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Background: Children with specific learning disorder (SLD) have some cognitive and postural stability problems
compared to typically developing (TD) children. Their single and dual-task gait performance may be affected
depending on these problems.

Research question: Are there any differences between the gait parameters of children with SLD and TD under
single- and dual-task conditions?

Methods: A comparative-descriptive study was conducted among 35 children with SLD and 33 TD children. All
participants were assessed for gait parameters using a custom wireless inertial sensor under single and dual-task
conditions. In the dual-task gait tests, there were the following tasks: to carry a glass of water and to tell apart the
color of the paper.

Results: The children with SLD exhibited gait deterioration in both single and dual-task gait (p < 0.05). Dual-task
cost cognitive values were higher in children with SLD (p < 0.05).

Significance: This study highlights the worse gait performance of children with SLD under single- and dual-task
conditions compared with TD children. However, interventions for their gait impairments are limited. At this
point, SLD specialists can focus on multitasking to improve their walking skills.

1. Introduction

Specific learning disorder (SLD) is a common neurodevelopmental
disorder that starts at school age and sometimes may not be recognized
until adulthood. Its prevalence in school-aged children varies between
5% and 15% [1,2]. According to the criteria of the Diagnostic and Sta-
tistical Manual of Mental Disorders 5th edition, SLD is an umbrella term
that covers difficulties in learning and using academic skills in one or
more than one areas (reading, writing, and mathematics) and is often
accompanied by delays in attention, language, and motor skills [2].

Cognitive impairment is an essential characteristic of children with
SLD [3,4]. In SLD, central executive functions [5] and especially work-
ing memory [6,7] are impaired. Executive function allows individuals to
take time to think and focus before taking action in case of new and
unexpected difficulties. It has three essential components: the ability to
shift between tasks (shifting), working memory updating, which is of

primary significance in daily tasks (updating), and selectively partici-
pating in stimuli and inhibiting strong responses (inhibition) [8]. These
components establish higher-order executive functions such as
reasoning, problem-solving, and planning [9,10]. Executive function is
essential for mental and physical health, quality of life [11], cognitive,
social, and psychological development, and success in school and life
[12]. Furthermore, there is a dynamic interference between executive
function and motor areas, which may lead to gait disorders, especially
during dual and multiple tasks [13].

Body balance during dynamic activities such as walking requires
integrating multiple sensory, motor, and attention resources [14]. A
possible impairment in the sensorimotor integration process due to de-
ficiencies in vestibular, visual, proprioceptive, and tactile information
causes weakened postural control [15]. Moreover, developing visual
and spatial sensory limitations lead to an incorrect body scheme in
working memory, executive function limitations in actualizing the
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activity, and ultimately postural control disorder [16]. Considering the
cerebellum’s role in sensory processing, factors that affect the devel-
opment of SLD have been recently associated with cerebellar deficits
[17]. All these sensory process effects and postural control deficiencies
in SLD may be associated with deterioration in basic motor skills such as
walking and balance [14].

The dual-task paradigm is commonly used to analyze cognitive-
motor interferences [18,19]. Performing two tasks simultaneously in-
creases the additional demand for executive function and postural
control [15]. This increase considerably affects the lower extremity joint
kinematics during ambulation [20]. Especially walking while perform-
ing a working memory task changes gait characteristics and leads to a
noticeably increasing gait variability [21]. This situation decreases gait
performance while shifting from single-task to dual-task conditions and
dual-task cost (DTC) [20].

We have not found any studies investigating the effect of single- and
dual-task conditions on gait parameters in children with SLD. It is
necessary to reveal the effects of additional tasks given while walking on
the gait performance of children with SLD. According to Suhaili et al.
[22], studies that compare children with SLD with typically developing
(TD) children in terms of dual-task performance are needed to determine
motor performance and functional mobility problems. Therefore, this
study aimed to reveal possible differences by comparing the gait pa-
rameters of children with SLD and TD children under both single- and
dual-task conditions (dual-task cognitive and dual-task motor). We hy-
pothesized that DTC and gait performance would be worse in single and
dual tasks in children with SLD than in TD children.

