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Haptic Guidance to Support Handwriting for
Children with Cognitive and Fine Motor Delays

Wanjoo Park, Vahan Babushkin, Samra Tahir, and Mohamad Eid

Abstract—Handwriting is an essential skill for developing sensorimotor and intellectual skills in children. Handwriting constitutes a
complex activity relying on cognitive, visual-motor, memory and linguistic abilities, and is therefore challenging to master, especially for
children with learning difficulties such as those with cognitive, sensorimotor or memory deficits. Recently-emerged haptic guidance
systems have a potential to facilitate the acquisition of handwriting skills in both adults and children. In this paper we present a
longitudinal experimental study that examined the effects of haptic guidance to improve handwriting skills in children with cognitive and
fine motor delays as a function of the handwriting complexity in terms of visual familiarity and haptic difficulty. A haptic-based handwriting
training platform that provides haptic guidance along the trajectory of a handwriting task was utilized. 12 children with cognitive and fine
motor delays defined in terms of intellectual difficulty (IQ score) and mild motor difficulty in pincer grasp control, participated in the study.
Children were divided into two groups, a target group and a control group. The target group completed haptic-guided training and pencil-
and-paper test whereas the control group took only the pencil-and-paper test without any training. A total of 32 handwriting tasks was
used in the study where 16 tasks were used for training while the entire 32 tasks were completed for evaluation. Results demonstrated
that the target group performed significantly better than the control group for handwriting tasks that are visually familiar but haptically
difficult (Wilcoxon signed-rank test, p < 0.01). An improvement was also seen in the performance of untrained tasks as well as trained
tasks (Spearman’s linear correlation coefficient, 0.667; p = 0.05). In addition to confirming that haptic guidance can significantly improve
motor functions, this study revealed a significant effect of task difficulty (visual familiarity and haptic complexity) on the effectiveness of
haptic guidance for handwriting skill acquisition for children with cognitive and fine motor delays.

Index Terms—Haptic Interfaces, Evaluation/Methodology, Psychology, User-centered Design.
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1 INTRODUCTION

Handwriting is a required skill in school that significantly
influences child’s academic and personal development [1].
The acquisition of handwriting skills starts at early child-
hood years (3–5 years old) and requires several years of for-
mal training to master [2]. Learning handwriting improves
fine motor skills [3] and general language acquisition [4] [5].
Research suggests that the benefits of teaching handwriting
go beyond simply writing [4]; there is increasing evidence
of a link between the fine motor skills required in handwrit-
ing and the development of cognitive skills that improve
readability and comprehension. Research also suggest that
the process of forming letters while handwriting activates
neural pathways that are associated with strong reading/-
comprehension skills [5].

Mastering handwriting involves a complex blend of sen-
sorimotor, perceptual, cognitive, and linguistic skills. The
acquisition of handwriting skills is a physical, repetitive,
and time-consuming task that demands significant cogni-
tive and physical efforts. The population of children with
learning difficulties, such as intellectual, sensory or motor
disabilities, is noticeably increasing across the globe [6] [7].
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Children with learning difficulties require comprehensive
care and innovative interventions especially during the
early childhood years [6]. Teachers do not have enough
resources to teach handwriting to students with learning
difficulties as it involves personalized one-on-one interven-
tions [8].

Assistive technologies can supplement teacher’s efforts
to improve learning outcomes for children with learning
difficulties [9]. Contemporary technologies such as graphics
tablets, which emulate writing with a stylus on a digital sur-
face, with dedicated software to provide interactive audio-
visual feedback based on the learner’s performance [10].
Inspired by pedagogical theories such as the peer-tutoring
or learning-by-teaching method [11], social robots play the
role of a teacher or a peer learner in order to improve
learning outcomes [12]. Recent studies demonstrated that
Augmented Reality (AR) technology also has the potential
to improve learning outcomes for handwriting skills acqui-
sition [13].

