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Abstract. While digital games are becoming increasingly popular as a choice
for research stimuli, their complex nature brings about challenges. The design of
the games and designers’ reliance on established conventions may hinder their
use in research, particularly with ‘non-gaming’ test subjects. In this study, we
explored how players performed using a 1-to-1 motion control scheme using a
tablet’s gyroscope to control the camera as compared to a traditional touch-based
joystick in a 3D first-person game. Results showed that players – particularly
those less experienced with games – found the game more enjoyable and exciting
with motion controls than with joystick controls. Additionally, while experienced
players performed better than inexperienced ones when using the joystick, this
difference was not present when using the motion controls. We therefore believe
motion-based control schemes can be beneficial in making research using games
more accessible to a wider range of participants, and to limit influence of prior
gaming experience on gathered data.
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1 Introduction

Digital games, both commercial and custom made, have a long-standing history of be-
ing used as research tools in a variety of fields and studies [5, 20]. Some advantages of
using games as research stimuli are their ability to make abstract experiment tasks more
approachable and understandable [12]. Due to their design they can also provide ideal
tools to elicit certain emotions [32], and they provide a safe, virtual environment to ex-
plore research topics through experiments that might otherwise be dangerous, deemed
unethical [11], or physically impossible for participants to take part in. Using games
in this context comes with certain challenges. Commercial, off-the-shelf games have
the potential to introduce uncontrolled or unknown variables into the experiment setup
that can influence test results. Games developed specifically for research can limit the
amount of variables in play, but budget restrictions do not always allow for dedicated
designers and developers, leading to the use of very straightforward gaming tasks that
often do not offer the same affordances as professionally developed games [11], there-
fore not taking full advantage of the medium.

Another concern is accessibility to test participants, an often varied and undefined
‘target audience’. Games are more ubiquitous than ever before, with the mobile industry



2 I. Kniestedt et al.

projected to take up almost a quarter of the entire games market in 2017 [3]. Casual
games are characterized by being especially easy to pick-up-and-play by those who
would not usually consider themselves ‘gamers’ [2]. When using more complex game
systems, a certain level of gaming experience is generally required (e.g. being able to
use an analog game controller, or knowledge of using the ‘WASD’ keys on a keyboard
to move around in a game environment). In order to use games to effectively test human
behavior, however, participants cannot be limited to ‘gamers’. Ideally, games that are
to be used for such test experiments should therefore be easily accessible to a general
population and prior gaming experience should not influence the data gathered in such
experiments.

The case study presented here was motivated by this design concern of accessibil-
ity while developing a tablet game for research purposes. A requirement of this project
was that the player explores a 3-dimensional environment, for which we developed a
motion-based control scheme utilizing the strength of natural mapped interactions [19].
These controls use the tablet’s gyroscope to directly control the first-person in-game
camera, resulting in the player looking around the virtual environment as if they were
taking a picture with the tablet in the real world. This was then compared to ‘tradi-
tional’ controls using an on-screen joystick operated by touch input, as is often seen in
commercial mobile games [9].

With this comparison we tried to answer two questions. The first was whether it
would be less challenging for inexperienced players to navigate a virtual 3D environ-
ment using the motion controls, as compared to the touch-based equivalent of an analog
game controller. The second question was whether the motion controls would introduce
any variables in the experiment setup that researchers should be aware of if they utilize
this input method in their own studies. This paper describes the testing of the game
using a mixed-method approach to data gathering in an attempt to capture various pos-
sible effects of the control scheme on player experience. The resulting discussion is
informed by our experience in iteratively developing and testing the game. Our aim is
to contribute to the growing body of work related to the use of video games as research
stimuli by suggesting that careful design of input methods can aid in issues regarding
participant selection and the quality of data, an approach that so far, to our knowledge,
has been overlooked.

