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Abstract. Embodied learning, under the lens of Embodied Cognition theory, em-
phasizes on the inseparable link between brain, body and the world; it considers
that the active human body can alter the function of the brain and therefore the
cognitive process. From this perspective, the exploration of learning environ-
ments that promote bodily activity in relation to cognitive tasks are gaining the
attention of the research community in the resent days. One such case is the use
of multimodal, motion-based games mediated by sensors like a Kinect camera to
enable learning through active and embodied interaction with learning content.
This paper presents findings from an empirical investigation of using embodied
touchless interactive games to enhance motor performance for children with
learning disabilities and motor impairments. A total of ten children, mainly at-
tending special units within mainstream elementary schools, participated in a
five-month intervention. Kinetic analytics, together with teachers’ self-reported
observations and interviews, revealed improvements in children’s motor perfor-
mance, particularly psychomotor ability and psychomotor speed. The paper con-
tributes to the technology-enhanced learning community by providing insights
into the use of embodied learning technology in special education.
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1 Introduction

In the age of technological imperative, massive efforts are underway to transform tra-
ditional teaching and learning to something that is enriched and mediated by technology
with the prospect of advancing learning. In this spirit, motion-based interactive envi-
ronments are gaining the attention of interaction designers and learning scientists who
have considered the role of the active body in the functioning of the brain. In this di-
rection, the emerging field of embodied learning, offers new ways of understanding
learning which builds upon the inseparable link between brain, body, and the world.




Embodied learning takes into consideration that the human body can play a signifi-
cant role in the cognitive process, in thinking and in acting in the world [1, 2]. Advo-
cates of embodied learning believe that the involvement of the physical body and ac-
tivity in the learning process has the capacity to change the cognitive process [3]. Alt-
hough a good deal of research in the field of education has investigated how the inte-
gration of bodily movements and senses can influence learning [4], there is still insuf-
ficient evidence about this link based on which firmed conclusions can be drawn [4, 5].

The present study investigates how the use of embodied touchless interactive games
can advance the motor performance of children with learning disabilities and motor
impairments. The study is part of a larger investigation of embodied learning addressing
a range of skills, yet the present manuscript focuses on motor performance, particularly:

1. Gains in (a) Psychomotor Abilities (Gp) - the ability to perform physical body
motor movements with precision, coordination, or strength, and (b) Psychomotor
Speed (Gps) - the speed and fluidity with which physical body movements can be
made, based on the Cattell-Horn-Carroll Integrated Model classification of skills,
which is widely accepted as the most comprehensive and empirically supported
model of cognitive abilities [6].

2. Perceived experiences of the special education teachers and therapists regarding
the development of the abovementioned skills, through embodied learning.

In the sections below, we first provide an overview of the relevant literature and previ-
ous empirical work related to embodied learning using technology. Subsequently, the
method of the present investigation is detailed, followed by major findings and impli-
cations for research and practice in the intersection of technology-enhanced learning,
special education and multimodal, motion-based technologies.

2  Background

2.1  Embodied Cognition Theory and Technology Enhanced Learning

Embodied cognition has become a significant learning paradigm in contemporary the-
ory of cognitive sciences. The fascinating insight of this theory is that behavior is not
simply the output of someone's isolated brain [7]. Rather, embodied cognition holds
that cognitive processes are deeply rooted in the body’s interactions with the world [1].
Consequently, the body plays a central role in shaping the mind and therefore, learning
scientists should consider ways of engaging the body in the learning activity [8], known
as embodied learning. As Nguyen, and Larson [9] noted, in embodied learning envi-
ronments where learners use their bodies “learners are simultaneously sensorimotor
bodies, reflective minds, and social beings”.