The majority of currently-available handwriting learn-
ing technologies engage auditory and visual modalities in
the learning process [14]. However, generation of complex
handwriting requires not only perceptual and cognitive
skills, but also the ability to process proprioception (kines-
thetic) and tactile information [15]. Previous studies showed
a high level of correlation between fine motor skills and
handwriting legibility [16]. For instance, fine motor skills
such as fine motor precision, manual dexterity, and in-
hand manipulation allow for the demonstration of good
handwriting legibility [17]. The newly-emerged haptic tech-
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nologies demonstrate very promising results in developing
motor skills in children [18], and thus have great potential to
improve the acquisition of handwriting skills. For example,
force feedback guidance methods are proposed to improve
motor functions such as medical training [19], tele-operation
[20], rehabilitation [21], and education [22].

2 RELATED WORK

Haptic-based assistive systems engage the human sense
of touch in the learning process by physically control-
ling/guiding the hand movement along a desirable trajec-
tory via a haptic interface [23]. Even though some studies
examined the effects of vibrotactile feedback to improve
handwriting skills [24], the majority of research in haptic-
based handwriting learning systems involved force feed-
back guidance [2] [22] [25] [26]. Force feedback guidance,
commonly used in motor training tasks, refers to forces
generated by a haptic interface to physically guide a user
through a desired trajectory of movement. For instance, hap-
tic guidance has been used to record an expert’s movements
and play it back for novice learners in order to facilitate the
acquisition of handwriting skills [27].

Early studies focused on investigating the feasibility
of haptic-based handwriting learning for teaching adults
Japanese characters [28], [29], Chinese characters [30], Latin
alphabet letters [25] [31], Persian calligraphy [32], and Jawi
alphabet letters [33]. For instance, a haptic calligraphy sys-
tem for Japanese characters used two displays, one for the
teacher and one for the student [28]. Using the teacher’s
traces of letters and force trajectories as a reference for
the student, results showed that as the exercise was re-
peated, the students’ letters resembled better those of the
teacher’s. Recent studies explored different types of haptic
guidance, such as full, partial, and disturbance guidance to
enhance handwriting skills acquisition with adult learners
[34]. Results demonstrated that partial haptic guidance is
more effective at the early stages of handwriting learning
(since it allows the acquisition of gross motor skills essential
for handwriting) whereas full haptic guidance was more
effective at intermediate/advanced stages of the learning
process (as full haptic guidance improved fine motor skills)
in the case of adults learning a new language.

Haptic guidance for teaching children handwriting skills
has also been explored. In one work, the effectiveness of
virtual calligraphy teaching by measuring the time and
velocity of the subjects’ movements is examined [25]. The
experimental study with 22 six-year-old children showed
an improved handwriting performance, indicated by the
increased fluency in movements and decreased values of ve-
locity peaks. A subsequent study examined different force-
feedback guidance methods for typical children and demon-
strated that pupils performed statistically better with partial
haptic guidance compared to full haptic guidance (perfor-
mance was evaluated based on fluency and regularity of
handwriting) [35]. Results demonstrated that partial/distur-
bance guidance is more effective for teaching gross motor
skills while full guidance is more effective for fine motor
skills. A similar conclusion is reported with adults [34].

There has been interest in using haptic feedback for
teaching children with different learning difficulties. For

example, one study [36] applied the robotic haptic inter-
face, incorporating proprioceptive feedback into maze ex-
ploration, to improve handwriting in children experiencing
challenges with eye-hand coordination. Another study [37]
provided a qualitative investigation of haptic games for
improving integration of visual skills and motor skills, in
children experiencing a wide range of learning disabilities.
According to [37], the introduction of haptic technology in
occupational therapy has a positive effect on childrens’ in-
terest and involvement in haptics-based educational games.
Other haptic-based systems were proposed for teaching
handwriting for children with learning difficulties [38] [39].
In another study [40], a haptics-assisted system based on
two haptics devices (Phantom Omni™ versus Novint Fal-
con™) was tested on typical children and those with learn-
ing difficulties. In all groups the performance of tracing
handwriting task increased, with typical children demon-
strating higher precision and lower variance compared to
their peers with learning difficulties.