2. Materials and methods
2.1. Participants

Children aged between 6 and 17 years were included in this
comparative descriptive study for an easier understanding of motor and
cognitive tasks. The sample size was estimated using the sample calcu-
lation method. A priory analysis was conducted in G-Power 3.1.9.7
software to estimate the study’s sample size using the sample calculation
method [t-tests - Means: Wilcoxon-Mann-Whitney test (two groups)].
The power analysis of the effect size, which was accepted as d= 0.67,
revealed that at least 80% power was obtained at the 95% confidence
interval with at least 30 (total 60) participants in each group. Consid-
ering a 20% dropout rate, it was planned to include at least 72 in-
dividuals in the study. The study included 35 children with SLD (SLD
group) who regularly attended a support education program twice a
week in a special education institution and 33 age-matched TD children
(TD group). The simple random sampling method was used in sample
selection. Approval for the study was obtained from the Research Ethics
Committee (Protocol number: 03.07.2020/333). Before the study was
initiated, each parent or legal guardian read and accepted the informed
consent stating the aim and content of the research in line with the
Declaration of Helsinki.

2.2. Inclusion and exclusion criteria

The inclusion criteria for the SLD group were as follows: being aged
between 6 and 17 years (for both genders) and being diagnosed with
SLD.

The inclusion criteria for the TD group were determined in the
following way: being aged between 6 and 17 years (for both genders)
and being physically, mentally, and psychologically healthy. Further-
more, the participants were asked for a medical certificate from their
family doctor indicating they were healthy.

The exclusion criteria for the SLD and TD groups were as follows:
having any other acute/chronic orthopedic, neurological, or cardio-
vascular disorder that could affect the gait performance, having un-
dergone surgery within the last six months, having a hearing disorder
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that could not be eliminated with a hearing aid and visual impairment
that could not be eliminated with glasses, and having a body mass index
(BMI) value of 25 kg/cm2 or above.

2.3. Measurements

All participants’ demographic data (age, gender, height, and weight)
and dominant hand grip strengths were recorded. YEK collected de-
mographic data and performed grip strength assessments. ETH per-
formed gait assessments with G-Walk (G-Sensor, BTS Bioengineering S.
p-A., Italy). The spatiotemporal gait parameters (gait speed, cadence,
and stride length) and gait cycle parameters (gait symmetry index and
propulsion) were assessed [23].

G-Walk is a validated and reliable wearable wireless sensor device
with ICC values ranging from 0.799 to 0.977 in gait measurements of
children with neurodevelopmental disorders [24]. The device can assess
spatiotemporal parameters during walking by its accelerometer and
gyroscope. The device has a software. For data analysis, all measure-
ments are calculated based on an individual’s height and movements.
Therefore, prior to the assessment, the participants’ age (day, month,
year), height (cm), weight (kg), and leg length (cm) measurements were
entered into the software in this study. The sensor was fixed at L4-L5
intervertebral disc level on the participants’ clothing using a
semi-elastic belt. The participants were asked to walk as naturally as
possible on a 7-meter flat surface at their self-selected speed. The soft-
ware reported the data automatically.

Two physiotherapists with an average of 11 years of clinical expe-
rience performed all assessments following a standard protocol. ETH has
approximately five years of experience in gait analysis and dual tasks.
Moreover, both researchers have training certificates in cognitive
assessment. A decision on which researcher would perform the assess-
ments was taken at a meeting held before the study.

The formal test was recorded after a trial test. Short periods of rest
were allowed when needed (exhaustion, etc.). The researchers and
participants were not blinded in this study. The gait assessment under
single-task conditions did not include secondary cognitive or motor
tasks. Two different methods were used for dual-task gait assessments,
as described below. Both tasks were prepared without the need for any
reading, writing, or mathematics skills to eliminate differences in aca-
demic skills.

1. While walking, the participants simultaneously told the colors of the
cards. Seven 30 x 42 cm color cards (Rainbow colors: red, orange,
yellow, green, blue, navy, and purple) were used for this task. During
the task, the participants were asked to name the colored cards
(consecutively) held at eye level from the opposite side as quickly as
possible while walking. YEK showed the colored cards to the children
(dual-task cognitive) (Fig. 2A).

2. Carrying a cup (4 cm diameter; 90 g curb weight) of water that was
filled to 3 cm from the top on a tray while walking (dual-task motor)
(Fig. 2B) [25].

Dual-task activities, such as walking while talking on the phone,
require more attentional resources than single-task activities, such as
walking on a flat ground. In the transition from single-task to dual-task
conditions, the performance in each task making up the dual-task de-
creases. These performance decreases are called DTC [26]. In the study,
the DTC was calculated as the absolute value of the difference between
the scores of dual-task and single-task performances to measure the
participants’ dual-task abilities |DTC=dual-task performance —
single-task performance| [26]. Accordingly, higher DTC values indi-
cated the lower dual-task ability of the participants [19].

