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Abstract

Extended screen-time can have negative health effects in
both children and adults. With the advent of motion de-
tection sensors and other novel interaction methods, it is
possible to envision digital games that move away from
screen-centered design. However, such interaction is still
underrepresented in both the mainstream and academia.
To address this issue, this paper proposes a screenless
dance game, called Jingle Jigsaw, that encourages play-
ers to physically explore the space around them by using
spatial tracking and audio feedback. We conducted a pre-
liminary usability evaluation that conveys the fact that such
interaction is perceived as enjoyable by users and pointed
to promising future work.

Author Keywords
Exer-games; dancing; digital-physical games, motion sen-
sors; HCI.

CCS Concepts

*Human-centered computing — Human computer in-
teraction (HCI); User studies; Interaction design theory,
concepts and paradigms;
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Introduction

Videogames are more popular than ever' with people spend-
ing around 7 hours of their week playing.? At the same
time, screen-time is associated with adverse effects on the
body that can include obesity, poor sleeping habits, or low-
ered attention span [4, 32]. With this in mind, a new genre
of game, called exer-games has emerged [26]. Within this
genre, dance games have been amongst the most pop-
ular [17]. And early research on such games has shown
that they can positively affect social life and physical health
of users [17]. These games leverage on the advances in
consumer electronics to produce more immersive forms

of interaction. For instance, Dance Dance Revolution, the
object of the above mentioned research (i.e., [17]), is an ar-
cade game that uses a connected floor mat to track user
moves. Gesture gaming consoles have started to release
games that do not require a screen during gameplay, such
as the Quick Draw game for Nintendo Switch. In this game
players use the game controller as pistols that they draw

in cowboy-style face-off. Others dispense with controllers
all together. For instance Microsoft Kinect, a low-cost mo-
tion sensing device, allows players to interact using nat-
ural gestures [21]. However, despite the growing popu-
larity of movement-based games, researchers argue that
the diversity of movement and interactions are still under-
explored [13, 1]. For instance there are mainly standing
movement interactions for dancing. Furthermore, in many
games, instructions or outcomes still require a screen so
the game is not completely unreliant on visual feedback. In
this paper we address this issue and propose the design of
Jingle Jigsaw, a novel screenless dance game that exclu-
sively uses movement as input and sound as feedback.

Thttps://www.statista.com/statistics/490522/
global-esports-market-revenue/
Zhttps://www.statista.com/statistics/273829/

average-game-hours-per-day-of-video-gamers-in-selected-countries/
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Methodology and Roadmap

Since this research aims at addressing a human-centered
problem through a novel digital artefact, it follows a De-
sign Science Research Methodology (DSRM) adequate
for such projects [27, 15]. The paper itself follows the six
steps of the DSRM [27]. In the introduction we investigated
the problem (Step 1). Step two (the objective of the solu-
tion) is presented with the related work. Then, we discuss
the design (Step 3) and demonstration (Step 4) of the arte-
fact based on Mueller and Isbister's game design guide-
lines [19, 25]. Then, we evaluate the artefact (Step 5) and
then wrap up with a conclusion. The last step of the DSRM
is communication of the project (this article).

Related work

There are several interaction technologies for dance games.
Among these we find motion sensing technologies (e.g.,
[24, 5, 22]), mobile sensors to be attached to the body such
as a phone or an armband (e.g., [30, 8, 18, 12]), and virtual
reality glasses (e.g., [33]). In this paper we focus on mo-
tion sensing technologies that allow users to move freely
without the need to use any attached device. Examples of
games using motion sensors include Dance Central on the
Kinect [5], where instructions are given on a screen and
players must follow them by making movements. Another
example is Super Mirror, a Kinect-based app that provides
ballet dancers with real time instructional feedback [22].
Dance training apps in virtual environments have been
shown to be a form of enjoyable exercise [3] providing phys-
ical, cognitive and psychosocial benefits [29]. In terms of
learning dance move, some studies have shown that dance
training apps are more interesting, stimulating and more
effective than simply watching instructional videos [6]. How-
ever, others have argued that the best combination is in-
structional videos with dance games, as opposed to dance
games only [7]. Finally in terms of interface, a study cov-
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Figure 1: Shown here is the player
as perceived by the Kinect, during
level-one gameplay of "Stayin’
Alive".