Existing work has focused on studying the effects of
various haptic guidance techniques with little emphasis
on the relationship between task complexity/familiarity
and performance. Furthermore, previous studies focused on
short-term effectiveness of haptic guidance. In our previous
works, we developed a longitudinal study with typical
children to study the effects of haptic guidance as the
task complexity increases [35]. In addition, we conducted
a pilot study to develop a method based on traditional
copy work to assess the handwriting quality in children
with learning difficulties based on the visual familiarity and
haptic complexity of the handwriting task, including char-
acters, numbers, shapes, and emoticons [41]. In the current
study, we conducted a 9-weeks longitudinal experiment to
examine how the visual familiarity and haptic complexity of
the handwriting task influences the effectiveness of haptic
guidance for the acquisition of handwriting skills for chil-
dren with cognitive and fine motor delays. Four levels of
handwriting tasks were considered: visually familiar and
haptically low difficulty; visually familiar and haptically
medium difficulty; visually familiar and haptically high
difficulty; and visually unfamiliar and haptically high dif-
ficulty.

3 METHODS

3.1 Experimental Apparatus
The experimental setup was similar to the one proposed in
our previous work [35]. The Novint’s Falcon haptic device
[42] is used with a stylus-shaped custom grip to provide
3 DoF force feedback guidance. A seven-inch touchscreen
mounted under the stylus served as the writing surface.
The setup is shown in Figure 1. The haptic interface was
calibrated with the touchscreen device to provide an accu-
rate correspondence between the stylus tip’s movement and
the displayed shape. To improve the fidelity of the haptic
guidance force, a custom grip is designed to firmly attached
the pen-like stylus to the haptic device and enhance the cou-
pling between the stylus and the haptic device. The platform
has been calibrated for children with learning difficulties.
With the help of the physiotherapist, the calibration process
involved reducing the magnitude of haptic guidance force,
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Fig. 1: Novint’s Falcon™ haptic device used in experiments.
The children grab the pencil-shaped end effector and the
haptic device guides the participants’ handwriting to know
how to write the task letter or draw task shape.

the haptic guidance speed, and allowing larger error margin
before activating the haptic guidance.

3.2 Haptic Guidance
Three approaches for haptic guidance are common to sup-
port handwriting, namely full (or proactive) guidance, par-
tial (or retroactive) guidance, and disturbance guidance [35].
Knowing that kinesthesis (sense of position and movement)
plays a significant role in haptic training as it provides the
information pathway for the perception of incoming stimuli
[22], full haptic guidance was utilized for this study.

In the full haptic guidance approach, the haptic interface
takes the leading role in the handwriting trajectory whereas
the learner follows the trajectory through the visual and/or
haptic guidance. Once the learner moves the stylus to the
starting point of the handwriting task, the haptic guidance
method is activated. The algorithm retrieves the next posi-
tion along the handwriting trajectory, calculates the force to
move the stylus to the next position, and renders the force
using the haptic device. The force is calculated in accordance
with equation 1. Once the stylus is within a close proximity
of the target position, the following position is picked and
a new force is calculated and rendered. A summary of the
haptic guidance method is shown in algorithm 1.

Algorithm 1 Full haptic guidance method.

while # of points>0 do
if ‖Target Pos− Current Pos‖L2 < ε then

Read Next Position(Target Pos)
# of points = # of points - 1;
Calculate Force(Target Pos)

else
blink Dot(Target Pos)

end
Render Force(Force)

end

F (t) = Kmax∆u (1)

whereKmax is the maximum stiffness of the haptic interface
and ∆u is the point-to-point displacement.

