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Abstract. This study explored the effects of a projected self-image in a game
situation created for people with different impairments and ages, to question life
quality and social cognition. A simple video capture game utilizing the
Microsoft Kinect enabling embodied interaction was created. Test sessions
consisting of two test conditions, a mirrored self-image condition and a
silhouette condition, were conducted with repeated measurement and an
interval of one week between each condition. The participants were from four
special needs daycare centers and selected by caregivers. They consisted of 20
children (10 male, 10 female) and nine adults (three male, six female), all with
various impairments. Video recordings were analyzed with a qualitative case
study approach, and a follow up semi-structured "in-situ" interview with the
caregivers was held to support the interpretations. Overall findings indicate that
the system has a variety of possibilities and the participants used it in their own
way e.g. for rough-and-tumble play, creative expression, and as a medium for
cooperation. However there was no visible difference between the mirrored
condition and the silhouette condition.

1

Introduction

Previously, according to Lanier [1], there was an overlap between the research in
Virtual Reality (VR) and the research into tools for supporting disabilities. There were
no distinctions between these two areas of research because their goals are almost the
same; to use technology on the terms of the people and not the other way around. This
is still a trend. It is underlined that the exploration of mirroring in virtual systems is a
promising development toward future methods of treatment [2, 3, 4]. In line with this
strategy, the way of working with children and adults having special needs has
evolved from inclusion [5] and accessibility [6], to a dynamic strategy that includes
“quality of life” (QoL) aspects and transfers to everyday life. The basic idea in this
body of work is to use engaging play to create an expressive and stimulating
environment to supplement traditional intervention approaches to generate this quality
of life approach for people with impairments.
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This paper reports on a study where the effects of a projected self-image in a game
situation were investigated to question life quality and social cognition. A QoL
framework in line with Flanagan [7] was utilized focusing on the use of engaging play
to create an expressive environment to supplement traditional intervention
approaches. This approach contrasts an “Activities in Daily Living” (ADL) approach
focusing on training of everyday tasks [2, 3].
The core of this research is self-recognition and mirroring relating to the concept of
self-presence where a link is created between the person and a virtual self. Ulrike [8]
defines self-presence as when a person identifies him- or herself with an avatar and
the connection transcends mere control; the avatar becomes an extension of the
person. In this way, self-presence represents a feeling of agency where the person
becomes the avatar [9]. Mirroring is defined as the personal experience when looking
in a mirror or as defined in this paper, when seeing a projection of the self in a digital
game designed for the motion sensing input device; the Microsoft Kinect. Mirroring
influences self-perception such that “empathic behavior cannot emerge until the child
has a concept of self and is capable of taking the role of another or being influenced
by someone ‘like me’” [10, p. 235].

2

Methods

In order to investigate the effects of mirroring and self-recognition, a game with two
different visual outputs was designed through a ‘Rapid Applications Development’
(RAD) life cycle process that involved the participants in the design process. The test
was conducted through repeated sessions over a period of five weeks. Each
participant took part in two sessions with at least one week between the sessions.
The setup of the test was different in each of the four special needs daycare centers.
All setups consisted of the Microsoft Kinect placed so that it was able to record the
participant in an area where the participant, dependent on ability, could either lie or sit
while watching the projection of the game e.g. on a screen or a nearby wall. If the color
of the area was not suited for chroma keying it was covered with a piece of green or
blue cloth. During the session the participant played the game with either a caregiver,
project group member, or another participant. Each session was video recorded.
A case study approach [11] was applied as the sample from the special needs
daycare centers contained children and adults with different impairments and different
challenges. Furthermore there was little control over the events in the test. The video
recordings of the participants were detailed and full of amassed thick data for analysis
on the individual participants, which made the data ideal to analyze as a case study.
Generalizations can be difficult as each case study was a detailed description of each
individual's experience of the system based on his or her specific impairment.
Based on a set of sample requirements, six out of 29 participants were selected as
individual case study subjects after viewing the video material from an Interaction
Analysis approach [12]. These requirements included that the participants had to have
been exposed to both conditions with more than seven days between exposures, they
should experience the conditions without influence from other participants, the
footage of their faces had to be available, and the case study analysis had to be based
on both children and adults. Footage from the rest of the participants was used to
support or discard tendencies seen in the case studies.