Figure 2: Shown here is the player
playing level-one, "Stayin’ Alive".

ering five exer-games (StepMania on a PC, Dance Dance
Revolution on the Wii console, Just Dance 30 on XBox, Just
Dance 20 on the Wii, Dance Central on Kinect) found that
user interface mattered, but usability even more; when con-
trols are harder to use they are a barrier to engagement [5].
The literature indicates that dance games are promising
forms of exer-game. However, an unresolved research
question that guides the objectives of our solution is: how to
design a playful dance game that has no screen interface?

Jingle Jigsaw Design

To address this issue and design a playful screenless dance
game using motion detection we present a novel game
called Jingle Jigsaw. Hereafter, we begin by describing the
gameplay and then highlight the most salient ways our de-
sign relates to the three design guideline clusters of Mueller
and Isbister’s framework [19, 25].

Gameplay

Jingle Jigsaw is a Kinect-based puzzle/dance game. The
goal of the game is for players to find and assemble pieces
of an audio puzzle using dance-like movements. In the
game the puzzle to be solved is a song, and the pieces of
the puzzle are sound clips of that song. The pieces of the
puzzle are placed as virtual boxes in the physical dance
space around the player. The player cannot see these
boxes—there is no visual interface—so they must explore
their immediate space to find and activate the boxes. To
solve the level, the parts of the puzzle need to be played in
the correct sequence with the correct timing. The player
determines the sequence by first listening to the sound
clips and then assembling them from prior knowledge of the
song, or trial and error. If the player succeeds in playing the
sequence correctly three times consecutively, they pass to
the next level. The player is guided by audio feedback that
tells them when they have passed a level. There are five
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levels to the game. Each level adds one additional box to
the gameplay: the first level has two active boxes, the sec-
ond level has three, and so on. The final level is a bonus,
with all boxes containing beatboxing sounds recorded from
Montreal beatboxer Lateef Martin. It is a freestyle level
where the player can playback the sounds in any order they
choose for as long as they like. When the player is done
playing and leaves the gameplay area, the game automat-
ically resets for the next player. The start and the end of
the game are also indicated to the player through audio
feedback. Figure 1 shows how a player is perceived by the
Kinect motion sensor and figure 2 shows a player activating
the virtual boxes with her arms.

Cluster 1: ambiguity, movement articulation, movement cog-
nitive load, body focus

The design guidelines advise to embrace ambiguity, in the
sense of addressing the unreliability of current movement
tracking technologies, as well as the imprecision of human
movement. By using basic boxes as triggers and assigning
them to precise locations in space Jingle Jigsaw mitigates
the tracking limitations of the Kinect system. The mechan-
ics are simple—virtual button presses—but the gameplay still
allows for a wide range of movements. Players might use
their hand, head or foot to trigger the same box.

The design guidelines advise to celebrate movement artic-
ulation as it acknowledges the rewarding potential of move-
ment. In Jingle Jigsaw the player's movements are actually
what makes the song unfold, so the discovery of the song
is rewarding as well as the feeling of moving with the music.
The positioning of boxes also suggests a mode of moving
that broadly relates to the genre of the song and associated
dance styles i.e. disco dances move from side to side and
funk dances from up to down.
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The design guidelines advise to consider the movement’s
cognitive load with the intention to not overload the player’s
coordination, by balancing in-game movement challenges
and feedback. Jingle Jigsaw is an audio puzzle game that
requires the player to first physically locate the invisible
boxes in space, remember their location, discern the correct
order of the song clips, and move in a manner that triggers
the correct playback of the song. There are quite a lot of
challenges in fact, but our game allows the player time for
exploration and learning. There is no time restriction to the
levels so the player can learn and practice the positions of
the boxes at their own pace while receiving audio feedback.

The design guidelines advise to focus design on the body
of the player. Note that this guideline prompted some push-
back from some of Mueller and Isbister’s study partici-
pants. The participants who worked in the commercial
videogame industry (those working on Dance Central)
counselled against focusing on the player. They said be-
cause some players feel shy when they are the physical
centre of attention, the screen-aspects of the game help to
alleviate this pressure on players [19]. In imitation dance
games, such as Dance Central, the choreographies are of-

ten stereotypical gendered representations of the dance [23].

