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ABSTRACT Visual perceptual dysfunctions were common in children with developmental delays, and
have severe adverse impacts on children’s daily activities. Recent studies have shown that technologies
such as virtual reality and imaging can provide a motivating and engaging tool for remediating visual
perceptual dysfunctions. This study was aimed to present the work we were conducting in experimenting
with augmented reality (AR) for visual perceptual rehabilitation in children with developmental delay.
Sixty participants (mean age = 7.96 ± 1.4) were equally divided into an experimental group trained with
proposed KBTS (KBTS group) and a control group trained using traditional visual perceptual training
(TVPT group). Each group completed an 8-week training program (two 30-minute sessions per week). Visual
perceptual assessments (Test of Visual Perceptual Skill- 3rd Edition, Beery-Buktenica Developmental Test
of Visual-Motor Integration- 6th Edition) and functional outcome measures (Vineland Adaptive Behavior
Scale- Chinese Version, School Function Assessment- Chinese Version) were administered to investigate
the effectiveness of the intervention. The KBTS group significantly outperformed the TVPT group in
assessments of visual-motor integration, visual perceptual skills, and school functions. The effectiveness
of the KBTS was supported by robust effect sizes for the pre- and post-intervention comparisons of visual
perceptual and visual motor integrative functions between the KBTS group and the TVPT group. This study
suggests that KBTS effectively improves visual-motor integration and overall visual perceptual functions in
children with developmental delays. This study has discussed the ideas for incorporating several principles
of game scenarios for visual perceptual rehabilitation, and the proposed KBTS still have raised a number
of issues requiring further work. Enabling users to perform visual motor integrative tasks in an augmented
reality world offers the potential for developing advanced visual perceptual skills which may be more easily
transferable to activities of daily living than other techniques. Augmented reality has the potential to achieve
entertaining and satisfying outcomes for visual perceptual rehabilitation, and making use of the potential
applications of AR technologies should be considered more beneficial for the home-based rehabilitation
during the current pandemic situations. Other clinical applications are discussed as well.

INDEX TERMS Visual perception, visual motor integration, game-based, developmental delay.

The associate editor coordinating the review of this manuscript and

approving it for publication was Vicente García-Díaz .

I. INTRODUCTION
Visual perception refers to neurological processes in which
various visual information is received and interpreted [1].
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Visual perceptual functions include visual-receptive and
visual-cognitive components. In the visual-receptive com-
ponent, sensory functions obtain and integrate visual stim-
uli in the surroundings, and visual-cognitive components
perform specific mental functions needed to recognize,
classify, and explain the visual stimuli. Visual-cognitive com-
ponents generally include, in order of development, visual
attention, visual memory, visual discrimination, and visual
imagery [2]. Rehabilitation and education of children with
visual-cognitive and visual-motor integration dysfunctions
have been discussed extensively in the literature [3].

Visual attention is defined as the capability to concentrate
on visual stimuli; through practice and learning, children
develop capability to develop and retrieve long-term mem-
ories automatically without active visual attention [4]. Visual
memory, both long-term and short-term, involves the pro-
cessing and synthesis of visual information with previous
knowledge and experience [5]. Visual discrimination is fur-
ther classified as object perception and spatial perception,
and each type of perception is governed by a different neural
pathway [6]. Object perception is helpful for forming the
long-term establishment of perceptual symbols needed for
visual learning. Spatial vision provides the location details
needed to guide movement and action. Visual imagery is an
essential visual cognitive component that enables children to
form mental pictures of an object even if the object is not
physically present. Visual imagery is essential for reading
comprehension, problem solving, motor planning, and orga-
nizational skills [7]–[8]. The cognitive processes involved in
visual imagery and visual memory are similar but not iden-
tical. Visual motor integration is defined as the cooperation
between visual perception and fine motor control, and it has
major roles in most of the daily life and school activities of
children.

Deficient visual perceptual functions can affect the perfor-
mance of children in areas of occupation [9]. For example,
information processing is considered one of the best predic-
tors of readiness for elementary school. Visual perceptual and
visual-motor integration are also essential for good academic
performance, e.g., performance in writing and mathemat-
ics [10], [11]. In addition to educational performance, visual
perceptual dysfunctions have implications in many other
daily life activities, including play and social participation.
Studies also suggest that good visual perception is important
for normal social interaction and for further development of
psychological function [12]. Therefore, a practical training
system is needed to remediate delay in or impairment of
visual perceptual functions.

