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Abstract

In this paper, we present the findings of a two month
exploratory game study in which we compared the
verbal and non-verbal communication practices of two
independent groups of older adults. Among other
factors, these groups differed in their education,
technology literacy and physical functioning. Through
observational measurements, we outline significant
differences and trends in players’ paired interaction,
which progressively changed through prolonged
exposure to the game. By comparing player
performance both within and between groups, we raise
questions and provide some insights as to how
differences in the backgrounds of older players can
influence dyadic interaction in collocated play.
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Introduction

The heterogeneity of older adults demonstrates a
potential array of interests and opportunities for digital
game design. In an ageing population, the rate of
physiological decline is known to vary on an individual
level, contributed by biological and social factors [18].
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Figure 1. Examples of the body
templates incorporated in the game -
(a-c) wide base (two footed stances)
and (d-f) narrow base (dominant or

single leg stances).

Research by lJsselsteijn et al. [13] and Gerling et al.
[11] have both reported on the need to understand
age-related changes within game design. However,
beyond clinical research, few known HCI game studies
have compared independent groups of older players. In
particular, there is a limited understanding to how
digital games can meaningfully engage older adults
from different socio-economic or geographical
backgrounds.

Lifestyle and the regional characteristics of older adults
have been found to be a strong predictor of self-rated
physical health and quality of life [23]. In addition,
variations in education and personal income are known
to affect one’s ability to maintain cognitive functioning
in old age [18], and influence technology adoption
among older adults [21]. Alternatively, while game
studies have investigated socio-economic differences in
young players [e.g. see 1], understanding how
variations in social status translate into multiplayer
gameplay and pathways for game research in older
adults remains poorly understood. Subsequently, we
see this as an important issue in Asian countries like
Singapore, where an ageing population consists of
multiple ethnic and dialect groups.

In this paper, we present a longitudinal evaluation of a
prototype game with two separate groups of older
adults. These groups vary in their education, language,
technology literacy and physical functioning. Motivated
to understand the extent player relationships might
vary across these groups, a full-body gesture-based
game using the Microsoft Kinect was developed
primarily to explore the communication between pairs
of older players. The results indicate that players
exhibit significant differences and trends in their

collaborative engagement. As such, we believe a key
contribution of this work is to understand the variability
between older players, and how interactional roles can
dynamically change over time. Subsequently, we hope
these findings will draw interest and further debate
from the HCI community.

Communication practices

Of the various factors affecting gameplay performance,
we focus on the communication aspect. Communication
is fundamental to understanding social interaction in
digital games, and is deeply connected to the player’s
experience [8, 10]. In particular, understanding
gameplay communication is a primary means of
uncovering how players establish and maintain
relationships. According to Drachen and Smith [10],
communication between players serves as a functional
means of requesting and sharing information to reach
game goals. Defined as both verbal and non-verbal
cues (e.g. body movement, posture, facial expressions,
eye contact, etc.), communication is seen as a fluid
process, which requires detailed understanding in game
design [22].

However, while game studies have explored variations
in the verbal communication patterns of young players
in role-play and first-person shooter games [e.g. 8,
10], there is a paucity of research that has empirically
investigated differences in communication among more
diverse groups. Of the few examples, Derboven et al.
[9] examined the exchange of verbal utterances in an
intergenerational shopping game, while our earlier
research explored the communication relationships
between younger and older players [19]. Subsequently,
to our knowledge there are no known game studies
that have quantifiably compared communication



Figure 2. Wide base (a-b) and
narrow base poses (c-d).
When correctly positioned,
animated objects fill up over
the body templates.
Participants are then required
to hold positions until the
templates are completely
immersed.

behavior across two or more independent groups of
older adults.

As a result, much of the inspiration for this study draws
influence from a wider examination of dyadic
interaction in social studies, where directive sequences
are carefully deployed in goal-orientated tasks. In this
context, the definition of a directive is taken from
Bernicot and Legros’s [2] description of an intentional
act by a speaker to make a listener ‘do something’.
Insightful research using communication cues include
the works of Camras [6] who explored the dyadic
relationship of children in conflict situations; Cekaite’s
[7] descriptive reporting of embodied actions in the
parental shepherding of young children; and LeCouteur
and Feo’s [14] examination of orchestrated actions
among sports players.

Commonly, such works highlight the interchangeable
relationships between subjects’ bodily orientation, gaze,
touch and conversational speech during strategic forms
of interaction. As such, these findings have helped form
a basis of interest in this study, in terms of
understanding how similar types of behavior may be
used in collocated gameplay.