Th
he Effects of Mirroring in a Playful Virtual Environment

2.1

429

The Joint Applicatiion Development

During the development prrocess in the RAD life cycle, caregivers from the differrent
special needs daycare centeers were involved. They defined each of the participannts’
profiles via their weakneesses, likes and dislikes and clarified the participannts’
expectations to the process and the system. In addition the caregivers participated and
contributed with reflectionss regarding the system. These steps also contributed to the
evaluation and review phases.
p
Based on the input from 'Joint Applicattion
Development' meetings as a part of a participatory design approach, a series of baasic
design goals were developeed.
The study included tw
wo separate test sessions; one session with a mirroored
projection of the participan
nt and the other session with a silhouette projection. T
The
sessions were video capturred and a comparative analysis between the mirroring and
silhouette imaging outputts was conducted. Following the test sessions, seemistructured in-situ interview
ws were held with the caregivers. These included a form
m of
co-editing of the video mateerial in order to question the interpretations and to evaluuate
the findings in line with Bu
uur and Ylirisku [13].
2.2

Participants

A total of 29 participants took part in the experiment: 20 children (10 male, 10
female) and nine adults (th
hree male, six female). The participants came from ffour
different special care special needs daycare centers and were selected by thheir
caregivers and the criterion
n was whether the children or adults would be interestedd in
playing the game.
2.3

The Game

During project initiation, a series of goals and rules were decided to guide the dessign
d be adaptive and mobile in order to function within a raange
process. The system should
of different environments to
o address variance in user needs [14].

F 1. A screenshot from the game
Fig.
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As the game was intended for a wide audience of children and adults with different
impairments, users with limited motion range and physical disabilities had to be taken
into consideration. This was addressed by implementing an adjustable activity zone to
achieve the 'Zone of Optimized Motivation' (ZOOM) [15], supporting people with
impairments to have playful experiences. The open-ended goal of the game was to
activate three differently colored boxes that then colored the virtual setting around the
participant, enabling the participants to also use the game as medium for creative
expression.

Fig. 2. The setup consisted of a laptop, which was running the game, a projector, a Kinect and
the green cloth covering the play area

3

Results

3.1

Case Studies

In follow-up interviews, information about the participants’ diagnosis and profile
were received from the caregivers. This information was outlined for the six
participants in the case studies as follows:
Participant 1 is a five-years-of-age female with no diagnosed impairment, but
considered mildly disabled mentally. She needs long time to adapt and prefers playing
alone.
Participant 2 is a five-years-of-age female with no clear diagnosis. Her
development is stunted and not corresponding to age. She needs a clear structure and
gets distracted easily, and if so, she reacts with distress, crying and sometimes
aggressive behavior.
Participant 3 is a four-years-of-age male with very impulsive behavior. His actions
are controlled by his impulses, and this often inhibits him playing with others. He
mainly uses simple sounds as his utterances.
Participant 4 is a four-years-of-age male with cerebral palsy. He does not have any
verbal language and have difficulties communicating. He likes to observe other
children playing but finds crowds uncomfortable.
Participant 5 is a four-years-of-age male, diagnosed with AMC (Arthrogryposis
Multiplex Congenita). He is wheelchair bound and unable to use his legs and his arms
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can only be used to a certain degree. His cognitive abilities are those of a traditionally
developed child.
Participant 6 is a young adult male having a physical age approximating 20 years
but a mental condition of a child around three-to-four-years-of-age. He easily gets
distracted. He is an active young man who enjoys visual entertainment. He lives at a
special needs daycare center.
3.2

Area of Analysis

During the analysis of the children and adults interacting with the game, it was
evident that two topics repeatedly occurred as the main tendencies. The terms for the
two themes, which emerged after processing the video material with data
triangulation and Interaction Analysis [12], were created by the project group. The
focus for the case study analysis was: Self-Recognition and Shared Experience.

4

Discussion

4.1

Self-recognition

This study has analyzed self-recognition, differentiating between direct indication and
indirect indication. Within these two structures, inspired by Brooks-Gunn and Lewis’
six behavioral categories [10], actions that indicate self-recognition have been
analyzed.
Indirect Self-recognition
Indirect self-recognition is defined as performing actions that indirectly indicate
mirroring. This includes actions such as performing active gestures while observing
the screen and performing intentional gestures within the context of the game.
Participant 1, 3 and 6 showed a combination of indirect and direct self-recognition.
Participant 1 and 3 were both highly active under the test, standing up and walking
around. In comparison, Participant 6 is similarly physically able to be active but chose
to lie on his back throughout the test. The tendency observed from the participants
from the children-aimed special needs daycare centers, was that they (Participants 15) were as active as they were physically able to be; the children who could stand
preferred to stand. The occurrence of indirect self-recognition seems constant over the
two tests, with the exception of participant 5 who more than doubles his indirect
expressions in his second test; silhouette projection. Participants 4 and 5 exclusively
showed signs of indirect self-recognitions. They are both profoundly physically
disabled and their motoric skills severely limit their ability to express themselves
explicitly.
Direct Self-recognition
Direct Self-Recognition is defined as performing actions, which clearly shows
mirroring such as pointing at oneself, or rearranging one's clothing or hair as a
reaction to the captured self-image.
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Interestingly, participants 1 and 6 both showed no signs of direct self-recognition
in their silhouette test in comparison to their mirrored test where they had many of
such expressions. This might indicate that the condition showing the mirrored
embodiment is easier to understand than the silhouette projection. This is in line with
the work of Brooks-Gunn and Lewis [10].
Rearranging one's clothing or hair was observed in the cases of participants 1 and 6
but both only in the mirror version. While this is a clear sign of mirroring, it is not a
sign of a higher understanding other than being able to identify oneself. The fact that
it only happened in the mirror projection should not be interpreted as the participants
having a better experience of this condition as it can be attributed to the representation
of them being more visually detailed and interested.

