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Abstract
Rehabilitation exergames aim to help the elderly recover from their deteriorated capabilities due to
aging. Research suggests that exercise games (exergames) may effectively engage the elderly in
physical activities. However, new technologies and devices normally used to develop the exergames
may be over complex and difficult for the elderly to use, mainly because the hardware and software
components involved in modern exergames appear unfamiliar or even alien to the elderly mentally.
Moreover, the elderly consider the investment to acquire the unfamiliar technology is too high.
Therefore, the study of familiarity issues of the elderly is important and necessary to guide the
interaction design of new technologies so that they can be built upon the elderly's prior knowledge of
real world interactions to help the elderly to apply their existing skills to a new domain. In this paper,
we propose three dimensions of familiarity design and the approach to design familiar exergames for
the elderly. By following this approach, we hope to increase the usability of the exergames that the
elderly can naturally interact with. For case study, we introduce the design principles followed when
implementing the Virtual Escape Exergame to illustrate the usage of our proposed familiarity design
approach to develop an exergame in a familiar virtual environment for the elderly.
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I. Introduction
The number of older persons has increased substantially in recent years in most countries and
regions. The growth of the aging population is projected to accelerate in the coming decades [1].
Senior citizens will encounter various health related issues as they age, which will cause the
reduction in their motor and cognitive capabilities.
Rehabilitation exercises aim to help the elderly to recover from their deteriorated capabilities and to
become as independent as possible to alleviate both the societal and individual home's burden [2]. In
order to recover efficiently and effectively, the elderly are advised to frequently take exercises
according to their conditions. However, the incentive for the elderly to take exercises by themselves
is often not enough. Traditional rehabilitation treatments are usually administrated on the one-to-one
basis, which makes the treatments difficult to operate due to the high cost and the dependency on
human resources. In addition, it is time consuming for elderly to travel to the clinics and they often
feel isolated and bored during the traditional rehabilitation exercises [3]. As a consequence, the
adherence rate to traditional rehabilitation exercises is relatively low. A study [4] reports that only
31% elderly complete the prescribed exercises, which reduce the effectiveness of traditional
treatments.
Literature has shown that the advances in technology can make the rehabilitation treatment more
efficient and effective [5]. New technologies such as video games, augmented reality, and virtual
reality can decrease the monotony of repeated exercises and provide instant feedback of elderly's
motions, which is beneficial to both the quantity and quality of the rehabilitation [6]. Video games
with motion detection devices, such as Microsoft Kinect, can stimulate the elderly to take exercises
by the attractive interfaces and interesting tasks. Hence, elderly can complete the exercises in the
game environment with enjoyment. Exercise games (exergames) are beneficial to senior citizens and
protect them from illness by providing appropriate exercises. In addition, elderly can play the
rehabilitation exergames at home and other places, such as community centres, at their convenient
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time. Family and community members can play together with the elderly to enhance their
relationship between each other. However, the rehabilitation exergames design seldom considers the
incentives for the elderly to play the exergames. It is not easy to motivate the elderly to voluntarily
play the exergames unless the games are attractive enough. One of the key reasons that why
exergames are not popular in the aging population is the lack of engagement [7]. New technology,
such as exergames, is normally perceived as unfamiliar by elderly with the feeling of anxiety or even
hostility [7]. Moreover, despite the elderly may be willing to learn how to interact with the
computer, they often find the investment of personal resources is too high.
In this paper, we delineate our approach on applying the theory of familiarity on rehabilitation
exergames design to engage the elderly in playing the exergames. According to the cognitive
psychologists' theory [8], familiarity is “the relationship between an individual and something that
individual has had considerable experience with. The experience is sufficient to advance to the
development of an internal model of that something.” The feeling of familiarity is derived from an
individual's prior experience that stored in one's memory. Repetition and frequency are the critical
antecedents to feel familiar with something [9]. The increase of familiarity will lead to the
strengthening of connections among less connected features. The elderly may feel more comfortable
and willing to improve their social and functional capabilities when they encounter familiar
environments such as objects, places, and sounds [8]. However, current technical products for the
elderly are either specially targeted to the deficiencies of the elderly or derived from the general
products to meet the particular needs of the elderly, which both fail in terms of familiarity [7].
Currently, the cohort of the elderly have little exposure to the new technologies such as computers
compared to the younger generation [10]. Most of the designed software and hardware fail to
consider the cultural background and experiences of the elderly, which leads to the unfamiliarity
relationship between the technologies and the elderly. Our research aims to guide the development
of exergames for the elderly with familiar interfaces and interactions that the elderly may have
encountered in their real life. As such, we can motivate the elderly's engagement in exergames.
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The rest of this paper is organized as follows. We review the related work on exergame design for
the elderly and theories on the familiarity in Section 2. We present the framework of familiarity
design and the methodology to design familiar exergames in Section 3. We show our Virtual Escape
Exergame as a typical example of familiarity design in Section 4. In the end, we conclude this paper
in Section 5.

