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Abstract: Gait is one of the examined functions in child development. It should be economical
and symmetrical. One test increasingly used by physiotherapists and pediatricians is asymmetrical
tonic neck reflex (ATNR). Physiologically, it is observed from in utero up to six postnatal months.
This reaction is inhibited with the growing maturation of the central nervous system (CNS). In some
children, when the natural process of development is incorrect, ATNR manifests later in life, when it is
observed as an automatic response of muscle tension to head rotation. Analysis of pelvis symmetry in
the gait of children with active ATNR is important for better understanding their specific movements.
In the gait of children with persistent ATNR, some variations are observed. The aim of the study
was to investigate the gait symmetry of preschool children and the influence of persistent ATNR.
Fifty preschool children with a trace form of ATNR were examined. The distribution of the gait
parameters was determined using a BTS G-SENSOR measurement instrument. ATNR negatively
influences pelvic obliquity and pelvic rotation (p < 0.01). Younger children have a statistically higher
symmetry index of pelvis obliquity in the examined group (p = 0.015). Boys obtain a higher result
of symmetry in pelvic tilt than girls in the group (p = 0.027). ATNR affects walking symmetry in
preschool children, thus evaluation of the reflex activity and then proper therapy is required to
support proper development.

Keywords: gait symmetry; pelvic symmetry; preschool children; neurodevelopment; asymmetrical
tonic neck reflex

1. Introduction

Gait symmetry is one of the determinants of proper child development. Some asymmetries are
normal for human movement, however some can be impacted for various reasons. For parents and
pediatricians as well as physiotherapists, the wide spectrum of factors influencing child development
should be known for proper movement analysis [1]. Persistent asymmetrical tonic neck reflex (ATNR)
is one of the factors that can impact child development. It has been found very commonly in healthy
preschool children. The most frequent type is the left side form of this reflex [2-5]. The activity of the
reflex during the motion gives some additional muscle tension response, which involves the central
nervous system (CNS) after reception of additional stimuli. The movement of the head, in people
with active ATNR, induces movement or muscle contraction in the limbs and trunk. This is especially
visible in closed-chain tasks. The head rotation provokes extension activity in the muscles of the limbs
and trunk at the face side and flexion muscle activity at the occipital side of the body. The grade of the
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response depends on the degree of primitive reflex (PR) activity. The more vital the reflex, the more
active the response, which is visible as increased muscle tone, even causing motion in the limbs and
the trunk [3,4].

The most studied symptoms connected with ATNR activity refer to learning difficulties such as
visual disturbances, poor stability of posture during sitting and writing, and large and small motor skill
delays or inadequacies [4,6-8]. Difficulties in riding a bicycle are also observed in children with ATNR.

The impact of ATNR on gait symmetry has not yet been studied, as far as the authors could
determine. Noticing the wide range of child developmental fields impacted by primitive reflexes (PRs),
the authors investigated if the walking pattern is also regulated by and dependent on the degree of PR
activity. Because gait is a complex motion, which involves the whole body, dependence on the reflex
reaction through muscle tension may influence gait parameters [1,3,9,10]. Thus, the aim of the study
was to find if there is an ATNR impact on the symmetry parameters of the gait. Moreover, we wanted
to check if there is a difference between two types of ATNR testing (in closed- and open-chain) taking
into consideration the correlation with pelvic symmetry index parameters.

2. Materials and Methods

The study was approved by the Wroclaw Medical University Ethical Committee and conducted in
accordance with the Declaration of Helsinki. All the parents of the subjects were kept informed of the
purpose and process of examination and subsequently gave their written consent prior to the study.

2.1. Participants

In the study, fifty children (30 girls and 20 boys) were examined. The mean age of the group was
5.5 (+0.5) years. The mean height of the participants was 100 cm (+10), and the mean weight was
17 kg (£3.4). The group had ATNR at different levels, from none to extreme activity, according to the
Goddard scale [11]. Parents reported neither pathological lower limb abnormalities at the time of
testing nor other musculoskeletal/neurological and/or cardiopulmonary conditions likely to influence
walking level.

2.2. Measurement of Asymmetrical Tonic Neck Reflex

The examination of ATNR was conducted in two different ways. The first test was executed in
quadruple position according to the Ayres recommendation, and the second in standing position,
using the Schilder test [12]. The Ayres test is taken in closed-chain, and the Schilder test is performed
in open-chain.

In the Ayres test, the child was asked to stay in quadruple position. The researcher turned his or
her head to the left and then to the right side. After turning the child’s head, the researcher observed
whether there was any change in upper limb position. The five-degree scale of reflex activity is: 0 for
full integration to 4 for maximum activity. The child with ATNR shows occipital-side elbow banding
from the mildest form, to elbow banding and shoulder banding with trunk rotation in the maximum
form of activity.

In the Schilder test, the child was recommended to stand straight, feet close together, arms flexed to
90 degrees, hands facing down. The researcher turned the child’s head to both sides slowly. During the
test, the arms follow the head if active ATNR is observed. Maximum points are given for turning the
whole body while the head is changing position.

2.3. Pelvis Symmetry Gait Parameters Measurement

The acquisition of the pelvis symmetry gait parameters was performed using a BTS G-SENSOR
measurement instrument (BTS Bioengineering Corp., Quincy, MA, USA). The device was equipped
with a Triaxial Accelerometer 16bit/axis with multiple sensitivity (+2, +4, +8, £16 g), a Triaxial
Gyroscope 16bit/axis with multiple sensitivity (+250, +£500, £1000, £2000 °/s), as well as a Triaxial
Magnetometer 13bit (+1200 uT). An inter-instrument correlation coefficient between 0.90 and 0.99
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and an intra-instrument coefficient of variation of <2.5% proved the G-Sensor to be suitable for the
assessment of physical activity [12-14].

The measurement of gait was conducted with the protocol for the walking test. Children were
asked to walk in their natural way four times over a distance of five meters. Children were walking
barefoot. The pelvis symmetry parameters that were analyzed were: pelvic tilt (S), pelvic obliquity (F),
and pelvic rotation (T).

2.4. Statistics

Statistical analysis was performed using IBM SPSS Statistics version 25 (IBM Corp., Armonk,
NY, USA). Arithmetic means and standard deviations were calculated for continuous variables. In order
to determine the relationship between quantitative variables, Spearman’s rho correlation analysis
was used. Mann-Whitney U test was used to compare two groups in terms of quantitative variables.
The chi-square test of independence was used to compare groups in terms of nominal/categorical
variables. The level & = 0.05 or & = 0.01 was used for comparisons.

3. Results

3.1. Profile of Asymmetrical Tonic Neck Reflex in Examined Group

Using the Ayres test to examine the activity of asymmetrical tonic neck reflex, the results show
that nearly 15% of examined children had no activity of the ATNR. In the Schilder test it was under 5%
of examined preschoolers. The biggest group of children in both tests had ATNR R pointed at 2 in
Ayres and 1 in the Schilder test. The results indicate that about 20% of the preschool children show the
maximum intensity of ATNR, in both tests. The results of asymmetrical tonic neck reflex tests in the
examined group of preschoolers are shown in Figures 1 and 2.

The correlation between the results of the Ayres test and the Schilder test was significant (p < 0.01).
Moreover, the correlation between gender and ATNR measured in quadruple position was significant.
Boys had higher results for ATNR than girls.

Ayres test
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Figure 1. The results of asymmetrical tonic neck reflex (ATNR) in the examined group in the Ayres test.
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Figure 2. The results of ATNR in the examined group in the Schilder test.
3.2. Pelvic Motion during Gait

The results of pelvic symmetry in means, maximum, minimum, and standard deviation of the
examined children are shown in Table 1.

Table 1. Range of motion, symmetry index and descriptive statistics of pelvic motion.

Pelvic Tilt (S)
L Side R Side
Back Tilt Front Tilt Range  Back Tilt Front Tilt Range  Symmetry Index
MEAN 1.8 0.9 2.8 1.9 0.9 2.8 55.2
MAX 3.3 3.3 51 3.3 3.8 6.5 99.3
MIN 0.6 0.1 1.1 0.4 0 0.7 52
SD 0.7 0.7 1.1 0.7 0.7 1.2 25.3
Pelvic Obliquity (F)
L Side R Side
Low Up Range Low Up Range  Symmetry Index
MEAN 2.9 2.9 5.8 2.8 2.9 5.8 95.1
MAX 9 8.3 17.3 7.8 9.2 17 99.5
MIN 0.7 0.6 1.6 0.7 0.4 1.7 55.4
SD 1.6 15 3.0 14 1.7 3.0 8.4
Pelvic Rotation (T)
L Side R Side
External Internal Range External Internal Range  Symmetry Index
MEAN 7.7 7.7 15.4 7.1 8.0 14.8 93.2
MAX 14.7 16.7 314 14.8 14.1 26.1 99.5
MIN 1.9 2.6 5.6 1.5 1.8 3.4 40.3

SD 27 3.0 53 3.2 29 6.1 10.5
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Moreover, the mean maximum and minimum range of the pelvic movement on the left and the
right sides is shown in Figures 3-5. The pelvic rotation had the highest mean range of movement and
the least had pelvic tilt. The least symmetry in the mean range of two sides movement of the pelvis
was observed in frontal plane. Clear difference is between maximum of high position of the pelvis in
the left and the right side.
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Figure 3. Pelvic tilt maximum and minimum range of movement. Left and right side comparison.

Pelvic obliquity (F)
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Figure 4. Pelvic obliquity maximum and minimum range of movement. Left and right side comparison.
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Figure 5. Pelvic rotation maximum and minimum range of movement. Left and right side comparison.

3.3. Correlation Between Asymmetrical Tonic Neck Reflex and Gait Parameters

Correlation analysis using Spearman’s rho coefficient was carried out to check the relationship
between gait parameters and persistent asymmetrical tonic neck reflex. Table 2 contains the results
of the analyses carried out. Statistically significant correlations are observed for ATNR and pelvic
obliquity as well as pelvic rotation. For ATNR Left Side measured both in closed- and open-chain,
the results are nearly statistically significant for pelvic rotation. ATNR R and ATNR L in all the
other results are strongly and moderately negatively correlated with pelvic obliquity and rotation.
The results show no correlation between ATNR and pelvic tilt.

Table 2. Spearman correlation between asymmetrical tonic neck reflex and gait symmetry index.

Gait Symmetry Index
Gait Parameters
Pelvic Tilt (S) Pelvic Obliquity (F) Pelvic Rotation (T)
ATNR R 0.048 —0.407 ** —-0.307 *
ATNR L 0.056 —0.430 ** —0.249
ATNR in standing R 0.053 —0.387 ** —0.384 **
ATNR in standing L 0.041 —0.341* -0.260

*p < 0.05;* p < 0.01.

3.4. Correlation between Age and Gait Parameters

To check whether age was related to gait parameters, a correlation analysis was performed taking
into account Spearman’s rho coefficient. The analysis shows that the pelvis symmetry parameters did
not correlate with age in the examined group.