Fig. 3. Participants showing signs of direct self-recognition

4.2

Shared Experience

The importance of social interaction, hereunder the role of the facilitator and the role
of peer-learning, as a determinant of learning and development is emphasized by
Vygotsky [16]. This has been an inspiration for this work to generalize on the subject
and analyze for shared experiences in the sessions. Shared Experience is considered
as the times where a child or adult playing the game interacts with others while
playing. This includes showing and acting together to complete a task. In the case of
participant 5 and participant 4, participant 5 helps participant 4 to reach the boxes, by
leading his hand towards the active areas in the game. They both seem to react with
enjoyment to the peer experience. Participant 1 used the caregiver as an extended tool
in the game; identifying the caregiver in the game, and trying to control how and what
the caregiver does. Participant 3 is at one point playing together with several other
children while interacting with the game. There is no caregiver guiding this play and
even when they play rough it is directed towards the game and not the other players.
This indicates that throughout the game, he was able to play with others without
guidance from caregivers. How the participants interacted with the game was deemed
dependent on their impairment and their ability to focus, but there is indication
towards the game enabling social interaction.
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The Role of the Facilitator

The caregivers’ influence on the test is twofold: Firstly they dictate and guide the
participants in the play session, and in some cases function as the primary mediator
between the participant and the game. The caregiver’s personal engagement and
ability to facilitate the participants during the play session, dictates the interaction.
Secondly by assisting in interpreting the video data. The caregivers’ personal opinion
of the game is a potential influence to their feedback when interpreting data.
An example on the former is when a female child is interacting with caregivers
while being in the game in one of the sessions. The facilitator and the child create a
play where the child rolls her whole body across the floor of the play area to activate
the sounds from the game. After a while the caregiver leaves the session and another
newly arrived caregiver enters. The child tries to continue the movements, but fails to
do so because the new caregiver, unaware of the child’s self-invented play, wants the
child to interact with the game in a different way. Here the influence of the caregivers
is obvious as the child, at first is a bit frustrated but then ends up changing behavior
with the second caregiver and creates a new play accordingly. The degree of learning
and development is highly influenced by the caregiver: The first caregiver and the
child in this case quickly find a good way of interacting with the game, which results
in the child moving and laughing. As the child is physically limited, movement is a
part of her daily training. The second caregiver does not seem to obtain the same level
of interaction with the child and the game, and the child never reaches the same level
of enjoyment and movements as when being in the session with the first caregiver.

Fig. 4. On the left an example of the facilitator guiding the experience. On the right an example
of a shared experience between the participants.

In the case of participant 4 and participant 5, where they interact with each other in
a session, the caregiver and participant 4 is alone in the start of the session. The
caregiver helps the participant to move his arms as he is unable to do so alone.
Participant 5 observes their session and is suggested to participate, which he accepts.
When he enters, participant 4 reacts with joy (noises indicating laugh), participant 5
helps participant 4 move his arms and this increases the indications of joy from
participant 4. The caregiver encouraged peer-experience by inviting the other
participant, and the caregiver’s role shifted from being the one helping participant 4 to
facilitating peer-experience and hence the reactions from participant 4 changed.
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Participant 5, though motorically limited, is guiding the interactions and it is believed
that this can influence his feeling of empowerment, as he is able to help others.
4.4

Mirroring

The effects of mirroring have been difficult to determine, but it has been observed that
the reactions were increased direct self-recognition when using the game with a
mirrored self-image. According to the caregivers from the special needs daycare
centers, the participants seemed more engaged when they could see their mirrored
self-image within the game. The participants often expressed joy when identifying
themselves as a part of the game, and in the case of e.g. participant 6, the caregivers
replied that there was a noticeable change in the attention span when he was able to
see himself in the game. In some cases, especially when the participants were severely
disabled both physically and mentally, there was no change in their reactions while
interacting with the game with mirroring compared to their interactions with the game
with silhouette.
4.5

The Adjustable Activity Zone

The adjustable activity zone proved sufficiently adaptable to a wide range of physical
impairment, e.g. a paraplegic wheelchair user could use his head to participate and get
a playful experience. For future studies the adjustable activity zone could be moved
during the sessions to challenge the participants’ range of motion. This could also
help to distinguish intentional activation of colored boxes from coincidental
interaction when analyzing results.