Evidence-based interventions for improving visual
perceptual functions in children mainly apply perceptual-
motor, neurophysiologic, sensory integration (SI), and com-
pensatory strategies. Perceptual-motor approaches to using
learning theories to remediate visual perceptual dysfunctions
have a long history of use and are still the interven-
tions preferred by many therapists and clinicians [13].
Perceptual-motor approaches assume a causal relationship

betweenmotor performance and underlying visual perceptual
functioning. Perceptual-motor approaches typically require
the child to perform a series of sensorimotor activities under
the guidance of an occupational therapist. The sensory and
motor experience acquired in these activities is expected to
improve perceptual function and academic performance [14].
The neurophysiologic approach focuses on identifying defi-
ciencies in postural control and motor functions that could
interfere with visual perception and then implements specific
interventions to address these deficiencies [15]. An important
principal of this approach is adaptation of the environment
to reduce sensory over-responsiveness and distractibility [1].
The SI intervention assumes that sensory intake is crucial for
optimal cortical function in children and that, since neural
plasticity is highest in early childhood, early intervention can
enhance underlying abilities and prevent potential dysfunc-
tions later in life [16]. Sensory integration therapy has been
validated for use in improving sensory processing problems
in children with visual perceptual deficits, which strongly
suggests that sensory processing problems are related to
visual perceptual problems [17].

Children can be taught cognitive strategies, i.e., men-
tal processes that support successful performance of visual
perceptual skills. For example, a therapist might teach a
child problem-solving strategies that enable the child to dis-
cover additional strategies for acquiring visual perceptual
skills. One example of a cognitive strategy is the Cognitive
Orientation to Daily Occupation Performance Approach
(CO-OP) [18]. The compensatory approach modifies the
teaching materials or methods applied in the learning envi-
ronment to accommodate the limitations of the learner. For
example, a therapist might decide to use compensatory strate-
gies when a child has school-related problems such as reading
and handwriting. Remedial strategies use repeated drills and
exercises aimed at improving specific cognitive processes
underlying visual perceptual functions in a teaching-learning
environment. A drawback of traditional therapeutic interven-
tions for visual perceptual dysfunctions is that, because of the
repetitive nature of the interventions, maintaining the motiva-
tion of learners is difficult for therapists [19]. Disabilities (i.e.,
poor motor control, cognitive deficiencies, or short atten-
tion span) in children with developmental delay can hinder
their participation in repeated therapeutic visual perceptual
activities [20].

Hence, a variety of training systems had researched
and developed for improving deficient visual perceptual
functions. Such developments include the virtual real-
ity (VR) based approach and augmented reality (AR) based
approach [20], [21]. These approached have been investigated
since they could be able to provide with better encourage-
ment and motivation via employing game-based exercise as
a training platform. Research studies had confirmed that the
embedded of VR in rehabilitation system provides positive
results [22], and the independent VR based rehabilitation
system integrated with biofeedback system also can be found
effective [23], [24]. Although VR based developments have
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provenwith positive results, additional attachment of tracking
device to the user, their heavy weight and total immersive
in virtual world are inconvenient and dangerous for users
especially in children with disabilities. Therefore, the AR
based rehabilitation exercises have been developed for better
and safer interactive environment. Augmented reality is the
combination of real world and virtual world that enhance
the user perception of reality. The user can view the com-
puter generated virtual environment that is overlaid on top of
real environment. Although these advantages have increased
use of AR training for neurological and pediatric rehabil-
itation [25], particularly for rehabilitation of motor func-
tion [26], VR has not been widely used to improve visual
perceptual function in young populations.

The high neuroplasticity of the human brain enables orga-
nizational and connectivity changes throughout the lifespan
but is highest at young ages. In pediatric rehabilitation, the
concept of exploiting high neuroplasticity in young learners
is supported by research indicating that (1) active engage-
ment with an enriched environment can enhance dendritic
branching [27], (2) active involvement with an environment
that provides multiple somatosensory feedback channels is
linked to improved motor performance [28], and (3) neu-
ronal plasticity can be boosted through active participation
in multisensory activities at a young age [29], [30]. The
mirror neuron system has been proved to be associated with
neuroplasticity [31], [32]. When a child performs a specific
action or observes another individual performing the same
action, mirror neurons are activated in various areas of the
brain [33]. Therefore, in addition to their benefit to devel-
opment of functional skills, age-appropriate game-based VR
have important therapeutic benefits.

