right’ time and saved the effort of issuing
explicit commands for transforming. When the transformations did not comply
with the mental state that they believed to be in, the participants trusted their
self-assessment rather than the assessment of the BCI. One of the factors that
damaged the credibility of the BCI was the seemingly randomness of transfor-
mations. Another prominent factor was the instability of transformations.

We will not elaborate on the responses to Question 4 as this question served
as a baseline for Question 5.

Question 5: How frequently would you play aWoW? Participant re-
sponses to Question 5 were divided into two. One group indicated that they
would never play the game using the headset and stated three main reasons for
that: controllability, equal opponents and comfort of the headset.

The other group indicated that they would like to play the game using the
headset. However, their responses implied that rather than playing the game,
they would actually like to interact with the headset itself because the BCI was
not accurate enough to steer the game.

Question 6: Can you get better in transformations? Participants had
two distinct views. One group hypothesised that they could get better in time
with practising. On the one hand, some had theoretical reasoning. On the other
hand, some had empirical reasoning. They expressed that their control over
transformations already improved during the experiment.
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The other group was more skeptical. Some indicated that they would not be
able to improve without the help of, for example, pointers or tricks. Some partic-
ipants indicated that their ability of control was conditioned on personalisation
of the BCI.

Question 7: Why did you stop playing the game? There were three
main reasons for the participants to stop playing aWoW. The first one was the
frustration caused by lack of control. The second reason was the discomfort with
the headset. The last reason was not related to BCI. At particular moments
during play (e.g. upon completion of quests), some participants remembered
that they were in an experiment and decided to stop.

4 Limitations of the Study

Although we were able to answer our RQs through the study we conducted, there
are limitations to adopting our findings. Firstly, the phenomenology approach
we took in this study is inherently subjective as the human is the instrument
for analysis. To minimise the possibility of a biased analysis, we abided by the
principles of bracketing.

Secondly, given the imperfect recognition accuracy of the BCI running behind
aWoW and the prominent influence of lack of control on user experience as
revealed by our study, it is possible that a more accurate BCI could have provided
a different user experience and yielded different results.

Thirdly, we drew our findings from a single experiment in which we used
a particular game and hardware. This means that the findings might not be
generalisable to BCI games in general.

5 Conclusions for BCI Game Development

As we mentioned in §1, our RQs served as a means to inform our readers about
the common fallacies and assumptions about BCI games. In this section, we will
provide some guidelines for BCI development, drawn from the answers to our
RQs.

— Not all BCI games are suitable to be played actively and passively. If the
BCT is used in controlling critical game dynamics (e.g. movements of a player
avatar, which needs timely action and the consequences of errors are intol-
erable) and if the control is imperfect (which is the case with current BCIs),
then the players are expected to interact actively. They would hand the
control over to the BCI only if they fail at active interaction.

— When interacting actively, players should predict (to some extent) the out-
come of their mental activity. They should feel that they play a role in both
successful and unsuccessful driving of the game. Thus, they should be able
to overcome the challenges the BCI game poses. Because BCI is a faulty
technology, an extra burden is put on game designers in order to make a
BCI game both challenging and enjoyable.
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— While interacting passively, players should be able to figure out the mapping

between their mental state and game events. They should perceive that the
actions the BCI game takes are reasonable (e.g. consistent) and stable.
The attention required to control the BCI should not exhaust the overall at-
tention devoted to the game. Players should be able to use other controllers,
monitor the progression of the game and simply enjoy the game visuals.
The experience of fun resulting from playing a BCI game once does not
reliably represent the experience of pleasure that unfolds by playing the
game. Thus, BCI games should be developed and evaluated for the pleasure
rather than the fun they provide.

The pragmatic quality (or usability) of a BCI game (e.g. the comfort of the
headset, the amount of control a player has) is important for long-term user
experience. Pragmatic quality of a BCI game should not be so low that it
worsens or otherwise masks the game’s hedonic quality.
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