3.3 Participant Background
22 children with cognitive and fine motor delays from
different schools in Abu Dhabi were initially recruited for
this study (11 for treatment group and 11 for control group).
The inclusion criteria were the following: (1) children with
age range 4-9 years old, (2) children with mild intellectual
difficulties (60.5-73 IQ score as evaluated through the WISC-
V [43] [44] and WPPSI-III [45] [46] IQ assessment standards)
- note that children with lower IQ could not handle the
experiment task while children with higher IQ found it too
easy, (3) children with mild fine motor control difficulty over
their pincer grasp (the coordination of the index finger and
thumb to hold an item), and (4) children who are right-
handed and have no occupational problems. The study was
approved by the Institutional Review Board for Protection
of Human Subjects in the American Center for Psychiatry
and Neurology (Project # 0017) and New York University
Abu Dhabi (Project # 101–2016).

The participants had to be examined by a clinical psy-
chologist for inclusion in the study. The examinations were
performed at the American Center of Psychiatry and Neu-
rology in Abu Dhabi, UAE. The two IQ tests are designed to
measure intellectual ability consisting of verbal comprehen-
sion, visual spatial, fluid reasoning index, working memory,
and processing speed. The IQ scores are reported with
corresponding ranges at the 95% confidence level, meaning
that it can be said with 95% certainty, that scores fall within
the ranges stated. The results of the children assessment
have not been disclosed as per the policy of the clinic.

A total of 10 children were excluded from the analysis
due to the following reasons: (1) side bias, (2) failure to
reach the test phase due to lack of attention, or (3) failure
to complete at least 50% of the test trials due to multiple
absences. Therefore, the analysis is conducted with data
from 7 participants in the treatment group (5 male, mean
age of 7± 1.53 years) and 5 participants in the control group
(5 male, mean age of 5.5 ± 1.00 years).

3.4 Experimental Protocol
The children visited once a week to participate in the
experiment for a longitudinal total lasting for nine weeks.
Before the experiment started, every participant completed
a paper-based copy test. Participants were then assigned
to the treatment or the control group by considering the
balance of gender, age, and similarity score of the paper-
based copy test. There were 11 participants in the treatment
group (7 male, mean age of 6.67 ± 1.5 years, similarity score
was 19.37 ± 1.62) and 11 participants in the control group
(8 male, mean age of 6.3 ± 1.57 years, similarity score was
20.94 ± 1.5). Before starting the longitudinal experiment, it
was confirmed that there were no significant differences in
gender, age and similarity score between the control and
treatment groups based on the 32 paper-based copy tasks.
The sheet of the paper-based copy task is shown in Figure
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TABLE 1: Tasks grouped according to the familiarity and
haptic difficulty levels based on the similarity between
reference and copy scores. The tasks used for training the
target group are marked with *.
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3 (appendix page). We also used the same sheet for the
evaluation of the participants’ handwriting improvement.

To assess handwriting and fine motor skills, we created
a paper-based copy sheet (appendix page) of tasks of dif-
ferent levels of visual familiarity and haptic difficulty. The
handwriting tasks consisted of eight handwriting tasks from
four different classes including numbers, shapes, letters, and
emoticons, and various difficulty levels within each cate-
gory, for a total of 32 handwriting tasks. All children lived
in an Arabic and English-speaking community, therefore,
handwriting tasks from Arabic and English were included
in the study (letters/numbers), in addition to shapes and
emoticons. The 32 handwriting tasks were analyzed and
classified into one of the four categories, visually familiar
and haptically low difficulty, visually familiar and medium
haptic difficulty, visually familiar and haptically high diffi-
culty, and visually unfamiliar and haptically high difficulty,
based on the method proposed in [41]. The handwriting
tasks were analyzed based on two types of properties
in handwriting production: morphokinetic (shape of the
letter) and topokinetic (spatial/temporal properties of the
handwriting trajectory). The morphokinetic properties were
utilized to determine the visual familiarity of the handwrit-
ing task whereas the topokinetic properties described the
haptic difficulty. The result of the classification is shown in
Table 1. Training items were selected so that the average

difficulty between trained and untrained tasks were as close
as possible to maintain balanced grouping.