2.4. Statistical analysis

SPSS Version 26 (IBM Corporation, Armonk, NY) software program
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was used for statistical analysis. The Shapiro-Wilk normality test
assessed whether the data were normally distributed. The Mann-
Whitney U test was used in the group comparisons for gait (contin-
uous) variables (gait speed, cadence, stride length, gait symmetry index,
right propulsion, left propulsion) since the data were not normally
distributed. Gait (continuous) variables were presented as median
(IQR). Demographic (continuous) variables were given as mean
+standard deviation and median (minimum-maximum). Gender vari-
ables were expressed in numbers (percentile). The participants’ de-
mographic variables were compared by the Mann-Whitney U test or
Pearson’s chi-square test. p < 0.05 was accepted as a significant value.

3. Results

Eighty-two participants were contacted for the study, and 14 par-
ticipants who did not meet the inclusion criteria (SLD group; 12 par-
ticipants) and wanted to leave the study (TD group; 2 participants) were
excluded from the study. A total of 68 participants (35 in the SLD group,
33 in the TD group) with a mean age of 11.9 + 2.10 years and a mean
BMI value of 17.25 + 2.95 kg/cm? were included in the study. Fig. 1
shows the participant flow diagram.

No differences were found in the intergroup comparisons in terms of
age (U= 429.000, p = 0.065), height (U=466.000, p = 0.171), weight
(U=565.000, p = 0.878), BMI (U=456.000 p = 0.136), grip strength
(U=26.500, p = 0.712), and gender (x2 = 0.911, p = 0.340) (Table 1).

The SLD group had a significantly lower cadence (U=248.000,
p < 0.001), right propulsion (U=215.000, p < 0.001), and left propul-
sion (U=216.000, p < 0.001) when compared to the TD group under
single-task conditions. The SLD group had a significantly lower gait
speed (U=261.000, p < 0.001), cadence (U=129.000, p < 0.001), gait
symmetry (U=339.000, p = 0.003), right propulsion (U=157.500,
p < 0.001), and left propulsion (U=141.000, p < 0.001) than the TD
group under dual-task cognitive conditions. Moreover, the SLD group
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had a significantly lower cadence (U=217.000, p < 0.001), right pro-
pulsion (U=349.000, p = 0.005), and left propulsion (U=233.500,
p < 0.001) than the TD group under dual-task motor conditions
(Table 2).

The SLD group exhibited significantly higher DTC cognitive values
for gait speed (U=329.500, p =0.002), cadence (U=364.500,
p = 0.009), stride length (U=349.000, p = 0.005), and gait symmetry
(U=376.500, p = 0.014) than the TD group. Finally, there was no dif-
ference in all other DTC values between the two groups (p > 0.05)
(Table 3).

4. Discussion

In this study, gait characteristics and DTC values were compared
between children with SLD and TD children under single and dual-task
conditions. Supporting our hypothesis, both single- and dual-task gait
deteriorated in children with SLD. Additionally, children with SLD had
higher DTC cognitive values.

Postural stability is task-dependent, and higher-level postural control
requires adaptability to challenges of different gait tasks [27,28].
Therefore, this study investigated the effects of postural control disor-
ders on gait parameters in children with SLD using the dual-task para-
digm. Only one study assessed gait parameters in SLD but did not
include the dual-task paradigm. The study determined that the gait
speed of children with dyslexia was slower in very fast walking
compared to the control group. The study results were consistent with
our findings [29]. If gait parameters are impaired even in gait under
single-task conditions, the presence of gait differences is predictable in
more complex multitasking that requires multisensory input. Getchell
et al. [30] compared gross motor coordination with the dual-task
paradigm in children with and without learning disabilities. In com-
plex tasks, children with learning difficulties showed a developmental
delay in motor coordination compared to others [30]. Sensory input

Assessed for the eligibility
(n=

82)

[ Enroliment ]

Children with Specific Learning
Disorders Group (n=47)

Typically Developing Children
Group (n=35)

A 4

+ Not meeting inclusion criteria (n=12)
- BMI score 225 (n=12)

\4

+ Not meeting inclusion criteria (n= 0)
+ Declined to participate (n=2)

Analysis ]

Analysed (n= 35)
+ Excluded from analysis (n=10)

Analysed (n= 33)
+ Excluded from analysis (n=0)

Fig. 1. Flow diagram of the study design.
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Fig. 2. Dual-task gait assessments. A. Dual-task cognitive. B. Dual-task motor.

