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ABSTRACT

Introduction: optic flow is studied in many scientific areas such as automation, robotics, biomechanics and
neuropsychology. People who are not visually impaired use this mechanism to move around, usually without
realising its complexity. It consists of information provided by the sense of sight and analysed in the central
nervous system about the speed and direction of a moving object and the direction and amplitude of the angular
and linear components of one's body. However, little is known about how this mechanism develops in the young
child.

Objective: Observation of upper and lower limb movement in infants between 4 and 12 weeks. of age under
the influence of optic flow stimulation as a stimulus. Development of an optimal test protocol and adaptation of
the author's research station.

Material and method: 16 infants aged from 4 to 12 weeks were initially invited to the study, of which 14
infants were finally included in the study group. The motor response test consisted of two stages. Stage I (static
trial): the stimulus was a stationary black and white chessboard pattern; stage II (dynamic trial): the chessboard
pattern moved toward the child at a speed of 0.17m/s. Cameras recorded the test in both stages.

Results: the children showed increased limb movement under the influence of optical flow (test stage II:
dynamic test) compared to stimulation with a fixed pattern (test stage I: static test).

Conclusions: a response to dynamic versus static stimuli was observed in 11 of 14 children, but testing in
one-month-olds is unreliable due to poor head control.
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1. INTRODUCTION

The process of seeing consists of the reception of information in the form of electromagnetic waves from
the visible light range on the retina of both eyeballs, then transferring this information to the appropriate areas of
the cerebral cortex, where interpretation, memorising, and integration of this information with other stimuli takes
place [6, 12].

The senses of touch, hearing, proprioception, taste and smell are intensively stimulated in the womb, unlike
vision, which has no direct stimulation by light in foetal life. An intensive development only takes place after
birth [21].

Most studies show that in a 12-month-old baby, the visual system reaches a normative visual acuity of 1.0
[19]. Consistency in seeing the size of an object with a change in distance develops by 10-11 years of age [24].

Our study focused on the vision of infants up to 3 months of age. The newborn has limited visual abilities
when coming into the world. In this period, the density of cones located in the macular dome is 1/3 of the level
of the fully developed eye [23].

In a 1-month-old infant, the corneal reflex, the reaction of the pupils to light, reflex closing or tightening of
the eyelids in response to a sudden stimulus, are observed. Eyeball movement is uncoordinated; the child uses
one eye and the other (visual acuity and focus). The baby prefers observing faces to observing toys. The visual
field of the newborn baby is 20 degrees, and the visual acuity is 0.05-0.025. The baby prefers to observe moving
images rather than static ones. Bilateral vision develops from 2 to 4 months of age (information from two eyes is
presented in a single image), but this vision is not fully formed. With each passing week, the visual cortex
develops new abilities. In the second and third months of life, the baby starts to observe his hands and can stare
longer at another person's face. During this period, the vision is more coordinated, and the eyeballs start to move
in unison [19].

One of the phenomena analysed concerning vision is optical flow. The observer's perception of the
movement of objects can be understood as optical flow. This phenomenon can be observed when the motionless
observer watches a moving object or when the observer is moving and registers objects that he passes. The
observer receives information on the speed, direction and amplitude of the rotational and linear components of
the body's position. This physical phenomenon is widely used in automation and robotics [11, 15, 16, 25].

It is worth noting that visual stimuli must be supplemented with information about one's body movement,
from proprioception and the labyrinth.

Assessment of human movement and biomechanical modelling is part of the work of many scientists using
many different methods and mathematical models [10, 13].

Early research in analysing movement in infants in response to optic flow dates to the 1970s. In most
studies, contrasting large black and white patterns were chosen. The studies analysed the anteroposterior optic
flow direction and whether significant differences in infants' responses were observed [11, 18].

In addition, the velocity of the flow presented to the children was studied. The literature mentions studies
conducted at speeds between 0.01 and 0.27m/s [1, 2, 14]. Generally, in most studies, cameras recorded the
changes in the children's locomotor system that occurred under the influence of the stimulus. The children were
placed in pronation, standing or sitting positions, depending on their age [1, 3, 14].

Table 1 presents the parameters listed in earlier optical flow studies [20].

Tab. 1. Research parameters in previous literature
Examination
conditions Image speed Geometry of

image
Method of
registration

Positioning of
the test person

Age of
children

number of
children

Time of
exposure

Art. [3] 0,17m/s Chessboard,
windmill cameras

pronation at an
angle of 45
from the
vertical

3days 48 -

Art. [1] 0,27m/s - cameras pronation 6-12 months 33 6x60s

Art. [4] 0,17m/s Chessboard, cameras

pronation at an
angle of 45
from the
vertical

Two months 22 4x60s

Art. [14] 0,01-0,12
m/s - - sitting in a car

seat One month 25

Art. [8] 0,12m/s Chessboard, cameras pronation Three days 26 3x60s

Art. [17] - -- cameras standing 2-5 months
7-9 months 24
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There are no reports of observations of motor development in children subjected to early optical flow
response testing in the articles reviewed above. These findings might be used to predict motor development or
could provide, for some children, an early warning signal of developmental disorders.