Medical applications of gaming technology include the use
of commercially available videogames to enhance the effec-
tiveness of therapy [34]. The gaming industry has rapidly
developed various AR systems that are easy to access and
use in everyday environments (e.g., home, classroom, and
playground). The AR-based training systems in the form
of a game were proved effective since it was easily han-
dled by individuals and trigger interest. The AR gaming
systems could allow the children simultaneously performing
actions and observing an avatar on the screen, and these
perceptual-motor stimulations could be periodically adjusted
to activate mirror-neuron systems [35]. The comparisons
between the real and virtual feedback produced by AR gam-
ing system could activate targeted neural pathways essential
for visual perceptual development [25]. In the past decade,
therapeutic applications of AR-based systems in children
with disabilities, particularly in autistic spectrum disorder
(ASD), have had promising results [20], [35]. Nevertheless,
research in the effectiveness of an AR gaming system in chil-
dren with visual perceptual deficits is scant. This study aimed
to develop a kinesthetic game-based training system (KBTS)
for enhancing visual motor integration and visual perceptual
function in children with developmental delay. The research
hypothesis was that a AR system using gaming technology

(Microsoft Kinect system) is as effective as standard rehabil-
itative protocols for improving visual perceptual function and
visual motor integration in children with visual perceptual
dysfunctions or impaired visual-motor integration.

II. METHODS
A. PARTICIPANTS
The inclusion criteria in this study were (a) age 6 to 10 years
old; (b) impaired or delayed development of visual percep-
tion; (c) ability to comprehend and follow simple instructions;
and (d) written parental consent. The exclusion criteria were
associated developmental disabilities, major sensory impair-
ments, and known neurological conditions (e.g., epilepsy).
The 60 children who met the inclusion criteria were ran-
domly assigned to either the experimental or the control group
(n = 30 per group). The experimental group used the KBTS,
and the control group used the traditional visual perceptual
training (TVPT) program. All participants in each group
completed tests of visual perceptual and functional outcomes
(school functions and adaptive behaviors) before and after the
intervention.

B. KBTS
The senior pediatric occupational therapists guided the game
design, goal setting, and training processes monitoring.
An AR-based gaming framework was developed by integrat-
ing kinesthetic and game-based learning methods to enhance
children’s motivation, and themaker- free whole bodymotion
capture technology was as well used to investigate visual per-
ceptual functions and integrated motor behaviors. The overall
developmental concepts and process of the proposed training
system was shown in Fig. 1. Each of the training game was
best suited to specific kinds of visual perceptual dysfunc-
tions, based on current rehabilitation approaches, training
context, and subject considerations. In addition, the concepts
of flow theory [37], play theory [38] and sensory integra-
tion theory (SI) were embedded into the system design. The
Test of Visual-Perceptual Skills (non-motor) - Third Edition
(TVPS-3) [36] was used to guide the development of dif-
ficulty grading system. The optimal flow state was created
when children tackled the challenges they perceived to be at
just the right level for their skill sets. An appropriate difficulty
grading system could enable the children to enter the optimal
flow state in which the child is fully immersed in a feeling of
full involvement and enjoyment in the game process. These
just right challenges (game parameters) could be adjusted
dynamically according to the child’s reactions and feedbacks.
The proposed system was able to create an attractive and pro-
ductive AR environment through blending intuitively inter-
pretable content, well-scaled training and detailed motion
analysis. And this system could be used to evaluate the
training effects and user’s response simultaneously.

The system was developed by Microsoft Visual Studio
2015,.NET framework 4.5 environment and Kinect for
Windows SDK v1.8. The Microsoft ACCESS 2010 database
was used to store user profiles, test content, game parameters
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and training-related records for individual users. The
flowchart of the training programs in the proposed system
was illustrated in Fig. 2. At the beginning of each train-
ing session, the therapist selected the test type and game
parameters at the suitable difficulty level for each child.
The game parameters included object (target) dimensions
and occurrence frequency, orientation of object movement,
initial position and moving speed of object, tolerance range
of hit, skeletal presentation (standing or sitting), and default
completion time of each training session. The child was
required to use either hand to eliminate (hit) the target object
appearing from different directions, and the related feedback
would be immediately shown on the projector screen. The
child had to predict and adjust their posture and movements
constantly as the game scene changed. The display interface
integrated real-time image of the child and his skeletal motion
information received by Microsoft Kinect. This system could
simultaneously facilitate close interactions between the user
and the targets, and provide the therapists to evaluate the
functional status of the child.

