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Abstract: As gaming spectatorship has become a worldwide phenomenon, keeping the spectator
in mind while designing games is becoming more important. Here, we explore the factors that
influence spectators’ engagement. Through the use of GRiD Crowd, a game akin to life-size Pong,
different levels of spectator influence on the game were tested and their impact on engagement via
arousal measures were analyzed. Spectator influence on the game was accomplished via smartphone,
where 78 participants put in different audience compositions (alongside friends or strangers) were
tested. We found that when the spectators had an impact on the game, higher levels of emotional
arousal were recorded, which generated an increase in engagement. These results provide a suggestion
of design that could be used by game designers who wish to engage their spectatorship, a segment of
their target market that is becoming impossible to ignore.

Keywords: spectator engagement; audience experience; social gaming; physical videogames;
interactive games

1. Introduction

With an estimate number of 303 millions of esport spectators worldwide in 2020 (growth of 163%
from 2015), the importance of the spectator in digital games is becoming undeniable [1]. A shift in
interest from the user to the spectator has been observed in the literature about human–computer
interaction (HCI) in the last two decades. This shift is also seen within the industry with broadcasters
such as Twitch recently allowing viewers to vote on what happens next in a game using the chat function.
This shift has been seen in interactive installations in public spaces [2], in video games [3] and in games
in public spaces [4,5]. The literature on digital games suggests that spectators can play a variety of
roles that can influence, in different ways, the experience of players [6]. Downs et al. recommend game
designers to be more aware of the importance of the spectator when they create digital games.
Moreover, the importance of finding new ways to design user interactions in digital environment has
been emphasized in recent research [7]. Research provides us with a better idea of how the spectators
behave in the context of watching other people interacting with systems [3,6,8]. Although these studies
about digital games provide information about behavior, they do not recommend a specific type of
design that would enhance the engagement of the spectators in the game. That is why it was of interest
to investigate the factors of engagement of spectators of a social digital game.

To investigate the factors of engagement, we used GRiD Crowd [9], a game akin to life-size
Pong [10]. The game is played with one player on each side of the playground and with spectators
on the sidelines. In the version used in this research, the spectators have access to an interface with
which they can modify the gameplay. Audience interaction has been studied in the entertainment
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industry [11] and interactivity has been found to have an effect on engagement [12]. We manipulated
the use of the interactive feature by spectators to investigate if influencing the game would increase
their engagement. We hypothesize that adding interactivity through the use of a smartphone should
increase arousal, which, in turn, should increase engagement.

There were 78 participants in our study. A within-subject design was used for the interactivity
condition, where each member of the public played three games in total. They were randomly assigned
to two games with access to their smartphone to influence the gameplay and one game without
access to their smartphone. A subsample of spectators was randomly selected in order to assess their
physiological arousal.

1.1. Spectator Experience

A very influential study on spectators’ experience was carried out by Reeves et al. [8]. They raise
the importance of the manipulations and effects in relations to the interactions with a digital system.
The manipulations pertain to the actions taken by the user that are perceived by the system. The effects
are the responses of these manipulations by the system. The ways in which these two phenomena
are perceived or not by the spectator influence their experience. Their taxonomy lists four types
of designs that can influence the appreciation of the spectators. There is the “secretive” design,
where the spectators are not aware of the manipulations nor their effects, “expressive” design where
the spectators are aware of both the manipulations and the effects, “magical” design, where only
the effects are revealed and finally “suspenseful”, where the manipulations are perceivable but not
the effects [8]. Cheung and Huang built on that work with a shift from interactions in a public space
to games in the private space. They suggest that information asymmetry between the player and
the spectator is key to create suspense in the experience of the spectator [3]. Tekin and Reeves also
studied games played in the home [13]. In the light of their research, they invite game designers to offer
information only available to spectators, but which contribute to the game [13]. This recommendation
comes from their discovery of the ‘dual vision’ which means that the spectator can not only analyze
the player’s moves, but also the game itself. The spectator becomes an “assistant” to the player by
giving playing advice. This role is similar to the ephemeral “coach” role described by Downs et al.
after observing that spectators were giving verbal advice to the players in a study about social
video-gaming [6]. Downs et al. then recommended game designs where the spectators that would be
identified as “coaches” could have access to information that the players do not have.

1.2. Engagement

User engagement is a concept that has been omnipresent in the HCI literature for the last two
decades [14]. Industry leaders are also trying to find new ways to gain sustained interest from their
users in a highly competitive market. Many authors have tried to define and measure engagement [14].
One area that has been important in engagement research is education. Student engagement is defined
as having three components: behavior, emotion, and cognition [15]. This conceptualization has been
used in other areas such as digital systems. For O’Brien et al., engagement is “a quality of user
experience characterized by the depth of an actor’s cognitive, temporal, affective, and behavioral
investment when interacting with a digital system” [14].