The study presented in this article aimed to develop a reproducible method to assess the effect of an optical
flow stimulus on a child's kinematic response (upper and lower limb movement in infants between 4 and 12
weeks of age).

2. MATERIAL AND METHODS

2.1. Inclusion and Exclusion Criteria

The Bioethics Committee of Karol Marcinkowski Medical University in Poznan approved the following
study.

Sixteen infants were invited to the study; two were excluded from the study based on exclusion/inclusion
criteria after taking a medical history.

The exclusion criteria were characterised into three categories. Category one was related to aspects of the
course of pregnancy and delivery, category two to developmental/genetic diseases, and category three was due to
abnormalities of positioning responses.

Category one included delivery before 37 weeks gestation, and the newborn's APGAR score was below 8
points at the time of delivery. Category two looked for aspects of genetic and metabolic diseases, developmental
disorders, visual disturbances, and suspected epilepsy. In exclusion category three, the abnormalities of
positioning reactions were mainly low muscle tone and abnormal head position (torticollis) assessed on the day
of the study by a physiotherapist using the HINE questionnaire.

Finally, 14 infants aged 1 or 2 months were included in the study, whose APGAR score was 10. This group
included seven children aged 4 to 8 weeks (three girls and four boys) and seven aged from 8 to 12 weeks (four
girls and three boys). The average birth weight of all children was 3900± 512 grams with a standard deviation of
512 grams. Among boys, the results are slightly higher at 3911±358 grams compared to girls, whose mean birth
weight was slightly lower, but there was more significant variability in results (3887±690 grams) (Table 2)

Tab. 2 Child birth weight results
Birth weight of infants N AV SD Me

All children 14 3900 512 3930

Boys 7 3911 358 3780

Girls 7 3887 690 4005

At the time of the survey, the children's weights ranged from the 25th percentile to the 75th percentile and
were defined as normative for the child's age.

2.2. Protocol

The following figure (Fig. 1) shows the inclusion process in the study and how the study children were
assessed [5, 9].
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Fig. 1. Procedure for recruiting children to the study and how the study will be conducted

3. METHODS

The qualification process for the study and the study itself consisted of 3 parts:
I. Medical interview: based on the questions asked to the parents/guardians of the child and the data

contained in the medical records, information was collected about the course of pregnancy and delivery, the
child's birth weight, APGAR score and early child development. The APGAR scale is used to assess the
newborn's condition after birth, named after the author who created the scale [7]. The baby's breathing, heart
function, muscle tone, reflex response and skin colour are assessed. The maximum score is 10 points, 0-2 for
each parameter.

II. Examination of spontaneous motor skills in supination and pronation positions: tests were applied using
the standardised Hammersmith Infant Neurological Examination questionnaire (HINE), a standardised clinical
neurological examination that can be used to assess the development of infants up to 24 months). The abnormal
muscle tone scores were the reason for excluding two children from the study.

III. Video specific test recording of children's motor response to visual flow in two stages::
E1: static checkerboard pattern,
E2: dynamically moving toward the child, the pattern of the same chessboard

3.1. The conduct of a proper study

The researcher held the children during the test in a pronated position over a table with a translucent top on
which a chessboard image was projected from underneath.

Two ways of gripping the children were used, depending on the head control and postural response of the
child in the pronation position:



182

- the first way of gripping for unstable children: the children rested on the therapist's hand with their chest
and abdomen, and the child's head was supported under the chin for better stabilisation; the therapist's other hand
stabilised the child's side. All children aged 4 to 8 weeks required this grip (Fig. 2).

Fig 2. Grip for children with poor head stability/control a) top view b) side view

- A second way of grasping for more stable children: children with better head control were grasped
under the chest so as not to restrict the children's arm movements, and the therapist's other hand
grasped the child by the pelvic bone. This way was used with good head control (Fig. 3).

Fig 3. Grip for children with standard head stabilisation/control a) top view b) side view

At the end of the study, the videos obtained from the two screenings were analysed. The child's motor
response in response to a stimulus in the form of a stable image and then a moving image was compared.

3.2. The position:

The author's stand (Fig. 4) was used for the study, which was developed from previous optical flow studies.
However, our modifications were made. The table in the study presented here had a semi-transparent top so that
the image projected from below was visible. In Marianne Barbu-Roth's study, the table had a mirror in which the
image from the projector was reflected onto the tabletop. Geometrical parameters such as the width and length of
the table are not the same as in other studies. The tabletop height was adapted to the height of the person who
tested the children.