The treatment group completed two training sessions
separated by 40 minutes break during every visit. To keep
children from losing interest in participating in the exper-
iment, a break time was offered to participants within the
training session. During the training session, participants
completed 16 handwriting tasks (marked with * in Table 1)
for three times each. At the end of every visit (two training
sessions), participants completed the paper and pencil test
for all 32 handwriting tasks. The total training time of one
session is 10–20 minutes depending on the participants’
cooperation. The control group took the paper-based copy
test once a week without any training. After the paper-based
test, participants were rewarded with a sticker. All students
in the treatment and control groups are expected to be
exposed to numbers, letters, shapes, and emoticons in their
daily life and in school, and some learning effects may have
taken place. This exposure and learning factor is extremely
difficult to control. However, it is assumed that such expo-
sure and learning would be similar for both groups since all
participants were recruited from the same learning center.
Handwriting skills can be improved by these nine weeks
of exposure and repeated paper-based tests. The control
group served as a baseline where the improvement of the
treatment group were dominantly based on haptic training.

3.5 Handwriting Evaluation and Data Analysis

The participant’s handwriting was evaluated by grading the
paper and pencil test for the 32 copy tasks on a scale of 0
to 100 points. Given the sizable intra-rater and inter-rater
levels of disagreement in evaluating handwriting tasks for
children with learning difficulties [47] (such as the BHK
test for disgraphia [48]), two experts were recruited. The
handwriting experts were specialized clinical psychologists
with more than 10 years of experience teaching handwriting
skills for children with learning difficulties. The students’
information and the number of visits were blinded, and
the experts evaluated with unique numbers of randomly
mixed sheets. Inter-rated reliability analysis showed a fair
agreement between the scores of the two experts (Kappa
coefficient was 0.26). The handwriting tasks were evaluated
on a scale between 0 (totally wrong handwriting) and 100
(perfect handwriting). The evaluation metrics were (1) sim-
ilarity between reference and copy (50 points weight), (2)
size and position (30 points weight), and (3) fluency (line
continuity, 20 points weight). All statistical analysis results
presented in this study are based on the average scores from
the two experts evaluations.

It is worth noting that as children with cognitive and fine
motor delays often experience behavior problems such as
reduced self-confidence or increased anxiety and stress [49],
there had been noticeable differences in their performance
from day to day. In addition, several participants were
absent during the longitudinal study period. Thus, the data
was pre-processed in order to remove outliers and fill data
gaps. To detect outliers, 1.5 of interquartile range (IQR) was
used as a criterion. The detected outlier/missing value was
replaced with a value obtained by linear interpolation of
two neighboring points or linear extrapolation when the
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outlier/missing value was at the beginning or the end of
the interval. On average for both target and control groups
the number of outliers were around 7.4% of the total data.
All scores for each participant and for each task for all nine
weeks were processed. Then the average for each group are
calculated for the 9 weeks, for the four types of handwriting
tasks: visually familiar, haptically low difficulty (VFHL),
visually familiar, haptically medium difficulty (VFHM), vi-
sually familiar, haptically high difficulty (VFHH), and vi-
sually unfamiliar, haptically high complexity (VUHH). A
third degree polynomial regression was used to visualize
the learning curves over time.

In order to assess the differences between the target and
control groups, the non-parametric Wilcoxon signed rank
test was used since the data is not normally distributed and
that has limited sample size.

4 RESULTS

Comparisons were drawn between the target and control
groups over the course of 9 weeks for the four types of
handwriting tasks, in order to study the effects of haptic
guidance on progressing the development of handwriting
skills for children with cognitive and fine motor delays. The
improvement rate was calculated as shown in equation 2.

ratew =
Sw − S0

50− S0
· 100, (2)

where ratew is an improvement rate for week w (in %), Sw

a similarity between reference and copy score for week w,
S0 is the score for the first week taken as a reference and 50
is the upper margin of the similarity between reference and
copy score (S-score).