Method

A two month study with 20 older participants who
differed, among other aspects, in their education,
technology literacy and physical functioning was
undertaken to compare their dyadic communication.
Specifically, the primary aim of the study was to
identify possible differences in the verbal and non-
verbal interaction of paired players, particularly in
relation to more prolonged gameplay exposure.

Prototype game

A full-body gesture-based game was designed to
encourage partner cooperation, while evoking a
controlled form of physical exercise. A series of light to
moderate steady-state poses were used to challenge
player’s balance control. These varied from wide and
stable base positions (e.g. two footed) to a smaller
base (e.g. single or dominant leg stances) with a
greater amount of sway (Figure 1). Twenty-four
balance positions were developed in the form of
different on-screen body templates, in consultation with
geriatric physiotherapists over a 5 month period. Unlike
prior game studies that have focused on improving
balance through sequential stepping actions [e.g. 16,
20], performance measures in this game were based on
holding ‘static’ positions to stretch related muscle
groups for body strengthening and flexibility.

The game setup consisted of a 2 meter projection
screen, a short-throw projector and a laptop to run the
software. For image processing, the Kinect’s IR depth
camera was used to detect the shapes of the players’
bodies, and project them as a full-scale image. Players
then directly interacted with a mirrored image in the
form of a graphical silhouette, using a computer
algorithm to track and calculate a matching percentage
against the on-screen body templates (Figure 2).

Over 16 levels were designed in the game requiring
players to appropriately fit their silhouette into separate
body templates. To encourage cooperation, both
players were allocated 5 seconds at the start of each
level to review the positions of the body templates
before the level automatically began. Once correctly
aligned within these shapes, players were required to
hold the correct position for about 40 seconds.



I-L C-S P

value

Pre-test

Sy?;e g 124 | .70

normal 1.18 .63 <.001

(m/sec) (71 (:88)

Single leg | 20.02 6.65

stance 24.30 3.85 <.01

(secs) (26.7) | (25.5)

Timed Up 7.20 12.61

and Go 6.92 12.05 <.001
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Post-test
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normal 1.28 .75 <.001

(m/sec) (:35) (:54)

Single leg | 21.19 5.44

stance 28.56 2.15 <.01
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Timed Up 7.48 13.06

and Go 7.23 10.62 <.001
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Table 2. Results of the pre- and

post-testing with mean (top),
median and range values in
parentheses. P-values represent
between subject results.
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Figure 3. Overview of study.

Animated graphical objects would then fill up inside the
body templates, and once full, signify the successful
completion of a level. If one or more of the players
were poorly positioned, the falling objects would stop or
slow down until appropriately corrected. This was
designed to encourage players to collaborate and
intervene with assistance when necessary. A
countdown time of 60 seconds was set in each level,
and players were rewarded with accumulative points.

Participants

All the participants were aged 60 years old or above.
They were recruited via volunteer center managers who
were asked to identify potential participants based on
health guidelines established by Grieg et al. [12]. For
example, participants were excluded if they had heart
or breathing problems, high blood pressure or acute
arthritis, and had to be able to engage with the game
without the support of a walking aid, or have no known
cognitive impairments.

Once selected, participants were then separated into
two groups we defined as independent-living (I-L) and
community-supported (C-S). These groups differed in
their education, language, technology literacy and
physical functioning. Specifically, the C-S group
consisted of participants from the same senior activity
center. They had a low education and technology
experience, and only spoke in Chinese dialects. These
participants regularly attended the center for subsidized
meals and financial support. Alternatively, the I-L
participants were recruited from multiple ageing
centers, and were proficient English speakers, with a
greater amount of technology experience and higher
education qualifications (Table 1).

Gait speed, single-leg stance and the timed up and go
test [see 4, 5 and 17] were administered to measure
the mobility of the participants. These are established
measures that can be conducted in a non-clinical
setting. For consistency, the same measurements were
administered at the start and the end of the game
testing to help indicate if the game may have had a
mediating effect on player’s physical performance
(recognizing this is not a controlled physiological
study).

As seen in Table 2, non-parametric Mann-Whitney U
tests identified that the I-L group performed
significantly better than the C-S group on all the
physical measurements. In contrast, no significant
differences were identified within groups (p > .05).

Group I-L C-S
Sample size 10 10
Age (mean+S.D.) 66.8+4.4 | 72.849.0
Sex (male/female) 4/6 1/9
Education: Degree 10% 0%
Diploma 10% 0%
A-level 20% 0%
O-level 50% 40%
Below O-level 10% 60%
Techn_ology. Use of a mobile 100% 10%
Experience: phone
Use of the 100% 0%
Internet
Play digital 50% 0%
games

Table 1. Demographic details (grey highlights differences).