For example (shown in Fig.3), the child adopted a proper
posture and used one hand to hit the green ball appearing
on the right-lower corner of projector screen. The game
parameters of the above task were displayed on the left side
of the KBTS interface, and it appeared that it took 30 sec-
onds to hit the target with 70 seconds remaining in this
100-second exemplary test. Live motion skeletal images were
also displayed for evaluating user’s movements in performing
various visual- motor coordination tasks (e.g., ball hitting)
(Fig. 4). As a consequence, the occupational therapists could
modify the training contents and goals promptly according to
this information. All quantitative information during different
KBTS sessions was recorded for further analysis.

C. MEASURES
1) TVPS-3 [36]
The TVPS-3 utilizes 112 black and white designs to assess
the comprehensive visual perceptual abilities of an individual.
Motor function is not required. The seven TVPS-3 subtests
are arranged in order of difficulty from low to high. The
easiest subtest is visual discrimination. The other subtests
are visual discrimination, visual memory, spatial relationship,
form constancy, sequential memory, visual figure- ground,
and visual closure. The test is appropriate for school-age
children up to age 18 and is administered on an individual
basis. The 7 subtest raw scores can be converted to scale
scores (mean= 10, SD= 3) and percentile ranks. The overall
scores are derived from the sum of scale scores and converted
to standard scores (mean = 100, SD = 15). The TVPS-3
has sound test–retest reliability (0.97) and concurrent validi-
ties [36], [39], [40].

2) THE BEERY-BUKTENICA DEVELOPMENTAL TEST OF
VISUAL-MOTOR INTEGRATION -6TH
EDITION (BEERYTMVMI) [41]
The BeeryTMVMI examines the visual and motor integra-
tive abilities (eye-hand coordination) displayed by a subject

FIGURE 1. Development of the AR-based gaming training system.

FIGURE 2. Flowchart of the proposed Kinesthetic Game-Based Training
System.

using paper and pencil to imitate or copy a developmental
sequence of geometric forms. The 30-item BeeryTMVMI for
ages 2 through 100 can be administered in 15 minutes in
an individual or in a group. In the present study, raw scores
for the VMI were converted to standard scores (mean =
100, SD = 15). The VMI has good psychometric properties
in children with typical development. The internal consis-
tency, test-retest coefficient, and interrater reliability were
0.88, 0.87, and 0.98, respectively. Rasch-Wright analysis
strongly supports the content validity of the BeeryTMVMI.
The BeeryTMVMI has also demonstrated moderate or higher
correlations with standardized tests used to measure similar
constructs [41]. The following basic BeeryTMVMI constructs
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FIGURE 3. Game parameters set of the proposed training system include:
Ê Object Dimension, Ë Object Occurrence Frequency, Ì Moving
Orientation, Í Initial Position, Î Tolerance range of Hit, Ï Skeleton
Presentation: Standing or Sitting, Ð Moving Speed, and Ñ Default
Completion Time; moreover, test performance with Ò Score, and Ó
Remaining Time.

FIGURE 4. Display of live motion skeletal images (Ê Score and Ë
Remaining Time).

have been validated: (1) the test results are age-dependent,
(2) the test results havemoderate correlations with non-verbal
intelligence and academic achievement, (3) the test is sensi-
tive to certain disabling conditions [41].

3) VINELAND ADAPTIVE BEHAVIOR SCALE-CHINESE
VERSION (VABS-C) [42]
The Vineland Adaptive Behavior Scale (VABS) [43] is a
norm-referenced instrument used to assess adaptive and mal-
adaptive behaviors in individuals aged 0 to 18 years 11
months. The four domains of the VABS are daily living
skills (personal, domestic, and community), communication,
socialization, and motor skills. The present study used the
VABS-C and the classroom/teacher form for children aged

3 years to 12 years, 11 months. The sound reliability and
validity of the VABS-C have been validated [42].