In this case focusing on the body could evoke negative
feeling for players. To overcome this issue, Jingle Jigsaw
focuses on outcome rather than on precise movements,
which lets participants explore motions on their own. By
players being allowed to perform movements they are more
comfortable with, rather than stereotypical dance steps,

we aim at designing a more positive focus on the body and
thereby alleviated the need for a screen as distraction.

Cluster 2: fatigue, risk, mapping
The design guidelines advise to infend fatigue. This guide-
line suggests that the game design must be intentional to-
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wards the body’s internal responses to exertion. Jingle Jig-
saw provides players an opportunity to scale the intensity

of their interaction. Success in the game can be achieved
equally by using simple gestures or more complex gestures.
This format allows for broad accessibility in terms of mobil-
ity and levels of fitness.

The design guidelines advise to exploit risk. Physical games
have more concrete risk (injuries, soreness) than tradi-
tional videogames but are potentially more rewarding ex-
periences [25]. Dance games typically show players what
movements to do. Risk in Jingle Jigsaw is mediated through
a series of choices rather than mimicked responses. Play-
ers can choose their level of physical risk which could have
both positive and negative effects. Positively, players could
choose stay within their personal comfort zone of risk. Neg-
atively, they could also choose to attempt very risky moves.

The design guidelines advise to imaginatively map the
inputed player movements to extraordinary in-game re-
sults. The examples used were of screen-based move-
ment games i.e. in Wii Tennis, where even a small flick of
the wrist results in a successful serve. In Jingle Jigsaw, the
imaginative mapping takes on a different form. With the
rise of personal assistants certain non-screen interactions
(especially voice input and output) are becoming ubiqui-
tous [28]. Players of Jingle Jigsaw navigate a similar kind of
hybrid space that overlays the virtual and the physical. The
addition of virtual boxes to the player’s physical environ-
ment provides additional challenges for the player [25] that
solicits in particular the body’s haptic and aural systems.
Through hitting the right virtual boxes, a player suddenly
becomes both dancer and musical conductor.

Cluster 3: rhythm, self-expression, social fun
The design guidelines advise to highlight rhythm. This
guideline points to the benefits of highlighting the rhyth-
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Figure 3: Users in action in
Lausanne, Switzerland.

mic nature of movement, both as a guide for the player and
because it feels good to move that way. In Jingle Jigsaw the
player must trigger the boxes not only in the right order but
in the right rhythm to succeed.

The design guidelines advise to support self-expression so
players can contribute positively to their experience of the
game. Instead of proscribing a set choreography as is the
case in the majority of dancing videogames, Jingle Jigsaw
is a spatial body puzzle that players solve. To trigger a vir-
tual box the player could use any part of their body thereby
creating their own unique dance as they play the game.

The design guidelines advise to facilitate social fun amongst
co-players or player/spectators. Jingle Jigsaw is currently
designed for a single player so social fun is not an inte-
grated part of the design. However since gesture games
are inherently performative due to the shift in focus towards
the body of the player [20] the possiblity for social fun exists
when an audience is present during gameplay.

Evaluation

We conducted preliminary evaluations with three expert
user groups to focus on different aspects of the game:
(1) dancers, (2) gamers, and (3) musicians.

Dancers

Dancers were tested on two separate occasions. A first
evaluation was conducted with six experienced dancers
(3 male, 3 female, age 18-35) in Lausanne Switzerland,
the second evaluation took place at Concordia University
in Montreal with 6 female students from the department of
Contemporary Dance (age 17 - 29).

The evaluation in Lausanne took place at a dance stu-
dio where street dancers practice regularly in Lausanne,
Switzerland (see Figure 3). We asked the dancers to come
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to the room one at a time, test the game and give us feed-
back about their experience. Each session was around 15
minutes including the discussion. In terms of game play,
most participants started slowly at the beginning in order to
understand the concept and find the boxes. Then several of
them, as they started to gain confidence tried to add moves,
such as spins, headbutts, highkicks, to the simple gestures
that were required to play the game. Also several laughed
while playing the game. One participant tried hitting the
sounds in a different order to create a new song. In terms of
feedback, the dancers appreciated the game saying it was
"Cool", "So Cool", "Excellent", "Very fun", "Super stylish”.
One of the dancers found the idea of "being a conductor”
very interesting, whereas another like the concept of "be-
ing a beatmeaker". Despite the overall positive attitudes,
several of the dancers mentioned some frustration with the
game. For example one participant found it frustrating not
to find the sounds, whereas another argued that the sound
clips were not cut correctly, leading to her dancing off beat.

