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Abstract OBJECTIVES: Athletes' mental, physical, and technical qualities are essential. Neurocogni-
tive functions are necessary for any motor task and the achievement of motor performance. 
The present study aims to analyse the role of visual perception and working memory as 
neurocognitive functions in the motor performance of Moroccan adolescents attending 
school. 
METHODS: A four-month study was conducted, including Moroccan adolescents enrolled 
in school from 4 March to 29 June 2022. A comparative and predictive method was used; 
the Rey-Osterrieth Complex Figure Test (ROCF-A) was used to assess visual perception 
and working memory, while floor gymnastics assessed motor performance as physical 
activity and sport. 
RESULTS: The number of students who participated in the study was 262, of which (149 girls 
(56.9%) and 113 boys (43.1%)), and the average age was 16.99 ± 1.17 years. Range: 14-20. 
It was divided into three school levels: common core (TC) 29.4%, 1st-year baccalaureate 
(1BAC) 58.8%, and 2nd-year baccalaureate (2BAC) 11.8%. The results showed a relation-
ship between visual perception, working memory and motor performance (r=0.218 and 
r=0.693, respectively); the result of the multiple linear regression confirms the relationship 
by significantly explaining the variation in motor performance. 
CONCLUSION: Visual perception and working memory are primary and determining factors 
for motor performance in young adolescents attending school. 

Introduction
Learning is a cognitive process consisting of having 
a perception of the environment through acquiring 
a representation. It thus modifies one's behaviour for 
an adequate and adapted response. To understand the 

phenomenon of learning, it is necessary to understand 
the conditions that give rise to this learning. Several 
studies link learning disability to the impairment 
of psychological processes, particularly cognitive abili-
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ties. Impairments in psychological processes, which 
include the cognitive abilities of perception, language, 
memory, attention, concept formation, problem-
solving and others, act on and interfere with the child's 
learning. Any assessment of learning involves the 
assessment of performance, which can then be seen as 
the visible translation of the learning achieved. (Arnaud 
et al. 1990) In this context, performance is an achieve-
ment whose optimal conditions lead to the production 
of a feat.

Physical and sports education is part of the school 
teaching disciplines, making physical and sports activi-
ties (PSA) a means of learning, education and transmis-
sion of know-how and skills, as well as the construction 
of competences. During the sessions of the learning 
cycle of gymnastics on the ground, and in the phase 
of  the execution of the learner of a sequence made 
up of a whole of gymnastic elements of various levels 
of difficulties in all coherence and harmony, which will 
be judged and evaluated by the teacher, several pupils 
mark several stops at the time of the execution of this 
sequence, knowing that all the pupils have had the suffi-
cient time of the learning of the gymnastic elements. 
The study of the source of this motor blockage leads 
us to look for its potential source, whether it is related 
to extrinsic factors or intrinsic factors that consider 
the psychological and mental characteristics of the 
students. Speaking of a blockage which is the result 
of forgetfulness, taking into account that the motor 
performance of the pupil linked to the reproduction 
of gymnastic elements well mastered during learning 
should be recalled in the most precise way possible, 
the evocation of perceptive and especially mnemonic 
aptitudes remains primordial to explain this difficulty, 
an observation supported by the fact that physical 
and sports activity remains a school teaching subject, 
its performance is linked to the pupils' learning, their 
neuropsychological capacities (Eloirdi et al. 2019). 
This is supported by the fact that physical and sports 
activity is still a school subject, its performance is linked 
to students' learning, neuropsychological capacities, and 
that psychological factors exert a significant influence 
on sports performance according to gender and age 
(Cazorla et al. 1984, Zerzouri 2002). Research, specifi-
cally on the activities of athletes while they are engaged 

in sports tasks, has focused on mental processes during 
activity (Hauw et al. 2003).

From the above, it is assumed that cognitive func-
tions play an essential role in motor learning and that 
sports and motor performance depend on the proper 
functioning of these functions. Studies on the neuro-
cognitive profile of students and its impact on motor 
performance are rare in Morocco. In this sense, the 
present study investigates motor performance during 
gymnastics through cognitive functions, particularly 
perception and working memory, in young Moroccan 
adolescents attending school.

Materials and methods
Location and duration of the study
The study was conducted in a Moroccan high school 
qualifying "Salman Elfarissi", located in the Skhirat 
Témara province of the Sale Rabat Kenitra region in 
central Morocco. The study duration is four months, 
from 4 March to 29 June 2022. 

The subject of the study
The number of students who participated in the study 
was 262, of which 149 were girls (56.9%) and 113 boys 
(43.1%), with an average age of 16.99 ± 1.17 years. 

Inclusion and exclusion criteria were established 
to provide a representative sample of the general 
population.
• The inclusion criteria
Students in qualifying secondary education between 
14 and 20 studies in a public educational institution. 
Physically fit for physical and sports activities.
• The exclusion criteria 
Uncorrected visual impairment, history of neurological 
disease (stroke or head injury), use of medication that 
may cause attention deficit and/or drowsiness, severe 
depression, or unstable mental illness.