Ⅱ. Related Work
The number of older persons has increased substantially in recent years in most countries and
regions. In recent years, technology advances in virtual reality, augmented reality, and motion
detection lead to the emerging of exergames for the purpose of rehabilitation. These exergames aim
to help the elderly take exercises in a relaxing and entertaining atmosphere without the feeling of
monotony and isolated in traditional exercises. We review some well-established exergames in
Section 2.1. Moreover, in Section 2.2, we review some research on familiarity that have been
conducted to increase the engagement of the elderly to new technologies, which show the
effectiveness of familiarity in motivating the elderly.

A. Exergames for Elderly
Elderly may suffer from various impairments as they age, particularly the reduction of the motor and
cognitive capabilities. Research shows that repetitive exercises can provide a sufficient amount of
stimuli to remodel the elderly's brain and hence regain a better control on one's motor capability
[11]. Other studies on exergames indicate that technologies, such as video games, can enhance the
elderly's motivation of repetitive exercises and help them to recover from the decreased motor and
cognitive capability more efficiently [5] [12]. Compared with the traditional rehabilitation exercises,
programmable systems, such as exergames, can provide attractive graphical virtual environments,
which can be designed in varying ways to encourage the users to become more engaged, immersed,
and motivated in the rehabilitation exercises [13].
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Exergames are usually implemented on the wirelessly controllable platforms, such as Nintendo
Wiimote and Microsoft Kinect. Study shows that Wiimote is more acceptable by the elderly people
compared with other types of game controllers [14]. Kinect is also popular due to its non-intrusive
and controller-free features. These wireless devices can reduce human intervention and enhance the
motion of the elderly in an unrestricted environment. As such, they offer a sense of selfdetermination, provide a feeling of independence, and improve the quality of elderly's life [15].
Because exergames are relatively new for majority of the elderly, some studies in the literature focus
on enhancing the incentives for the elderly to play the exergames. In terms of exergames design,
Rizzo and Kim emphasized the visibility, feedback, and identification of the target users as three
important human factors [5]. Balaam et al. indicated that entertainment-oriented exergames are
effective to motivate the elderly to play the exergames [16]. Similarly, Alankus et al. proposed that
motion-based games, which combine motion-detection with fun in the exergames, can stimulate
people to exercise with the games voluntarily [6]. Burke et al. identified that meaningful play and
challenge are the two principles of game design that have particular relevance to motivate the
elderly. Moreover, they pointed out that positive feedback, such as high numerical scores, can be the
gratifying incentives to encourage the elderly to continue the exergames and reach a particular goal
[17]. On the other hand, the negative feedback, such as failure signs, should be used discretely in
case of discouragement to the elderly [17].
Besides the impairment in motor capability, the elderly may also suffer from memory loss and other
mental problems, which can substantially affect their capability to interact with the real world [18].
In order to exercise both the elderly's physical and mental capabilities, various exergames should
incorporate physical exercises together with cognitive challenges. For example, the SilverBalance
exergame designed by Gerling et al. aims to recover the both elderly's bodily and cognitive
impairments [19]. The game's sensitivity can also be adjusted according to the degree of reduction
on an individual's visual and cognitive capabilities.
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From prior research on exergames, we can identify that exergame is more acceptable to the elderly in
the home environment, which can help them recover from the deteriorated capabilities in a relaxed
and enjoyable atmosphere. In order to benefit more number of elderly, we need to improve the
motivation for them to play exergames.