Procedure

For the I-L participants the game testing was conducted
at the research institute, while the C-S participants
were tested at the local senior center they regularly
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paired instances per
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communication, (b)
physical directives, and
(c) non-verbal

communication directives.
Circles represent outliers.

attended (the travel distances between the two groups
meant it was unfeasible to test at the same site).
However, both sites had comparable seating
arrangements, space and lighting.

A week prior to the start of the game testing,
participants were assigned to a group of 4-6 people and
pre-tested using the physical measurements previously
described. As feasibly possible, pairs were matched on
the premise that they did not personally know each
other, and that they spoke the same language. Barring
two separate instances, partners remained the same
throughout the study, and no casual observers were
present.

During the first week of the game testing, the briefing
of the game consisted of a practice trial of the first
three levels. For subsequent weeks, the gameplay
lasted approximately 15-20 minutes per session, with a
minimum gameplay time of about 10 minutes (or 8
levels). This process was repeated once a week, for six
weeks. At the end of the sixth week, participants were
group interviewed on their experiences of playing the
game. The following week, a post-test was conducted
using the same physical measurements as the pre-test
(Figure 3). Throughout the study, three researchers
were regularly on site to ensure the safety of
participants, two of whom were fluent in both Mandarin
and English.

Post-game measures & data analysis

To understand the intentional communication of
players, observational measures were obtained through
video analysis. Two independent coders analyzed all the
video recordings, and interobserver reliability was
checked based on an occurrence percentage agreement

of over 85%. Each gameplay level was then coded
using a series of behavioral measures that were
classified based on our prior work on intergenerational
gameplay [19] and the modification of informational
gestures as reported by Boguslawski [3]. These were
defined as:

e Verbal communication: includes all utterances and
non-word vocalizations (e.g. laughter, gasps, etc.).

e Physical directives: includes physically pulling,
tapping or steering a partner into position.

e Non-verbal communication directives: includes
nodding, pointing or waving to a partner.

For each game level, a count of the number of
behavioral occurrences was completed. For statistical
analysis, given the sample size, non-parametric Mann-
Whitney U tests (2-sided) were used to identify
differences across conditions. Given variations in the
number of game levels played, pair scores were
summed and averaged for weeks 2, 4 and 6. Due to a
loss of video data, the data set of one C-S pair was
removed from the statistical analysis.

In support of the video data, descriptive field notes
were analyzed to review instances of player behaviors.
Similarly, audio recordings of the semi-structured group
interviews (each approximately 30-40 minutes long)
were reviewed to assess participant’s interests and
understanding of the interactive game. This data was
manually coded for further analysis.

Communication findings

To highlight the variations between the groups, we
provide a number of key insights based on players’
communication behavior.



Figure 6. An example of the
‘partner switching’
demonstrated by an I-L pair.
Player 1 (left) shakes his head,
then says “Change. Change”
(a). Player 1 steps back (b),
then moves forward, under his
partner’s left arm, pulling on
his hand to infer to keep that
arm position (c). Player 2 then
moves backward keeping his
arms extended, while player 1

moves a few paces forward (d).

Verbal communication as a dynamic process

As illustrated in Figure 4a, in comparing the frequency
of verbal utterances between the two groups, a stark
difference was identified in the patterns of verbal
communication over the duration of the study.

For example, for the I-L pairs, the number of
utterances was reported highest in week 2 (Mdn =
9.13), and lowest in week 6 (Mdn = 4.90). In contrast,
there were a negligible number of utterances in the C-S
pairs in week 2 (Mdn = .20) compared to a notable
improvement in week 6 (Mdn = 3.25). Statistical
comparisons further revealed a significant higher
number of utterances in the I-L pairs across week 2 (U
=1, p <.05, r =-.74) with a considerable trend
towards significance in week 4 (U =2, p = .06, r = -.
65), but not in week 6 (U =5, p = .29, r = -.41).

To help account for these differences in interaction, a
review of the average number of utterances in the first
15 seconds of each level compared to the total,
revealed a contrasting pattern of verbal communication
for the two groups between week 2 (I-L pairs: 45%,
C-S pairs: 0%) and week 6 (I-L pairs: 30%, C-S pairs:
28%).