The own test station consisted of:
- An overhead projector projecting a chessboard image onto a translucent table top.
- a PC controlling the settings of the displayed image;
- a table with the following dimensions: height 1.2m, length 1.5m and width 0.7m, with a semi-

transparent top, constituting a screen for displaying the image of the chessboard
- GoPro Hero8 cameras for video recording were positioned perpendicular to each other over the

tabletop;
- a mirror placed opposite the investigator to observe the child's reaction.
- A black and white chessboard with a field size of 7 by 10 cm (projected from underneath by a

projector) was used to present the optical flow. In the dynamic system, the speed of movement of
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the chessboard was 0.17m/s.

Fig 4. Optical flow test bench: 1) translucent top, 2) legs, 3) projector projecting an image onto the
translucent top, 4) and 7) camera stands, 5) and 8) cameras

All parts of the study took place in the presence of a parent/guardian.
The parameters that were taken from the literature concerned the chessboard's image and the chessboard's

speed of movement at 0.17m/s, as these were the parameters most commonly used in previous publications.
The author's modifications that were applied during the study concerned:

- testing on children aged 1 and 2 months;
- how the child was held by the person conducting the study and the choice of grasp according to

the child's degree of head position control;
- the use of a semi-transparent top, which allows a direct display of the image while eliminating

excessive glare and reflection from the surface
- exposure of the child to the stimulus of 20 seconds.

Currently, there is no standard or standardisation for conducting optical flow-induced child movement
studies.

3.3. Assessment of movement in children

Noraxon MYOVideo (US) software version 3.8 was used to assess movement under an academic licence.
Each measurement was performed separately with two cameras, according to the schematic diagram of the
presented workstation. The parameter analysed was the count of flexion and straightening movements of the
upper and lower limbs.

The motion assessment was 20 seconds of video viewed from two cameras. The movement was observed in
real-time and dual acceleration mode. When assessing movement in accelerated mode, a corresponding sequence
of alternating movements of the upper and lower limbs, resembling a crawling movement, was noted; this
sequence was called a 'cycle'. Tables with the results were created for the age groups of one- and two-month-old
children, respectively.

Statistical analysis of the results was performed using the Statistica 13 programme. Due to the nature of the
variables, the results were compared using the Wilcoxon test, and a value of p<0.05 was taken as a significant
difference.

4. RESULTS

Observing the child in the accelerated video made it possible to notice that in some children, a motor
repertoire resembled a cycle (a cycle understood as alternating movements of the upper and lower limbs in the
correct order). In the case of one-month-old children, five showed a 1 to 3-fold increase in the number of cycles



184

during the presentation of a moving picture compared to a static picture. In the study group of two-month-old
children, such a reaction was observed in two children.

For each child, the occurrence of movements was counted for the upper and lower limbs of the left and
right sides of the body.
An example of the left upper limb assessment results is shown below (Fig. 5).

Fig 5. Example of left upper limb assessment results

The results in Table 3 show the median and quartile results (Q1-Q3) for the number of movements of the
right and left upper limbs and right and left lower limbs. In addition, the number of head movements (side-to-
side movement) and 'cycle' like alternating limb movements are presented. The results showed, in each case, a
significant increase in movements after the presentation of a motor stimulus relative to a static stimulus. For the
right upper limb, the initial results were 1 (1-1.75) vs 2 2 (2-2) after stimulus presentation (p=0.009). Slightly
more significant differences were obtained for the number of movements of the left upper limb, where scores
changed from 1 (1-175) to 2.5 (2-3.75) (p=0.005).

The results for the lower limbs indicated a minor change, where for the right side, the results change from 1
(1-2) to 2 (2-3) (p=0.034), and for the left side, the change is 1 (1-1.75) vs 2 (2-3.75) (p=0.012).

The number of cycles performed at the static stimulus was 0 (0-1) vs 1 (0.25-2) during the moving stimulus
(p=0.012).

Head movements at the static stimulus were almost non-existent, giving an initial score of 0 vs 1 (0-1)
during the moving stimulus display (p=0.023).

Tab. 3. Comparisons of the number of movements after the presentation of a moving versus a static
stimulus

number of moves
Test E1 Test E2 Test

result Value p
Me Q1 Q3 Me Q1 Q3

Limb upper right 1 1 1,75 2 2 2 2,606 0,009

Limb upper left 1 1 1,75 2,5 2 3,75 2,796 0,005

Limb lower right 1 1 2 2 2 3 2,121 0,034

Limb lower left 1 1 1,75 2 2 3,75 2,516 0,012

Cycle 0 0 1 1 0,25 2 2,513 0,012

Head 0 0 0 1 0 1 2,267 0,023

In summary, among the fourteen infants studied, an enhanced response was observed in eleven infants after
the presentation of a moving stimulus (E2 - image of a moving chessboard) compared to a static one (E1 - an
image of a stationary chessboard). It should be noted, however, that the resulting intensification is observed to a
greater extent in the upper limbs than in the lower limbs.
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The study did not analyse the effect of the anthropometric characteristics of the children due to the
occurrence of a strongly homogeneous, healthy/regular group of children in terms of the above parameters, as
well as having a normal state of psycho-motor development for this age.

