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Abstract

Wriggle is a research prototype game that can be
played either with or without movement as input. We
conducted an experiment to see whether movement
adds emotional impact and increases social
connectedness. We found effects on arousal and results
approaching significance for social connection,
demonstrating the potential for this approach to help us
better understand the impact of movement on user
experience.
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Introduction

Gesture and motion are becoming an increasingly
common mode of engaging with computers. The dream
of using sweeping gestures and movements to
communicate with machines is now a commercial

1885



CHI 2011 » Work-in-Progress

Figure 1. Screen shots of Wriggle’'s
first and second stages.

reality, primarily in the realm of digital gaming, but also
in other categories (e.g. the iPhone and iPad).

HCI practitioners caution that movement-based
interaction could lead to worse usability [11], but these
systems also offer exciting possibilities. Greater range
of motion, if it leads to more nuanced physical
expression and interaction, could expand options for
communication and response, allowing richer emotional
engagement and social connection [14].

HCI researchers have been heralding the return of
embodiment to engagement with interface for some
time now [e.g. 2], and the discussion of how best to
design for these contexts is ongoing [7, 5, 16, 10].
There have been notable experiments with creating
new forms of emotional and social engagement through
movement [e.g. 9, 17, 19], from which valuable
insights can be derived. However, these efforts do not
isolate movement as a variable in interaction
sufficiently to allow confidence about exactly which
aspects of the design are causing which responses.

We are interested in finding a way to generate
replicable and extensible knowledge about how
movement contributes to the user experience,
particularly in terms of how it may heighten and
broaden emotional and social experience. Toward this
end, we have begun a series of experiments in which
we craft research prototypes which are sufficiently
tuned and engaging to allow us to conduct design
research [3], without being end use artifacts in and of
themselves. We believe this strategy is a fruitful one for
pinning down effects in such highly dynamic systems
[7]. This writeup describes work in progress in which
we are using a research prototype to isolate and
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examine the emotional and social effects of movement
as a game mechanic (versus keyboard input). The most
closely related approach to ours from the HCI
community would be that of [8], which compared
engagement and degree of social interaction between
groups of players who either used the Nintendo
GameCube’s custom Bongo drum input device, or the
standard game controllers. We have also conducted a
controlled comparison of a single game with different
input devices. Instead of using an off-the-shelf game,
we designed our own research game, with movement
mechanics we crafted to alter emotional state and
feelings of social connectedness between players. We
designed these mechanics based on prior analysis of
existing Wii games, and a review of relevant Social
Psychological findings [6]. The benefit of our approach
is that it is more targeted and more extensible.
Essentially, we have created a research testbed that
can be adapted and adjusted to conduct an ongoing
series of experiments that isolate different design
factors (rather than seeking extant comparable
example systems to ask each question).

Method

We began with the observation that movement
profoundly impacts player experience with Wii games.
We saw heightened emotional response and dynamic
and highly engaged social interaction among players
(something also noted by others who have closely
observed Wii play, e.g. [18]). We conducted a series of
observations of Wii games across a range of genres [6],
examining emotional and social impacts of various
movement styles. Working from these observations, we
designed a simple game called Wriggle (figures 1-3).
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Figure 3. Wiimote hats for playing
the movement variant of Wriggle.
Note that hat characteristics map to
visual appearance of avatars’ hats
on-screen (see Figures 1 and 2).

Wriggle can be played using either hats (see figure 3)
or keyboard input—here we’ll describe the hat version.
(It's best to see a video, to really grasp game play:
http://socialgamelab.bxmc.poly.edu/projects/emotiona
ndmotion/.) Both players put on hats with Wiimotes in
them (see figures 2 and 3), and then they enter the
game’s first stage, where they try to attract onscreen
‘critters’ into their avatars’ bodies (figure 1, top). To do
so, they must perform the same movements the
critters are making (by rapidly bowing or leaning side
to side). These movements are rhythmic and vigorous,
like movements we observed in commercial games that
seemed to promote positive and high-energy affect,
and social interaction.

In the second stage, the players’ avatars are standing
outdoors on a windy day, trying to keep their ‘*hats’ on
(figure 1, bottom). Players must tilt their heads from
side to side to adjust the position of their avatars, so
that the hats stay on. The critters that the players
managed to collect in the first phase modulate the
responsiveness of their avatars a bit, adding to the
game’s challenge (one kind makes the avatar more
responsive, the other kind makes the avatar less
responsive). The first player to lose their avatar’s hat
loses this round. The player who wins two rounds first,
wins the game.

We mounted Wiimotes in hats for the movement
version, to ensure that players would really use broad,
vigorous movement (sometimes players who hold
Wiimotes in their hands move just a little, once they
figure out this is enough to get accelerometers to
work). In the keyboard version, players share a
computer keyboard and each has a set of 4 keys that
correspond to up/down and left/right movement.
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We hypothesized that playing the Wiimote-enabled
game would lead to increased positive valence and
arousal in emotional state (a commonly accepted
dimensional model of emotion—see [13]), based on the
physical feedback loop effect [15]. We also
hypothesized that playing the movement condition
would lead to a greater sense of connectedness
between players, which we operationalized using a
scale from Social Psychology, the Inclusion of Other in
the Self Scale [1].