Theories such as embodied cognition serve as an interesting foundational approach
to technology-enhanced learning research. Indeed, the progress of multimodal, interac-
tive spaces and motion-based technologies in the field of education has brought to light
a lot of interesting considerations, pointing to the need to reconsider teaching practices
and educational settings. Embodied cognition also became prominent in the fields of




human computer interaction and interaction design with the work of Dourish [10] who
first suggested the term “embodied interaction”. Since then, lots of research aims to
explore the role of the body in learning to create appropriate design strategies and en-
vironments in the service of learning. For example, tangible computing and Tangible
User Interfaces (TUIs) [5] [11], as well as the use of multi-sensor artifacts, gesture
technologies, and whole-body interaction [12] aim to create innovative and interactive
learning experiences.

Overall, embodied cognition theory and embodied learning practices have brought
to light essential considerations on how to develop appropriate learning environments
for interactions between people and learning content [13]. Yet, little prior work has
focused on the integration and evaluation of technologies that mediate embodied learn-
ing with specific learning goals in mind [14], such as the advancement of Psychomotor
Abilities (Gp) and Psychomotor Speed (Gps) for children with special educational
needs. That said, this work aims to push the boundaries of new learning technologies,
teaching methods and evaluation techniques for the investigation and exploitation of
the embodied learning field.

2.2 Related Empirical Work

In the last few years, innovative embodied interaction technologies are replacing the
traditional human-computer interface modalities like mouse and keyboard [15]. Mo-
tion-based, interactive games such as Wii, Wii Fit or Wii Balance Board, Kinect-based
games and exergames have received the researchers’ attention investigating their po-
tential for learning. These types of interactive games require active participation and
physical engagement by the participants. In doing so, players can practice their motor
skills in addition to others (e.g., cognitive skills depending on the goals of the game).
Without a doubt, education is a research area in which the theory of embodied cognition
has strong implications [15]. However, there is limited empirical research that studies
the use of embodied games in general education as well as special education [16].
Within the limited empirical evidence in special education, motion-based interactive
games appear to enhance the motor skills of children with disabilities [17, 18]. For
example, in a relevant study [19] a total of 15 children with cerebral palsy with limited
motor control of arms, experienced increased physical activity during the interventions
with motion-based interactive games, compared to children in the control group. In an-
other study conducted with 40 children diagnosed with cerebral palsy spastic diplegia,
the practice with Nintendo Wii Fit games showed significant improvement in children’s
motor performance, when the control group exhibited no significant changes in the re-
spective measures [20]. Moreover, a study conducted with 10 children with motor im-
pairments using Nintendo Wii (Wii), showed significant improvement in upper limb
functions for children in the intervention group [21]. It should be noted that all above-
mentioned studies used motion-based interactive games in home settings (rather than
in school environments or therapy centers) with children with motor impairments.
Along the same lines, a series of studies has been conducted to support both children
and adults with attention problems and motor impairments [22, 23, 24, 25, 26]. In one
study [27] children with gross motor skills problems were actively engaged in learning




and, as a result of playing, improved their motor performance. In another recent study
[28], a total of 20 children with special educational needs used a suite of Kinect-based
learning games for a number of weeks; results showed significant improvement in chil-
dren’s motor, cognitive and academic skills. Moreover, previous findings from research
on exergames suggest that their use in rehabilitation interventions is pleasant in addition
to being effective in helping people to improve their motor skills [29]. Yet, other studies
have shown limited effects of exergames in participants’ performance [23].

Outside the field of special education, Lee et al. [30] used Kinect-based games to
facilitate conversational language learning with 39 non-English speaking college stu-
dents. Their findings suggested that gestures grasped the attention of the learners and
stimulated their thinking about language. The study of VanDam et al. [31], showed that
word meaning was linked to sensorimotor experience and therefore, the embodied ap-
proach resulted in language comprehension. The study of Chang et al. [32] claimed that
the embodied learning experience facilitated students’ cognitive learning outcomes and
gave opportunities for more active learning engagement.

All things considered, a few empirical studies in the last decade, have shown that
bodily movement can enhance learning and motor performance, whilst it appears to
help with attention levels during the task. In all studies, researchers have emphasized
the need for conducting more work to provide compelling evidence for the effectiveness
of motion-based, multimodal interactive technologies for embodied learning.