Supported through the video observations, the early
gameplay sessions identified that the I-L pairs were
very ‘proactive’ in verbally assisting their partner’s
physical orientation at the beginning of a level, but
intervened less as the dyads became more proficient in
the game. In the early weeks, this included a high
number of verbal directives, which were typically short
and at times ambiguous (e.g. “Leave it”, “Raise your
hand again”, “Face me”). In comparison, the negligible
amount of verbal communication in the early sessions

for the C-S pairs was reflective of more rigid and
stationary positioning, requiring more repetitive
practice of the game to gain better comprehension.
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Figure 5. Comparison of verbal communication (as
reported in Figure 4a) to physical orientation for weeks 2
and 6. Physical orientation was defined as the number of
instances players directionally moved (by stepping) to re-

adjust their position to screen.

For example, comparing the number of verbal
utterances with physical movements revealed an
interesting change of behavior (see figure 5). Namely,
for the C-S pairs, we noted that progressive
improvements in verbal interaction were accompanied
with a greater amount of physical orientation. On the
other hand, a reduction in verbal communication
compared to an increase in directional movements for
the I-L pairs, suggests that as they became more
competent in playing the game, individual players were
required to be less instructive.

As a result, for the I-L players, as confidence grew in
their paired interaction, we observed an increasing
number of times that players would switch positions to
reverse roles, either to assist a partner, or plan ahead
in the levels. As illustrated in Figure 6, this was often
done with a minimal amount of verbal instructions, as
players would re-orientate themselves while remaining



C-5 pair. Left player holds and then
pushes her partner’s arm inwards,
steering her into position.

I-L pair. On seeing the new poses, the
right player touches her partner’s
arm twice, as a sign of reassurance.

I-L pair. Left player stretches out his
arm, helping to stabilize his partner,
who uses the support to lean outwards.

T

C-5 pair. Left player helps to stabilize
her partner, then kicks out to indicate
to change her feet position.

I-L pair. Left players pulls on his
partner’s leg, then points to the
ground position to move it towards.

Figure 7. Gameplay
examples of the physical and
non-verbal communication
directives.

directionally focused on the screen and game content.
Mastering the shared physical space and proximity
between themselves and their partner, interestingly, we
noted no similar examples of positional switching by the
C-S pairs.

Use of non-verbal and physical directives

As shown in Figure 4b-c, there were a low number of
directives in the study, with only one significant
difference identified in non-verbal communication in
week2 (U=1,p<.05r=-74; I-L: Mdn = .75, C-S
Mdn = .06). Despite this, similar to trends in verbal
communication, the results indicate that the C-S pairs
increased their use of physical directives over the
duration of the study (week 2: Mdn = .00, week 6:
Mdn = .91), compared to a marginal decrease in the I-L
pairs (week 2: Mdn = .38, week 6: Mdn = .20).

Further inspection of the directives identified that
players from both groups would help to physically
stabilize a partner’s position (e.g. by stretching out an
arm), and predominately used pointing and waving
gestures as directional instructions (see Table 3).
Alternatively, there were noticeable differences in the
way the groups would tactilely guide the actions of
others. Namely, we identified that the I-L pairs were
more likely to touch or tap a partner to gain their
compliance. This was notably different to the C-S pairs
who were generally more physical in steering a partner
into position by pushing or pulling on a body part (e.g.
an arm or leg) to help realign their physical orientation
(see Figure 7).

Commonly used in clusters, the touching gestures by
the I-L pairs were often employed to gently reassure a
partner at the start of a level, while the steering actions

by the C-S pairs were bolder and more disruptive
movements that often required a longer time to
implement. In what Cekaite refers to as variations in
the quality of touch [7], the subtle nature of the
touching gestures appear to be an important attribute
of the early team bonding process, which may help
explain why they were used less frequently by the I-L
players in the subsequent weeks (Figure 4b).

Averaging the combined number of physical and non-
verbal directives within the pairs revealed that the
scaffolding of these actions was more likely to be
orchestrated by the same player (over 80% in both
groups).

Physical I-L C-S | Non-verbal I-L C-S
directives com. directives

Steer 29% | 60% | Point/wave 99% | 92%
Touch/tap | 54% | 26% | Kick 0% 8%
Stabilize 17% | 14% | Nod 1% 0%

Table 3. Type and average percentage of physical and
non-verbal communication directives per group (grey
highlights differences).

Group perceptions of dyadic interaction

Subjective feedback identified that the I-L pairs were
more likely to positively report on how the game
encouraged coordination, communication and
teamwork, and that a good rapport was needed to
achieve what was described as ‘focused interaction’.
This included remarks that the repetitive nature of the
game helped build trust and a ‘good chemistry’
between the players: “You need to prompt your
partner, that is why you will see us whispering, ‘move
here’, ‘move there’... so | think for both of us, I think
we sort of progressed quite fast in that aspect”.