Figure 2. Players wearing the hats, getting ready to play.

Procedure

We designed a between-subjects study in which pairs of
players either experienced the movement or keyboard
version of the game. There were 28 participants; 19
male, 9 female. All were students at a Northeastern
university, offered the chance to win small prize if they
took part. Each player completed a brief pre-survey,
with questions about gaming experience as well as
three pre- and post- test questions focusing on arousal
level, positive or negative valence of emotion, and
social connectedness to their playing partner. These
were Likert-scaled ratings from 1 to 5.
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To train the participants on the game controls, we
asked them to copy their responses to the three pre-
questions into an on-screen version of the questions
within the game. Participants who used the hat thus
learned how to perform the two main game
movements: bending forward and backward and
bending their bodies from left to right. Participants who
were chosen to use the keyboard thus learned their 4-
key combination. Test subjects trained once and then
played 5 win/lose cycles of the game. Participants were
filmed during play, and the game output was captured,
for later analysis. We also recorded accelerometer data
from the Wiimotes and key presses from the keyboard.

Results

Descriptive statistics for the two conditions are shown
in Table 1. Because participants completed the
experiment in pairs, each individual’s score is added to
his or her partner’s to account for variance bases on
pairings. Condition represents which form of input a
pair was using to play. Mean scores represent score for
the pair, with two ratings on a scale of one to five
combined.

We analyzed results using an Independent Samples T-
tests of change scores. Change scores were a pair’s
post-test score minus the pretest score. Descriptive
statistics for this analysis can be seen in Table 2.

Results of Independent Samples T-tests are shown in
Table 3. Column t represents the t score while the p
value represents the significance. As shown, the
independent samples t-test was significant for arousal
(t = 2.91, p<.05) and approaches significance for social
connectedness (t = 1.99, p<.10).
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Question Condition Means N
Pre Post

Arousal Keyboard (K) 6.33 6.17 7

Hats (H) 5.71 8.29 7

Valence K 7.83 8.50 7

H 7.29 8.00 7

Social K 7.33 7.50 6

connectedness
H 6.00 7.86 7

Table 1. Univariate statistics for variables in the analysis. See
also figs 4-6, for graphs of this data. (One keyboard participant
failed to answer the social connectedness question, hence the
N of 6).

Question Condition N Mean Std.

Change | Deviation
Score

Arousal K 7 -.14 1.68

H 7 2.57 1.81

Valence K 7 1.00 1.63

H 7 71 1.60

Social K 6 .17 1.72

connectedness H 7 1.86 1.35

Table 2. Descriptive statistics for change scores.

Question | df t p Mean Std. Error
Difference of the
Difference
Arousal 12 ] 2.91 | <.05 2.71 .93
Valence 12 | -.33 | >.05 -.286 .87
Social 11 ] 1.99 | <.10 1.69 .85
connected.

Table 3. Independent samples T-tests.
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Figure 4. Q1 Arousal Level
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To gain a further understanding of the nature of the
difference between conditions for each question, mean
scores for each pair were graphed. Figure 4 displays
the differences between groups on arousal level
between pre-test and post- test. The results of question
2, which did not have a significant interaction, can be
seen in Figure 5, which shows the change between pre-
test and post-test scores for each condition on question
2. Question 2 measured levels of emotional valence
with higher scores being more positive. Finally, the
results for question 3 approached significance for the
independent samples t-test. The mean scores for
question 3, which measured social connectedness, are
shown in Figure 6.

The results provide mixed support for our hypotheses—
it seems that introducing movement definitely impacts
arousal, but we did not get an increased effect in terms
of positive valence of emotion. Playing the keyboard
version of the game is just as positive as playing the
movement-enabled version, if not a bit more so. The
results for social connectedness approach significance,
indicating that our hypothesis that movement can lead
to greater social connectedness could have merit, and
is thus worth further study. Not all player pairs knew
each other, and it is hard to anticipate how individuals
will get along, so this result is especially noteworthy in
that it showed up through this ‘noise’ with a small
number of participants involved.

For all three questions, initial self-rating was higher in
the keyboard than in the hat condition. This was
especially true for the social connectedness measure.
Our group speculated that this might be due to the
novelty of wearing Wiimotes (seems embarrassing and
maybe produces nervousness at first, but then draws
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people closer). We are designing follow-up games to
test social connectedness without wearing the Wiimote.

Conclusion and Next Steps

This paper presents preliminary results of our
comparison of movement versus keyboard controls for
a research game. We have not yet analyzed the
movement data and video recordings. We plan to use
what we glean from these to help guide future studies.
We have also begun crafting other cooperative play
games that can be played with or without movement,
to further explore which kinds of movement mechanics
enhance sense of social connectedness. Finally, we are
exploring non-game tasks that would give us a different
look at how movement affects emotional valence.

There is not yet a shared set of dimensions/analytical
framework for understanding how movement impacts
the user experience, though there are various forays
that are quite promising (e.g. [4, 14]). We plan to
continue this research with a more nuanced set of
movements based upon well-researched and promising
dimensions that are likely to be emotionally and socially
meaningful. We would be excited to get feedback on
this early work, towards refining and extending our
approach. If we are invited to present our poster at the
conference, we will also bring a working version of the
game, with the hats, so we can share and get feedback
on the details of the movement design as well.
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