3 Method

3.1 Participants

This present piece of investigation involved 10 elementary students (seven boys and
three girls) with special education needs and motor impairments. Most of them (n=7)
attended mainstream elementary schools with special education units. The remaining
children (n=3) attended a special school. The participants had comorbid learning disa-
bilities and disorders which influenced their motor performance, such as dyspraxia,
brain paralysis, Down syndrome and ADHD. Five children were diagnosed with brain
paralysis, spastic diplegia or quadriplegia which are subsets of spastic cerebral
palsy that affects arms and legs. One child was diagnosed with dyspraxia which is a
disorder that makes it hard to plan and coordinate physical movement. The rest four
children had motor impairments combined with other disorders such as Down Syn-
drome, autism and ADHD (see Table 1). Inclusion criteria were age (6 -14 years old)
and ability to use Kinect-based, multimodal interactive games, even from a seated po-
sition. Exclusion criteria included severe motor or mental disorders to the extent that
no engagement with the activities would be possible, according to the participating ed-
ucators/therapist. Nine special educators and one occupational therapist were involved
in the study, who were responsible for implementing the interventions during five-
month period.
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Table 1. Children participating in the study

Child Age Diagnosis

1 8 Motor impairments (seated on a wheelchair)

2 8 Down Syndrome and motor impairments

3 11 Brain paralysis

4 Motor impairments and ADHD

5 Dyspraxia and motor impairments

6 Autism and motor impairments

7 10 Brain paralysis - Spastic diplegia

8 12 Brain paralysis - Spastic quadriplegia (seated on a wheelchair)
9 14 Brain paralysis - Spastic diplegia (seated on a wheelchair)
10 14 Brain paralysis and motor impairments

3.2 Kinect Movement-based Multimodal Interactive Games

Building on the idea of embodied learning, we used the commercial suite of Kinect
movement-based interactive educational games, known as Kinems [33]. Kinems games
engage students in learning related to verbal, math, and motor skills among others,
through natural interaction, using only hands and body, via the Microsoft Kinect cam-
era. Previous research has found evidence of many positive effects Kinems games have
on children to develop a variety of skills [28, 34]. A unique aspect of Kinems is that
children’s interaction, performance and movements during the intervention sessions are
recorded on a cloud server, therefore the researcher or practitioner can extract conclu-
sions about the participant’s progress. As of 2017, the Kinems suite includes 18 inter-
active games. In the present study, we focused on games which can enhance Psycho-
motor Abilities (Gp) and Psychomotor Speed (Gps), based on Cattell-Horn-Carroll In-
tegrated Model classification of skills [6]. These are the “Walks” and “River Crossing”.
The study is part of a larger investigation addressing a range of skills through embodied
learning using the complete Kinems suite.

To provide a better picture of the embodied learning games, “Walks” is a game that
takes place in an imaginary farm. A farmer should walk along a path and collect carrots,
without straying off the path into the mud or colliding with moving critters. The game
can be made more/less challenging by selecting various path directions (horizontal, ver-
tical, diagonal or zigzag) or by adding/removing obstacles to be avoided (see Fig. 1,
left). On the other hand, in “River Crossing” (see Fig. 1, right), the child undertakes the
task to lead a boat in a river and transfers animals and items of the food chain from one
shore to the other. The child should be very careful so as not to crash the boat on rocks
that exist. Sometimes the passage for the boat becomes narrower or wider, depending
on the difficulty level of the game, that the teacher/therapist can adjust [33].
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Fig. 1. “Walks” game (left) and “River Crossing” game (right)

3.3  Procedures and Data Collection

Special education teachers/therapists with their students were invited to participate in
the study, upon ethical review of the proposed work. Once all parental permissions were
obtained, a training workshop was conducted for teachers/therapists to practice the use
of Kinems games and understand how to implement the method effectively with their
special education children.

The intervention was conducted in a five-month period. In mainstream elementary
schools with a special education unit (n=7 students) the interventions took place in the
unit. In this case, the teacher prepared personalized intervention based on the needs of
their students. Children in the special school (n=3) also received personalized instruc-
tion. On average, students received two sessions of 40-minutes Kinems interaction per
week and completed between 12 and 40 sessions in the duration of the study (see Fig.
2). Children did not play the games in the same order, duration, or configuration set-
tings; the personalized programme of each participating child involved different game
settings as decided by the child’s special teacher/therapist.