2 Background

Using games as research tools is not a new notion; experiment tasks assigned to par-
ticipants in which their performance is scored can often be labeled or perceived as a
game [5]. Games, however, have become increasingly varied, complex, and sophisti-
cated over time, as has the technology that mediates them. This can make them suitable
for new types of research [29], but also makes them less predictable and harder to
utilize in a controlled experiment setting. With many studies across disciplines using
game-like stimuli in some capacity [1, 13, 29], the body of work specifically concerned
with using games in this capacity has also grown. So far, efforts are widespread and
varied, ranging from specific contributions focused on a particular experiment task or
field [7, 8, 23] to more general guidelines concerning stimulus design and experiment
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setup [5, 6, 11, 12, 20, 26]. Notable recurring topics are the advantages and disadvan-
tages of using commercial and custom-made games, how to select appropriate games
for a specific study, approaches to data logging, and how to work towards being able to
generalize results across studies.

Participant selection is mentioned as part of these studies, but solutions are lacking,
with the consensus seemingly being that extensive logging and strategic participant se-
lection are the best way to approach the issue of varying player ability. McMahan et
al. [20] describe the importance of considering player background when using com-
mercial games as a research stimulus, stating that prior game experience can affect
enjoyment and anxiety, as well as a participant’s attitude and motivation, when partici-
pating in a research study using digital games. They suggest to either include or exclude
participants based on their experience, or to passively gather data on participant back-
ground to take prior experience into account during data analysis. This coincides with
suggestions from other authors, stating the importance of detailed logging to explain
differences in data between participants or participant groups [5]. Similarly, Järvelä et
al. [11] suggest being “selective” with participants and to pay special attention to prior
gaming experience. They state that basic skills in playing digital games are preferred,
as time spent on learning takes time away from the experiment tasks, and a lack of basic
skills is likely to negatively influence quality of the data.

This conclusion is far from ideal, as it means excluding possible participants based
on a non-essential skill not necessarily related to the topic of a given study. It also raises
a secondary concern, namely that a certain amount of practice time with the game is
needed to gain consistent results across participants, or for the research task to ‘stabi-
lize’ [13]. Even when limiting participants based on prior experience, not all games are
the same, and different participants will require different times to become accustomed
to the game they need to play. Any effort to ease this process, and include participants
of different backgrounds, should be worth exploring. With gaming becoming increas-
ingly common as a pastime, it would seem solutions could be found within the game
industry.

Researchers have paid specific attention to the usability of mobile games and the ef-
fects of input methods on performance, for instance by comparing virtual and physical
controls [4]. In these comparisons, virtual controls often perform worse than their physi-
cal counterparts, likely due to a lack of tactile feedback. As Teather and MacKenzie [26]
state, there is relatively little research comparing gyroscope-based controls (or ‘tilt’ con-
trols) to touch controls (using an on-screen equivalent of a traditional game controller
or direct touch input through gestures). In their research they found that previous stud-
ies yielded conflicting results in terms of player performance when being subjected to
the different controls. Their own results show little difference in performance between
the two styles (tilt-based motion and touch control), although touch control still slightly
outperformed tilt in the highest game levels. It is important to note that their study, as
well as others exploring similar topics, all used 2-dimensional games as their exper-
iment stimulus, with none exploring the types of controls in a 3D environment. One
exception is a comparison of three first-person shooter games on iPod Touch [9], where
one of the games offered a tilt-based input method to control the camera combined with
touch input using virtual joysticks for movement. Hynninen [9] concludes that tilt in-
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put performed worse than pure touch-based controls using virtual joysticks and swiping
gestures. None of the input methods performed well, however, when compared to tra-
ditional mouse and keyboard controls in similar games, suggesting it was not just the
tilt controls that impacted performance, but rather a poor adaptation of controls famil-
iar to first-person shooter players to a new platform. It is also important to note that
while testing 3-dimensional games, the game used in their study does not directly map
the position and rotation of the device to that of the game camera, but rather uses a
tilting motion to gradually turn the camera, which likely lacks the speed and precision
necessary for the fast game-play associated with first-person shooters.