Additionally, the respondents were divided into two age groups: children under 5 years of age
(n = 23) and above 5 years of age (n = 27). The results for gait parameters in both groups were compared
using the Mann-Whitney U test. Differences were observed between the two groups of younger and
older children in the parameter of pelvic obliquity (PO). Children under 5 years old have a statistically
higher symmetry index of PO in the examined group; Figure 6 and Table 3 displays the results.
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Figure 6. Symmetry index of pelvic tilt, pelvic obliquity, and pelvic rotation in examined children,
shown as mean according to age.

Table 3. Gait parameters comparison between the two groups of younger and older children.

Under 5 Years Old Above 5 Years Old 2
Symmetry U p n
M Me SD M Me SD
Pelvic tilt (S) 56.75 56.80 22.72 51.53 59.20 2725  267.50 0.528 0.01

Pelvic obliquity (F)  97.82 98.70 2.16 94.18 97.60 9.24 178.00  0.015* 0.12
Pelvic rotation (T) 94.60 97.80 8.03 92.83 97.30 1217 27250 0.595 0.01

M—mean; Me—median; SD—standard deviation; U—Mann-Whitney test results; p—level of significance; n2—effect
size; * p < 0.05.

3.5. Differences between Girls and Boys in Pelvis Symmetry Parameters

To determine whether girls and boys differed in terms of gait parameters, an analysis was carried
out using the Mann-Whitney U test. A graphic representation of the results for girls and boys is
shown in Figure 7. The most different results in these two groups are observed in the sagittal plane.
In addition, the standard deviations of the results are higher in girls. SD results in boys more closely
correspond to the mean in all pelvic movements.
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Figure 7. Symmetry index of pelvic tilt, pelvic obliquity, and pelvic rotation in examined children,
shown as mean according to gender

Detailed analysis of the results is presented in Table 4.

Table 4. Gait symmetry parameters due to gender of examined children.

Girls (n = 30) Boys (n = 20) 5
Gait Parameters u p n
M Me SD M Me SD
Pelvic tilt (S) 47.15 37.70 27.49 63.89 69.30 17.42 181.50 0.027 * 0.10

Pelvic obliquity (F)  97.17  98.50 3.53 94.03 97.60 10.09  201.50 0.072 0.06
Pelvic rotation (T) 92.13 97.30 12.88 95.87  97.60 4.29 286.00 0.935 0.00

M—mean; Me—median; SD—standard deviation; U—Mann-Whitney test results; p—level of significance; n%—effect
size; * p < 0.05.

The analysis showed one significant difference between the girls and boys examined.
This difference relates to symmetry in pelvic tilt (S). Boys obtain a significantly higher result for
this parameter than tested girls.

4. Discussion

Persistent primitive reflexes (PPR) co-exist with disturbances in child motor and posture
development [4,15]. Their activity indicates the level of neuromotor immaturity in children [6,16-18].
Some children with PPR are observed to move in a specific way during spontaneous play as well
as during gait. They have no neurological or musculoskeletal orthopedic impairments, but their
movement schema differs. The question is if their movement can be indicated just by muscle tension
caused by reflex response? Is the specific way that children with primitive reflexes perform walking
visible in the gait parameters?

The results of our research show that primitive reflexes, such as ATNR, if they persist, have a
significant impact on symmetry parameters in pelvis kinematics during gait. It seems that gait is
another field of child development which is impacted by ATNR. Previously, learning skills have been
studied, as well as eye-hand coordination and motor skills [2-4,19-23]. The kind of measurement that
we proposed was conducted for the first time, so there is no strict comparison with other research.
The most common gait analysis is conducted in children with scoliosis or cerebral palsy (CP) or in
adults with hemiplegia [24-30]. We have tried to compare some of the results, while keeping cautions.
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The most important correlation we have found was the dependence between asymmetrical tonic
neck reflex and pelvic kinematics. We have found that pelvic obliquity symmetry depended on levels
of ATNR activity. The children with a higher index of ATNR had a lower index of symmetry pelvic
obliquity. There was a significant correlation for all of the tests done. Both the standing test and the
quadruple test results correlated with symmetry pelvic obliquity. This means that checking ATNR
in open- and in closed-chain gives comparable results. Moreover, both the right and the left form of
ATNR have an impact on symmetry in the frontal plane of the pelvic kinematics during gait. We have
observed similar results for pelvic rotation symmetry. All results have a negative correlation to ATNR
level. The results for the right side of the ATNR were significant. We have found no correlation of
ATNR level with pelvic tilt. The explanation for these results can be based on the mechanical pattern
of the reflex. To describe it closer, we analyzed the movement of the body during the reflex response in
parts. During the head’s turn to the right, the right leg and arm moved to extension and at the same
time the left arm and leg moved to flexion. This kind of movement or muscle tenseness must impact
pelvic motion. Pelvic motion can be visible in various forms. A high level of reflex activity gives a
more obvious response in the form of body movement, especially in the limbs. A low level of reflex
activity leads to muscle tension, sometimes even invisible. The change in tension in some parts of the
body, in the example stated above, may determine the pelvic kinematics in terms of both the obliquity
and rotation. The pelvic kinematics are changed by additional movements of the limbs and trunk in
the response of the reflex reaction. This is obviously a model of pelvic behavior as an effect in the case
of persistent reflex. We know that more specific movement analysis is needed. Our observation is
described first and should lead to deeper analysis with different research devices. We can see the need
for wider analysis of the body’s reaction in the ATNR response in spontaneous child movement as well
as movement with a given task. For such observation, a tool for in-depth motion analysis is necessary.

Pelvis symmetry index in children is not evaluated as often. In the literature, we can find absolute
symmetry index (ASI) calculated, which is based commonly on foot loading [31]. As this is a different
method of checking symmetry in gait, it does not directly indicate pelvis symmetry. Asymmetry
in pelvic obliquity is very common in spastic cerebral palsy and scoliosis [24,32]. It is a parameter
observed in static position. The results are obvious, taking into consideration the severity of the
illnesses. In our study, children were symmetrical in clinical images but the asymmetries became visible
during movement. Manicolo et al. and Papadopoulos et al. conducted analyses of gait symmetries in
children with ADHD and developmental coordination disorders [31,33-37]. The authors show many
gait variables in these groups. Some of the spatiotemporal gait variables in ADHD children were not
different than in the control group [34]. These results show the disturbances in gait in such illnesses.

Performing further analyses in our research, we also divided children into two sub-groups by age.
The only statistically important difference we found between these groups was pelvic obliquity (F).
The symmetry in this parameter was higher in the younger group (under 5 years old) than in the group
above 5 years old. Smith et al. [38] also checked the gait parameters of normally developed children.
This work was conducted in South Africa. The children’s range of pelvis tilt was around 18 degrees,
and pelvis obliquity was around 6 degrees as well as pelvis rotation. In our group, we observed a range
of motion for pelvic tilt around 2.8 degrees, for pelvic obliquity 5.8 degrees, and for pelvis rotation
around 15 degrees. A very big difference in the results was found in pelvic tilt and pelvic rotation.
Can it be the result of ATNR activity? It is not so obvious. The differences may be rather enlarged by
the different races of examined children and are very intriguing for future investigation. The authors,
like us, compared gait parameters in two groups of children, in this case aged 6-8 years old and
9-10 years old. Smith at al.’s research shows minimum variation in the kinematic patterns of the pelvis
between the two age groups. There was no statistical difference in the results between the two groups.
As the authors took into consideration older children than in our research, the comparison cannot be
literal and this may be the next reason for such discrepancies.

In the sub-groups dependent on gender, we found a statistical difference in pelvic tilt (S) symmetry.
Boys obtain a significantly higher result for this parameter than tested girls. The differentiation in
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pelvic tilt symmetry between genders may also be connected with a difference in sagittal standing
posture between genders, such as pelvic tilt which is higher in girls than in boys [39]. The higher range
of motion makes the system more unstable, thus the results showing higher asymmetrical pelvic tilt in
girls is the consequence.

As there is little research connected with the gait symmetry index in normally developing
children, a wider comparison is not possible. Most of the studies focus on spatio-temporal gait
parameters, which is not the field of our study. Even if kinematic parameters are explored in some
studies, the symmetry index of pelvis motion has not been found by authors so far. The impact of
primitive reflexes on a child’s life is still being checked by different kinds of researchers in different
disciplines such as psychology, pedagogy, and physiotherapy, where some interventions are being
undertaken [38-43]. This demonstrates the importance of cooperation for child integral understanding
and support. The differentiation in gait patterns completes the child picture with primitive reflexes
in clinical images. This kind of child movement is usually described as clumsy. Our study may
introduce a reason for a specific way of moving. Movement in which the child cannot control the
movement of his or her limbs causes many problems. The child’s physically awkward behavior can
be incomprehensible for his or her entourage. Such analysis as that which we have conducted may
explain the child’s unwitting behavior as well as remind and emphasize how important it is to work
on the integration of primitive reflexes for a well-balanced child.

5. Conclusions

This research can bring important information for physicians, physiotherapists, and parents
taking care of children with certain developmental disturbances. The awareness of active primitive
reflexes contributing to misbalancing so many spheres of child development may be essential in the
decision-making process regarding the facilitation, management, modification, or elimination of each
sign of developmental delays.
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Abstract: Background: Primitive reflexes (PRs) are observed as an automatic response to a specific
stimulus. They are vivid from intrauterine life to 6 months postnatal. The reactions are inhibited with
the growing maturation of the central nervous system (CNS). In some cases, when the natural process
of development is incorrect, PRs manifest later. The analysis of differentiation in gait parameters
in children with persistent PRs is important for better understanding their specific behaviour and
movement. This study’s aim was to investigate the influence of active PRs on the gait parameters
of preschool children. Methods: There were 50 children examined, 30 girls and 20 boys. They were
3.5-6 years old. The children had persistent PRs in the trace form. Each child was examined by
S. Goddard'’s Battery Test. The acquisition of the spatial-temporal gait parameters was performed
using a BTS G-SENSOR measurement instrument. Participants walked barefoot, in the most natural
way for them, at a self-selected speed on a 5 m walkway, then turned around and went back. They
performed this twice. Results: The reflex activity influences gait cycle duration (p = 0.0099), the left
step length (p = 0.0002), the left double support phase (p = 0.0024), the right double support phase
(p = 0.0258) and the right single phase. Difficulties in recreating the crawling pattern and GRASP
reflex influence gait cadence (p < 0.05). The left GRASP reflex corresponds to step length (p < 0.05).
The activeness of the symmetrical tonic neck reflex correlates with the right single support (p < 0.05).
Conclusion: The presence of PRs affect walking gait in preschool children.