The evaluation in Concordia took place with all of the dancers
in the room together (see Figure 4). They played the game
one at a time while the others watched. After all dancers
had played the game we discussed their experiences. The
total session was 1.5 hours. During the play session the
dancers on the side would help the player with verbal cues.
At some points the group would start singing the song
along with the game. One negative result of the group eval-
uation was that after the first player solved the game play-
ers who followed knew the songs and the position of the
boxes. However the spectators began giving each other ad-
ditional challenges such as “Try to hit the boxes only with
your feet!” In future work we have considered randomizing
the position of the boxes to make it more challenging in a
social format. The participants were asked to fill out a ques-
tionnaire about the game (5 out of 6 completed the form).
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Figure 4: Users at Concordia.
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Figure 5: Attrakdiff results. Black
dots are median values. N=6.

We evaluated their attitude with the AttrakDiff 2 [14] survey
to which we added two dimensions, i.e, boring/fun and hard
to learn/easy to learn. The results are depicted in Figure 5
and convey the fact that the game was received very posi-
tively. It was found to be especially captivating, imaginative,
fun and easy to learn. Furthermore, the respondents all ei-
ther agreed or strongly agreed that the game gave them
sense of freedom and suspense. All participants agreed
they wanted play the game again. All but one person en-
tered a positive response to the game’s audio enhancing
the experience. In terms of feedback in the game, all par-
ticipants either agreed or strongly agreed that they under-
stood when they succeeded or failed in the game and they
all responded that their awareness of space had improved.

Gamers

This playtest was also at Concordia University with mem-
bers of the Technoculture and Games Lab. There was a
group of eight people; three people played the game and
the rest watched. In discussions following the playtest the
gamers indicated the game’s most unique feature was
that it did not use a screen. One player responded to the
questionnaire and wrote: “It was great to explore a space in
which audio is materialized. It was cool to “dance” without
imitating a model on screen but as the result of playing.” In
both tests at Concordia University, players expressed the
importance of using songs that were easily recognizable.

Musicians

We conducted two additional playtests with a total of 9
playtesters that included four female and two male expe-
rienced musicians. In these sessions the players were all
in the room and took their turns playing the game. The
playtests each lasted 1 hour with a discussion at the end
that lasted 30 mins. Overall, the musicians enjoyed the
game, but contrary to gamers and dancers they focued on
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techincal aspects and highlighted a lag between triggering
the virtual boxes and the sound playing; they were expect-
ing the virtual buttons to react more like playing music on a
drum kit, or playing rhythm games such as Rock Band.

Conclusion and future work

Screenless digital-physical games open up the potential
for a wider variety of health benefits for players. In this pa-
per we have started investigating how to push the design
boundaries of dance games towards unorthodox interac-
tions using only movement as input and audio as output. To
do so we designed a dance game called Jingle Jigsaw. In
the design we were careful to include underexplored fea-
tures such as free movement dancing [13] which also re-
duced potential inclusion concerns [23]. Our preliminary
evaluations concur with previous findings that showed that
dance exer-games are enjoyable [3] for expert users. Fur-
thermore, we observed that players were creative in the
way they played. This could be interpreted in the light of re-
search on ambiguous and counter-intuitive design where
users find their own meaning in uncertain situations [9,

2, 11]. An aspect that could be further investigated in a
screenless digital game is the player-spectator role. In tra-
ditional videogames (not movement-based games) it can
generally be argued that players become spectators to
their own gameplay, because they are watching their per-
formance on the screen [10]. In Kinect games, spectator-
ship usually refers to people engaged in watching the player
as well as the screen [31]. Our screenless, Kinect game
presents an interesting case for study. Future work will in-
vestigate a broader user base and will further investigate
health aspects. Previous research on dance exer-games
paint a positive picture [17], however in the broader con-
text of outdoor games, the play benefits are compromised
by the introduction of a digital artefact even if they are not
screen-based [16].
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