Popularized by Nintendo when they released the Nintendo Wii, the game indus-
try has shown a trend for producing different types of controls in an effort to broaden
their audience to include casual gamers and those who would not consider themselves
‘gamers’ at all. Referred to as ‘natural interaction techniques’ [19], these types of con-
trols mimic realistic movements, e.g. swinging the Wii Mote like a racket while play-
ing virtual tennis. Since players already know how to perform the intended action, the
learning curve is lower than when learning an abstract control system. Based on earlier
research showing that natural interactions can provide greater usability than non-natural
interactions for some tasks, MacMahan et al. [19] explored the effects of natural inter-
actions in Mario Kart [22] on the Nintendo Wii. Their findings show players performing
worse when using the motion controls than when using the physical game controller,
with suggested reasons for the bad performance being the game’s poor use of the Wii
remote’s sensors, latency issues, and the use of large muscle groups over smaller mus-
cles which contribute to a lack in precision. This is indicative of a similar issues found
when comparing touch-based controls with tilt input, as described above. Combating
this issue of precision, as well as making the controls as intuitive as possible, was one
of our main concerns while developing the game, which we will describe in detail next.

3 The Game

The game used in this study is a single-player tablet game that was originally created
for cognitive science research into human foraging behavior [27]. We were asked to
create a game based on a 2-dimensional visual searching task, which would be used
to test the same behavior in a 3D environment. A central design concern was making
the game accessible to non-gamers, as the underlying cognitive task is not exclusive
to those who play games frequently. In our experience of performing research with
games we found that 3D navigation can be a significant obstacle for novice gamers.
Additionally, participants that do not consider themselves gamers tend to be concerned
with performing well during an experiment using a game, which could impact data
gathered (especially related to performance and emotional state) [20].

In the game, the player takes on the role of a squirrel gathering food for its fam-
ily. The player controls the squirrel from a first-person perspective and explores a park
where ‘target’ (positive) and ‘distractor’ (negative) objects are spread across the envi-
ronment. The default mode for the game has the player on a two-minute timer in which
they try to gather as many of the target objects as possible. Objects are collected upon
collision, meaning players simply run into the objects to collect them. Collecting tar-
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Fig. 1. Game with joystick controls (left) and early play-tester using motion controls (right)

get objects grants points, while distractor objects temporarily restrain the player and
negatively impact their score by resetting it to zero.

We relied on fairly simple game mechanics, using points and a timer reminiscent of
older ‘arcade’ style video games. In order to emphasize the exploratory aspects of the
game, we attempted to create an interesting game-play experience by putting players in
an unfamiliar perspective: that of a small animal exploring a large environment. This
was done through the scale and design of the digital environment, the positioning of the
camera and its field of view, movement speed and sound effects.

The controls developed for this game, in this paper referred to as the motion control
scheme, use the tablet’s gyroscope to orient the first-person camera to where the player
points the device. In this sense it works as if one would take a picture using the tablet’s
camera, but instead of looking at real-life surroundings it looks into the virtual envi-
ronment. In practice, this has the player physically turning their body to turn around
in the game, as well as point the tablet up and down to look above or below them in
the game environment. This control scheme’s limitation is that it requires the player to
either stand up or be seated on a swivel chair in order to play the game comfortably,
as being seated on a static chair hinders movement. The only other control in the game
is the ‘move’ button, which is located at the bottom left of the screen. By holding the
button pressed the player will move forward in the direction they are looking. Releasing
the button will make the player stop moving.

In addition to the motion controls, we developed a second input method more akin
to controls commonly used in commercial mobile 3D games. We refer to this scheme as
joystick controls. The joystick controls have the same movement button in the bottom
left of the screen. However, instead of positioning and turning the tablet to look around,
players use a virtual joystick on the bottom right of the screen, mimicking a standard
video game controller and control schemes found in commercial games.

3.1 Iterations and User Testing

Development and refining of the game took place over a 13 month period, in which
both the game and the controls went through multiple iterations. The controls were sub-
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ject to user testing from several weeks into the project and continued to be tested and
developed throughout the time leading up to the experiment described in this study.
We conducted a pilot study to the work presented here with 12 participants after the
completion of the first fully functional prototype. Both control schemes were tested and
compared, and the results informed both the design of this experiment and adjustments
to the game’s parameters (e.g. movement speed, camera field of view, and joystick re-
sponsiveness). Overall responses to the game were positive, leading us to assume that
the majority of participants would find the game engaging and therefore ensuring that
the results of the study would not be impacted by unsatisfactory game-play. Further
testing was done in the context of cognitive science research, which led to additional
adjustments to the design and helped fine-tune both control schemes. Through this it-
erative process, we feel confident that both control methods are comparable to those of
commercial games, and should not negatively impact our findings.