Keywords: primitive reflexes; children; spatio-temporal parameters; gait

1. Introduction

The phenomenon of an immature central nervous system (CNS) can be observed in
some preschool children. This is especially noticeable in the activeness of primitive reflexes
(PRs). PRs are an automatic response to a specific stimulus. They manifest in utero and
should have desisted by the sixth month of life. No activity of the reflexes is expected.
The reflexes are restrained due to the growing maturation of the central nervous system.
In some cases, when the natural process of development is incorrect, PRs can manifest
later in life. PR activeness is increasingly observed, even in groups of neurologically
healthy children [1-4]. In subjects with CNS injuries, such as cerebral palsy (CP), the full
range of PR reactions is visible. The trace form of PRs is observed in children, later in
life, usually of preschool or school-age and diagnosed, for example, as ADHD or specific
learning difficulties [1]. Primitive reflexes indicate the level of neuromotor immaturity in
children [5-7]. Some studies show the association of motor developmental delays with the
activeness of primitive reflexes (APR), along with posture development [4,8]. Children
with APR move in a specific way during spontaneous play and walking (gait). They have
no neurological and musculoskeletal impairments, but their movement patterns may be
affected by muscle tension caused by the reflex’s response [9]. The gait may be influenced
by many factors. The most obvious are injuries of the lower limbs or brain injuries, but
the subtle changes in the gait smoothness may also be noticed in children with gentle
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disturbances in brain activity, which may be observed in the activeness of primitive reflexes.
There are no previous studies of gait parameters in children with APR; however, gait
analyses in children with ADHD or CP are common and they are similar for comparison
purposes because it is proven that some PRs are also active in children with ADHD [10-12].

Gait factors such as duration (s), cadence (steps/min), velocity (m/s), step length (m)
and step length to height component, as well as gait cycle duration (s), step length (%),
support phase duration (%), swing phase (%), double support duration (%) and single
support duration (%) are usually analysed [13-16]. The surveying of the differentiation in
gait parameters in children with APR is important for better understanding their specific
behaviour and movement in preschool diagnoses and specialist medical diagnoses, but also
in the natural environment of the child. The patterns of the gait and spontaneous move-
ment of the child with APR are often described using qualitative and subjective methods
(e.g., descriptive method) [17-19]. Unfortunately, such a process does not allow for detailed
knowledge of the spatio-temporal variables in the gait cycle, so more precise analyses
cannot be performed without specific human movement analysis and the application
of devices.

Taking the above into consideration, the basic aim of the study was to investigate the
impact of primitive reflexes on walking gait.

2. Materials and Methods
2.1. Study Design

The observational study is part of the PRACS (Primitive Reflexes and All Children
Sphere) project. The project investigates primitive reflexes and their impact on the motor,
sensory, and cognitive development in preschool and school-age children. There are four
articles published from the project so far [20-22].

The research related to human use has complied with all relevant national regulations
and institutional policies, following the tenets of the Declaration of Helsinki. The study
was approved by the Wroclaw Medical University’s Ethical Committee KB-116/2019. All
parents of the subjects were kept informed of the purpose and process of examination and
had given their written consent prior to the study.

2.2. Definitions

Crawling—crawling pattern

PR—primitive reflexes

ATNR R and L—asymmetrical tonic neck reflex, right and left sides

ATNR in standing—ATNR examined by Schilder test

STNR FLX and EXT symmetrical tonic neck reflex in flexion and in extension
GALANT R and L—Galant reflex

TLR FLX and EXT—tonic labyrinthine reflex in flexion and in extension
MORO—Moro reflex

GRASP P and L—Grasp reflex, right and left side

2.3. Participants

Preschool children whose parents/guardians consented to the study were included in
the study. The inclusion criteria were communicativeness at the level of command under-
standing and proper motor and intellectual development of the child. The examination took
place in the preschool of the child in a known environment. The flow chart of participation
is shown in Scheme 1.
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Assessed for
eligibility (n=61)

Excluded (n=11)

Not meeting inclusion
criteria (n=2)
Declined to
participate n=4

Lack of parental
consent (n=5)

Analysed (n=50)

Scheme 1. Flow chart of participation.

Fifty children aged 3.5-6 years old were examined, 30 girls and 20 boys. The mean
age of the group was 5.5 (£0.5) years. The mean height of the children was 100 cm (£10)
and the mean weight was 17 kg (£3.4). The children had APR in trace form covering the
entire spectrum of intensity—from none to alarming, according to the S. Goddard scale [6].
The specific characteristics of the degree of PR activity, divided by gender, are presented in
Figures 1 and 2.

PR in boys group
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Figure 1. The scale of primitive reflexes (PRs) activity in boys. Percentage of crawling pattern
performance and the reflexes activity.
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Figure 2. The scale of primitive reflexes (PRs) activity in girls. Percentage of crawling pattern

performance and the reflexes activity.
Moreover, the characteristics of the children due to age are presented in Figures 3 and 4
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Figure 3. The scale of primitive reflexes (PRs) activity in younger children. Percentage of crawling
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Figure 4. The scale of primitive reflexes (PRs) activity in older children. Percentage of crawling

pattern performance and the reflexes activity.
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The percentage of PR occurrence in groups of gitls and boys is presented in Figures 1 and 2.
Of the boys, 75% achieved a higher score of PR activity. In the group of girls, this was
under 50%. The least integrated were the Galant Reflex (GR) and Moro Reflex (MR) in the
group of younger children, and Tonic Labyrinthine Reflex (TLR) and MR in the group of
older children.

There were two significant differences in the group of examined children. Boys had
higher scores in TLR in extension (EXT) than girls (p = 0.028), which means a higher level
of TLR activity, while younger children had Romberg with eyes closed at a higher activity
level (p = 0.038).

2.4. Measurement

INPP Battery Test by S. Goddard [6].

Each child was examined by S. Goddard’s Battery Test. The tests covered: Crawling,
Romberg test, Asymmetrical Tonic Neck Reflex (ATNR), Symmetrical Tonic Neck Reflex
(STNR), Tonic Labyrinthine Reflex (TLR), Galant Reflex (GR), Moro Reflex (MORO), Grasp
reflex (GRASP).

For establishing the primitive reflexes profile, the points of ATNR left and right, STNR
in flexion and extension, TLR in flexion and extension, GR left and right and MR were
summed up. The results were then divided into the activity of the reflexes in five levels:

0—no reflex activity;

1—low reflex activity;

2—medium reflex activity;

3—high reflex activity;

4—alarming reflex activity.

The testing protocol used followed Gieysztor et al. [4].

2.5. Spatio-Temporal Gait Parameters

For the acquisition of the spatial-temporal gait parameters, a BTS G-SENSOR (BTS
Bioengineering Corp., Quincy, MA, USA) was used. The instrument was equipped with
Triaxial Accelerometer 16 bit/axes with multiple sensitivity (+2, £4, £8, 16 g), Triaxial
Gyroscope 16 bit/axes with multiple sensitivity (£250, £500, 1000, £2000 °/s), as well as
Triaxial Magnetometer, 13 bit: (1200 uT). The G-sensor is suitable for assessing physical
activity, as shown by analyses of the inter-instrument correlation coefficient from 0.90 to
0.99 and the coefficient of variation between instruments <2.5% [16,23].

Before the measurement, each child performed the same exercises (warm-up) in order
to prepare better for the test. The measurement was performed in an environment known
to children. Body height and leg length (from the greater trochanter to the floor) were
measured prior to gait measurement which was performed by placing a wireless inertia
sensor on the lower lumbar region. The gauge was centred on the L4-L5 intervertebral
disc. Participants walked barefoot, in the most natural way for them, at a speed of their
choice along a five-meter pavement, turning and back twice. The raw data was then
processed using the Smart Analyser G-Walk (BTS Bioengineering, Quincy, MA, USA),
devoted software to calculate spatio-temporal parameters such as: cadence (steps/min),
velocity (m/s), step length (m), swing and double support phase duration (calculated as a
percentage of the gait cycle).

2.6. Sample Size Calculation

The study sample size (n = 50) was sufficient to achieve 80% power assuming the
correlation coefficient threshold being equal to 0.4, and the two-tailed alpha level-0.05
(calculation performed with the use of the G * Power 3.1.9.7.).
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2.7. Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics version 25. For continuous
variables, arithmetic means and standard deviations were calculated. Moreover, Spear-
man’s rho correlation analysis was used in order to determine the relationship between
quantitative variables. To compare two groups in terms of quantitative/ordinal variables
Mann-Whitney’s U test was used. The analysis of the results for the right and left side
gait parameters was made with the Wilcoxon labelled rank test. The chi-square test of
independence was used to compare groups in terms of nominal/categorical variables. The
level « = 0.05 was used for all comparisons. The power of the test was estimated using the
G * Power 3.1.9.4 program. for the analysis of correlation, with the assumed sample N = 50
and o = 0.05. The test power was 0.57. For the comparison of age groups, the power of the
test was 0.73.

3. Results

The gait results, such as means, standard deviations and medians of spatio-temporal
parameters of gait in the group were collected in Table 1.

Table 1. Spatio-temporal parameters of gait in children with APR.

Parameter Mean SD Median 95% CI
analysis duration (s) 44.8 10.6 43.7 41.7-4.7
cadence (steps/min) 136.6 20.7 132.8 130.7-142.6

velocity (m/s) 0.8 0.3 0.8 0.7-0.9
step length (m) 0.7 0.2 0.8 0.6.-0.9
% step length/height 65.8 213 69.3 60-72
gait cycle duration (s)
left 1.0 0.3 0.9 0.9-1.1
right 1.0 0.4 0.9 0.9-1.1
step length (%)
left 517 7.9 50.5 49.4-54.0
right 48.3 7.9 49.5 46.0-50.6
support phase duration (%)
left 66.7 4.1 66.4 65.5-67.9
right 65.6 44 65.4 64.3-66.9
swing phase (%)
left 33.3 4.1 33.6 321
right 34.4 4.4 34.6 34.5
double support duration (%)
left 194 21.7 15.7 33.1
right 15.4 3.3 15.8 35.6
single support duration (%)
left 34.4 39 34.0 33.3-35.5
right 33.9 4.1 33.7 32.7-35.1
steps analysed
left 9.1 5.1 8.5 7.6-10.5
right 9.5 5.5 9.0 8.0-11.1

CI—Confidence Interval; m—metre; m/s—metre per second; steps/min—steps per minute.

3.1. Gait Parameters and Retained Primitive Reflexes Correlations

Some of the reflexes influence most gait parameters. The coefficient of determination
R? was calculated for the model with one variable, in turn for each of the variables. The
percentage distribution is shown in Table 2. This summary shows that STNR FLX and
ATNR R in standing affect almost all of the spatio-temporal gait parameters.

In order to check the relationship between retained reflexes and gait parameters, an
analysis of Spearman’s rho was carried out.

The analysis showed a positive relationship between the duration of the gait and Tonic
Labyrinthine Reflex FLX. Cadence is negatively correlated with the level of reflex activity,
crawling and the GRASP reflex of the right hand. Children with higher levels of reflex
activity took longer steps during gait analysis. A longer step was observed in children who
had difficulty recreating the crawling pattern, while the right GRASP reflex increased.
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Table 2. Distribution of frequency in the influence of gait parameters by some of the examined
reflex factors.