B. Literature on Familiarity
Tognazzini suggested that the operation of an interactive system is best achieved by means of a
metaphor or analogy, which indicates the importance of familiarity [20]. Being familiar with a
system means we are ready to operate it in an appropriate way based on our prior experiences [21].
Sufficient experiences may lead to the development of an internal model, or stereotype, about how
one expects something to work [8].
Demirbilek and Demirkan [22] studied the impact of the environment on aging factors of the elderly.
They found the elderly prefer to live in their familiar environments in the “getting older'” phase of
their life, which is a prime important aspect to design their homes. For elderly, familiarity can
increase the safety, usability, and attractiveness of the environment. Barry [23] also encouraged the
incorporation of familiarity into the home design to bring positive changes. He suggested that home
design should preserve the character attributes of each specific elder individual. Boger et al. [24]
assessed the impact of familiarity on the use of different faucet designs by elderly with dementia
symptoms. The results showed that familiarity plays a substantial role in faucet usability
(effectiveness, efficiency, and satisfaction) for the elderly. Boger et al. indicated that these trends
may well be applicable to other products and activities.
Besides the home environment, the theory of familiarity can be also applied in interactions between
new technologies and the elderly. Leonardi et al. [7] designed the acceptable domestic technologies
for elderly based on the concept of familiarity. They found the interface functioning depended on a
variety of secondary elements, such as menus and dialog boxes, which are technical components that
the elderly are not familiar with. Therefore, Leonardi et al. designed the interaction modality based
on few rules of interaction and natural gestures, such as replacing the ``erase'' command with
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scrubbing the finger. Hollinworth and Hwang [10] designed the tmail application with familiar
visual objects (e.g., email messages shown in the inbox resemble paper envelopes) and behaviours
(e.g., messages and images can be moved by touching and sliding). All the elder participants found
the visual objects in this familiar interface easy to understand and they can quickly master how to
use tmail. The experimental results indicated that familiar interfaces can help in orientating the elder
users with an application.
Prior research showed the effectiveness of familiarity in helping the elderly to understand and
interact with the new technology, which encourages us to adopt the familiarity considerations in
exergame design. Based on the literature review, we can identify that familiarity can increase the
effectiveness, efficiency, and satisfaction when elderly interact with new technologies.

III. Methodology of Familiarity Design in Exergames
Familiarity design in exergames can help the elderly to interact with the system naturally and
increase the usability of the games. In this section, we propose the methodology of familiarity design
in exergames for the elderly.

A. Framework of Familiarity Design
Familiarity helps in encouraging the elderly to learn and understand how to interact with the new
technology by using their existing knowledge learned in their everyday life. This means not only the
interfaces of the systems should appear familiar, but also the style of interactions in the whole system
should fit the elderly's past experiences and capabilities. Moreover, good familiarity design can evoke
the elderly's memories and corresponding emotions [25]. For instance, in the interface design of a
system, the familiar objects and scenes that the elderly already experienced before may activate their
corresponding memories and similar emotions as before.
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Based on the literature review of familiarity design on the adoption of new technologies for the
elderly (see Section 2), we propose the framework of familiarity design for new technologies, which
consists of the following three dimensions [26]:
1)

Symbolic Familiarity: Objects, scenes, and activities, which frequently appear in elderly's
daily life, should be infused into the system.

2)

Cultural Familiarity: Traditions, patterns, concepts, and rituals, which exist in the elderly's
culture, should be infused into the system.

3)

Actionable Familiarity: Actions to interact with the system should be consistent with the
actions used when interacting with the real world.

The identified three dimensions can help us design familiar interfaces and styles of interactions in all
systems for the elderly. During a holistic system design, each part of the familiarity design can be
categorized into one of the three dimensions. Moreover, each dimension can play a different role in
improving the usability of the system for the elderly. Depending on the degree of the fidelity of
simulating the three dimensions of familiarity to the real world, any system can be evaluated by
whether they are familiar enough to the elderly.