4 Experiment Design

We tested two experiment conditions: playing the game using the motion controls,
and playing the game using the joystick controls. Participants played both conditions
in succession, playing two ‘rounds’ of the game, each with a fixed length of two min-
utes, under each condition. Starting conditions were alternated between participants
to control for potential influences due to experimentation order — players with even
participant numbers started with motion controls, while players with odd participant
numbers started with joystick.

For the experiment, the target and distractor objects in the environment were wal-
nuts and acorns of two different sizes; players were asked to collect the small nuts (0.8
scale from the default size), while the large nuts (1.2 scale from default) acted as dis-
tractors. The environment, as well as the position and type of objects found within, was
consistent between tests. This made the control scheme the only difference in the game
between conditions.

After having played both conditions (for a total of four game rounds) the partici-
pants answered a questionnaire in which they ranked the two conditions with respect
to several emotion states. During play we also recorded psycho-physiological measure-
ments using a wristband sensor as an additional, unbiased indicator of player experi-
ence [15], and logged game metrics to analyze player behavior and performance.

4.1 Measurements

The survey consisted of two parts: questions related to demographic information, and
preference ranking of the two conditions. Demographic data gathered included age and
gender. We also documented gaming frequency, differentiating between frequency in
playing ‘mobile’ and ‘other’ games (i.e. PC or console) as a general separation of ‘ca-
sual’ and ‘hardcore’ gamers [14]. Players could choose from 5 options: ‘Less than a
few times a year’, ‘A few times a year’, ‘A few times a month’, ‘A few times a week’,
and ‘Multiple times a week’.
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Players were then asked to state their preference between the two conditions with
respect to several emotion states: enjoyment, challenge, distraction, frustration, and ex-
citement. Each question followed the same structure (e.g. ‘Which of the two control
schemes do you feel was more enjoyable?’). We based our decision to ask players to
annotate their experience in the form of pairwise preferences rather than rely solely
on ratings (e.g. Likert scale) on research which shows that people rate emotions better
in relative terms than in absolutes, and thus yield more reliable annotations of player
experience [21, 31]. Through a 4-alternative forced-choice (4-AFC) protocol, players
could choose the first or second condition that they played, as well as indicate no pref-
erence by selecting either ‘Both’ or ‘Neither’. We used this 4-AFC protocol so as to not
force a preference where there potentially was none, with the intent of making player
choices clearly motivated and more meaningful [30]. Below each question was a com-
ment box where participants could freely elaborate on their choice. In addition to these
questions, players were asked to rate their general enjoyment of the game (irrespective
of the control scheme) on a scale from 1 to 10.

To measure player behavior and performance we logged game metrics, including
amount and type of items collected (positive and negative), player position (recorded
at 10 Hz), and camera rotation (10 Hz). Each of these were logged with a time code
so that player route and collection events could be checked against sensor data. One
of the advantages of using a digital stimulus for research is the ability to record player
behavior and analyze it afterwards [5]. In this case we were particularly interested in
the way and amount that participants moved in the virtual environment between test
conditions, as well as their performance in regards to item collection.

Psycho-physiological data (also referred to as biometric data) was collected using
the Empatica E4 wristband sensor [18, 24], which tracked heart-rate (reported at 1 Hz,
based on blood volume pulse captured via a PPG sensor) and electro dermal activity
(EDA) (4 Hz). Over the last decade, metrics and biometrics have become a part of
the quality assurance practice of several notable game development studios. Similarly,
game research has adopted the use of biometrics to study a variety of topics, e.g. game
features, events, and emotional effects [15]. While different studies have shown conflict-
ing results and the connection between psycho-physiological data and emotional states
does not yet show itself to be completely reliable, we included biometric measurements
in our study to gain an additional indicator of how the different controls might affect
the players’ experience and to provide an additional data point on a subject that is still
much debated [10,15]. Additionally, we deemed it important to add measurements that
provided unbiased data to counter possible designer-bias.

4.2 Procedure

Tests were carried out over the duration of a week at the University of Malta. Partici-
pants were gathered through a combination of convenience and purposive sampling. As
sampling from the university campus showed a pattern of less gaming experience, we
purposely included participants from the university’s digital games course.