Reflex Parameter Value of Influence Gait Parameter

STNR FLX 78%
ATNR R in standing 78%
MORO 67%

PR activity 67% all gait parameters
ROMBERG open 56%
crawling 44%
GALANT L 39%

STNR FLX-Symmetrical Tonic Neck Reflex in flexion; ATNR R in standing—asymmetrical tonic neck reflex (right
side) examined by Schilder test; MORO—Moro reflex; PR activity—Primitive Reflex activity as the sum of the
reflexes; ROMBERG open—Romberg test with eyes open; crawling—performance of crawling pattern; GALANT
L—Galant reflex left side.

The presence of the right GRASP reflex positively correlates with the duration of the gait
analysis. There is also a positive correlation between the left GRASP reflex and step length, and
a negative correlation between the left GRASP reflex and the right step length. In children with
left GRASP reflex, the left step is extended, while the right step is shortened.

The duration of the single right support phase correlates positively with the STNR in
extension. Children with a higher Symmetrical Tonic Neck Reflex EXT indicator have a
longer phase of single support on the right leg.

Tables 3 and 4 show the results.

Table 3. Spearman’s correlations between selected reflexes and gait parameters such as duration,
cadence, velocity, step length and proportion of step length and height.

. . . . % Step
Kind of Reflex/Test Analysis Duration Cadence Velocity Step Length Length/Height
crawling 0.140 —0.318* —0.120 0.020 0.062
TLR FLX 0.297 * —0.236 0.059 0.181 0.210
GRASP R 0.195 —0.300 * —0.147 —0.033 0.045

Level of PR activity 0.052 —-0.291 % —0.009 0.158 0.122

* p < 0.05; crawling—performance of crawling pattern; TLR FLX—Symmetrical Tonic Neck Reflex in flexion;
GRASP R—Grasp reflex right side; Level of PR activity—Primitive Reflex activity as the sum of the reflexes.

Table 4. Spearman’s correlations between selected reflexes and gait parameters are mostly divided
into left and right side. Gait time, step length, stance and swing phase time, double and single
support phase time, along with some of the primitive reflexes’ correlations are shown.

Gait Parameter/Kind of Reflex STNR EXT GALANTR GRASPR GRASPL
Gait time
left 0.130 —0.018 0.286 * 0.087
right 0.137 0.014 0.238 0.071
Step length
left 0.203 —0.218 0.245 0.325*
right —0.138 0.218 —0.245 —0.325*
Stance phase time
left —0.138 —0.094 —0.167 —0.166
right —0.093 —0.024 —0.187 —0.094
Swing phase time
left 0.138 0.094 0.167 0.166
right 0.093 0.024 0.187 0.094
Double support phase time —0.262 0.172 —0.148 0.006
Single support phase time
left 0.162 —0.136 0.156 0.065
right 0.289 * —0.097 0.083 <0.001

STNR EXT—Symmetrical Tonic Neck Reflex in extension; GALANT R—Galant reflex right side; GRASP R and
L—Grasp reflex right and left sides; * p < 0.05.
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3.2. Gait Parameters Divided into Two Groups Due to Age and Gender

An analysis of the correlation between age and gait parameters in the examined
children was performed. It showed significant relationships between the age and duration
of the double support phase (p = 0.005), the duration of the single support phase (right)
(p = 0.025), and the developed steps for the left and right legs (p < 0.03). In older children,
the duration of the double support phase is shorter and the number of steps smaller, while
the duration of the single support phase (right) is longer.

Gait parameters were also compared according to age. Children under 5 years of
age obtained a higher statistically significant result for cadence (p = 0.017), duration of
the double support phase (p = 0.005) and number of steps (p = 0.002). Older children
were statistically significant for a longer duration of the single support phase (right side)
(p = 0.011) and gait duration for the right side (p = 0.031). The differences in gait param-
eters between boys and girls were also calculated. The Mann-Whitney U test shows no
statistically significant differences between genders in the examined group.

4. Discussion

Searching new aspects of child development, working in new fields and using new
tools to understand children in the process of growing up is one of the goals of the PRACS
project. We analysed the neuromotor development of the children in the aspects of physical,
social and educational status [8,20-22,24]. The presented article shows the results of the
research connected with spatio-temporal gait parameters. The children with APR are often
perceived as those who cannot remain in one place for a long time. Their gestures are
chaotic, and often uncoordinated. Functionally they are still in the norm, but the manner of
execution is a bit different than typical. It seems this is because children with neuromotor
delay have central muscle stability impairment, which causes higher peripheral muscle
tension [21].

In this research, we evaluated the gait parameters in a group of typically developed
children within neuro-maturity disturbance cases, manifested in the persistence of primitive
reflexes. The gait analysis shows the next aspect of child functioning.

Symmetrical Tonic Neck Reflex FLX and Asymmetrical Tonic Neck Reflex R are very
common reflexes observed in the examined group. In the study, we found that the ac-
tivity of these two reflexes influenced almost all of the studied gait parameters (78% of
all analysed). This means that the persistence even of a single reflex can modulate the
parameters of walking gait in children. STNR is frequently observed in children with
ADHD symptoms [9]. It is known that these children have a specific way of moving,
i.e., ‘they usually are everywhere’. Their specific walk is sometimes described as uncoordi-
nated or clumsy. This effect may be explained by the results of our study. Moreover, seeing
the power of the cumulative effect of the reflexes on child functioning, we could predict
larger gait abnormalities when reflexes overlap each other, even if they are of very low
intensity. As such, our study covered many more PRs.

As mentioned above, the gait analysis of ADHD children can function as a measure of
comparison to our findings. This is because in the group of children with ADHD we have
found some variability of gait connected with the degree of PR activity, especially in terms
of step length or single support phase time. In children with neuro-maturity disorders,
the gait variability was observed by Manicolo et al. [25]. Their study exhibits irregular
gait patterns and greater variability in the timing of steps in children with ADHD. In
addition, the authors emphasize that the results may indicate a delay in puberty rather than
a permanent deviation from gait. They show that gait patterns tend to become more regular
with age. Referring to this statement, we would expect better regularity in gaits of children
with APR with age caused by growing maturation, as shown by Gieysztor et al. [26]. The
variability of gait is commonly observed in children with APR, as well as ADHD, and are
both popularly referred to as clumsiness. Some authors analysed the gait symmetries in
children with ADHD and developmental coordination disorders. Many gait variables in
these groups were observed by the authors, but some of the spatio-temporal gait variables
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did not differ from the control group [27-29]. These abnormalities are approximated in this
study, where we tried to indicate and name some differences in the movement patterns of
children with APR. More objective research is, however, necessary to describe variability
in clumsy behaviour. At the same time, we expect that our research will constitute a
springboard for the wider investigation of the neuro-maturity disorders manifested, for
example, in APR.

In our study, cadence was negatively correlated with the level of PR activity. Children
with a higher level of PR activity had lower cadence. Longer walking steps in those children
may be seen as clumsy, but this form of gait coexisted with difficulty in recreating the
crawling pattern. Papadopoulos et al. [28], who studied the gait of ADHD children during
self-selected fast speed, show that they had higher cadence and walked faster than the
control group. The examination shows some change in gait pattern, which corresponds to
a timing deficit. Dziuba et al. [15] conducted gait analysis in children with cerebral palsy
(CP), who usually exhibit PR at a higher level than children with neuromotor delays [30].
The results showed that the speed of the gait in some groups of children with CP does not
differ from healthy children, with some moving even faster. Then, there were the results
of children with mild CP and good overall functional status. This study underlines the
difficulty in comparing results, caused by the different forms of CNS damage. Another
research study conducted by Deconinck et al. [14] compared 10 subjects of Developmental
Coordination Disorder (DCD) to 10 typically developed (TD) children. They showed
shorter strides in both time and space during stepping. This gait pattern was characterised
by a higher frequency than their TD peers. In our study, the distance of the gait took more
time for children with higher TLR FLX. For this particular reflex activity, the result was
different than in the above-mentioned study.

Furthermore, in our study, we found that asymmetry in gait patterns is linked with the
occurrence of reflexes on one side. The results show that in children with the left GRASP
reflex, the left step is extended, and the right step is shortened. The muscle arousal in the
region of the upper limb can transfer tension in the region of the lower extremities. Another
difference in the results was the longer single support phase on the right lower limb in
children with a higher STNR EXT indicator.

ADHD-participants, in the study of Buderath et al. [23,31], presented gait and balance
abnormalities and deficient coordination of postural adjustments during tasks.

In our study, the analysis of spatio-temporal gait parameters due to the age of the
examined group shows the correlation resulting from the growth of children. In older
children, the duration of the double support phase was shorter, the number of steps smaller,
and the longer step and duration of the single support phase (right) longer. Comparing chil-
dren under and over 5 years of age shows significant differences in some spatio-temporal
gait parameters. The cadence and double support phase time, as well as the number of
steps, had higher values in the younger group. Moreover, gait duration time and single
support phase on the right foot had lower values in this group. Similar results describing
an older group of participants (5 to 13 years old) were obtained by Lythgo et al. [29]. They
assessed the gait in three different speeds and indicated the significant speed differentiation
between slow, free and fast conditions. The examined pupils walked 24% slower and 30%
faster than the free speed condition. The Lythgo et al. results encouraged us to conduct
the gait study in the group of children with APR in various conditions such as: speed,
environment, footwear. In this context, Moreno-Hernandez et al. [32] also provided some
suggestions. They argue that the variation in gait patterns may depend on the footwear.
The use of footwear resulted in an increase in speed, cadence, stride and stride length,
while the percentage of the support phase decreased. The authors also found no significant
differences between gender. The same results were found in our study.

All of the above-mentioned measurements were performed using various motion
analysis software. The available literature does not allow for a strict comparison of the
results due to the different methods of data collection; however, it paints a concrete picture
of the subject. The lack of studies analysing detailed primitive reflexes is the reason why
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it is difficult to compare the results. All studies used for discussion can only point to
similarities in the gait, but in spite of different points of view, the comparison cannot be
strict. Moreover, it is obvious that there are many more items that should be taken into
consideration in gait analysis [33].

Our study presents the significant influence of reflexes on walking gait in preschool
children. The findings can explain some abnormalities in the group of children with
neurodevelopmental delays. They are the first reports on the subject, which refer to
primitive reflexes. As PR can be observed in paediatrics, the findings can be important for
paediatricians and physical therapists working with developmentally delayed children,
as well as teachers and parents, and highlight a reason for the abnormal movements of
children. Knowing the cause of the walking abnormality, there is scope to expand the
treatment on primitive reflexes therapy with complex results. The study shows that PR
activity is worth examining, as it is much more meaningful than previously acknowledged.

Limitations of the study:

Gait analysis was based on time-space measurements of gait variables only. Such
analysis does not provide a complete picture of movement in children with active PR. Future
research is essential to assess changes in the pelvis, torso and skull during gait movement,
and ground responses due to reflex evaluation concerning Asymmetrical Tonic Neck Reflex,
Symmetrical Tonic Neck Reflex, Tonic Labyrinthine Reflex, Galant Reflex and Moro Reflex.
Such tests, however, provide clinical guidelines and extend the biomechanical knowledge
necessary to assess a child’s development and work on supporting its development. The
advantage of such an examination may be clinically viable and tangible.

