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Abstract. Children with a severe motor impairment due to cerebral palsy have a free play deprivation due to their physical
impairment. There is evidence that playfulness is affected in children with cerebral palsy. The objective of this pilot study
was to investigate the effect of a home-based robot intervention that promotes free play, on the child’s level of playfulness.
A single-subject multiple baseline design (MBLD) was used in this study. The participant was a 4 year old girl with cerebral
palsy who played with her mother at home. The 5 week intervention used a robot as an augmentative manipulation device
for play. The playfulness level increased slightly during the intervention. Reflections for future studies are discussed.
Keywords. Robot, cerebral palsy, disability, playfulness.

Introduction
Free play occurs when an activity is spontaneous, intrinsically motivated, actively engaged and self-regulated [1, 2].
Free play provides children with the opportunity to discover their capabilities, try out objects, make decisions,
comprehend cause-and-effect relationships, learn, persist, and understand consequences [2]. Playfulness has been
defined as the main aspect of play, as the disposition to play [3]. It has been stated that the greater the playfulness shown
by the player in a given activity, the closer to free play that activity is [1]. Playfulness is an indicator of free play.
Children with cerebral palsy that results in marked physical impairments have a free play deprivation. This is due
to a lack of opportunities to interact and practice skills needed to control the environment [2]. There is evidence that
playfulness is affected in children with cerebral palsy. Infants with cerebral palsy and developmental delays with at least
moderate cognitive impairments are less playful than typically developing children [4]. Likewise, children with motor
impairments including cerebral palsy have difficulties actively making decisions during play [5]. Children with motor
impairment also spend less time concentrating on the play activity and their play is less complex than the play of typically
developing children [6]. During play with objects children with disabilities and especially with motor impairments are
highly dependent on their mother to play being the mother who manipulates the play material or toys [7].
Robots have the potential to help children with cerebral palsy engage in object play [8, 9]. Robots can allow children
with severe motor impairments to interact with play materials that generally are part of typically developing children’s
play (e.g. buried objects, Lego bricks) [10, 11]. Robots have the potential to increase playfulness in children with
cerebral palsy during occupational therapy sessions [12]. Lego Mindstorms ® robots are a low cost reliable alternative
to traditional testing that can be used for estimating cognitive skills in children with severe motor impairments [13].
Research on robot-based play in children with cerebral palsy has shown that Lego robots may be successfully used to
assist with play involving manipulation [14]. Because they are portable, appealing to children and affordable, Lego
robots may be considered for long term use by parents and teachers at home or school [9]. Additionally these robots can
easily be set up and operated by parents during play interactions with their children.
To the best of our knowledge, no study has investigated the effects of a robotic intervention on children’s play at
home, which is a naturalistic setting for the application of robots in the daily lives of children with cerebral palsy. Thus,
the objective of this pilot study was to investigate the effect on a child’s level of playfulness in a home-based robot
intervention that promotes free play.
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1. Methods
1.1. Participant
Ethics approval was obtained from the Ethics Review Board of the University of Alberta. A 4 year 7 month old girl with
a diagnosis of cerebral palsy with spastic quadriplegia participated in this study with her mother. Her gross motor skills
were level IV according to the Gross Motor Function Classification System (GMFCS) [15] and level IV according to
the Manual Ability Classification System (MACS ) [16]. She was able to sit on the floor without equipment for
positioning, and was also able to creep on her stomach and crawl on her hands and knees very slowly. Her verbal
language skills were limited, and her speech was only understood by those who know her very well. However, she was
able to say yes and no and follow two-step instructions. She could hit the switches controlling the robot with her hands.
According the Pictorial Test of Intelligence (PTI-2), her cognitive age was lower than 3 years [17]. According to her
mother the girl tended to play with the same toys in the same way all the time and had problems focusing and engaged
in an activity.
1.2. Design and intervention
This study was a pilot study for a future multiple baseline design (MBD) across subjects. It was conducted at the
participant’s home where she played with her mother and her own toys. They chose 16 different toys (e.g. Ernie doll,
walker toy, blanket, toy beaded necklace) to play with during the study. The mother-child dyad played on the floor. The
toys were 1 meter from the participant. The 15 minute video recorded sessions were twice a week for 5 weeks. The
study had two phases, a baseline and an intervention. During the baseline (two weeks), the girl and her mother played
together with the set of toys. The child’s playfulness was assessed through the Test of Playfulness (ToP) [1] by the
researcher who was trained and calibrated on the test. The ToP is a standardized, reliable and valid measure for
playfulness that consists of 29 items [1]. Once the level of playfulness was stable, the baseline phase was ended. The
participant was then trained to make the robot move forward and turn according to a previous protocol [13] during 3
sessions over one week. Assessment of the robotic intervention started in the fourth week. The robot was available
during the mother-child free play sessions.
1.3. Materials
The robot was a Lego MindStorms ® “rovertbot” vehicle with a shovel in front and was used in previous studies [13].
The participant operated the robot using three switches (forward, left turn and right turn) through an adapted infrared
remote control. The robot was programmed using the Lego Intervention System 2.0 programming language.
1.4. Data Analysis
Raw ToP scores were graphically plotted for visual comparison between phases. Statistically significant changes in
level were determined using the 2-standard deviation (2 SD) band method. At least two consecutive data points of the
intervention phase must fall outside the two standard deviation band of baseline measures for there to be a significant
difference [18].
2. Results
Figure 1 shows the visual analysis of the raw ToP scores. When the robot was introduced the child’s playfulness
increased (mean= -0.1) compared with the baseline (mean= -0.4), but the difference was small. The more negative the
ToP score is, the lower the child’s playfulness. Three data points fell outside the 2 SD band; thus, the child’ playfulness
significantly improved with the intervention (Figure 2).
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Figure 1. Mean ToP scores differences between
phases.
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Figure 2. Changes according the 2 SD band method.