Table 1
Demographic data of the participants.
Groups U P
SLD (n = 35) TD (n = 33)
Mean+SD Median (min-max) Mean-+SD Median (min-max)
Age (year)" 10.77 £ 2.18 10.5 (8-15) 11.64 £1.95 12 (7-15) 429.000 0.065
Height (cm)" 142.86 + 14.52 142 (115-175) 146.48 + 13.21 148 (118-172) 466.000 0.171
Weight (kg)" 36.29 +9.85 35.5 (20.6-65.4) 37.01 +£11.74 34 (19-74) 565.000 0.878
BMI (kg/mz)" 17.61 £+ 2.96 17.63 (9.86-24.39) 16.87 + 2.94 16.15 (13.49-24.96) 456.000 0.136
Grip Strength (kg)" 17.44 £ 5.62 16.83 (10.66-30.33) 15.93 + 3.11 16.66 (12.66-19) 26.500 0.712
FemaleX n (%) n (%) %2 p
11 (31.4) 7 (21.2) 0.911 0.340

Y= variables are given as mean+standard deviation and median (minimum-maximum), Mann-Whitney U test was used; k — variables are given as number (%),
Pearson’s chi square test was used. BMI= Body mass index; SLD= Specific learning disorder; TD= Typically developing

deficits may explain the results obtained in the current study or the
cerebellar deficit theory claimed in previous research. However, these
results should be interpreted cautiously.

Postural control and gait have traditionally been considered auto-
matic tasks using minimal attentional resources. Recent studies have
shown that metacognitive domains such as attentional resources and
working memory are associated with postural control and gait [14,31].
Attentional resources are limited and need to be shared in dual tasks.
Sharing attentional resources decreases performance in each of the
concurrent tasks. It was reported that executive functions such as
working memory and attention, which are effective in performing
complex multitasking, were impaired in SLD [32]. In this study, when an
additional cognitive task was given to the SLD group, the performance
decrease in gait was higher than that of the TD group. This situation may
indicate that attentional resources shift from postural control to cogni-
tive tasks in children with SLD. However, the two groups were similar
according to DTC under dual-task motor conditions. We have a few ideas
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to clarify this. First, cognitive tasks are more complex than motor tasks
for children with SLD. In other words, cognitive tasks have more
attentional demands. Second, cognitive dual-tasks may have less auto-
maticity and a stronger correlation with the ability to walk and balance
compared to motor dual-tasks [33]. Legrand et al. [34] used the
dual-task paradigm with reading cognitive tasks and found that the
postural stability of children with SLD was worse than that of normal
children. Karabulut et al. [35] reported that children with SLD per-
formed worse than TD children in maintaining postural stability when a
simultaneous motor task was added instead of a cognitive task. Contrary
to the current study, they demonstrated that performing a concurrent
cognitive task with postural stability did not affect postural stability in
children with SLD. The difference between the results may be due to the
differences in the chosen cognitive task. Visual inputs are a significant
part of the movement and postural control. Using the visual cognitive
task instead of the verbal fluency task may affect postural stability more.
Gouleme et al. [36] stated that a change in visual information was
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Table 2
Comparison of single and dual task gait parameters between groups.
Condition Gait parameters Groups U P
SLD (n = 35) TD (n = 33)
Median (IQR) Median (IQR)

ST Gait speed (m/s) 1.120 (0.37) 1.150 (0.40) 541.500 0.659
Cadence (steps /min) 105.390 (20.06) 118.700 (14.43) 248.000 < 0.001 *
Stride length (m/s) 1.240 (0.39) 1.200 (0.30) 445.000 0.104
Gait symmetry index (%) 96.000 (2.80) 96.300 (1.75) 508.000 0.393
Right propulsion (m/s%) 7.300 (2.70) 9.700 (2.75) 215.000 < 0.001 *
Left propulsion (m/sz) 7.600 (2.20) 9.700 (3.40) 216.000 < 0.001 *

DTcognitive Gait speed (m/s) 0.800 (0.30) 1.190 (0.53) 261.000 < 0.001 *
Cadence (steps /min) 87.000 (22.51) 111.790 (10.31) 129.000 < 0.001 *
Stride length (m/s) 1.150 (0.37) 1.270 (0.61) 490.000 0.283
Gait symmetry index (%) 94.200 (8.30) 96.400 (3.40) 339.000 0.003 *
Right propulsion (m/s?) 5.800 (2.00) 8.400 (2.10) 157.500 < 0.001 *
Left propulsion (m/s?) 5.500 (2.30) 8.800 (2.65) 141.000 < 0.001 *