5. Conclusions

The presence of primitive reflexes affects the spontaneous motion of children, as
expressed in their gait. Symmetrical and Asymmetrical Tonic Neck Reflex are the most
frequent reflexes whose activeness correlates with gait parameters. Taking into account
the impact of primary reflexes on a child’s motor skills suggests difficulties in neuromotor
maturation and may clarify the ‘bit weird” way of movement in children with neuromotor
disturbances. For practitioners, this may be valuable information for the diagnosis and
treatment of children with neurodevelopmental immaturity.
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Abstract: This study involved a comparison of the perception of developmental difficulties in a
child by the parents, the teacher, and through the child’s self-assessment. Based on the Institute for
Neuro-Psychological Psychology (INPP) questionnaire according to S. Goddard Blythe, three groups
were examined: schoolchildren, parents, and teachers. Each of them answered a set of 21 questions
and assessed the degree of occurrence of a given difficulty for the child on a scale from 0 to
4. The questions concerned psychomotor problems related to balance, motor coordination and
concentration, as well as school skills. In total, 49 questionnaires from children and parents and
46 from teachers were used for the study. The mean answer to each question was calculated within the
following groups: child—parent, child-teacher, and parent-teacher. The sum of the children’s answer
points was significantly higher than the sum of the parents” answer points (p = 0.037). Children
assessed their developmental difficulties more strongly than teachers, but this difference was not
statistically significant. The individual difficulties of the children were assessed significantly more
seriously or more gently than by the National Scientific Conference “Human health problems—causes,
present state, ways for the future” speeches by 44 teacher participants on 5 June 2020. Parents and
teachers also assessed the children’s difficulties significantly differently (p = 0.044). The biggest
difference in answers concerned the question of maintaining attention. The obtained results indicate
a significant difference in the perception of difficulties occurring in the same child by the teacher
and the parent. The child’s behavior in school and home environments may be different and,
depending on the requirements, assessed differently. Children perceive their difficulties much more
seriously than adults. Talking and the support of adults can make it easier for a child to overcome
developmental difficulties.

Keywords: children; adult; difficulties; disorders; coordination; focus

1. Introduction

The appearance of symptoms such as problems with maintaining balance; coordination problems;
difficulty with jointing together elements of running, jumping, throwing, and catching a ball; time-space
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orientation disorder; deep sensibility or kinesthesia (awareness of the arrangement of the body in space
and ability to repeat a set motor pattern) in a schoolchild is a clear sign of developmental difficulties
that should be considered by parents or legal guardians. Other indications include issues with reading,
writing, and mathematical abilities, such as counting and understanding of instructions [1]. All of the
aforementioned symptoms increase the risk of dyslexia and can be the reason for psychomotor and
social problems in adult life [2,3]. There are preliminary screening tests that enable early detection of
problems connected to learning and behavioral or emotional disorders in schoolchildren. These include,
among others, the Institute for Neuro-Psychological Psychology (INPP) questionnaire by Goddard
Blythe, which allows a profound examination of children in terms of the presence of psychomotor
disorders, which, in turn, can be a sign of neuromotor immaturity [4,5]. The use of a questionnaire
allows the selection of children who have trouble at school and children who have motoric problems,
which indicate disintegrated primitive reflexes [6]. Research with the use of the aforementioned
questionnaire was conducted by Grzywniak. According to the author, a child aged 6 or 7 years old
gains the neuropsychological maturity for school learning through a correct development and the
integration of the primary reflex within the central nervous system [2,4]. The methods of evaluation of
retained reflexes became the research objects of not only Goddard Blythe but also of Masgutova who
developed a rehabilitative and therapeutic system, Masgutova neurosensorimotor reflex integration
(MNRI), with a view to helping patients with neurological and cognitional disorders [5]. Both authors
in their methods acknowledge the importance of the incorrect work of structures responsible for the
equilibrium and coordinative abilities of the child (cerebellum and central nervous system) in contrast
with neonatal reflex [1].

The use of the INPP questionnaire can determine which children have school and motor problems,
indicating disintegrated primary reflexes.

Research concerning the perception of difficulties in children is extremely important for both the
parent and teacher perspective, and most importantly the children themselves. An adult becomes a
witness of the everchanging influence of the environment, that is the school or home, on the behavior
of a schoolchild. The foregoing problem arises because of many factors, e.g., the parental attitude,
overprotectiveness of the parents or a liberal upbringing style, peer contact, emotional experiences,
teacher competences, and the methods of knowledge transfer. Different attitudes will be observed by
a parent in a house where the child feels much more at ease and has a greater sense of security and
acceptance and a possibility to release emotions in contrast with teacher observations in the school
environment where there are top-down rules and time frames regarding the length of the lessons or
breaks. With the use of the screening test and observation, the teacher is able to recognize the children
with psychomotor disorders [1]. The early pedagogical diagnosis gives the opportunity to take further
educational and, if there is such a need, therapeutic steps [4].

The aim of this study was to compare the perception of a child’s developmental difficulties
by the parents, a teacher, and through the child’s self-assessment based on an analysis of the
INPP questionnaire.

2. Materials and Methods

2.1. Examined Group

A total of 68 children took part in the research. For comparison, a number of questionnaires
were completed; 49 were filled out by children, 49 by parents (72%), and 44 by teachers (74%).
A greater number of questionnaires was taken into consideration for the possibility of comparison
depending on the analyzed group. Each pupil was rated thrice—by a parent, a teacher, and through
the pupil’s self-assessment.

The first treatment group counted 49 children (21 girls and 28 boys). The average age was 8 years.
The youngest pupil was 6 years old, and the oldest was 12 years old (SD = 1.63; MED = 8.0; MOD = 6).
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All of the participants were elementary students. The second group was formed of parents, and the
third of teachers.

2.2. Questionnaire

The research was conducted with the use of the INPP screening test by S. Goddard Blythe.
It comprises 21 questions for which the answers are given on a 5-grade scale (0—4) where 4 means that
the disorder is present to a great extent and 0 means a lack of the disorder [7-9].

In the questionnaire, each of the groups had to determine on a scale from 0 to 4 the degree
of difficulty with which the child copes in day-to-day life. Among them, concentration problems;
problems with sitting still, writing, or reading; easy distraction; and motor problems such as swimming,
bike riding, or coordination can be distinguished.

Moreover, every child’s result was summed up and categorized into levels, where the larger the
sum of the point, the greater the disorder. The aforementioned scale can be seen in Table 1.

Table 1. The scale of disorder assessment.

Sum Level Degree of Disorder

0 0 no disorder

1-21 1 present to a minimum degree
22-42 2 present to a moderate degree
43-63 3 present to a great degree
64-84 4 present at a very high intensity

2.3. Statistical Methods

Statistical analysis was performed using IBM SPSS Statistics version 25 (IBM Corp., Armonk, NY,
USA). Means, standard deviation, and medians were calculated. The Mann-Whitney U test was used
to compare the two groups in terms of quantitative/ordinal variables. The level ox = 0.05 or & = 0.01 was
used for comparisons. The effect size was calculated using eta-squared for the Mann-Whitney U test.

3. Results

The results were analyzed in three subgroups: child—parent (Table 2), child—-teacher (Table 3),
and parent-teacher (Table 4). Tables 2—4 show the distribution of the average of particular answers
to questions between the groups. Statistically significant differences are highlighted in red. In the
child—teacher comparison, 10 of the answers show this feature. Similarly, in the parent-teacher group,
the answers vary significantly in 10 cases. In the last child—parent column, there are six differences in
grading particular difficulties that are statistically significant

Table 5 shows a comparison between the average sums of results and the sum of levels, and the
calculated average score in the subgroups. The number of given answers differs significantly. It is the
most noticeable in the parent-teacher subgroup where the averages and the division into levels are
substantially apart. The parents often assessed the children’s troubles at the first level. Eight pupils
more were classified as that level by the parents than those classified as that level by the teachers.
The teachers scored the children’s troubles higher, and the children were classified as the second level
more by the teachers than by the parents. The difference in the sum of the points is 6.16 (0.57 for
the child—teacher subgroup; 5.32 for child—parent). In this group, there is also the greatest difference
between the levels, that being 0.38 (child—-teacher 0.08; child—parent 0.26). In the remaining groups,
the answers are the same or differ insignificantly in at least two aspects.
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Table 2. The distribution of responses in the child—parent group.

Children (n = 40) Parents (n = 40)
Questionnaire M Me SD M Me SD U p n?

1.Inability to sit still 1.2 1 1.2 1.1 1 1.2 786 045 0.00
2.Attention problems 1.3 1 1.3 1.1 1 1.1 753 0.33 0.00
3.Easy to distract 1.6 1 14 14 1 1.1 740 0.28 0.00
4.Coordination problems 1.0 0 14 0.8 0 1.1 780 0.35 0.00
5.Incorrect grip 0.9 0 1.3 0.7 0 1.1 744 0.30 0.00
6.Incorrect sitting posture 1.0 1 1.2 1.1 1 1.1 739 0.28 0.00

7 Difficulty catching the ball 1.2 1 1.2 0.8 0 1.2 660  0.09 0.02
8. Difficulty learning to swim 14 1 15 0.8 0 1.1 642 0.06 0.03
9.Diffiiculty riding a bike 0.5 0 1.2 0.2 0 0.8 701  0.17 0.01
10.Travel sickness 1.1 0 1.5 0.5 0 1.0 638 0.06 0.03
11.Reading problems 14 1 14 0.8 0 1.1 589 0.02  0.05
12.Writing problems 1.2 1 1.2 0.9 0.5 1.1 697 0.16 0.01
13.Rewriting problems 0.9 0.5 1.2 0.7 0 1.1 718 022 0.01
14.Math problems 1.1 1 1.2 0.5 0 1.0 546 0.00 0.08
15.Spelling problems 14 1 14 1.1 1 1.2 713 0.16 0.01
16.Rearranging numbers or letters 0.7 0 1.0 1.0 1 1.2 692 0.15 0.01
17 Difficulty reading the time 15 1 1.6 1.1 0 14 669 0.08 0.02
18.Difficulty multi-tasking 0.9 0.55 1.0 0.9 0 1.2 818 049 0.00
19.Recurring headaches 1.0 1 1.1 0.2 0 0.7 437 0.00 0.15
20.Frequent fatigue 1.1 1 1.1 0.6 0 1.0 570 0.01  0.06
21.Clear agitation 1.2 1 1.3 1.0 1 1.1 767  0.37 0.00

Sum 23.3 23 132 173 16 121 681 0.05 0.02

Level 1.6 2 0.6 14 1 0.7 616 0.04 0.04

* Statistically significant values are marked in red.

Table 3. The distribution of responses in the child-teacher group.