As shown in Figure 2, haptic guidance plays a crucial
role in improving the development of handwriting skills,
particularly for specific types of handwriting tasks. First
of all, the quality of handwriting for both the target and
the control groups show a steady increase for visually
familiar and haptically easy handwriting tasks (as shown in
Figure 2a), although with no statistical significance for both
groups. It is also worth noting that there was no statistically-
significant difference between the control and target group
for this type of handwriting tasks. It can be concluded that
for visually familiar and haptically easy handwriting tasks,
haptic guidance may not play a crucial role in improving
the quality of handwriting. This finding explains why uni-
modal visual feedback was dominantly applied for simple
handwriting tasks [50].

It is interesting to find that the improvement in hand-
writing was statistically better for the control group, com-
pared to the target group, for the visually familiar and
haptically medium difficulty tasks (VFHM), as shown in
Figure 2b (Wilcoxon signed-rank test, p < 0.01). It seems
for medium complexity haptic tasks, haptic feedback may
have a negative effect on learning. This is in line with
previous findings that concurrent augmented feedback is
less effective for learning simple motor tasks, compared to
complex ones [51].

For the visually familiar and haptically high difficulty
tasks (VFHH), the improvement for the target group was
statistically better than that of the control group (Wilcoxon

signed-rank test, p < 0.01). Therefore, for visually familiar
but haptically difficult tasks, haptic guidance seems to play
a crucial role in improving learning outcomes. This is in
line with previous findings that concurrent haptic feedback
fosters complex motor task learning [52], and seems to be
true for haptically complex handwriting skills. Furthermore,
in an attempt to demonstrate that the improvement in hand-
writing is actually a result of learning and not due to short-
term memory effects [53], the data from the 16 handwriting
tasks that participants in the target group never trained with
was analyzed and compared to the 16 handwriting tasks
that were used for training. As shown in Table 1, third
column, the arrow ( ) task was used for training while the
arrow ( ) and star ( ) tasks were used for evaluation. Com-
parison of the handwriting improvement curves revealed
similar learning effects not only in the trained tasks, but
also in the untrained tasks (Spearman’s rank correlation
coefficient ρ = 0.66, p=0.05).

Finally, for the visually unfamiliar and haptically chal-
lenging tasks, Figure 2d shows no significant improvement
in the control and target groups. That is backed by the
challenge point theory [54], stating that novice or less
experienced learners may not improve if the task is too
challenging. It is clear that, for this type of handwriting
tasks, other intervention techniques must be utilized as
haptic guidance may not be an effective one (other methods
of haptic guidance would be interesting to examine).

In summary, haptic guidance significantly improved
handwriting skills development for tasks that are visually
familiar but haptically hard (Figure 2c). However, haptic
guidance did not show any significant improvement for
handwriting tasks that are haptically difficult and visually
unfamiliar. Therefore, it may be concluded that haptic guid-
ance is significantly effective for handwriting tasks that are
difficult to write despite being visually familiar.

5 DISCUSSION

In summary, it is found that children with cognitive and
fine motor delays benefit most from haptic guidance when
learning handwriting tasks that are visually familiar but
difficult to reproduce haptically. For visually-familiar tasks
of medium difficulty, no significant improvement was de-
tected. We hypothesize, that in case of visually familiar
shapes such as i (one stroke and a dot) and s (a wavy
line), passive learning is taking place, i.e. children just
following the corrective force without making efforts to
improve their skills. Furthermore, children also did not
demonstrate any significant progress in acquiring handwrit-
ing skills while performing visually unfamiliar and hapti-
cally difficult tasks. The presence of an unfamiliar shape
in handwriting task necessitates an allocation of additional
working memory resources to remember and reproduce.
Therefore, significant cognitive effort and integration of
visual-motor skills are required to follow the trajectory of
haptically challenging task, even with the corrective force
guidance. Given the challenges the children with cognitive
and fine motor delays face in integrating, organizing, and
planning visual information to control their pincer grip,
it is reasonable to assume that reproducing the complex
trajectory of a handwriting task might be confined by these
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(a) (b)

(c) (d)