Because engagement is a multidimensional construct, it is difficult to simply ask users if they
felt “engaged”. This term may be confusing and some people mistake it for appreciation or simply
do not know how to rate their level of engagement [16]. To resolve this, many authors have used
multiple dimensions to measure engagement. For instance, Webster and Ho used the following
dimensions: challenge, feedback, control, variety, attention focus, curiosity, intrinsic interest, and overall
engagement [17]. Mayes and Cotton suggested five factors: interest, authenticity, curiosity, involvement,
and fidelity [18]. Brockmyer et al. also used multiple engagement dimensions (immersion, presence,
flow, and psychological absorption) to study the impact of violent video games [19].
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More recently, O’Brien et al. proposed the User Engagement Scale Short Form (UES-SF) [14].
It was based on the Long Form (UES-LF) that has been used in many fields of research including video
games [20]. The robustness of the UES-LF has been re-evaluated in 2016 in regard to its dimensionality,
reliability, validity, and generalizability [21]. In this re-evaluation, it was found that many authors did
not use the scale in its entirety. This led to the creation of a shorter version. Since then, authors have
used it to measure engagement in interactive media [22], brand recognition [23], chatbot interaction [24]
and other digital systems.

This scale is especially validated for western adults in the context of evaluating digital technologies
and its short length makes it suitable for within-subject studies [14]. It can be administered more than
once according to the needs of the research [14].

Following O’Brien’s definition of engagement, The UES-SF is multidimensional. It is comprised
of perceived usability, aesthetic appeal, focused attention, and reward [14]. The perceived usability
subscale is the “negative affect experienced as a result of the interaction and the degree of control and
effort expended” [11]. The aesthetic appeal is the “attractiveness and visual appeal of the interface” [11].
Focused attention means “feeling absorbed in the interaction and losing track of time” ([11], p. 30).
Lastly, there is reward, which is “a single set of items made up of the endurability, novelty and felt
involvement components in the original UES” [11].

The use of a combination of self-reporting questionnaires and physiological measures is a common
and validated approach for measuring game experience [25]. Engagement was found to correlate with
physiological arousal [26], which means the activation of the body system as opposed to sleepiness [27].
A widely used method of measuring physiological arousal in games is electrodermal activity (EDA) [28].
EDA is measured through conductivity of the skin that varies according to the differences in sweat
gland activity [29]. This gives access to real-time emotional variations. It also correlates with perceived
measures of arousal which can be assessed with a self-reporting scale [30].

As opposed to measuring player experience, where it is common to use this combination of
methods, it has been rarely used in the context of studying spectator’s experience. One study that used
it this combination of methods was that of Latulipe et al., where they found a strong correlation between
self-reported arousal and physiological arousal [16]. Their findings also validated that spectators’
engagement is reflected by physiological measures of arousal.

1.3. Hypothesis Development

Building upon research that used simple gameplay to study audience participation [31] and
studies on different technologies that can trigger audience participation [32], we used the game
mechanics of the well-known arcade game Pong [10]. One of the main conclusions that these previous
studies provide is that “the greatest challenge lies not in developing the technology for audience
interaction, but in designing engaging activities” [32]. That is why we put our focus on finding the most
“engaging” design for spectators. The literature suggests that promoting social interactions or giving
many interactive options can lead to higher engagement [12]. As Sid Meier, a renowned video game
designer, said, “a (good) game is a series of interesting choices” [33]. This shows that making choices
or influencing a game are crucial components of a good gaming experience. A previous study that
also used the game mechanics of Pong stated that if the users are not aware that the effects of their
actions are linked to the gameplay, they will not continue playing [32]. A study about museums and
learning also suggests that adding an overt interactive component to a digital experience enhances
cognitive engagement [34]. Other studies in the field of learning and education found that an important
correlate of engagement is arousal [26]. This was also stated in a study about audience engagement [16].
As their study suggests, temporal physiological arousal reflects audience engagement. These studies
highlight the relationship between interactivity and engagement and between arousal and engagement,
our research investigates the relationship between interactivity and engagement through the mediation
of arousal. Thus, we posed the hypothesis that giving access to interactivity to the spectators would
increase their arousal, which, in turn, would increase their engagement.
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2. Materials and Methods