Children (n = 44) Teachers (n = 44)

Questionnaire M Me SD M Me SD U p n?
1.Inability to sit still 1.18 1 117 152 1 1.62 909 031 0.00
2.Attention problems 1.34 1 122 257 3 144 506 0.00 0.15
3.Easy to distract 1.66 1 141 257 3 144 637 0.00 0.09
4.Coordination problems 0.78 0 1.19 0.25 0 094 725 0.02 0.05
5.Incorrect grip 0.75 0 1.14 134 1 124 680 0.01 0.07
6.Incorrect sitting posture 1.07 1 125 143 1 142 836 0.14 0.01
7 Difficulty catching the ball 1.18 1 1.23  0.80 0 119 854 0.05 0.01
8.Difficulty learning to swim 1.43 1 1.55  0.09 0 0.60 471 0.00 0.20
9.Diffiiculty riding a bike 0.57 0 1.23  0.09 0 060 795 0.07 0.02
10.Travel sickness 1.23 0 1.57  0.32 0 1.03 610 0.00 0.10
11.Reading problems 1.25 1 128 143 2 1.39 905 030 0.00
12.Writing problems 1.05 1 116 145 1 125 782 0.06 0.03
13.Rewriting problems 0.89 1 1.19 130 1 119 745 0.03 0.04
14.Math problems 1.12 1 1.19 120 1 111 945 036 0.00
15.Spelling problems 1.46 1 128 132 1 120 945 036 0.00
16.Rearranging numbers or letters  0.68 0 093 0.64 1 081 958 047 0.00
17 Difficulty reading the time 1.46 1 153 025 0 0.89 514 0.00 0.16
18 Difficulty multi-tasking 0.82 1 099 1.50 1 134 868 0.04 0.01
19.Recurring headaches 0.87 1 1.05 0.09 0 060 474 000 0.19
20.Frequent fatigue 1.14 1 112 0.98 0 121 81 015 0.01
21.Clear agitation 1.18 1 1.30 1.52 1 1.70 926 036 0.00

Sum 23.1 23 126 2270 22 13.30 1003 0.27  0.00

Level 1.61 2 0.65 1.90 2 073 794 0.07 0.02

* Statistically significant values are marked in red.
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Table 4. The distribution of responses in the parent-teacher group.

Parents (n = 38) Teachers (n = 38)

Questionnaire M Me SD M Me SD U p n2
1.Inability to sit still 1.13 1 123  1.66 1 1.60 591 0.09 0.03
2.Attention problems 1.11 1 1.03 2.68 3 142 284 0.00 0.27
3.Easy to distract 1.32 1 1.09 2.68 3 142 329 0.00 0.22
4.Coordination problems 0.76 0 1.08 0.29 0 1.01 49 0.01 0.07
5.Incorrect grip 0.61 0 1.00 1.40 1 1.31 462 0.00 0.10
6.Incorrect sitting posture 1.08 1 112 140 1 137 640 020 0.01

7 Difficulty catching the ball 0.84 0 1.15 0.87 0 1.26 715 0.47 0.00
8. Difficulty learning to swim 0.79 0 114 011 0 065 463 0.00 0.10
9.Diffiiculty riding a bike 0.21 0 0.81 0.11 0 065 685 035 0.00
10.Travel sickness 0.51 0 1.02 037 0 1.10 602 0.14 0.02
11.Reading problems 0.79 0 1.04 155 2 145 517 0.02 0.06
12.Writing problems 1.00 1 1.16 1.53 2 1.31 557 0.04 0.04
13.Rewriting problems 0.76 0 1.15 1.37 1 1.26 504 0.01 0.07
14.Math problems 0.58 0 1.08 1.32 1 1.14 431 0.00 0.12
15.Spelling problems 1.21 1 128 1.29 1.5 129 697 040 0.00
16.Rearranging numbers or letters 1.05 1 1.18 0.66 1 0.85 604 0.11  0.02
17 Difficulty reading the time 111 0 145 0.26 0 095 485 001 0.08
18.Difficulty multi-tasking 0.90 0 125 1.66 1 1.36 462 0.00 0.10
19.Recurring headaches 0.24 0 0.68 0.11 0 065 649 022 0.01
20.Frequent fatigue 0.55 0 095 092 0 122 613 0.13 0.02
21.Clear agitation 1.00 1 1.09 145 1 164 648 022 0.01
Sum 1753 165 1217 23.66 22 1391 503 0.01 0.07

Level 1.29 1 0.65 1.71 2 073 489 0.01 0.08

* Statistically significant values are marked in red.

Table 5. The average sum of results and levels.

Child Teacher Parent Teacher Child Parent

Average sum

23.3 2273 175 23.66 20.16 14.84
of results
Level 0 * 0 0 2 0 6 10
Level 1 2 19 25 17 2 26
Level 2 19 23 9 19 18 11
Level 3 3 0 2 0 3 2
Level 4 0 2 0 2 0 0
Average 1.57 1.65 132 1.70 1.36 1.1
levels

* Degrees of disorders are described as “levels”.

3.1. Child-Teacher Subgroup

In order to compare the answers in the child—teacher group in detail, 44 questionnaires were
analyzed. The results are presented in Figures 1 and 2.

The charts show the layout of the children’s and teachers” answers. There are clear differences
between the perception of the problems that the child struggles with (Figure 1), especially in questions
1,2, and 3. They touch upon the abilities concerning difficulties with sitting still and keeping attention
and the child’s ability to stay focused.



J. Pers. Med. 2020, 10, 156 60f11

| child (n = 44)

45 +
4 (- -lllllll-l-l-l -Il
‘ "4
’ 3
. v
I 1
| u0

3
12345678 91011121314151617 1819 20 21

o0 O

3
2
2
1
1

O o O O O O

o

Figure 1. Answers given by the examined children.

The teachers marked levels 3 and 4, which are “present to a great degree” and “present at a
very high intensity”, more frequently, while the children were more likely to give 0, 1, or 2 points
(Figure 2). The opposite was observed for questions 4, 5, 8,9 10, 17, 18, and 19, where teachers marked 0.
The questions concerned motor abilities, coordination, motion sickness, the ability to read the analogue
clock, and headaches. All of the aforementioned differences are statistically significant (p < 0.02).
Differences in answers to question 1 are not statistically significant. Moreover, the comparison of the
sum of the points and levels is also not significant (p > 0.05).
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Figure 2. Answers given by the teachers.
3.2. Parent-Teacher Subgroup

In this group, there were 37 analyzed questionnaires.

In the comparison of the parent—teacher group’s answers, there are differences between the
answers to questions 2, 3, 4, and 8, where the teachers marked many more 4s than the parents (Figure 3).
Those questions were related to motor coordination.
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Figure 3. Answers given by the teachers.

For the question concerning reading the time, the teachers marked 0 most of the time, in contrast
to parents who marked the 0-3 answers (Figure 4). In questions 11, 13, 14, and 18, the parents marked
lower answers (0 and 1) much more frequently than the teachers. These questions concerned the issues
of writing, rewriting, and mathematical abilities. Question number 18 touched upon headaches. All of
the parameters and the comparison of the sum of points and levels show great statistical importance.
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Figure 4. Answers given by parents of examined children.
3.3. Child—Parent Subgroup

In this group, there were 49 analyzed questionnaires.

In the child—parent group, the answers differ the most for questions 17, 18, 19, and 20 (19 and 20,
p < 0.05), where the parents more commonly gave answers of 0 (Figure 5). The questions concerned
reading the time, maintaining attention, headaches, and fatigue. Parents seldomly marked 4 (present
at a very high intensity). Furthermore, there are statistically important differences when it comes
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to questions 8, 10, 11, and 14. These questions touched upon swimming, motion sickness, reading,
and mathematical abilities, respectively.
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Figure 5. Answers given by parents of examined children.

The children’s answers indicated that they have more difficulties with the aforementioned areas
than their parents acknowledge (Figure 6). The comparison between the average sums of the points
and levels shows great statistical significance (p = 0.04 and p = 0.03).
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Figure 6. Answers given by examined children.

4. Discussion

The results of our research show that the answers in the parent-teacher group differed substantially
in many aspects. The biggest difference was found for the answers given to the question concerning
keeping attention, where the provided scales differ by 2 degrees. The results present a significant
difference in the way that parents and teachers perceive a child’s abilities. The difference of the
teacher’s and the parent’s assessment where the child’s answer is similar to the teacher’s answer might
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be a result of a parent’s limited awareness concerning the child, who is in a situation that demands
focused attention during the class. However, the similarity between the child’s and the parent’s
answers and substantially different teacher’s answers might suggest that the teacher perceives the
child to be in a difficult situation in the school environment. Different scores in the answers may
also reflect the different expectations of the teacher, the child, and the parent. The difference might
moreover suggest that the child behaves differently at school than he/she behaves at home. Significant
differences appeared in the answers to the questions concerning the child’s ability to catch a ball and
the frequency of headaches. There was an incompatibility between the child’s answer and the parent’s
answer concerning this issue. The children more often graded themselves higher in the answer to
the question about catching the ball and lower when it comes to the answer concerning headaches.
This might indicate the children’s understated self-esteem and concealment of experiencing pain
such as headaches, or it might suggest a lack of knowledge about how to qualify the frequency of
their condition.

Similar research was previously conducted involving parent-teacher groups. There were also
studies conducted with the use of other tests in a form of the questionnaires SRD-6, SPE_R, and the
SPE IBE scale. The results of our study, however, showed that the teachers’ observations are far more
adequate than the data obtained by the use of the questionnaires mentioned above [1]. However,
the INPP questionnaire focuses in particular on the children’s difficulties, and it is proven to be an
accurate and precise research tool [6]. Furthermore, there are studies that compare groups of children
with groups of adults in general, for instance, children who are hospitalized, the nurses who are taking
care of them, and the children’s parents. These studies show that the children, though being under
their parents” custody by law, should have the possibility to be consulted about and take an active part
in adjusting the treatment they are undergoing, and they should be allowed to receive the information
concerning their medical condition [10,11].

The differences in the perception of children’s problems can lead to misunderstanding and create
a stressful situation between parents and teachers. However, it could be reduced by analyzing the
results of the research conducted with the use of the INPP questionnaire [4]. This allows us to initially
discover the children’s difficulties. With the use of the questionnaire, both the parents and the teachers
are able to check which aspects of their children’s life they should focus on more and whether the
child is in a need of deeper analyses and further diagnosis. This tool can easily limit the problems
that the child deals with and suggest therapeutic steps that will inhibit the progress of the problem
in the future. The therapeutic activity and further diagnosis can show the child’s autism disorders,
which also are the cause of a child’s problems at school and at home [12]. The observation and the
reduction of a risk of further progress of dyslexia, problems reading and writing, and other symptoms
of language disorders, at an early stage, can eliminate negative consequences that would appear later
on [1]. The difficulties might be caused by the survival of the primitive reflexes [6]. They might
indicate that the child suffers from mental problems [13]. They could also be an effect of the collision
between home and school environment [14]. The atmosphere of home and the atmosphere of school
differ substantially. They consist of different components, such as peers, teachers, parents, siblings
who simultaneously influence the child’s behavior [15]. To engage in a dialogue about the differences
in perceiving children’s difficulties enables us to make better decisions concerning the form of help
that the child should receive.