Fig. 2. Children using Kinect-based games by Kinems

In terms of data collection, system log-file data of children’s interaction were automat-
ically recorded in the Kinems platform. For example, depending on the game, the sys-
tem recorded hand movements and stability, number of times the child completed the
game, number of obstacles avoided (e.g., snakes and worms in “Walks” and rocks in
“River Crossing” game) and speed of completing the game. In other words, the Kinect




sensor recorded tracking data as the game progressed to enable the teachers’ and re-
searchers’ understanding of children’s progress on the variables of interest, in this case
Psychomotor ability (Gp) and Psychomotor speed (Gps).

The dataset also included teachers’ typed observations regarding children’s perfor-
mance, behavior and participation in the learning process; per researchers’ instructions,
these observations was noted by teachers at the end of each session in a specific notes-
area for typing within the Kinems software. Furthermore, at the end of the programme,
semi-structured interviews were conducted with all participating teachers. As shown in
Table 2, questions focused on teachers’ perceptions of students” improvement through
their participation in the programme and the value of the Kinems games for embodied
learning for students with motor impairments and educational needs.

Table 2. List of some questions asked in semi-structured interviews

Question

1 How was the mood and motivation of the children during the sessions?

2 How children increase or not their participation during the intervention?

3 In what ways did the games support children’s motor needs and learning needs?
4 Were the games hard, easy, and usable for the children and the teacher/therapist?

Please describe the general performance of children across sessions (motivation,

S completion time, body and hand movement etc.).
6 How do you see embodied games helping children to improve their skills?
4 Findings

4.1  Gains in Psychomotor Abilities (Gp) and Speed (Gps)

Initially, the analysis focused on understanding how the use of embodied touchless in-
teractive games can enhance children’s Psychomotor Abilities (Gp) and Psychomotor
Speed (Gps). Based on the Cattell-Horn-Carroll Integrated Model classification of
skills [6], Psychomotor Ability (Gp) is the ability to perform physical body motor
movements with precision, coordination, or strength, operationalized in this study as
the motor stability of the hand. Psychomotor Speed (Gps) is the speed and fluidity with
which physical body movements can be made, operationalized in this work as the time
for successful completion of the task.

With regards to Gps, we examined the speed-related analytics recorded in “Walks”
which was used by all 10 participants for a different number of sessions, using config-
uration settings within the personalized programme of each child. Table 3 presents se-
quences of “Walks” usage by each child with the same configuration settings. As shown
in Table 3, the overall completion time of the game improved across intervention ses-
sions. In fact, there was a statistically significant difference on children’s speed (t (9) =
4.35, p = .002), with children completing the task in shorter time in their last session
(M =1.67, SD =.78) compared to their first session (M = 3.57, SD = 1.85), with a large
effect size (Cohen’s d = 1.37) suggesting the practical significance of this finding.




With regards to Gp, we present the case of two children, while similar gains were
evident across the majority children of Table 3. Child 2 played “Walks” for four con-
secutive sessions with the same configuration settings. As Fig. 3 shows, this child pro-
gressively improved his hand stability along a combination of horizontal and vertical
movement, in only four sessions. Also, as the child was increasingly more capable of
performing more accurate hand movement, success in completing the task was achieved
in progressively shorter time (see Table 3). This child did not play other consecutive
sessions of Walks with more advanced configuration settings.