The game was played on an iPad 4th Gen. The laptop used to gather data from
the iPad and biometric sensor after each session was set up on a central table, with
chairs for the researchers on one end and the swivel-chair for the participant on the
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other. Participants were asked to read through a general information sheet and sign the
consent form, while the researchers assigned them an ID and prepared the game and
sensor. Next, they asked the participants to put on the sensor, or helped them to put it
on if requested.

Two baseline readings of the biometric data were gathered against which the mea-
surements taken during the game were compared: 30 seconds with the participant sitting
still (used as a baseline to the data collected while playing with the traditional controls),
and 30 seconds while moving the arm with the sensor in circles (used as a baseline to
the data collected while playing with motion controls). During the baseline readings,
participants were asked to count along with a metronome ticking at 80 beats per minute
with the goal of still engaging the participants in a task (as they would be in the game).
Based on previous tests we found that while using the joystick, players were largely
motionless. While playing with the motion controls, players move their arms up and
down and turn around in the chair. It should be noted that in none of our tests this led to
participants moving very fast or suddenly; their movements were generally controlled
and steady. The baseline readings should therefore be comparable to the play sessions,
and the motion of the game should not have negatively influenced the sensor data.

Participants played two rounds (of two minutes each) with the first control scheme
(alternating which one they started with between participants). Scores from collected
objects aggregated between rounds, and players were encouraged to aim for a high-
score at the beginning of the experiment session. Once the timer ran out, players saw
their score and were able to progress independently to the next round. After finishing
the second round they were returned to the game’s main menu. One of the researchers
then changed the control scheme, before handing them the iPad a second time. They
then played another two rounds with the other control scheme, before being asked to
take off the sensor. The session concluded with the participant filling in the survey.

For both game metrics and biometric data, we only looked at the second round that
participants played in each condition. This was so that players had one round to get
used to each of the controls, and limit the effects of players getting used to a control
scheme on the data.

4.3 Data Processing

Data from the metrics logged in-game and the psycho-physiological sensor was pro-
cessed before evaluation. First, game logs were parsed for positions and rotation of the
player camera for each participant, in order to analyze the in-game behavior of partici-
pants. Similarly, data was parsed for positive and negative pickup events as well, which
were used as a measure of player performance. We aggregated the spatial distance be-
tween subsequent player positions and the difference between subsequent camera rota-
tions to explore differences in overall player movement.

Five different sub-measures were derived from the sensor data: Median, Median
Absolute Deviation (MAD), Slope, Travel, and Onsets (for EDA only). Additionally,
each sub-measure was calculated for each of the baseline readings (i.e. motionless and
in motion) taken at the start of the experiment. We then divided the sub-measures of
an experiment session by the sub-measures of the respective baseline to derive a value
that expresses the relative change of a participant’s sub-measure as compared to their
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baseline. An exception was the sub-measure of Slope, which is expressed in measure
per minute. Outliers in the data (values larger than 3 ∗ MAD [16]) were removed and
the sensor data was pre-processed with a Gaussian filter (window width = 4 * measure
frequency).

After calculating the sub-measures across all participants we performed a Shapiro-
Wilk test of normality under an alpha level of 0.05, and again removed outliers (values
larger than 3 ∗ MAD, this time across participants rather than across sensor measures
over time for each individual participant) that resulted in p < 0.05. Sub-measures that
still showed a deviation from normality after this were omitted from further analysis and
are not reported in this study. All of the data processing was facilitated by custom-made
scripts, while statistical analysis of measures across all participants was conducted with
the statistical software JASP [17].

5 Results

We concluded the research experiment after having tested N = 31 participants, 48.4%
of which were female. The median age was 20.50 (M = 23.57, S D = 8.25). The
median for the frequency of playing mobile video games was 3 out of 5 (M = 2.94,
S D = 1.44), and 3 out of 5 for non-mobile video games (M = 3.03, S D = 1.35). To
recall, this measure was taken through a nominal scale going from ‘Less than a few
times a year’ (converted to 1), ‘A few times a year’ (2), ‘A few times a month’ (3), ‘A
few times a week’ (4), to ‘Multiple times a week’ (converted to 5).