B. Design Familiar Exergames
Based on the aforementioned three dimensions of familiarity design, we propose our specific
approach on familiar exergame design. Other than the metaphorical and analogical connection of the
exergames to the real world, familiarity design also requires the exergames share the same
background of concepts, meanings, and practices with the elderly. Therefore, we indicate three
specific aspects, namely representation, manipulation, and meaningful design, which lead to good
familiarity design in exergames. The relationship among the three aspects and the major familiarity
dimensions of these aspects are shown in Figure 1.
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Figure 1. Illustration on the three aspects of familiar exergames design.
Representation: Using the representation as similar as possible to the real world in exergames is an
effective method to help the elderly understand the games. Representation provides the elderly the
tools to interpret the system. Typical representations include the familiar environments such as
objects, pictures, music, etc., which can help the elderly maximize their functional capability. Thus,
symbolic familiarity is the most appropriate dimension to achieve familiar representation.
Meanwhile, some concepts of cultural familiarity can also be used in the representation for the
elderly with the same cultural background. On the other hand, representation does not necessarily
mean duplicating the objects in real life to the exergames. Rather, we need to take advantage of the
novelty in the digital world and at the same time, follow elderly's real-life knowledge and
experiences during representation design.
Manipulation: Manipulation indicates how the elderly manipulate the objects in exergames. One of
the advantages in exergames is that the elderly can act in the same manner as they do in real world
rather than point and click using various computer accessories. However, the physical motions
required in exergames should be consistent with motor patterns the elderly use in real world. For
example, wrist rotation can open the door handle in the virtual environment, which shares the same
cognitive model learned in real world. Therefore, actionable familiarity should be considered in the
manipulation design. Each manipulation design should refer to the real life elements. However, even
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if the representation is familiar to the elderly, the interactions and manipulation in exergames may
not be familiar to them. In particular, exergame designers should pay more attention when there is no
logical relationship between the motions and the outcomes in exergames.
Meaningful Design: Familiar exergame design requires not only the imitation of real world, but also
the stimulation of the elderly's memories and emotions. For instance, the interfaces with specific
concepts and meanings may activate elderly's memories and practices experienced before and invoke
their past emotions. With the sense of anticipation during exergame playing, guided by the past
experiences, the elderly will find the interactions recognizable and enjoyable. Therefore, meaningful
design means to select the contexts and domains in exergames which are not only objectively and
socially suitable, but also related to the elderly's past experiences and emotions. Meaningful design
requires to take all the three dimensions of familiarity into account. However, we should pay more
attention to the cultural familiarity because the same design may have different meaning for elderly
from different cultures. Meanwhile, due to the diverse personal experiences of each individual,
meaningful design may vary from person to person. Thus, the personalization of meaningful design
should also be taken into consideration.
Kaplan and Kaplan [8] indicated that familiarity could promote the cognitive processes of the elderly
and increase their confidence in interacting with new technologies. The elderly will perform better
and guide their own behaviours when they face familiar objects and environments. Hence, by
applying the aforementioned three aspects of familiarity design in exergames, the elderly may not
need to learn new technological language or adapt to unfamiliar environments. Alternatively, they
can utilize their prior experiences, which are learned from non-technical areas, to complete the basic
exercise tasks embedded in the exergames. Another advantage of our proposed approach is that the
elderly can take less cognitive effort to accomplish the exercise requirements, which is more
practicable for the elderly with cognitive difficulties. With all these advantages, we aim to follow
this approach to design the exergames that elderly can immediately understand and enjoy.
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Ⅳ. Virtual Escape Exergame
The Joint NTU-UBC Research Centre of Excellence in Active Living for the Elderly (LILY),
Nanyang Technological University, Singapore, is one of the world's first research centres focusing
on interactive digital media empowered ageless aging. LILY has initiated a number of interactive
exergames for the elderly using Kinect as the non-intrusive motion detection device. We follow the
approach of familiarity exergame design presented in Section 3 when we developed the Virtual
Escape Exergame (VEE) to help the elderly exercise their motor and cognitive capabilities.