2.1. Experimental Design and Sample

The version of Pong [10] used for this research was developed by Moment Factory [9] and has
been scaled to be human sized. GRiD Crowd [9], which is the name of this version, is projected on
the ground and the players use their bodies as controllers. Movement detection technology allows
the paddle to follow the two players, situated at opposite sides of the playground. An image of
the two players is presented in Figure 1. As opposed to Loren and Rachel Carpenter’s and Mayne
Aminzade’s experiments, which used similar game mechanics, here, the spectators are not actively
playing the game. They are rather modifying the experience of the players by using an interface
that either facilitates or hinders the gameplay. They are given access to a mobile web application on
their smartphone on which they can vote for certain power-ups or obstacles (see votes list below).
The option with the most votes wins. Spectators do not become players when they are given a means
to interact; instead, they are influencing the parameters of the game. Using the terms of Reeves et al.,
the spectators manipulate the digital system to send effects to the game [8]. The players are only aware
of the effects, not the manipulations used by the spectators, similar to the “magical” design concept,
but pertaining to the players [8].
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Figure 1. The game GRiD Crowd by Moment Factory (2019) [9].

There were 8 sessions of a maximum of 12 people that took part in 3 games. To allow the experiment
to last for an hour, we set a maximum of three games. We did not want to go over that as to not lose
the attention of our participants. Two people per group were randomly assigned as players. Two or three
spectators per group (18 in total) were randomly selected to wear a device assessing their physiological
arousal (i.e., EDA).

A within-subject design was used for the interactivity variable, in order to assess the difference
between having an impact on the game and not. Each member of the public was randomly assigned
to 2 games with access to their smartphone to influence the gameplay and 1 game without access to
their smartphone. When they have access to their smartphone, the votes appear at regular intervals
and the spectators have 10 s to vote. An example of the votes is shown in Figure 2. Other votes that
appeared were:

• Fast ball or slow ball?
• Enlarge paddle of blue player or red player?
• Accelerate the ball for blue player or red player?
• Bigger or smaller ball?
• Which one do you prefer between Godzilla and King Kong?
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Figure 2. Voting page of the spectator’s interface with the timer bar below.

When a vote pertains to two players, they both experience the effect. For enlarging the paddle
or accelerating the ball, only one player (blue or red) experiences the effect, with the colours of each
player being indicated on the projected ground. When a spectator answers, they see how many people
voted for the same choice as them, as shown in Figure 3. Each spectator voted approximately 5 times
per game, which lasted for 5 minutes on average.
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Figure 3. Page with the number of voters per choice.

There were a total of 78 spectators in our study. The majority of the participants were aged
between 18 and 25 years old. None of them had previously played the game tested (GRiD crowd).
Each data collection session consisted of either a full group of strangers or a full group of friends.
The strangers were recruited using the research partner’s official social media page and our institution
panel of participants. We then ensured that they did not know each other. Friends were recruited
among social groups known by the research team. We verified that they were friends to book them
into time slots. All the participants signed a participation consent form. The research was approved
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on 18 April 2019 by our institution’s ethics review board, the HEC Montréal Comité d’éthique de la
recherche (project code: 2020-3490). Participants were compensated with a draw for two show tickets.
To be part of the research, participants needed to be 18 years old or over, be able to stand for 20 minutes,
possess a recent smartphone (less than 5 years old), not have skin allergies or sensitivities, not have
a pacemaker, not suffer from epilepsy, and not have a diagnosed health problem.

2.2. Procedure

After signing the consent form, participants filled in a paper questionnaire. The participants that
were assigned the numbers 1 or 2 were provided with a physiological device that was installed on
the palm of their hand. This assignment was random since their numbers referred to the numbers on
their jerseys and they could choose any jersey. Then, all participants entered the studio where the game
was played and were free to position themselves anywhere around the playground. They were asked
to relax and fix something in front of them for 2 min, this was used as a baseline for the physiological
devices. Then, they were asked to imagine that they were walking by this game in a public space
and they had time to participate. They were told it was similar to ping-pong and that they would
easily understand the gameplay. Two people were randomly assigned as players and were asked
to stand at each side of the playground (Figure 1). The researcher then stated who would use their
smartphone for that game using a short URL. Each game lasted for 3 points. A point is registered when
the ball misses the paddle. Then, two other games were played with the same players, but different
participants were told they could use their smartphone. Between each game, all spectators filled in
a short questionnaire, the Self-Assessment Manikin (SAM) Scale, on their smartphones. At the end of
the three games, participants filled in two other paper questionnaires, the User Engagement Scale and
a qualitative questionnaire, and then were free to leave. Questions were asked in the form of statements
that participants answered using a 5-point Likert scale. Some statements were: I lost myself in this
experience, I was absorbed in the experience, this experience appealed to my senses. The participants
that had the physiological device stayed to answer interview questions. They were asked to talk about
their appreciation of the experience with and without the smartphone, which was also addressed in
the qualitative questionnaire.