3. Discussion and Conclusion
Playfulness is reduced in children with a severe motor impairment due to cerebral palsy [3] and this was evident in the
study participant. In this study, the playfulness of a child with severe motor impairments increased with the introduction
of a robotic intervention. Although the girl was interested in the robot, she did not use it during the entire 15 minute
sessions. Her use of the robot during the free play sessions increased as the intervention progressed. Her mother tried to
modify their play by using the robot in combination with the other toys but her daughter preferred to perform the same
play activities she did during the baseline. For these activities, she was able to reach and grasp objects in an unskilled
way despite her impaired manual abilities. She enjoyed familiar easy play activities such as wrapping Ernie with a
blanket or hiding the toy beaded necklace, and during the intervention she tended to return to these activities. This
preference may be explained by the fact that children with a motor impairment are often less persistent and prefer less
challenging activities than able-bodied children [6]. In the seventh session maybe the girl felt pushed to play with the
robot by her mother who provided a lot of prompting and got frustrated.
Operating the robot demands cognitive skills that could be excessive for a child as young as 4 years old with a cognitive
delay. The participant could make the robot move, stop and turn with prompting, but she was not able to use two switches
to perform two different activations on sequential steps to accomplish a final result (e.g., sequencing: turn the robot,
then go forward). Previous research has indicated that the child’s cognitive age as determined by the PTI determines
success for operating a Lego robot. Five year olds typically developing children successfully carry out the highest task
(sequencing) required for controlling the robot in two dimensions, while 86% of the four year olds and 25% of the three
year olds were successful in this task [19]. Thus, it is not surprising that the participant in this study, who had a PTI
cognitive age of 3 years old, had difficulty learning to control the robot. More differences in the playfulness scores may
be observed for children with a more severe motor limitation who are older than five years old. They may find it easier
to operate the robot, so they may use the robot more frequently during play than in this case.
In the planned MBD protocol the number of participants will increase giving more confidence in the strength of the
results. Additionally, a second calibrated rater will assess 20% of the videos for inter-rater reliability, and a Rasch
analysis will be done with the raw ToP scores for statistical analysis by the ToP’s author. A longer intervention may be
needed in order to provide more time for the child to practice the skills for operating the robot. Some instructions to
mothers will be adjusted in order for mothers to not feel pressure to make the children to use the robot, but encouraging
the child to play with the robot as another toy.