Moreover, other factors that influence the rate of a child’s difficulties should be taken into
consideration too. Some other decisive factors that influence the child’s difficulties include
financial situation; parents’ educational background; living conditions; access to knowledge, science,
and information; and state of health [16]. All of them should be analyzed in a dialogue between the
teacher, the parent, and possibly the child [10,11].

The main limitation of this study is that small groups were used for the INPP test. Future work
could involve a larger group of children with neurological disorders, thus providing information about
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the children’s and adults” perception of the children’s developmental difficulties [1]. Future study
could also include a sociological interview to determine the parents” wealth and education.

The conversation about developmental problems between children and the people who support
their development should lead to developing the best tactic on how to act in school and home
environments. The cooperation between parents and teachers is necessary in order to achieve
maximum results while taking into account the child’s individual needs too. This also enables objective
comparison of information provided by both of these sources.

5. Conclusions

The presented research concerning parents’ and teachers’ perceptions of children and the children’s
self-assessment enabled us to draw the following conclusions:

1. Teachers notice children’s problems with concentration and distraction during the classes
substantially more often than the children themselves.

2. Teachers notice writing and copying problems and issues with math skills more often
than parents.

3. Children notice their own physical coordination problems and trouble with concentration more
often than parents do.

4. Children are perceived differently by their parents, their teachers, and by themselves. Something
that is perceived as troublesome by children is not always perceived as problematic by parents
or teachers.

The presented conclusions might provide an important reference both for parents and teachers.
The integration and support for both of these communities is the key to success in the proper perception
of a child in daily life [17].
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Abstract: The aim of the pilot project was to research relationships between the occurrence and level
of intensity of primitive reflexes in primary school children, the ability to read an analogue clock
and to tell the time. A group of 28 children (14 girls and 14 boys) who attended Montessori Primary
School was examined. In the first stage, participants were assessed for the presence of five primitive
reflexes (PR): the asymmetrical tonic neck reflex (ATNR), symmetrical tonic neck reflex (STNR), spinal
Galant reflex, tonic labyrinthine reflex (TLR) and Palmar grasp reflex. Romberg’s test was employed
to identify signs of difficulties with control of balance and/or proprioception. In the second stage,
pupils underwent tests that challenged their ability to read a clock and calculate passing time. After
summing up points obtained for all tests, a correlation coefficient was made from which the results
were derived. There is a negative correlation between the ability to read an analogue clock and the
continued presence of some primitive reflexes. Lower neuromotor maturity (higher points of PR)
correlates with lower ability to read a clock. The highest correlations between difficulty with telling
the time were found with persistence of the STNR, ATNR and Romberg’s test.

Keywords: children; primitive reflexes; clock; dyscalculia; developmental disorders; neuromotor
development

1. Introduction

Primitive reflexes (PR) are an important index of children’s neuromotor maturity. They
are examined after birth when their relative strength indicates normal development of
the central nervous system (CNS). The reflex reactions are linked to early spontaneous
movements and children’s psychomotor development is closely linked to the sequenced
time of activity, inhibition and integration of individual reflexes. Brain stimulation from
sensors and movement activity combined with the normal process of maturation facilitates
the appropriate development of different stages of growth [1].

Primitive reflexes emerge from 9-12 weeks after conception and are observed in babies
born at full term (40 weeks) [1-4]. They are mediated in the brain stem. Between the 6th and
12th month as a result of maturation of the central nervous system, their activity gradually
recedes as postural reflexes emerge alongside the development of more advanced motor
activities [1]. Postural reflexes provide a foundation for further psychomotor development
of the child. They support subconscious control of posture and balance [2], taking up to
three years of age to be fully developed. A delay in occurrence of a particular reflex reflects
immaturity in the functioning of the CNS and can interfere with the child’s psycho-motor
development. The activity of primitive reflexes is closely linked to the later emergence of
postural reflexes and vice-versa, which in turn can interfere with a child’s ability to interact
physically with the environment [5].
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Gradually, as primitive reflex response is superseded by postural reflexes and in-
creased voluntary control of posture, balance and coordination, psycho-social, motoric,
educational skills and aspects of emotional development, which depend on postural control
to provide a secure physical reference point in space, should be observed. The research on
primitive reflexes shows that, in preschool or school-age children, they may still persist,
especially in children in whom some spheres of development are disturbed [6-11]. Children
with persistent PR are seen to have lower motor, cognitive, visual and learning achieve-
ments [12-14]. Some of the research shows specific difficulties in reading [15-18] or lan-
guage disorder [8] in relation to PR activity. Moreover, primitive reflexes have been shown
to persist in children of school-age who have specific learning difficulties [19,20], with the
asymmetrical tonic neck reflex (ATNR) and symmetrical tonic neck reflex (STNR) being
particularly prevalent amongst this group, followed by the Palmar grasp reflex and tonic
labyrinthine reflex (TLR). Difficulty performing the Romberg test is also of significance.

The ability to tell the time develops in preschool (in countries where formal schooling
starts from 6 years of age) and this skill is used throughout the whole of life [21], so being
able to read a clock or estimate time is an important goal in primary school [22]. The ability
to perceive time is a complex cognitive competence based on literacy, memory, arithmetic
and spatial skills [23].

PRs under examination in this project are those which have been shown to be linked
to other aspects of child development and to specific learning difficulties. The ATNR
and STNR, for example, are elicited as a result of lateral rotation of the head (ATNR) or
flexion and extension of the head (STNR). Both head movements provide stimulation to the
vestibular system, but the reflex response allows only a limited and stereotyped reaction
in terms of adjustment of muscle tone and its effect upon posture. Signs of difficulty in
performing Romberg’s test may be secondary to an underlying conflict between vestibular
function, muscular reaction and proprioceptive feedback, affecting physical stability and
realisation of position in space. A secure reference point in space is an important precursor
to being able to orientate in space and understand directional and spatial relationships and
is fundamental to some of the spatial cognitive processes involved in reading an analogue
clock or many other mathematical competencies (e.g., arithmetic abilities).

Levinson suggested that underlying directional disturbances are a functional problem
of the “inner ear’s compass” [24]. Vertical stability in space, of which postural control
is both instrumental and an outcome, is essential for being able to understand spatial
relationships such as the ability to differentiate left from right, up from down, etc., abilities
that are basic to being able to understand the meaning of the upper and lower sections of a
clock face and that left and right sides of a clock indicating before and after. Spatial deficits,
which may be a secondary consequence of immature postural control, can potentially affect
higher cognitive abilities such as directional awareness, misinterpretation of numbers,
meaning derived from which hand is pointing at the numbers and understanding of
clockwise movements.

Analogical reasoning in humans plays a prominent role in problem solving and
involves application of past experience to new but similar experience based on physical
knowledge of the world. Retained or residual primitive reflexes in school-aged children
may contribute to, or be a reflection of, disassociation in the functional relationship between
the vestibular and proprioceptive systems affecting equilibrium, which is chiefly related to
space and supports cognitive understanding of spatial relationships.

The sense of physical stability in space involves both corporal space—that which is
sensed as a result of information to and inside the body—and outside space, from which
the basic notion of body schema (the body’s representation at the level of the cortex) is
obtained through the experience of movement and the motoric adaptations to outside space.
Partial retention of primitive reflexes in children of school age signifies immaturity in the
acquisition of vertical stability in space, of which difficulty in performing the Romberg test
is only one sign.
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Furthermore, the ATNR divides the body into two parts, left and right, and similarly
the STNR into upper and lower. The clock must be interpreted by a child in terms of sections
describing halves, quarters and minutes as well as the understanding of clockwise motion.

Observing that the occurrence of persistent primitive reflexes has a direct connection
to learning disorders we would like to answer two questions:

1. Is there a connection between persistence of primitive reflexes and the ability to read
the time from an analogue clock or to calculate passing time?
2. Which of the reflexes have the most significant impact on the ability to read a clock?

2. Materials and Methods

This study is a part of the Primitive Reflexes and All Children Sphere (PRACS) Project, the
aim of which was to determine researching reflexes and their influence on motor, sensory
and cognitive development in preschool and school-aged children. The research has been
certified by the Bioethical Committee of the Wroctaw Medical University, no. of permit:
KB-626/2018.

In a group of primary school children, the incidence of selected primitive reflexes was
tested. Every parent signed a consent form for their child to take part in the research. They
were also informed about the aim and the non-invasive character of the research.

2.1. Group Characteristics

Twenty-eight children took part in the research: 14 boys (50%) and 14 girls (50%) who
attended the Montessori Primary School. The average age of the group was 8.14 (Me = 8).

2.2. Testing the Activity of Primitive Reflexes

The children were tested for the following reflexes: ATNR quadruped test (Ayres),
ATNR Hoff-Schilder test, STNR, Spinal Galant, TLR and Palmar grasp reflex. They also
undertook Romberg’s test. Points were given depending on the level of activity of a reflex.
The tests were administered as in the INPP screening test [25], where a score of 0 described
no reflex (no abnormality detected) and 4 meant that the reflex was fully retained. The
scores have been averaged for each reflex, which were tested in two positions, e.g., left and
right, or flexion and extension.

Tests for the ATNR using the Hoff-Schilder test and TLR were carried out with the
participant’s eyes closed. Romberg’s test was administered first with the eyes open, then
with the eyes closed. ATNR Ayres, STNR and GALANT reflexes were carried out with
the test subject in the quadruped position with the eyes open. ATNR Hoff-Schilder, TLR,
Palmar grasp reflex and Romberg’s test were conducted in the erect position.

The Asymmetrical Tonic Neck Reflex (ATNR) was assessed in two ways. Firstly, it
was observed whether passive lateral rotation of the head to either side in the quadruped
position was accompanied by involuntary flexion in the upper occipital limb (bending of
the cubital and glenohumeral joints), movement of the torso, or pelvis. Secondly (ATNR
Hoff-Schilder test), each child was asked to stand with their feet together, arms extended
to the front and wrists floppy. The researcher turned the child’s head in both directions.
The test was deemed positive when one or both of the arms followed the movement of the
head and there was no isolation of head movement from the rest of the body.

For the STNR, the researcher instructed the child in the quadruped position to: “extend
your head as if looking towards the ceiling” and then, “flex your head as if looking between
your knees”. During the extension phase, the focus was on any increase in extensor tone
in the arms and flexion in the lower body such as tendency to sit on the heels. During the
flexion phase, a positive score was recorded if there was increased flexor tone in the arms
and extensor tone in the lower body.

Assessment of the TLR involved the child actively flexing and extending the head
while in the erect position with the feet together. During the flexion phase, any increase in
flexor tone throughout the length of the body was observed. During the extension phase,
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compensations such as increased extensor tone in the legs or other forms of upper limb
movement, standing on tip-toes, or loss of balance indicated that the reflex is active.