In order to determine whether individual measures differed between the two test
conditions, we performed Bayesian Paired Samples T-Tests, opting for a Cauchy prior
width of 0.707, in accordance with research by Wagenmakers et al. [28]. The value
of the Bayes Factor BF (BF10) indicates the likeliness that a given hypothesis is not
equal to its null-hypothesis, i.e. the assumption that there is no significant difference
between the tested conditions. A BF10 value of 1 indicates that there is an equal chance
of the hypothesis being different from the null-hypothesis as there is of them being
similar. A value lower than 1 indicates that the null-hypothesis is more likely. Unlike
classical hypothesis testing, the Bayesian T-Test can therefore be used to confirm the
null-hypothesis, rather than only reject it [25], making it particularly helpful for this
study. The results for each individual measure, as well as their corresponding mean and
standard deviation, are shown in Table 1. Mean values for game metrics correspond
directly to player actions (distance corresponding to meters, rotations corresponding
to degrees), while mean values for sensor measures are percentages with regards to
their respective baselines (a mean of −33 indicating a decrease of 33% over baseline).
The majority of measures indicate evidence for the null-hypothesis. In Table 1 this is
indicated by values in bold for BF10 < 0.333, which means that for a given measure
it is at least 3 times more likely that empirical (small) differences are not significant.
Three measures suggest anecdotal evidence for significant differences (indicated by
(†) for BF10 > 1, but BF10 < 3). For these measures we further conducted the more
widely used Student T-Test, which showed significant differences (p < 0.05) for two
results: ‘Camera Rotations’ – t(30) = 2.237, p = 0.033, and ‘Heart-rate Median’ –
t(29) = 2.224, p = 0.034.
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Measure MeanMotion SDMotion MeanJoystick SDJoystick BF10 error%

Distance Traveled 115.274 23.698 106.554 24.852 0.752 9.89e-5
Camera Rotations 4557.140 1387.413 3842.211 1074.532 † 1.655 2.92e-8
Total Pickups 18.000 8.896 17.774 8.578 0.193 3.36e-4
Positive Pickups 17.226 9.694 17.290 9.093 0.192 3.42e-4
Negative Pickups 0.774 1.117 0.484 0.851 0.533 5.04e-5
Heart-rate Median 1.173 11.414 -6.303 19.137 † 1.284 7.19e-8
Heart-rate Slope -0.613 3.799 -0.651 6.287 0.207 1.36e-4
Heart-rate Travel -28.120 55.118 -33.883 51.636 0.276 2.31e-4
EDA Median 33.263 33.133 58.145 67.534 † 1.059 2.02e-7
EDA MAD 119.205 204.899 116.577 196.896 0.201 4.04e-5
EDA Travel -17.911 64.016 -0.649 75.966 0.269 1.35e-4

Table 1. Bayesian Paired Samples T-Test of game metrics and sensor measures. Measures with
(†) indicate anecdotal evidence for a significant difference between conditions (BF10 > 1, but
BF10 < 3). Measures in bold indicate at least moderate evidence against a significant difference
between conditions (BF10 < 0.333).

After playing the game in both test conditions, participants were asked to rate their
enjoyment between 1 (‘did not enjoy at all’) and 10 (‘enjoyed it a lot’), which resulted
in a median rating of 7 out of 10 (M = 7.19, S D = 1.2), with 87.1% stating they
would play again. Participants were further asked to rank which of the two conditions
was more enjoyable, challenging, distracting, frustrating, and exciting. The distribu-
tion of the responses is shown in Figure 2. Clear preference was given to motion con-
trols in both enjoyment (77.4%) and excitement (80.6%). Joystick controls were more
frequently deemed challenging (48.4% — Bayesian Binomial Test, against > 0.25:
BF10 = 44.531) and frustrating (51.6% — BF10 = 44.531).

Participants were asked to elaborate on their survey choices through written com-
ments. Out of 31 participants, 10 did not comment on their choices, while the rest of
the participants filled out all or some of the comment fields. For the states of enjoyment
and excitement, half of participants made comments related to moving around being
more fun than remaining stationary. Positive aspects mentioned were turning speed,
ease of motion, and a higher level of “immersion”. Four people specifically commented
on preferring the joystick controls, finding movement easier without physically turn-
ing around and one participant reporting slight motion sickness. Among the reasons for
the joystick being considered more challenging was having to divide attention between
two actions (i.e. turning and moving). Similar arguments were given for distracting and
frustrating, with divided attention (e.g. through keeping track of thumb position) being
listed as a reason for the joystick to distract from the game.