2.3. Measures and Apparatus

Since familiarity may have an effect on EDA [35], we controlled for the composition of the audience
with four sessions that were comprised of people that were friends and four sessions comprised of
strangers. The game was projected on the ground via Barco F90-W13 Projectors. One Velodyne LiDAR
VLP-16, Morgan Hill, United States, was used to detect the movements of the players, which made
the paddle move accordingly. The spectators used their own smartphones to vote on the power-ups
and obstacles.

EDA was measured with a portable apparatus. Previous research using similar apparatuses
showed that ecological validity was not affected due to the non-intrusive nature of the equipment [36–38].
Portability was necessary since the participants were standing and moving. The device consisted of
a BITalino (r)evolution Freestyle Kit (PLUX Wireless biosignals S.A.) [39] installed in a 3D-printed box
that hung on the belt of the subjects (see Figure 4). Three cameras in total filmed the right, the left,
and the overview of the playground. Two of the cameras were Sony AS7 models and the other one
was a GoPro 5. One of the three cameras was recording sound with a plugged-in Rode microphone.
Every participant had their number on their chest.
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Figure 4. The electrodermal activity (EDA) device. The electrodes on the hand are connected to sensor
cables which are connected to the portable EDA device. A black armband is on the arm to secure
the sensor cable.

To synchronize each game to variations in the EDA recordings, we used a synchronization
technique developed by Courtemanche et al. Bluetooth Low-Energy (BLE) signals were sent from
a sync box simultaneously to the EDA recording 3D-printed boxes, and to light boxes. The signals
were incrementing numbers that started at one. The light boxes showed the synchronization numbers
to the cameras, and the same numbers were also logged in the EDA data file (see Figure 5).
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A baseline of two minutes was performed before starting the game recordings. Physiological measures
were taken on a total of 18 participants (23% of all participants). However, 6 of our 18 participants had too
many movement artefacts to be analyzed and thus were discarded.

Arousal can also be confounded with frustration or disorientation when measured with EDA [40].
To avoid misinterpretation of arousal, the literature suggests crossing the data with questionnaires
and interviews to understand why variance may occur [29]. Therefore, combining perceived arousal,
measured with a self-report scale [29], and lived arousal, measured with physiological data, contributes to
more accurate results [16]. Only the spectators’ experience was measured, the players were not asked to
fill in questionnaires and were not assigned a physiological device.
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The arousal dimension of the Self-Assessment Manikin (SAM) Scale was used to assess perceived
arousal [41]. Following the procedure used in a study of games in arcade halls [42], the SAM Scale
was administered directly after each game, using a link, provided that participants could access on
their smartphones. They were asked to answer using a visual 9-point Likert scale ranging from calm
to excited.

After the three games ended, the User Engagement Scale Short Form [14] was administered two
times: one time thinking about the experience with the smartphone and one time thinking about
the experience without the smartphone. A 5-point Likert scale ranging from “Strongly agree” to
“Strongly disagree” was used.

2.4. Analysis

The reliability of the UES-SF was assessed. Its Cronbach’s alpha was 0.71, which is acceptable [43].
Thus, the overall mean of all scale items was used in the analysis as the dependent variable.

EDA values were standardized, then baselined. To standardize, we subtracted the EDA mean
from the EDA value, which we then divided by its standard deviation (where the mean and standard
deviations are based on the entire dataset) [44]. For the baseline, we subtracted the mean of the baseline
EDA from each EDA standardized value, where the mean is based on the baseline data for each
participant in question.

Baron and Kenny’s procedure [45] was used to assess the mediation role of arousal in
the relationship between interactivity and spectator engagement. We tested two mediation models,
one for each type of arousal: physiological and self-reported. Three steps are required for this procedure.
First, we tested the relationship between the independent variable and the mediators. Second, we tested
the relationship between the independent and dependent variables. Third, we assessed the relationship
between the combination of the independent variable and the mediators, and the dependent variable.
A linear regression with a random intercept and a two-tailed level of significance was used to detect
the relationships between independent and dependent variables and the possible mediators.

3. Results

Table 1 shows the perceived arousal (self-reported), physiological arousal (EDA) and engagement
means per experimental conditions. Perceived arousal was on a nine-point Likert scale and the engagement
dimension was on a five-point Likert scale. Figure 6 is a visual representation of our model with the p-values
for each variable relationship.