Fig. 2: (a) Visually familiar and haptically low difficulty tasks (VFHL); (b) Visually familiar and haptically medium difficulty
tasks (VFHM), learning curves are significantly different, Wilcoxon signed-rank test, p < 0.01; (c) Visually familiar and
haptically high difficulty tasks (VFHH), learning curves are significantly different, Wilcoxon signed-rank test, p < 0.01;
(d) Visually unfamiliar and haptically high difficulty tasks (VUHH). Solid and dashed lines are 3rd order polynomial
regression of original improvement rate. SE indicates standard error.

limitations. Overall, using haptic guidance for children with
cognitive and fine motor delays seems to improve motor
skills in tasks that do not require significant processing of
the visual properties of the task.

It is interesting to examine improvement in handwriting
for the two groups across the four types of handwriting
tasks. Even though graphs show monotonic increase (Figure
2a), it was found that for VFHL tasks, there was no statistical
significance in the quality of handwriting after 9 weeks.
This could be due to the low sample size obtained for this
group. As for the VFHM tasks, the improvement for the
target group was not significant despite the training sessions
whereas the control group had significant improvement
(Wilcoxon signed-rank test, p < 0.01).

When learning involves both cognitive and motor sys-
tems, as is the case with handwriting skills, there is a
bidirectional interaction between cognition and action. This
interaction has been demonstrated in the area of embodied
cognition [55]. For instance, visual representations of hand-
writing tasks are linked to motor representation, where neu-
roimaging research demonstrated that visual handwriting
perception recruits motor systems that are usually dedicated

to executing a handwriting task [56]. Some studies with
young children have shown that overt, rather than just
passive, motor action further enhances letter perception [57].
The effectiveness of haptic guidance seems to be explained
through this interaction between cognition and motor sys-
tems where haptic guidance stimulates the the motor system
which eventually influences cognitive learning.

Even though the task completion time was included
in the performance analysis in previous studies involving
typical children [35], the handwriting experts were strongly
opinionated against using the task completion time to eval-
uate performance for children with learning difficulties.
Therefore, the task completion time was not recorded.

Although findings in this study were supported by sta-
tistical significance, a few limitations should be mentioned.
First of all, it must be noted that the recruited children
had different learning difficulties (cognitive and fine motor
delays). We anticipate the results might be slightly different
if participants had the same specific learning difficulty, such
as dysgraphia. Another limitation stems from the missing
data points during this longitudinal study caused by the
absence of some of the participants or lack of sufficient
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cognitive attention while performing the handwriting tasks.
Initially, 22 participants were recruited, however, data from
10 participants have to be dropped due to various reasons.
For instance, there were cases in which participation was
completely abandoned if the student was absent for several
training sessions due to personal matters. There were also
challenges while handling the participants, for example
children completed the task without proper cognitive atten-
tion or without showing sufficient involvement. All these
circumstances influenced the data collection process.

6 CONCLUSION

In this paper we presented a longitudinal study, aiming to
investigate the effect of haptic guidance in teaching hand-
writing to children with cognitive and fine motor delays as a
function of the complexity of the handwriting task in terms
of visual familiarity and haptic difficulty. Results demon-
strated that the effectiveness of haptic guidance depends
largely on the type of handwriting tasks. It was shown
that haptic guidance significantly improves motor function
of the handwriting skill for children with cognitive and
fine motor delays when the task is visually familiar and
haptically difficult. However, haptic guidance did not show
any significant improvement, and results in even worse
performance, for tasks that involve low to medium motor
complexity and for tasks that are visually unfamiliar.

As for future work, we would like to focus on a specific
learning difficulty such as children with attention difficul-
ties, dysgraphia, dyspraxia, or processing deficits. Further-
more, different haptic guidance methods such as partial
and disturbance haptic guidance will be examined for each
learning difficulty. For instance, it would be interesting to
find if disturbance haptic guidance would improve hand-
writing acquisition for children with attention difficulties.
The work reported here paves the way for such studies.
Finally, we plan to examine the effectiveness of haptic
guidance across different age groups.
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Fig. 3: sheets of the paper-based copy work.
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