Finally, we looked at potential influences that could impact the comparison between
the two experiment conditions. Chi-Squared Tests between ‘Play Frequency’ (mobile
and non-mobile) and self-reported preferences did not show evidence for preferences
being influenced by how frequent participants play video games (all tests p > 0.05).
Looking at correlations (Pearson’s r, p < 0.05), we found that ‘Play Frequency (non-
mobile)’ correlated with ‘Distance Traveled (Joystick)’ (r = 0.404, p = 0.024). A
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Fig. 2. Frequency distribution of self-reported preferences regarding which condition was more
‘Enjoyable’, ‘Challenging’, etc. Participants could forgo ranking by choosing ‘Both’ or ‘Neither’.

Bayesian Independent Samples T-Test (Cauchy Prior 0.707) between start conditions
showed that the majority of measures had a BF10 < 0.333 and none had a value above
BF10 > 1, indicating that no significant differences were due to starting condition.

6 Discussion

During this study we were interested in effects on player experience and performance,
as well as the ease of use of the motion as compared to joystick controls, between partic-
ipants with varying levels of game playing experience. Regarding player performance,
measured by the amount of items collected, we did not see a significant difference be-
tween conditions. This suggests that regardless of prior gaming experience, participants
performed equally well in both test conditions. This is in contrast with other studies,
where motion-based controls negatively impacted performance [9, 19]. We consider
this a positive result for our study, as it suggests that the motion controls do not cause
players to under-perform like other tilt-based input methods or when compared to joy-
stick controls used in commercial games. We believe the direct mapping of the camera
to the position and rotation of the tablet to be the main reason for this difference, as it
provides a higher level of accuracy and control than other tilt-based input methods.

Other measures of particular interest were distance traveled and degrees of cam-
era rotation. With the goal of the game being the exploration of an environment and
the collection of items dispersed throughout said environment, we consider the amount
that participants traveled indicative of how easy it was to move around. Frequency of
playing non-mobile games (i.e. PC or console games) showed a positive correlation to
distance traveled in the joystick condition. It stands to reason that those who are more
likely to be familiar with analog controllers would need less time to master the joystick
input scheme. This suggests a learning curve for those who did not have this prior ex-
perience. The fact that we did not find significant evidence of a difference in the motion
control scheme suggests that the learning curve was equal regardless of prior experi-
ence. With the survey results suggesting that participants in general enjoyed using the
motion controls more, we consider this the strongest indication that the motion controls
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were able to bridge the gap between participants of varying gaming backgrounds and
experience.

A student t-test showed a significant difference in camera rotations between condi-
tions, with an increased amount of rotations when using motion controls. This is not
completely surprising, as every movement of the tablet is recorded by the game, while
the use of the joystick requires purposeful action to turn the camera. However, the differ-
ence is large enough that we do not think accidental movement is the sole explanation.
The physical movement of the motion controls requires more effort from the player to
turn and look around. A possible explanation for this difference could be, as participants
stated in their written and verbal comments, that the act of moving physically was more
fun than using the joystick and caused them to feel more ‘in the game’, comparing it to
a virtual reality experience. Alternatively, it is also a possibility that the joystick con-
trols were generally perceived as less interesting to use, which led to participants being
more efficient in how they used them. Overall, it would suggest that the motion controls
contributed to the sense of exploration and ‘looking around’ we attempted to stimulate
in our original design.