5. DISCUSSION

As in most literature studies, a black and white pattern was used, which is evident for 1- and 2-month-old
children [2-4, 8].

During the study, enhanced motor response to a moving pattern was observed in 11 out of 14 children,
compared to a response to a static pattern. In other studies, researchers have also observed an enhanced response
of children to an optical flow stimulus. Additionally, Marianne Barbu -Roth's study observed that the right upper
limb and the left lower limb moved more frequently. However, no such relationship was observed in our study.
This response is not clearly explained by the researchers [3]. Some suggest that this may already be the
beginning of the lateralisation process; others that right-handed asymmetry is more common in infants (the right
hand initiates global movement [8].

In the authors' study, definite differences were observed in the methodology of testing 1- and 2-month-old
children. In 1-month-old babies, it was necessary to use a grip with the head supported by the hand, under the
chin. During this hold, it was observed that the babies turned their heads towards the tactile stimulation on the
cheek, and a searching (sucking) reflex was triggered. Therefore, a tactile stimulus can independently trigger or
intensify the response to a visual stimulus, which changes the study's outcome. The method of gripping the
babies in Marianne Barbu -Roth's study differed: 3-day-old babies were gripped under the chest and pelvic bone,
but at a 45-degree angle from vertical, without their feet resting on the ground. [1, 3]. In our opinion, this
precludes a child with significant flaccidity from being correctly positioned during the study. Additionally, from
a practical point of view, children with a lower antigravity response in the assessment of spontaneous motor
skills presented a lower motor response during visual flow than children with a rich motor repertoire. This
suggests the need for an initial assessment of the child's motor development by participating in the optical flow
response tests.

Most likely, the difference between one- and two-month-old children may be because two-month-old
children could keep their heads in the body midline during the test, resulting from greater muscle strength of the
cervical spine. It also cannot be ruled out that the motor response in one-month-olds is related more to the
refinement of visual function and not strictly to motor skills.

The publication brings up another aspect: the weight of the child's body as a limiting factor for the child's
ability to perform the movement. Studies [1, 22] mentioned that the stepping reflex might not be apparent at two
months of age due to the lack of proportionality of lower limb mass and muscle strength at this stage of life for
the child to move the force of gravity. It remains to be discussed whether such data should be included in
subsequent studies.

Another observation is that flaccid babies have a slower/less intense motor response to optic flow, which
may be partly explained by low muscle strength.

It is worth noting that the study is preliminary, and based on the results obtained, further attempts will be
made to optimise the influence of the visual stimulus while minimising the influence of other factors on the
motor response in children.

It might be interesting to see the reaction if only a white background were used (simple stimulus, no static
chessboard pattern) against an image of a still or moving chessboard. Such a modification will exclude the effect
of the child's intention to grasp, triggered by the complex graphic stimulus.

The above modifications will make it possible to determine more precisely which of the elements of the
optical stimulus (shape, movement, speed) may have the most decisive influence on the appearance of a motor
response.

On the side of the research object:
- the proportion of older children (two months old), developing typically.
- the proportion of children with neurological deficits.

The above factors are intended to provide an opportunity to assess the motor component in response to
optic flow and, at the same time to assess whether overt neurological motor deficits cause a change in response
to an optical stimulus.

The proposal to apply such modifications makes the test results as reliable as possible. The assessment of
reactions to optical stimuli can be included in the broadly understood range of screening tests used to exclude
abnormal movement patterns or detect early developmental abnormalities.

A further stage of the study will be to refine the research method based on the conclusions drawn regarding
the methodology and the quantitative assessment of joint movement (changes in joint range of motion).
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6. CONCLUSIONS

The conclusions that can be drawn directly from the results obtained from work below are:
1. During the study, increased motor response to a moving pattern was observed in 11 out of 14 children

compared to the response to a static pattern.
2. When testing the effect of a visual stimulus, children should present reasonable control of head posture.

Additional conclusions that follow from the study in terms of the survey methodology are that possible
elements that may be modified when conducting further research could be:

In terms of methodology:
- an arrangement of four cameras analysing each limb separately for a detailed evaluation of the

results;
- changing the geometry of the displayed pattern
- changing the speed of the displayed pattern;
- the randomised sequence of static and dynamic testing.
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