4) SCHOOL FUNCTION ASSESSMENT-CHINESE
VERSION (SFA-C) [44]
The SFA-C is the Chinese version of the School Function
Assessment [45]. This assessment was designed to investi-
gate participation, support needs, and school-related activity
performance in school-aged children. The SFA-C consists
of three parts: Participation in major school settings, Task
Support, and Activity Performance in physical and cogni-
tive/behavioral tasks. In the current study, three components
were used to assess overall school function: (a) participa-
tion in major school settings was evaluated in six settings,
(b) Activity Performance-Physical was evaluated in twelve
physical tasks (e.g., travel, using materials, and hygiene),
and (c) Activity Performance-Cognitive/Behavioral was eval-
uated in nine cognitive and behavioral tasks (e.g., positive
interaction and safety). The teachers rated these items for
each participant in this study. Both the reliability and validity
of the SFA-C are well supported [46].

D. PROCEDURE
Before enrolling each student in the study, the researchers
obtained written consent from the parent or guardian using
consent forms approved by the Institutional Review Board
of Kaohsiung Medical University Hospital (KMUH, form
ID no. KMUHIRB-SV (I)-20150039). The 60 children
(aged 4-10 years) with developmental delays who partici-
pated in this study were further divided into two equal-sized
groups (n = 30 per group): an experimental group that
received the KBTS and a control group that received the
TVPT. In each participant, the KBTS and the TVPT pro-
grams were administered by two senior pediatric occupa-
tional therapists in two 30-minute sessions per week over an
8-week period. All participants completed the TVPS-3, VMI,
VABS-C, and SFA-C before and after the 8-week program.
The pre- and post-test assessments were performed by a
pediatric occupational therapist that had no knowledge of the
study.

E. DATA ANALYSIS
The SPSS 20 software was used for data analyses. To facil-
itate data analysis, the following scores were calculated for
each subject: SFA-C raw score, scale or standard scores of
TVPS-3, VMI, and the VABS-C.

1) INTER-GROUP ANALYSIS
Analysis of variance (ANOVA) was used to examine differ-
ences in visual-motor integration, visual perception, adaptive
behaviors and school functions between the experimental and
control groups.

2) INTRA-GROUP ANALYSIS
To investigate the effectiveness of the KBTS intervention,
paired t-test was used to compare VMI and TVPS-3 before
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TABLE 1. Post-intervention difference between KBTS and TVPT groups.

and after the intervention in the KBTS group. The VABS-C
and SFA-C scores in the group before and after the inter-
vention were also calculated. In each group, improvements
obtained by the interventions were also summarized. Effect
sizes (ES) were calculated to quantify the size of pre- and
post-intervention differences in each measure. For t-test, the
ES (d) was defined as the difference between pretest and
posttest means divided by the SD in pretest scores. According
to [47], the magnitude of change is small if ES is.20 or less,
moderate if ES is.50, and large if ES is.80.

III. RESULTS
A. DEMOGRAPHIC DATA
Of the 60 children who participated, 33 (55%) were female
(16 in the experimental group and 17 in the control group).
The average age was 7.96 ± 1.4 years. All participants were
right-handed.

B. EFFECTIVENESS OF THE KBTS
1) GROUP COMPARABILITY
The two groups did not significantly differ in age (F=
3.98, p=0.55) or gender (χ2

=0.66, df=3, p=0.65). The
pre-intervention scores for the TVPS-3, VMI, VABS-C
and SFA-C did not differ significantly between the KBTS

and TVPT groups since the overall ANOVAs for the
pre-intervention tests were non-significant (all p >0.39).

2) POST-INTERVENTION DIFFERENCES BETWEEN
KBTS AND TVPT GROUPS
Table 1 shows that the two groups significantly differed in
scores for the VMI and most TVPS-3 tests. The two groups
did not significantly differ in form constancy and sequential
memory in the TVPS-3. The KBTS group outperformed the
TVPT group on most VABS-C and SFA-C items except for
school participation and socialization domains.

3) WITHIN-GROUP DIFFERENCES BEFORE AND
AFTER THE INTERVENTION
The paired t-test results for the KBTS group revealed that all
VABS-C and SFA-C scores except socialization skills signif-
icantly differed after the intervention (Table 2). Scores for
the TVPS-3 test significantly improved in all domains except
visual closure and visual sequential memory. Table 3 sum-
marize the estimated ES values obtained in the KBTS and
TVPT groups. The ES ranged from medium to large in
the KBTS group and from small to medium in the TVPT
group. The Cohen d values for the pre–post comparisons
of visual motor integration and visual perceptual functions
in the KBTS group exceeded.8, which indicated substantial
improvements.
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TABLE 2. Pre-intervention and post-intervention difference within KBTS group.