In contrast, the C-S participants were more critical of
their performance, which they related to the attentional
demands of understanding the game: “We were too
focused in trying to complete the actions of the game
and so we did not engage in more verbal
communication with our partner, as there was no time
to both talk and imitate actions”. As a result, fewer of
the C-S participants openly acknowledged
improvements in their social interaction, which were
commonly undermined in conversations by their
perceived weaknesses in playing the game.

Discussion

Overall, our results indicate that group differences are
most noticeable during the early sessions, with the C-S
players more inclined to play individually, and only
improve their pro-social behavior through practice.
Alternatively, the I-L pairs were quick to socially
engage with their partner, leading to a greater mastery
of the game, and reduction in communication, which we
observed in the later weeks.

For both groups, there remained a high degree of
player dominance, while the higher frequency of
tapping and touching gestures by the I-L pairs indicated
more subtle forms of partner coercion, compared to the
steering actions, which can be seen as more implicit
strategies of control [7]. On the other hand, the low
number of directives compared to verbal utterances can
be attributed to the ‘style’ of the game, and the
disruptive nature of physically moving while holding a
static position.

Notably, while there were some functional differences
between the groups, all players were physically capable
of playing the game. Naturally, some of the more

dynamic poses were difficult to accomplish, but this
was intentionally done to sustain engagement over the
duration of the study.

Addressing the study limitations

Based on our current study, we recognize that further
research is needed to validate the characteristics of
these two groups. In particular, a more controlled
investigation of the factors which warrant group
differences, given variations in player age, education,
language, technology literacy and physical functioning,
and limitations in sample size and gender distribution.
On the other hand, we believe these exploratory
findings provide a good means for questioning the
importance of understanding communication practices
among more diverse user groups, particularly in
relation to measuring gameplay effects over time.

For example, unlike HCI game studies that have
reviewed interaction over a single session, our results
suggest that taking a similar approach would have
provided a skewed perspective on players’
engagement, and failed to account for the changing
communication patterns observed. Subsequently, we
believe these findings emphasize a need for serious
games studies to better consider the importance of
measuring gameplay effects over a longer period of
time. This reflects on the work of Drachen and Smith,
who articulate a need to “refrain from simplistic notions
about how communication and player experience are
connected” [10, p.33].

On the other hand, despite finding no statistical
differences in the physical functioning within groups,
our research highlights that even within a small number
of players, significant changes and trends in



communication can be observed. This suggests that
game evaluators should take advantage of using
communication cues to help analyze player usage and
interaction patterns.

Moreover, given the intertwining relationships between
education, income, technology literacy and health
among different socio-economic groups, we note that
separating out these factors is a challenge for HCI
game research. For example, it is well established that
advantaged individuals are more likely to be better
educated and have better computer access compared
to those on low income [21].

Further opportunities of investigation

In terms of game design, although previous research
has explored the notion of adapting game content to
match the physical requirements of older adults [e.g.
11], to our knowledge there is a lack of understanding
in how digital games should accommodate for
variations in inter-player communication. Among low
socio-economic groups, these include understanding
the types of game ‘triggers’ or awareness cues that
should be used to help facilitate coordination and early
cognitive learning, and build group cohesion and trust.

In addition, beyond understanding the influence of
game-type, social setting and partner familiarity in
communication practices, game research can also
extend to looking at other types of non-verbal
behavior. For example, how personality traits may
attribute to underlying differences in players’
interaction, given socially avoidant individuals are
considered to be less sensitive to the communication
cues of other people [15].

Finally, given the focus on player diversity, there are
unanswered questions towards how well communication
practices translate to other heterogeneous groups of
older adults, or segments of the population (e.g. for
rehabilitation, cognitive assistance or intergenerational
support). Given the South-east Asian focus of this
study, this includes opportunities to understand the
extent gameplay communication may be influenced by
linguistic and cultural differences, which are less
dominated by Western perspectives. These include not
only examining differences on national levels, but also
within local subcultures and ethnic groups.

Conclusion

In summary, we have demonstrated how
communication practices can significantly differ
between groups of older adults, and how directive
behaviors can be used to understand these dyadic
relationships. A very limited amount of work has
empirically explored the communication practices in
older adults and serious games. As a result, we believe
that this research raises important questions in how
embodied actions can help identify a deeper
understanding of player’s interactional engagement in
diverse groups, particularly in terms of the types of
intervention and social strategies used.
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