DTmotor Gait speed (m/s) 1.080 (0.43) 1.050 (0.26) 576.500 0.990
Cadence (steps /min) 107.310 (11.78) 119.130 (20.45) 217.000 < 0.001 *
Stride length (m/s) 1.190 (0.56) 1.060 (0.25) 420.000 0.053
Gait symmetry index (%) 96.200 (2.50) 95.600 (3.35) 473.500 0.202
Right propulsion (m/s?) 7.400 (2.20) 8.600 (2.10) 349.000 0.005 *
Left propulsion (m/s?) 7.000 (1.60) 9.200 (2.45) 233.500 < 0.001 *

Statistical significance, p < 0.05 * . Mann-Whitney U test was used. The variables are given as median (IQR). ST= Single-task; DTcognitive= Dual-task cognitive;
DTmotor= Dual-task motor; SLD= Specific learning disorder; TD= Typically developing. IQR= Interquartile range.

Table 3
Comparison of dual task costs between groups.
Condition Gait parameters Groups U P
SLD (n = 35) TD (n = 33)
Median (IQR) Median (IQR)
DTCeognitive Gait speed (m/s) 0.330 (0.62) 0.020 (0.38) 329.500 0.002 *
Cadence (steps /min) 17.560 (23.10) 7.570 (8.65) 364.500 0.009 *
Stride length (m/s) 0.165 (0.55) 0.090 (0.29) 349.000 0.005 *
Gait symmetry index (%) 2.000 (8.20) 0.500 (3.30) 376.500 0.014 *
Right propulsion (m/s?) 1.700 (2.40) 1.200 (2.20) 509.500 0.404
Left propulsion (m/sz) 1.500 (2.40) 1.200 (1.95) 478.500 0.224
DTCrotor Gait speed (m/s) 0.060 (0.42) 0.130 (0.28) 525.500 0.523
Cadence (steps /min) 0.580 (12.69) 0.380 (8.70) 577.000 0.995
Stride length (m/s) 0.080 (0.31) 0.150 (0.29) 546.500 0.704
Gait symmetry index (%) 0.700 (2.70) 0.100 (3.75) 442.000 0.096
Right propulsion (m/s?) 0.000 (2.30) 1.000 (2.65) 323.500 0.052
Left propulsion (m/s?) 0.300 (2.60) 0.800 (3.40) 425.500 0.062

Statistical significance, p < 0.05 * . Mann-Whitney U test was used. The variables are given as median (IQR). DTCcognitive= Dual-task cost cognitive; DTCmo-
tor= Dual-task motor; SLD= Specific learning disorder; TD= Typically developing. IQR= Interquartile range.

responsible for poor postural control in children. Such impairment was
more obvious in children with SLD, most likely due to their inability to
compensate for the sensory system via cerebellar integration.

Children with SLD have difficulties in specific academic skills such as
reading, writing, and calculating. One limitation of the study is that
diagnostic classification data for children with SLD were not specified
(their difficulties in reading, writing, or calculating) because there were
no records of the diagnostic classification in the special education
institution where the study was conducted. This limitation of the study
was partially overcome by designing the difficulty level of the cognitive
task selected in the study so that it would not make a difference for the
entire SLD population. Moreover, another limitation is that the sample
had a wide age range, including children and adolescents. Gait assess-
ment in more specific age groups may increase the reliability of results.
Another limitation of the study is that the researchers and participants
were not blinded.

Reading, writing, calculating, cognitive, and motor skills of children
with SLD can be developed with support training programs, and they can
be provided with opportunities similar to those of TD children in their
academic and daily lives. However, today’s support training programs
primarily focus on academic success. Unlike other studies in the litera-
ture, this study emphasizes that dual-task gait differences, which have
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not been investigated before, and decreases in gait performance under
cognitive dual-task conditions can occur in children with SLD.

In summary, the performance of children with SLD in dual-task gait
decreased compared to TD children. Therefore, multitasking training
should be included in the rehabilitation of children with SLD, and
attention should be directed to postural control and gait in multitasking.
Furthermore, it is recommended to focus on the sensories (visual,
vestibular, and proprioceptive), which affect the development of
postural control, in selecting tasks.
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