IV. DISCUSSION
The TVPS-3 and VMI scores after the 8-week training
programs indicated that visual-motor integrative and visual
perceptual functions had improved in both the KBTS and
TVPT groups. However, the KBTS group had higher scores
after the intervention for all TVPS-3 subtests and VMI com-
pared to the TVPT group. The effectiveness of the proposed
KBTS in enhancing functional outcomes was supported by
the larger improvements in school functions (SFA-C) and
adaptive behaviors (VABS-C) in the KBTS group compared
to the TVPT group. Like most game-based virtual training
programs, the KBTS was characterized by interactive learn-
ing and dynamic scenarios. The incorporation of flow theory
and play elements in the KBTS may have contributed to the
larger improvements in overall psychosocial functions in the
KBTS as well [48], [49].

Poor visual skills can adversely affect motor profi-
ciencies of posture, mobility, and coordination. Children
with visual perceptual deficiencies may have difficulty
using tools, managing space, and maneuvering material.
For example, children may have problems using scissors,
playing constructive games, dressing, routine daily activities,
and social-emotional adjustment [50]. Acquisition of skills,
experience and knowledge related to information manage-
ment, time management, and spatial and object arrangement,

and accurate adaptations can all be influenced by visual per-
ceptual function, which then affects visual motor integration.
Understanding of spatial relationships and visual memory
is apparently associated with visual motor integration; other
important contributing factors include nonverbal reasoning
and visual-spatial attention. [51], [52]. Among the functional
tasks that require visual motor integration abilities, poor
handwriting is one of the most commonly reported reasons
for referral to an occupational therapist [53]. School-aged
children usually spend up to 50-60% of their school time
completing tasks that require use of paper and pencil [54].
Several correlational studies agree that visual motor integra-
tive ability is the best predictor of handwriting legibility [55].
Interventions aimed at improving visual motor integration
may help to prevent development of handwriting problems
in children [56].

Approximately 80% (n = 48) of the study participants
were born preterm. Survival rates of children born pre-
maturely have increased largely due to medical advances
that have increased the prevalence of high-risk infants and
children in the population. Preterm children always suf-
fer from white matter abnormalities that negatively affect
their neural connectivity. The resulting impairments inter-
fere with visual information processing [57]–[59] and further
jeopardize the development of visual perceptual and visual
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TABLE 3. Summary of intervention gains and effect sizes for KBTS and TVPT groups.

motor integrative functions. Dysfunctions associated with
premature birth include impairments in visual acuity [60],
visuospatial working memory [61], depth perception [62],
and visual attention [59]. Impairments in visual percep-
tion and motor skills have also been documented, such
as reduced sensitivity to local motion, global motion, and
two-dimensional motion [63].

Most of the traditional rehabilitative protocols for improv-
ing visual perceptual functions and visual motor integration
are table-top activities. These activities may include repetitive
drills and exercises such as visual memory exercises as well
as puzzles and games such as pegboard games and card
games. Another example is the use of ball games and activi-
ties to improve visual motor integration ability. Occupational
therapists using these remedial strategies believe that visual
motor integration and visual perception are composed of
subcomponents, which can be remediated by a building block
approach that emphasizes improvements in the hierarchical
subcomponents to allow the structure of visual perception
to be reconstructed. The therapist would design strategies
to remediate basic problems to improve higher level visual
perceptual functioning [64]. In children with developmental
disability, who tend to exhibit a short attention span and
limited environmental exploration, the main challenge of

traditional rehabilitative strategies is sustaining visual atten-
tion and motivation [65].

The KBTS proposed in this study differed from conven-
tional remedial strategies in several ways. First, the KBTS
provided discrete feedback in multiple sensory channels to
maximize comprehension and attention in the user. The con-
tinuous feedback provided by the KBTS not only enabled the
therapist to target specific deficits in visual perceptual and
visual-motor integrative function, but also enhanced cooper-
ation and rapport between the participating children and ther-
apists and enriched the game-playing experience. Comparing
actual and expected sensory feedback of movement could
facilitate the cerebellar integrity [66]. Second, the KBTS can
be implemented in a real-world physical environment, e.g.,
school teachers can implement the system in the classroom,
and family members can implement the system in the home.
Therefore, the user can receive consistent training with min-
imal time and location constraints and without the participa-
tion of a professional therapist. The high ecological validity
of the KBTS could facilitate the transfer and generalization
of skills from expandable scenarios simulated in a virtual
environment to real-world scenarios [67].