Overall, there are not many indications of the motion controls causing subconscious
responses in players’ biometric measures, suggesting the control scheme can be used
in research without introducing hidden variables that could influence data collection of
this kind. We did find evidence in the heart rate median, which was higher compared to
the relative baseline when using motion controls. Although we did not find significant
correlations between game ranking and heart rate data, we speculate that this difference
can be explained for similar reasons as the increase in camera rotation. Since the motion
controls were deemed more exciting by the majority of players, the increase in the heart
rate can be another expression of the participants’ excitement while playing. Here we
want to re-iterate the importance of recording a baseline reading that takes the motion of
the controls into account in order to accurately compare the biometric data. As described
earlier, we attempted to take a baseline measure that reflected the amount of motion
the players would experience while playing the game for each condition. We therefore
believe the difference can be explained by the participants’ emotional state, rather than
through the act of being in motion. However, we make room for the possibility that,
despite our efforts, the movement of the controls still had some effect on the data, which
could be remedied by changes in the baseline procedure.

We recognize that our sample size is relatively small, but the data so far seems
to indicate that the motion controls can indeed make research games more accessible
to inexperienced participants. Tests throughout the game’s development have shown
that the motion controls are easier to get used to and require less explanation for non-
gamers. This does not mean, however, that these particular controls will work for every
study. First, there is the requirement for participants to move. While not a concern for
our purposes, space and other limitations (e.g. using more sensitive sensor equipment)
could prevent motion controls from being used in a particular study. Second, this game
was developed as a visual searching task. Moving the tablet to search for items is closer
to the physical action of foraging than the use of a game controller, making the controls
an appropriate choice. While research participants were encouraged to get a high score,
(turning) speed was not an essential part of the game experience (as it would be in, for
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example, a first-person shooter game). Accuracy was a necessity as target and distractor
items could be positioned close together, requiring careful navigation to only collect the
correct one. As it stands, we consider the current control scheme to be useful for games
that require the navigation and exploration of 3D environments where either no or only
simple actions are required. A single button, or similar input, at minimum is required
to move the player forward, and an additional button could be implemented for simple
interactions (e.g. talk, jump, open a door, read a message, pick up an object). Careful
interface design would be necessary to make the use of an additional button intuitive
(e.g. ‘move’ and ‘action’ buttons should not be placed too close to one another on the
screen, as we experienced in earlier versions of the game).

At this time, we do not exclude any particular game from using this type of control,
as appropriate interface and input design can mediate a lot of potential issues with
games that require more complex controls. We do, however, foresee potential issues
with certain types of games, for instance first-person shooters and other games that
require quick reflexes. The current control scheme does provide the accuracy needed for
such a game, but a person’s physical turning speed could be an issue if the game requires
a certain level of speed. Additionally, rapidly turning around could cause physical issues
(e.g. dizziness or nausea) in some participants. By designing the game in such a way that
it does not require players to turn around in too large increments too fast, these issues
could be mediated. However, this type of controls is likely to be less fast and accurate
in general than those using a mouse and keyboard, where players often can move in
multiple directions (e.g. backwards and by strafing) using only the small motions of
button presses. Comparing the motion controls to a setup such as this was out of the
scope for this study, but would be valuable to explore in future work. While limiting
movement can ease the learning curve for inexperienced players, it would be interesting
to see the two compared directly. Another type of game for which it would be harder to
utilize this type of control is a racing game, or any other game that through its metaphor
(e.g. sitting in a car) restricts a player’s movement. Follow-up studies using the control
scheme in different games could illuminate which other types of research experiments
could benefit from using this type of control specifically.

7 Conclusion

This study explored the effects of two input methods on player experience and perfor-
mance when interacting with a 3D game in a research setting. The concern regarding
prior gaming experience among participants and its influence on data quality has led to
the suggestion of excluding participants inexperienced with games from research ex-
periments. It was our goal to bridge the gap between experienced and inexperienced
participants, allowing inexperienced players to be a part of research studies without
impacting data. We tested two controls: a motion-based control scheme mimicking the
use of a tablet’s camera, and ‘traditional’ video game controls in the form of a virtual
joystick. Our results show that the motion controls were generally preferred by play-
ers, deemed more enjoyable and exciting, and can limit differences in player behav-
ior among participants with varying game playing experience. Players’ performances
were not negatively impacted by the motion controls, and much of the biometric data
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points to evidence against significant differences between the two conditions. We there-
fore suggest that the use of carefully designed, non-conventional controls, such as the
motion-based interaction explored in this study, can limit impacts due to prior gaming
experience without introducing hidden variables in the experiment setup. We hope this
study motivates further exploration into this topic.
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