The Palmar Grasp reflex (GRASP) and spinal Galant reflex are skin reflexes. Assess-
ment of the Palmar reflex was made by applying gentle stimulation to the palm of the
hand administered by the researcher. This was applied using the blunt end of a pencil as
the stimulus. A positive response was detected when the child flexed finger II-V or there
was adduction of the thumb. The test was repeated on both sides while simultaneously
observing the symmetry of the reaction.

Tactile stimulation was also used to test the spinal Galant reflex. The researcher made
a vertical movement with their thumb along the erector spinae muscle of the child on each
side. When the reflex was active, a torso bending movement away from the stimulated side
could be observed.

During the Romberg test, the children were asked to keep their feet together while
standing with the arms at the sides and to stand still with the eyes open. The test was then
repeated with the eyes closed.

All the tests were completed by the clinicians with proper preparing and with 8 years
of practice of examination and therapy of children with neuromotor immaturity. The results
of the two independent clinicians were compared. The detailed form of the examination is
described in Gieysztor et al. [9].

2.3. The Clock Test

The second part of the examination required participants to complete the clock test on
their own. This part was administered by the teacher of the child. The test comprised seven
tasks, four of which were open questions and three were choice tests. Each child could
obtain a maximum of 23 points (100% correct answers). The questions assessed the ability
to read the time on a clock shown in pictures and count the differences between hours.

2.4. Statistical Analysis

Test results of all the primitive reflexes assessed were tallied and, by summing up
the results, an index of neuromotor status was obtained. The results of the clock test
were summated and shown as a percentage. Statistical analysis was conducted using the
IBM SPSS Statistics 25 version (IBM Corp., Armonk, NY, USA). The Pearson’s correlation
coefficient was calculated. The established level of importance for analysis interpretation is
p <0.05.

3. Results
3.1. Descriptive Indices of the Activity Level of Reflexes and the Clock Test

An analysis of the level of activity of each reflex was conducted. The highest level
of activity was observed in the ATNR (M = 1.8 points; SD = 1.06) and TLR (M = 1.1 p.;
SD = 0.70).

Calculating the CT points children obtained, the descriptive results shown average
results of nearly half of the maximum points (M = 46%; SD = 0.35; Me = 29%). The
descriptive statistics are shown in Table 1.
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Table 1. Descriptive statistics obtained in the examination of the level of reflexes and clock test

performance.
CT PR ATNR STNR Galant ATNR H-S Romberg TLR Grasp
M 0.46 1.14 1.80 0.88 0.73 1.20 0.26 1.10 0.38
SD 0.36 0.46 1.06 0.56 0.92 0.63 0.32 0.70 0.64
Me 0.29 1.00 1.50 1.00 0.50 1.00 0.00 1.00 0.00
Min 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Max 1.00 3.00 4.00 2.00 3.00 2.50 1.00 2.50 2.50
M-—mean; level of reflexes—neuromotor status, CT—clock test; PR—level of primitive reflexes; ATNR measured
by Ayres test; STNR—symmetrical tonic neck reflex; ATNR H-S—asymmetrical tonic neck reflex measured by
Hoff-Schilder test; TLR—tonic labyrinthine reflex.
3.2. Correlation Analysis of the Clock Test Results and the Activity Level of Reflexes Results
An analysis of the correlation coefficient between the clock test (CT) results and the
activity level of reflex test results was conducted. The results are shown in Table 2. There
is a negative correlation between the results of the CT and the PR test (r = —0.34). That
means that children with a lower score on the clock test had a higher incidence of persistent
primitive reflexes (lower neuromaturation). Analyzing the correlation of the CT results
with each reflex and looking for the answer to which have the most impact, we can see,
that the STNR reflex shows a significant (p < 0.01) negative correlation with performance
on the clock test. This means that the higher the level of activity in the STNR reflex
observed in a child, the lower the results in the clock test. Tests for the ATNR, Palmar grasp
reflex and Romberg’s sign also showed a statistically significant negative correlation with
performance on the clock test (p < 0.05). The spinal Galant reflex and TLR showed a low
negative correlation with performance on the clock tests.
Table 2. The results of correlation analyses performed for clock test and the activity level of reflexes.
CT PR ATNR STNR Galant A:"II-\;R Romberg TLR Grasp
CT — —0.34 —0.30 —0.6 —0.18 —0.26 —-0.30 —-0.15 —-0.31
PR —0.34 - 0.64 0.63 0.61 0.63 0.49 0.61 0.30
ATNR —0.30 0.64 — 0.52 0.48 0.64 0.40 0.34 0.10
STNR —0.60 0.63 0.52 - 0.15 0.51 0.28 0.32 0.27
Galant —0.18 0.61 0.48 0.15 - 0.31 0.44 0.37 0.10
AITII_\;R —0.26 0.63 0.64 0.51 0.31 - 0.49 0.38 0.16
Romberg —0.30 0.49 0.40 0.28 0.44 0.49 - 0.59 0.02
TLR —0.15 0.61 0.34 0.32 0.37 0.38 0.59 - 0.03
grasp —0.31 0.30 0.10 0.27 0.11 0.16 0.02 0.03 —

CT—clock test; reflexes—summed points for reflexes; PR—primitive reflexes as a sum; ATNR measured by Ayres
test; STNR—symmetrical tonic neck reflex; ATNR H-S—asymmetrical tonic neck reflex measured by Hoff-Schilder
test; TLR—tonic labyrinthine reflex.

3.3. Analysing the Specific Problems Observed in Children’s Answers
Analysing consistent errors made by children, we have indicated:

Low ability to differentiate the functions of the different hands of the clock
Misunderstanding the instruction for the task

Lack of counting ability

Ignorance of the nomenclature used in the context of the clock, i.e., not understanding
the word ‘quarter’
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e Lack of knowledge regarding reading full hours or difficulties in interpreting (answer-
ing 3:60 instead of 3:00, in case the short hand is located on 3 and long on 12)

4. Discussion

The aim of this study was to analyse the correlation between neuromotor development
level, based on PR activity, and the ability to read a clock and to count passing time.

We have observed that children with lower neuromotor status had lower results in
the clock test. Moreover, Pearson’s correlation shows that the most implicated reflexes
were the STNR, followed by the ATNR, and soft signs of difficulties with balance and/or
proprioception as revealed by the Romberg test. This is the first study, known to the authors,
to compare neuromaturation status with the ability to read a clock and the results of tests
to assess the ability to count passing time.

However, the number of participants involved in the study was small. Although
statistical analysis revealed trends in terms of higher incidence of PRs being associated with
difficulty reading a clock or calculating passing time, further investigations are needed
involving a larger numbers, which include control and comparison groups.

To date, immature neuromotor status as identified by persistent primitive reflexes in
children of school age has been shown to be elevated in children presenting with emotional
and behavioural issues [26], children diagnosed with attention deficit hyperactive disorder
(ADHD) [27], visual processing difficulties [28], immature motor skills [29,30], relation to
motor skills in pre-school children [10], motor skills in relation to school readiness [31],
communication disorder [32], developmental language disorder [8], differences in school
performance [13,33] and social disadvantage [34]. This broader spectrum of issues found to
be present in conjunction with signs of neuromotor immaturity suggests that it may be a
general underlying factor in a number of developmental disorders and specific learning
difficulties. In other words, immature neuromotor status may undermine performance in a
range of “higher” cognitive skills and emotional regulation.

Learning to read an analogue clock and count passing time involves multiple cognitive
skills including, but not exclusive to: language, the ability to count from 1-12 (or 24) and
understanding sequencing and spatial relationships. While several of these abilities may be
involved in calculating time, the results of this study suggest that spatial problems linked
to the retention of primitive reflexes, which can affect balance and postural control and
therefore the physical basis for cognitive operations in space, may be of significance. These
findings and the questions they raise could be used as a basis for a larger scale study to
discover whether persistence of PRs is directly related to difficulty in learning to read an
analogue clock and calculate passing time [2,25].

The results of our study confirm the hypothesis that some reflexes may play a special
role in the ability to read an analogueclock. The highest coexistence of ATNR, STNR, or
Romberg test with clock reading disturbances was the most important. Similarly, results
suggest that subsequent areas of child development and related cognitive skills may be
impacted by retention of primitive reflex activity, and point to potential areas of improve-
ment after therapy for PR integration. Answering the question of why these particular
reflexes have the most significant impact on the ability in reading the clock, we may think
again about the function of underlying pathways that these reflexes and the Romberg test
reflect. They are important for orientation in space and understanding directional and
spatial relationships. Retained or residual primitive reflexes in school-aged children may
lead to, or be a mirror of, inappropriate functional relationship between the vestibular
and proprioceptive systems affecting equilibrium, which is particularly related to space
and supports cognitive orientation of spatial relationships. Stability in space involves the
stability of the body, based on the internal sensory information and environmental space,
which is achievable through the experience of movement and the motoric adaptations to
outside space.

So far, no study has been conducted, known to the authors, that proves the occurrence
of persistent primitive reflexes in children who experience difficulties in reading the hour
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from a clock; however, some authors point to children who have problems with mathemat-
ics making numerous mistakes while trying to read the clock. Andersson et. al. and Burny
et. al. suggest that difficulty in reading a clock can also be one of the first signals pointing to
dyscalculia in early school-age children. They show that children who have mathematical
difficulties also demonstrate increased challenges in clock reading [22,35,36]. Mutlu et al.
show that the majority of children experience difficulty in not only reading the clock but
also in correctly drawing the clock face and remembering the functions of the hands. The
most common mistake shown in the research was paying attention to only one hand on the
clock (minute or hour), which resulted in omitting the information about hour or minutes
or incorrectly adding the missing element [37]. Similar problems were observed in our
group of children with lower neuromotor maturation. We have observed a low ability to
differentiate the functions of each hand of the clock, misunderstanding the instruction for
the task, lack of counting ability, ignorance of the nomenclature used in the context of the
clock, i.e., not understanding the word ‘quarter’, and lack of knowledge regarding reading
full hours. Mutlu et al. claim that, while dyscalculia explains the cause of these difficulties
in children at risk, no cause has been found for poor clock reading in children who have
not been diagnosed with dyscalculia. Maybe in these cases lower neuro-maturity plays its
role? To answer this question, wider research is necessary for investigating the abilities of
clock reading in school-age children.

This pilot study presents neuromotor status as being a factor in being able to read
a clock and calculate time; however, because of the small sample of participants, the
claim should be treated as the very beginning. Looking at the limitations of the study,
we have also found that it should be conducted with a larger population. It may also be
expanded to investigate the role of lateralization as a foundation for being able to tell the
time. Researchers may also look for other temporal aspects, using tests consisting of other
spheres of time such as orientation, sequences, time units, clock reading, life span, birthday,
or present time awareness.

5. Conclusions

1. Neuromotor maturity status may be related to the ability to read a clock and to
count time.

2. Thereis aneed to expand the research in this area on laterality and the research should
be conducted with a bigger sample.

3. Therecommendations to introduce reflex integration therapy to children with learning
problems may also improve the ability to read a clock.
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