Third, for therapists and teachers, limited resource is
the main obstacle to designing and implementing novel
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learning activities. Whereas children may quickly lose inter-
est in highly repetitive games, the KBTS develops visual
perceptual and visual-motor integrative abilities by providing
numerous enjoyable games with varying difficulty levels.
Additionally, the system enables therapists/teachers to mod-
ify activities according to the ability, performance, and moti-
vation of individual students. The motion-sensing feature of
the KBTS also enables the therapist/teacher to monitor the
activity performance of the user and to modify task content
in real time.

Fourth, visual-motor skills require multi-dimensional
development of skills, including kinesthesia, motor function,
and motor planning [64]. The KBTS includes various activ-
ities in a therapy session instead of training the user in a
specific visual-motor task (e.g., drawing) or in the use of a
specific tool (e.g., scissors or a pencil). These activities were
full of multiple sensory feedbacks and thus could activate a
complex network involving cortical and subcortical structures
participating in motor planning and learning [68]. Unlike
the traditional rehabilitation strategy, which emphasizes fine
motor training, the KBTS incorporates whole-body activi-
ties to facilitate visual motor integration. The rationale for
using gross motor activities in KBTS is the perception-action
perspective [69], [70], i.e., early movement patterns are the
foundation of subsequent visual-motor integration ability.
The perception-action perspective supports the concept of
simultaneously combining multiple intervention strategies,
including gross movement patterns, to develop a foundation
for tool use in most visual-motor integration tasks. Deficits
in visual-spatial and visual-motor integration observed in
this study may have been caused by impaired occipital-
parietal-frontal neural circuitries, and early and continuous
neural connectivity disruptions are an assumed cause of per-
sisting visual-motor integrative and visual perceptual dys-
functions [71]. Motor training has also proven beneficial
for boosting occipital-parietal-frontal neural circuitries and
functions [59].

The fifth difference is that the KBTS can be used non-
verbally and is motor-oriented. Most developmental changes
in visual perception and visual-motor integrative functions
occur at approximately 9 years of age [72], [73]. Our study
indicated that, for children at this age or younger, KBTS
is more effective than table-top activities in terms of effec-
tiveness for systematic training to improve visual perceptual
functions and visual motor integrative abilities.

The present study had several limitations. The sample size
was small, and the follow-up did not investigate the long-term
effectiveness of KBTS visual motor integration and visual
perception in children with developmental delays. Further
studies are suggested to broaden and refine the training activ-
ities used in the KBTS.

V. CONCLUSION
Visual perceptual and visual-motor integrative dysfunc-
tions are known to be severe impediments to academic
performance and daily function. The proposed KBTS

provides therapists or teachers with an effective alternative
strategy for training visual-motor integration abilities and
visual perceptual functions in children with developmental
delays. The KBTS had two additional advantages. First, the
KBTS provides continuous kinesthetic feedback and rein-
forcement to the user. Children use kinesthetic information
to develop the upper-extremity speed and the manual dexter-
ity needed for most visual-motor integrative activities (e.g.,
ball skills and handwriting). The KBTS enables therapists
to modify the type and intensity of sensory stimuli to main-
tain the attentiveness of the user while avoiding sensory
hypo/hyper responsiveness. Second, the KBTS is practical
and feasible because it is easily accessible with a widely
used commercially available gaming console and an internet
connection. The system is also applicable for use in a group
therapy format in school settings or clinical settings that have
limited availability of personnel. Unlike conventional visual
perceptual interventions, the effective KBTS enables the use
of highly interactive gross motor activities to enhance visual
perceptual functions. As important as fine motor skills, gross
motor function is an important component of visual percep-
tual and visual-motor tasks. Gross motor activities should be
incorporated into the therapeutic activities while designing
visual perceptual training programs. The KBTS adopted in
this study mainly utilized AR approach, the AR-based ther-
apymilieu could be incorporated as well in a suitable scenario
for age- appropriate users.
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