Table 3. Completion time from the first to the last session in “Walks”

Time in Walks Time in Walks Number of Sessions

Session 1 Last Session with same settings
Child 1 2.37 14 4
Child 2 51 212 4
Child 3 7.33 2.39 6
Child 4 5.8 3.34 8
Child 5 1.58 1.3 4
Child 6 2.19 151 7
Child 7 3.19 1.29 4
Child 8 242 1.7 4
Child 9 3.34 1.18 9
Child 10 2.4 0.49 7

Fig. 3. The progressive improvement of the child’s hand movement in 4 sessions of Walks

In “River Crossing”, we present the case of Child 9 who played the game for twelve
consecutive sessions with the same configuration settings. Fig. 4 shows progressive
improvement of the horizontal movement of his hand for four different routes from left
to right during the game. The charts of the first session (left side), show that child faces
kinetic instability during the execution of the right to drive left. Instead, looking at the
figures of the last session (right side) one can see the child's improvement in compari-
son with the hand movement of the respective first session. Overall, the child’s Gp
ability for hand movements from left to right improved over time. Meanwhile, the game
completion time of the child (Gps ability) was improved across sessions. In the first
session, the child finished the “River Crossing” game in ten seconds; in the fourth ses-
sion, he finished the game in four seconds and maintained this speed for the remaining
sessions in “River Crossing”.
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Fig. 4. A: Hand movement from 1% session to 12" session - route 1; B: Hand movement from
15t session to 12t session - route 2; C: Hand movement from 1%t session to 12t session - route 3;
D: Hand movement from 1%t session to 12t session - route 4.

4.2 Teachers’ Perceived Experiences of Embodied Learning

Teachers’ observation notes taken upon each intervention session were analyzed in con-
junction with the semi-structured interviews conducted at the end of five-month period.
The interview data was transcribed and coded as described in Saldana [35]. Coding was
done by two researchers (authors) who worked closely together on coding the interview
transcripts, while considering the observation notes of the respective teachers. Follow-
ing an iterative coding approach [35], a total of 18 thematic codes were identified until
saturation was reached. These were then classified into four larger themes associated
with the embodied learning experience from the teachers’ perspective. Next, we report
on one theme --“Improvement of motor skills” -- which is directly linked to variables
of interest in the present study-- Gp and Gps. A detailed analysis of all four themes is
beyond the scope of this manuscript.
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According to the teachers, the method of touchless interaction enabled children to
engage in physical activity and improve their body and hand movement. The clear ma-
jority of teachers discussed progress in vision-motor coordination, hand stability and
speed improvement, as illustrated in Table 4.

Table 4. Teachers talk about visual-motor coordination, hand stability and speed

Partici- Visual-Motor Hand Speed Improvement

pant Coordination Stability in task completion
pl N N S

p2 N N S

p3 v S

p4 N N S

p5 N N S

p6 v S

p7 N N S

p8 N S

p9 v v

p10 N N S

A few teachers went on to discuss that the embodied interaction with the games helped
the children improve their gross motor and fine motor skills, body position in the space
and ability coordinate thought and movement. Some indicative quotes on the matter are
presented below to express the depth of the experience:

(pl) “With the interactive games I saw that [child’s name] was more concentrated
and improved her movement. | think that this interactivity is very helpful especially for
these children who have a lot of disabilities which affect their movement.”

(p2) “In the beginning, it was very difficult for my students to play the interactive
games, but after a few sessions, they became much more confident in their movements.”

(p4) “I saw a significant improvement in the gross motor skills of my students. I saw
that during the intervention my children could coordinate their hands better as well as
their body position in front of the game.”

(p9) “I believe that this learning experience helped the children to coordinate their
thinking and how to materialize it; thought - movement coordination for these children
is very important.”

(p5) “One of my students has issues with his balance and hand-movement coordi-
nation. He has also a lot of difficulties in physical activities and for this reason he
cannot participate in the gym class. However, this student managed to complete all the
interventions. | saw significant improvement in his balance, hand stability and hand-
movement coordination. | think that the games helped him a lot.”

(p7) “I saw improvement even with children who do not have severe mobility prob-
lems. Children with severe motor impairments had stress at the beginning, but during
the programme they became capable of controlling their movement and their balance.”
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(p10) “My children were seated on a wheelchair while playing. | saw an improve-
ment especially in hand movement. | saw, for example, improvement in their hand sta-
bility and in their visual-motor coordination in the game. Playing these games, which
require physical effort, I helped my students practice and learn to control their move-
ments improving the fluidity of their hand and fingers movements”.