References
[1] A. Bundy, Test of playfulness (ToP) Version 4.2 Manual revised 11/10, Lindcombe: Un published document, 2010.
[2] C. Missiuna and N. Pollock, "Play deprivation in children with physical disabilities: The role of the occupational therapist in preventing
secondary disability," American Journal of Occupational Therapy, vol. 45, no. 10, pp. 882-888, 1991.
[3] G. Skard and A. Bundy, "Test of Playfulness," in Play in occupactional therapy for children, St, Louis, Mosby Elsevier, 2008, pp. 71-93.

School Based Robotic Arm Use

Page 4

[4] A. M. Okimoto, A. Bundy and J. Hanzlik, "Playfulness in children with and without disability: Measurement and intervention," The
American Journal of Occupational Therapy, vol. 54, no. 1, pp. 73-82, 2000.
[5] L. Harkness and A. Bundy, "The test of playfulness and children with physical disabilities," The Occupational Therapy Journal of Research,
pp. 73-89, 2001.
[6] K. Jennings, R. Connors and C. Stegmann, "Does a physical hanicap alter the development of mastery motivation during the preschool
years?," Jorunal of the American Accademy of Child and Adolescent Psychiatry, vol. 65, no. 4, pp. 210-218, 1988.
[7] J. W. Gowen, N. Jonhson-Martin, B. D. Goldman and B. Hussey, "Object play and exploration in children with and witout disabilities: A
longitudinal study," American Journal of Mental Retardation, vol. 97, pp. 21-38, 1992.
[8] S. Besio, "Using assisitive technologies to facilitate play by children with motor impairments: A metodological proposal," Technology and
Disability, vol. 16, pp. 119-130, 2004.
[9] A. Cook, P. Encarnação and K. Adams, "Robots: assistive technologies for play, learning and cognitive development," Technology and
Disability, pp. 127-145, 2010.
[10] A. Cook, M. Q.-H. Meng, J. J. Gu and K. Howery, "Development of a robotic device for facilitating learning by children who have severe
disabilities," IEEE Transactions on Neural Systems and Rehabilitation Engineering, vol. 10, no. 3, pp. 178-187, 2002.
[11] G. Kronreif, M. Kornfeld, B. Prazac, S. Mina and M. Fürst, "Robot assistance in playful environment - user trials and results," in IEEE
International Confernece on Robotics and Automation, Roma, Italy, 2007.
[12] T. Klein, G. Gelderblom, L. De Witte and S. Vanstipelen, "Evaluation of short term effects of the IROMEC robotic toy for children with
developmental disabilities," in IEEE International Conference on Rehabilitation Robotics, Zurich, Switzerland, 2011.
[13] A. Cook, K. Adams, J. Volden, N. Harbottle and C. Harbottle, "Using Lego robots to estimate cognitive ability in children who have severe
physical disabilities," Disability & Rehabilitation: Assistive Technology, vol. 6, no. 4, pp. 338-346, 2011.
[14] A. Cook and K. Adams, "The Importance of Play: AT for Children with Disabilities," in Design and Use of Assistive Technology: Social,
Technical, Ethical, and Economic Challenges, M.M.K.O.e.a., Ed., N.Y., Springer Science+Business Media, 2010, pp. 33-39.
[15] R. Palisano, P. Rosenbaum, S. Walter, D. Russell, E. Wood and B. Galuppi, "Gross Motor Classification System for System for Cerebral
Palsy," Dev Med Child Neurol, pp. 214-223, 1997.
[16] A. Eliasson, S. Krumlinde, B. Rösblad, E. Beckung, M. Arner, A. Öhrvall and P. Rosenbaum, "The Manual Ability Classification System
(MACS) for children with cerebral palsy: scale development and evidence of validity and reliability," Developmental Medicine and Child
Neurology, vol. 48, pp. 549-554, 2006.
[17] J. L. French, Pictorial Test of Intelligence PTI-2, Second ed., Austin: Proed, 2001.
[18] L. G. Portney and M. P. Watkins, Foundations of clinical research: Application to practice, New Jersey: Prentice-Hall. Inc, 2000.
[19] L. Poletz, P. Encarnação, K. Adams and A. Cook, "Robots skills and cognitive performance of preschool children," Technology and
Disability, pp. 117-126, 2010.