Figure 2. A camera view of the virtual home in the VEE.
Conventional escape game requires players to escape from imprisonment by exploring and
exploiting the surrounding environment. Due to the involvement of puzzles, players need to solve
the problem with repetitive attempts in most cases while exercising their cognitive and physical
capabilities, which makes the escape game suitable and effective for the elderly's exercises. VEE
promotes various types of interactions between the elderly and the virtual confined environment (a
living room, see Figure 2). Another advantage of VEE is its high flexibility, which enables the
elderly to perform various actions, such as pulling out drawers, pressing buttons, turning knobs, etc.
This kind of extendable game flexibility makes VEE more challenging and less boring. To solve the
in-game puzzles, the elderly need to interact with various objects in the living room with body
movements in front of the Kinect cameras. Therefore, VEE exercises not only the body movements
of the elderly but also their critical thinking skills. Table 1 lists some selected familiarity designs
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implemented in VEE and their related dimensions. The rest of this section introduces each aspect of
these familiarity designs in detail.
Table 1. Heading and text fonts.

Representation

1) Furniture design (Symbolic & Cultural Familiarity)
2) View outside the windows (Symbolic Familiarity)
3) Room layout (Symbolic Familiarity)

Manipulation

1) Selecting chests in the TV (Actionable Familiarity)
2) Wiping the desk (Actionable Familiarity)
3) Pulling the drawers (Actionable Familiarity)

Meaningful Design

1) Background music: Xinyao (Cultural Familiarity)
2) Encouragement characters (Symbolic Familiarity)

A. Representation Familiarity in VEE
In VEE, we develop a familiar virtual environment for the elderly to achieve representation
familiarity. The escape room is designed as a typical living room (see Figure 2) that the elderly
encounter every day. The furnishings and objects in the virtual room are displayed as similar as
possible to the real world. Hence, there will be no overwhelmed feeling when the elderly first play
this exergame. Due to the familiarity with the virtual environment, the elderly may find it is easy to
know where the various objects placed when working on a given task.
Other than the familiar representation of the integral virtual room design, we also pay attention to the
familiarity design of each specific object in the room, especially those objects that the elderly need
to interact with. With the guidance of symbolic and cultural familiarity, we figure out how to achieve
the representation familiarity. For example, in stead of modern furniture, we implement the old
fashion furniture in the virtual room. The elderly are familiar with these old fashion furniture and
easy to know how to interact with them. Moreover, some parts of the virtual room, such as the
decorative painting on the wall and the view outside the windows, are not design to be interacted
with. However, we still use familiar pictures and scenes to decorate the environment in order to
increase the elderly's home-like feel of the exergame.

International Journal of Information Technology

Vol. 22 No. 2 2016

B. Manipulation Familiarity in VEE
In exergame design, task design is the most important part regarding exercises for elderly.
Manipulation familiarity should be embedded in the tasks of all exergames. In terms of VEE, it
requires the elderly to proceed with a series of movements in the correct order to unlock the puzzles,
which is more difficult than the common exergames because players may need to repeat similar
movements. With the requirement of sequential tasks, VEE may appear difficult for the elderly.
Therefore, familiar manipulation is essential in VEE to help the elderly to quickly understand and
complete the tasks.

Figure 3. An example of task design in Virtual Escape Exergame.
In order to incorporate the actionable familiarity into the manipulation design, the tasks we designed
in VEE mainly come from the elderly's daily life scenarios, which can encourage the elderly to
transfer their daily life knowledge into the virtual environment. For example, when the elder player
has to find the information from the television in the game (see Figure 3), they just need to follow
the steps of watching television in their home: Open the television and then change channels to find
the correct chest. The difference lies in that they may not have a remote controller. All they need is
to use their arms to complete the tasks in front of the Kinect cameras, which is beneficial to their
physical exercises. In order to design more familiar tasks for the elderly, we also transform some
simple daily housework into the VEE tasks. Because the elderly are familiar with these housework,
they should be able to quickly understand the tasks based on their experiences. For example, we
design a table coated in dust (see Figure 4), where the required information to complete certain tasks
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is hidden beneath. The elderly can wipe the table as they normally do at home to obtain the
information.