Some yet more promising feedback was related to the transfer of motor skills. One
of teachers reported improvement in his student’s writing, although the study did not
have the data to triangulate this finding. In the teacher’s own words:

(p9) “During the programme, | noticed that one of my students improved the way of
his writing; his grapho-kinetic skill improved significantly. Before the intervention, his
movements were more steel and often without control; | noticed that after these sessions
his movements are more limited around the body and are more controlled”.

Overall, the teachers’ perceptions were fully consistent with the findings from the
Kinetic analytics reported earlier. All the participating teachers felt that the embodied
learning games can have an impact on children with motor impairments and special
educational needs.

5  Discussion and Implications

A few studies in the field of educational technology have recently focused on exploring
the potential of engaging the body in the learning process. This paper presents findings
from an empirical investigation of using embodied touchless interactive games to en-
hance motor performance for children with learning disabilities and motor impairments.
In sum, analysis of system analytics data from the Kinems embodied learning sessions
revealed that children experienced significant gains in (i) psychomotor abilities (Gp)
operationalized as stability of hand movement and (ii) psychomotor speed (Gps) oper-
ationalized as the time needed to successfully complete the task. These findings were
consistent with the experiences and impressions of the teachers-participants.

In general, the results of the study are encouraging as they not only support our initial
expectations driven by the theory of embodied cognition but also, confirm results of
previous works making use of motion-based technologies to achieve learning goals in-
cluding motor performance for children with special needs and learning disabilities [15,
16, 19, 20, 21, 27, 28]. Moreover, although many previous works make use of embodied
learning technology in (isolated) home settings, the present study suggests that such
methods can be used in traditional educational settings, including special schools, main-
stream schools with special units and personalized education programmes, enriching
the way of teaching and learning and enhancing the motor performance of children.

Nonetheless, empirical research in the field of embodied interactive games in special
education for children with developmental coordination disorders are still limited [27,
28], not allowing for firm conclusions to be drawn. More investigation is needed to
demonstrate how learning content and methods of embodied learning are best inte-
grated in different domains [36]. Furthermore, theoretical frameworks need to be elab-
orated to explain the idea of body being active in the cognitive process [37] and to
establish the limitations of the relationship between the body and the mind.
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One limitation of this study is the use of a large suite of games. Because of the many
options to choose from, the teachers did not make extensive use of each single game.
For example, most of them used “Walks” with the default settings, while after several
sessions when the child mastered the game (within 4 to 9 sessions as in Table 3), the
teachers chose to switch to a different game, rather than continue with “Walks” config-
ured with more difficult settings. Therefore, from the perspective of the researchers, the
study lacked data from consecutive sessions in a single game with increasing levels of
difficulty. Future work in this area, should aim to track progressive improvement of
skills across time and increasing difficulty. Therefore, although encouraging, the results
of the present investigation require replication and extension to inform scientists about
the value of embodied experiences linked to specific (learning) goals.

Future efforts could also involve clusters of participants with very similar needs so
that gains in specific skills can also be clustered. To elaborate, in this work we studied
the complete pool of participants as one unit of analysis. Yet, it is our next aim to ex-
plore the different impact of Kinect-based games on different clusters of participants
such as participants with mild brain paralysis, as well as in different intervention set-
tings such as, receiving personalized intervention in special units in mainstream class-
rooms vs. special schools vs. being part of class-wide embodied learning interventions.
Furthermore, given the initial teacher-reported evidence of skills transfer, future studies
would do well to investigate whether any competence developed during the programme
will last beyond its duration and even transfer to other domains. In other words, it would
be essential to examine if good scores in the embodied games are linked to good skills
in real life.

Overall the study contributes to the technology-enhanced learning community by
providing a better understanding of the potential of using embodied learning technology
in special education. The study suggests that the use of touchless, multimodal interac-
tive games can help enact embodied learning and result to the advancement of motor
performance for children with special learning needs and motor impairments. The find-
ings from the study can inform and further encourage the integration of embodied learn-
ing experiences mediated by motion-based technology in different learning environ-
ments.
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