5

Conclusion

This study focused on the effects of a projected self-image in a game situation. A case
study was carried out in order to investigate if there was a difference between a
mirrored self-image condition and a silhouette condition. The results showed two
emerging themes namely that firstly, in the mirroring condition, the participants
showed tendencies toward increased enjoyment in the virtual environment, as the selfrecognition often evoked joy, laughter and pointing behavior toward the projection.
Secondly, that the sessions were highly affected by the mood of the participants, their
mental model of the room and their degree of impairment, how much they enjoyed the
system (or if they enjoyed it at all) and their ability to keep their concentration during
the tests. However, even for the participants with problems concentrating, they were
able to concentrate at some point during the tests. It was concluded that the social
aspects with regards to both mirroring and enjoyment, seem to have an impact on the
experience. Children used the system as a tool for enabling play with others, and
children and adults working together with either caregivers or other participants to
activate the system, but this is not representative for all cases.
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The physical position of the setup is very important, as the participants seem to
have a need for identifying the setup before entering the room in order to be
comfortable with it, and the possibility of repeatedly being in the system.
It can be concluded that the system has a variety of possibilities, and the
participants are using the system in different ways, which opens up the possibility for
further development.

References
1. Lanier, J.: Virtual reality and persons with impairments, Proceedings of Virtual Reality
and Persons with Impairments Conference, Los Angeles, Office of Disabled Student
Services, California State University, USA (March 1992)
2. Lenggenhager, B., Tadi, T., Metzinger, T., Blanke, O.: Video ergo sum: Manipulating
bodily self-consciousness. Science 317, 1096–1099 (2007)
3. Weiss, P.L., Rand, D., Katz, N., Kizony, R.: Video capture virtual reality as a flexible and
effective rehabilitation tool. Journal of NeuroEngineering and Rehabilitation 1, 1–12
(2004)
4. Brooks, T., Petersson, E.: Play Therapy Utilizing the Sony EyeToy®. In: Presence 2005:
The Eight International Workshop on Presence. Department of Computer Science, Aalborg
University, pp. 303–314 (2005)
5. Andersen, G., Flendt, H.: Snoezelen som redskab til et bedre liv? Aarhus Amts Trykkeri,
Aarhus, DK (1994)
6. Stephanidis, C., Savidis, A.: Adaptive techniques for universal access. User Modeling and
User-Adapted Interaction 11, 159–179 (2001)
7. Flanagan, J.C.: A research approach to improving our quality of life. American
Psychologist 33(2), 138–147 (1978)
8. Ulrike, S.: Embodiment and presence in virtual worlds: A review. Journal of Information
Technology 25, 439–449 (2010)
9. Gonzalez-Franco, M., Perez-Marcos, D., Spanlang, B., Slater, M.: The contribution of
real-time mirror reflections of motor actions on virtual body ownership in an immersive
virtual environment. In: IEEE Virtual Reality Conference 2010, Massachusetts, USA, pp.
111–114 (2010)
10. Brooks-Gunn, J., Lewis, M.: The development of early visual self-recognition.
Developmental Review 4(3), 215–239 (1984)
11. Yin, R.K.: Case Study Research: Design and Methods, 4th edn. SAGE Publications, Inc.,
Thousand Oaks (2009)
12. Jordan, B., Henderson, A.: Interaction Analysis: Foundations and Practice. The Journal of
the Learning Sciences 4(1), 39–103 (1995)
13. Buur, J., Ylirisku, S.: Designing with Video: Focusing the user-centred design process.
Springer, London (2007)
14. Salen, K., Zimmerman, E.: Rules of play - game design fundamentals. The MIT Press,
Cambridge (2003)
15. Brooks, A., Petersson, E.: Recursive Reflection and Learning in Raw Data Video Analysis
of Interactive “Play” Environments for Special Needs Health Care. In: Proceedings of
Healthcom 2005. 7th International Workshop on Enterprise Networking and Computing in
Healthcare Industry, Busan, Korea, pp. 83–87 (2005)
16. Glassman, M.: Dewey and Vygotsky: Society, Experience, and Inquiry in Educational
Practice. Educational Researcher 30(4), 3–14 (2001)