Figure 4. Wiping task in Virtual Escape Exergame.
With the manipulation familiarity design, we hope the elderly would find it easy to act appropriately
in order to complete tasks, which would improve their confidence in continuing to play VEE. Hence,
manipulation familiarity can increase the adherence of exergame playing among the elderly.

C. Meaningful Design in VEE
Altman and Werner indicated that environment can serve as a cue to remind people to connect
present and past, and to link experience and memory [27]. Their findings bring us the idea that
familiarity may not mean to display ordinary objects, but to present meaningful artefacts and
environments to the elderly.
Meaningful design requires the exergame designers to investigate the commonly shared past
experiences and cultures of a particular region where the exergame will be deployed. The
appropriate exergame design for one region may not be meaningful for the elderly from another
region. Therefore, after investigating the past experiences of the elderly in Singapore, we find the
Singaporean pop songs (Xinyao, URL: https://en.wikipedia.org/wiki/Xinyao) back in the 80s are the
commonly shared memory of Singapore's elder generation. Majority of the elderly are fond of
Xinyao after experiencing the charm of it. Thus, we select some popular Xinyao songs as the
background music of VEE to stimulate the elderly's past feeling of passion or comfort.
Meaningful design may vary from individual to individual. Therefore, personalization of the
exergame is also important. Personalized familiarity can be defined as aligning or customizing the
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attributes and features in order to enable an individual to develop relevant knowledge or mastery.
We customize the encouragements used in VEE for each individual elderly. Specifically, we choose
the photos or videos of the elderly's family members, such as their children and grandchildren, while
displaying the supportive messages to encourage the elderly to continually play VEE. The elderly
will be more attracted by VEE with these familiar faces appearing in the exergame from time to
time.

Ⅴ. Conclusions and Future Work
Exergames are proven to be effective and efficient to motivate the elderly to take exercises and stay
healthy. Familiarity is a highly important issue for the interactive system design, such as exergames.
We suggest that the metaphors of the daily life objects and the cognitive models can help the elderly
understand the interactivity of the exergames. In this paper, we define the framework of familiarity
design in three complementary dimensions. Based on our framework, we further propose three
specific aspects of familiarity design in exergames for the elderly. Moreover, we introduce the
Virtual Escape Exergame that we developed for the elderly. For each familiarity aspect of this
exergame, we give a typical example in the context of VEE. By following our design approach, VEE
will be more explicit and attractive for the elderly by exploring their prior experiences and
knowledge.
For future work, we prepare to improve the viability and effectiveness of our approach on familiarity
exergame design by conducting case studies on VEE. We will follow the feedback of the case
studies to refine our design methodology in order to make it more complete and simpler to use.

Acknowledgement
This research is supported by the National Research Foundation, Prime Minister’s Office, Singapore
under its IDM Futures Funding Initiative; and the Interdisciplinary Graduate School, Nanyang
Technological University, Singapore.

15

Hao Zhang, and Chunyan Miao

References
[1]

Department of Economic and Social Affairs Population Division, World Population
Ageing. United Nations, 2015.

[2]

D. Wang, B. Subagdja, Y. Kang, A.-H. Tan, and D. Zhang, “Towards intelligent caring
agents for aging-in-place: Issues and challenges,” in Computational Intelligence for Humanlike Intelligence (CIHLI), 2014 IEEE Symposium on. IEEE, 2014, pp. 1–8.

[3]

J. W. Burke, M. McNeill, D. Charles, P. J. Morrow, J. Crosbie, and S. McDonough,
“Serious games for upper limb rehabilitation following stroke,” in Games and Virtual
Worlds for Serious Applications, 2009. In Proceedings of VS-GAMES’09. IEEE, 2009, pp.
103–110.