Table 1. Descriptive statistics per group.

Conditions Perceived Arousal Physiological Arousal
(Standardized EDA) Engagement

With interactivity 5.54 0.0295 3.49
Without interactivity 4.64 −0.1262 3.31

N 78 12 78
p-value <0.001 <0.001 <0.001

In the first step of the Baron and Kenny procedure, the results suggest that there is a significant
relationship between interactivity and the two arousal mediators (perceived arousal: β = 0.927,
t(150) = 4.42, p < 0.001, 95% CI (0.58, 1.274) and physiological arousal: β = 0.172, t(3666) = 5.16,
p < 0.001, 95% CI (0.117, 0.227)). In the second step, results suggest that there is also a significant
relationship between interactivity and engagement (β = 0.171, t(153) = 3.58, p < 0.001, 95% CI (0.092,
0.250)). Third, the relationship between interactivity and engagement remains significant (β = 0.0746,
t(147) = 5.08, p = 0.039, 95% CI (0.050, 0.099)) when perceived arousal is included in the model,
suggesting a partial mediation of perceived arousal. In addition, the relationship between interactivity
and engagement remains significant (β = −0.1591, t(3665) = −26.06, p < 0.001, 95% CI (−0.17,
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−0.149)) when physiological arousal is included in the model, again suggesting a partial mediation of
physiological arousal. These results support our hypothesis.
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The control variable, which was familiarity (with friends or strangers), was not significant.

4. Discussion

We found that physiological and perceived arousal were higher with interactivity, which, in turn,
increased engagement. This means that when the spectators could influence the game, their arousal
was higher, which increased their engagement in the game.

Our first contribution is responding to Downs et al. [6] and Tekin and Reeves’ [13] suggestion to
offer information only available to the spectator, but which also contributes to the game. To analyze
the potential benefits of this suggestion, we used Mayne-Aminzade’s focus on engagement and
found that it resulted in an increase in engagement [32]. We are also building on Reeves et al.’s
taxonomy, which focused on the revealing and hiding of information from the spectator. According to
them, the hiding or revealing of certain manipulations and effects on the player can influence
the spectator’s experience with the digital system. In addition to that, we are suggesting that
hiding some elements of the manipulations of the spectator is a good way to enhance the spectator’s
engagement [8]. Further research could investigate if having spectators influence the game also
changed the players’ experience.

Second, our results are also in agreement with the museum engagement literature [34] and
the player engagement literature [12], which state that interactivity is a factor of engagement by
showing that this can also apply to spectators of a game.

Third, building on the performing arts audience literature that states that arousal is a reflection of
engagement, we further show the underlying process of the impact of interactivity on engagement for
spectators [16]. Being active rather than passive, or activation generated by interactivity, was spontaneously
mentioned by 24% of the participants when asked why they preferred the experience with smartphone
interactivity—again suggesting that arousal was an important factor for the participants.

These findings could also be useful for game designers that wish to create games that are
engaging for the players but also their spectators. As esport spectatorship is growing in popularity,
industry leaders will need to take into account this segment of their target market. Adding interactivity
could mean higher levels of engagement for a larger number of people.

It is important to note that the survey-based method is subjective and relies on the memory
of the participants. Because the questions of the UES-SF were asked after the three games ended,
some information may have been lost [25]. Asking participants to fill in the questionnaire in between
each game on the smartphone may have prevented potential memory effects.
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This study could benefit from a recollection of data in an actual public space where people come
and go without a role being imposed upon them. This could take into account the importance of organic
transition from spectator without smartphone, to spectator with smartphone, to player, as mentioned
in other terms by Wouters et al. [2]. This would also give the study more ecological validity since its
aim is to be deployed in a public space.

5. Conclusions

Spectator engagement is highly relevant to the gaming industry, which is facing the growing
popularity of esport spectatorship. The subject of spectator involvement in games has been increasingly
studied for the past two decades in the literature. As Downs et al. [6] and Tekin and Reeves [13]
suggested, we gave some information only accessible to the spectator and found that, in our particular
setting, spectators felt more arousal and therefore more engagement in a game that they were watching
when they could influence the parameters of the game. Further research could take into account
the motivations of the spectators to identify if there is a difference between helping and hindering
the players’ game and also at what point these effects on the game put the spectator in the position of
a gamer. Many other factors such as demographics could be assessed to determine what influenced
engagement. Our aim with this research is to suggest a way in which to design experiences that take
into account the engagement of the spectator. As the importance of designing new forms of interactions
in digital contexts has been emphasized in the recent literature [7], our study opens up a world of
opportunities in the types of impacts spectators could have on games.
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