[4]

M. Shaughnessy, B. M. Resnick, and R. F. Macko, “Testing a model of post-stroke exercise
behavior,” Rehabilitation Nursing, vol. 31, no. 1, pp. 15–21, 2006.

[5]

A. A. Rizzo and G. J. Kim, “A swot analysis of the field of virtual reality rehabilitation and
therapy,” Presence, vol. 14, no. 2, pp. 119–146, 2005.

[6]

G. Alankus, A. Lazar, M. May, and C. Kelleher, “Towards customizable games for stroke
rehabilitation,” in Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems. ACM, 2010, pp. 2113–2122.

[7]

C. Leonardi, C. Mennecozzi, E. Not, F. Pianesi, and M. Zancanaro, “Designing a familiar
technology for elderly people,” Gerontechnology, vol. 7, no. 2, pp. 151–156, 2008.

[8]

S. Kaplan and R. Kaplan, Cognition and environment: functioning in an uncertain world.
Ulrichs Books, 1982.

[9]

G.-R. Son, B. Therrien, and A. Whall, “Implicit memory and familiarity among elders with
dementia,” Journal of Nursing Scholarship, vol. 34, no. 3, pp. 263–267, 2002.

International Journal of Information Technology

[10]

Vol. 22 No. 2 2016

N. Hollinworth and F. Hwang, “Investigating familiar interactions to help older adults learn
computer applications more easily,” in Proceedings of the 25th BCS Conference on HumanComputer Interaction. British Computer Society, 2011, pp. 473–478.

[11]

J. A. Kleim, T. A. Jones, and T. Schallert, “Motor enrichment and the induction of plasticity
before or after brain injury,” Neurochemical Research, vol. 28, no. 11, pp. 1757–1769,
2003.

[12]

D. Jack, R. Boian, A. S. Merians, M. Tremaine, G. C. Burdea, S. V. Adamovich, M. Recce,
and H. Poizner, “Virtual reality-enhanced stroke rehabilitation,” IEEE Transactions on
Neural Systems and Rehabilitation Engineering, vol. 9, no. 3, pp. 308–318, 2001.

[13]

B. G. Witmer and M. J. Singer, “Measuring presence in virtual environments: A presence
questionnaire,” Presence: Teleoperators and virtual environments, vol. 7, no. 3, pp. 225–
240, 1998.

[14]

S. Ganesan and L. Anthony, “Using the kinect to encourage older adults to exercise: A
prototype,” in Proceedings of the SIGCHI Conference on Human Factors in Computing
Systems. ACM, 2012, pp. 2297–2302.

[15]

D. Felce and J. Perry, “Quality of life: Its definition and measurement,” Research in
Developmental Disabilities, vol. 16, no. 1, pp. 51–74, 1995.

[16]

M. Balaam, S. Rennick Egglestone, G. Fitzpatrick, T. Rodden, A.- M. Hughes, A.
Wilkinson, T. Nind, L. Axelrod, E. Harris, I. Ricketts et al., “Motivating mobility:
Designing for lived motivation in stroke rehabilitation,” in Proceedings of the SIGCHI
Conference on Human Factors in Computing Systems. ACM, 2011, pp. 3073–3082.

[17]

J. W. Burke, M. McNeill, D. K. Charles, P. J. Morrow, J. H. Crosbie, and S. M.
McDonough, “Optimising engagement for stroke rehabilitation using serious games,” The
Visual Computer, vol. 25, no. 12, pp. 1085–1099, 2009.

[18]

K. D. Cicerone, D. M. Langenbahn, C. Braden, J. F. Malec, K. Kalmar, M. Fraas, T.
Felicetti, L. Laatsch, J. P. Harley, T. Bergquist et al., “Evidence-based cognitive

17

Hao Zhang, and Chunyan Miao

rehabilitation: Updated review of the literature from 2003 through 2008,” Archives of
Physical Medicine and Rehabilitation, vol. 92, no. 4, pp. 519–530, 2011.
[19]

K. M. Gerling, J. Schild, and M. Masuch, “Exergame design for elderly users: The case
study of silverbalance,” in Proceedings of the 7th International Conference on Advances in
Computer Entertainment Technology. ACM, 2010, pp. 66–69.

[20]

B. Tognazzini, The Art of Human-Computer Interface Design. Reading: Addison-Wesley,
1991.

[21]

J. Herstad and H. Holone, “Making sense of co-creative tangibles through the concept of
familiarity,” in Proceedings of the 7th Nordic Conference on Human-Computer Interaction:
Making Sense Through Design. ACM, 2012, pp. 89–98.

[22]

O. Demirbilek and H. Demirkan, “Universal product design involving elderly users: a
participatory design model,” Applied Ergonomics, vol. 35, no. 4, pp. 361–370, 2004.

[23]

J. E. Barry, “Everyday habits and routines: Design strategies to individualize home
modifications for older people,” Ph.D. dissertation, Washington State University, 2008.

[24]

J. Boger, T. Craig, and A. Mihailidis, “Examining the impact of familiarity on faucet
usability for older adults with dementia,” BMC Geriatrics, vol. 13, no. 1, p. 1, 2013.

[25]

T. Rohrer, “Metaphors we compute by: bringing magic into interface design,” Center for
the Cognitive Science of Metaphor, Philosophy Department, University of Oregon, 1995.

[26]

Z. Pan, C. Miao, H. Yu, C. Leung, and J. J. Chin, “The effects of familiarity design on the
adoption of wellness games by the elderly,” in 2015 IEEE/WIC/ACM International
Conference on Web Intelligence and Intelligent Agent Technology (WI-IAT), vol. 2. IEEE,
2015, pp. 387–390.

[27]

I. Altman and C. Werner, “Home environments: Human behavior and environment,” New
York: Plenum, 1985.

International Journal of Information Technology

Vol. 22 No. 2 2016

Hao Zhang is currently a Ph.D student in Joint NTU-UBC Research
Centre of Excellence in Active Living (LILY), NTU. He received his
B.Sc degree in industry design from Beijing University of Posts and
Telecommunications. His research interests include human computer
interactions and gerontechnology.
to
Dr Zhiqi Shen is a Senior Scientist of School of Computer Science
and Engineering, Nanyang Technological University, Singapore. He
obtained B.Sc. in Computer Science and Technology from Peking
University, M.Eng. in Computer Engieering in Beijing University
of Technology, and Ph.D. in Nanyang Technological University
respectively. His research interests include Artificial Intelligence,
Software Agents, Multi agent Systems (MAS); Goal Oriented
Modeling, Agent Oriented Software Engineering; Semantic
Web/Grid, e-Learning, Bioinformatics and Bio-manufacturing; Agent
Augmented Interactive Media, Game Design, and Interactive
Storytelling.
Dr Jun Lin is a Research Fellow of the Joint NTU-UBC Research
Centre of Excellence in Active Living for the Elderly (LILY),
Nanyang Technological University, Singapore and an Associate
Professor of College of Software, Beihang University, China. He got
the PhD degree in the School of Computer Science and Engineering,
Nanyang Technological University, Singapore. His current research
interests include crowd science, software engineering, internet of
things, and AI technologies.
Dr Yiqiang Chen is a Professor and the Founding Director of the
Pervasive Computing Research Center, Institute of Computing
Technology (ICT), the Chinese Academy of Sciences. He received
his PhD degree from ICT in 2002. His research focuses on human
computer interaction and pervasive computing and wearable
computing, especially on cognitive wearable computing -- learning
and understanding human beha viors (physiological, gesture, activity
and context etc) in unobtrusive way.
Dr Yuan Miao is a professor in the Information Technology (Network
and Security) Discipline in the College of Engineering and Science,
Victoria University. He is the member of college management team
representing disciplines of IT, Mathematics and Science. Yuan's
research focusses on fuzzy cognitive modelling, knowledge oriented
software engineering, edutainment and eHealth. Yuan received his
PhD from Tsinghua University in 1996. He has been an associate
professor in Tsinghua University, assistant professor in Nanyang
Technological University and became a tenured (associate) professor
in Victoria University in 2004.

19