Tools used
• The Rey-Osterrieth Complex Figure Test (ROCF-A)
A digital version of the ROCF-A test was used to eval-
uate visual perception and working memory. The 
ROCF-A test included the following instruments: 
a digital pen with pencil lead and an infrared camera 

Tab. 1. Distribution of the sample by gender, age, and educational level

Frequency Percentage

SEX Boys 113 43,1

Girls 149 56,9

AGE ≤ 17 187 71,4

>17 75 28,6

SCHOOL LEVEL TC 77 29,4

1BAC 154 58,8

2BAC 31 11,8
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(Anoto pen system). CREDAGE10 A4 paper, whose 
usual appearance does not bother the writer. The 
pen records the dynamics of the lines as a sequence 
of x  and y coordinates, as well as the instantaneous 
pressures. The ELIAN (Expert Line Information 
Analyzer) software allows the pen data to be visual-
ized and analyzed. Among the available versions, the 
"Expert" version generates Excel sheets and analyses 
to assist in diagnosis. ELIAN performs an automated 
analysis and gives access to very fine objective data 
(1/10 mm, 1/100 second). After completing the repro-
duction phase of the drawing, the pen is put away and 
connected to the computer via the USB interface, and 
the software is executed on the computer. The traces 
are loaded immediately. The test is carried out in two 
phases: the first phase, the copying phase, evaluates 
visual perception. The subject sketches the figure by 
looking at the model. The second phase corresponds 
to the phase of reproduction of the figure and evalu-
ates the working memory. The subject is asked to try 
to reproduce the figure even if it seems difficult without 
support. The test duration is unlimited and timed for 
both test phases. The interval between copying and 
reproduction must be less than three minutes (Wallon 
& Messmin, 2009).

Two procedures are applied to the results (Rey, 1959): 
Numerical scoring is the traditional method used 
to assess the accuracy of the achievement (the quality 
of the production). The figure is then divided into 
18 elements (details), each scoring from 0 to 4 points:
• Correctly drawn and well placed (4 points)
• Correctly drawn and badly placed (2 points)
• Correctly drawn, well placed but not perfect (3 points)
• Distorted or incomplete and well placed (2 points)
• Distorted or incomplete and badly placed (1 point)
• Not recognizable or absent (0 points)

A total score of 72 points is based on the accuracy of the 
design.

An analysis of the method of reproducing the lines 
(type rating). According to Osterrieth (Osterrieth, 
1944), there are seven types of organization: type I is 
the best, and type VII is the worst. 

Type I: draws the central rectangle first, then the 
related elements. Type II: first, draws a detail (often 
the cross), then the central frame and surrounding 
elements. Type III: The execution strategy consists 
of imitating the general outline and positioning the 
elements within the outline, sometimes poorly posi-
tioned. Type IV: Juxtaposition of details, drawing the 
elements successively. Type V: details on a confusing 
background that are drawn disorganized (elements 
of the figure recognized but without an overall formal 
structure). Type VI: figure inspired by a familiar model 
(church, a fish, a man in a house, etc.). Type VII: draws 
a few scattered elements (scribble). However, it is the 
numerical notation that interested us.

• Sports performance 
We have chosen floor gymnastics as an individual 
physical activity and sport. The choice of this school 
physical activity is mainly based on the solicitation 
of psychic capacities, in particular perception and 
memory, to achieve performance.

During ten learning sessions, the students learn 
the different steps of realizing the gymnastic elements 
belonging to the different levels. All students perform 
a  gymnastic sequence individually and equally in 
public. The grading is based on three criteria, each 
of  which is graded on 5 points: composition (choice 
of gymnastic families, arrangement, rhythm, amplitude, 
and ease in performing the routine), difficulty (number 
and category of gymnastic elements performed), execu-
tion (technical quality of the gymnastic routine).

Tab. 2. Descriptive statistics of visual perception and working memory

Minimum Maximum Average SD

score for copying (visual perception) 42 72 68,81 4,939

score for reproduction (working memory) 6 72 49,46 14,445

Motor performance (floor gymnastics) 4 13 9,17 1,575

Tab. 3. Motor performance averages by gender, age, and school level

Mean ± SD Test Sig

SEX
Boys 9,49± 1,477

t = 2,858 p = 0,005
Girls 8,93 ± 1,609

AGE
≤ 17 years 9,11 ± 1,613

t = -1,052 p = 0,294
>17 years 9,33 ± 1,473

SCHOOL LEVEL

TC 9,29 ± 1,366

F= 0,484 p = 0,8851BAC 9,08 ± 1,657

2BAC 9,32 ± 1,661



114 Copyright © 2022 Activitas Nervosa Superior Rediviva ISSN 1337-933X

Rouane et al: Study of visual perception and working memory and their impact on motor performance in moroccan adolescents attending school

Statistical analysis
The statistical analysis is based on two aspects: one 
descriptive and one analytical.

Descriptive statistics 
The results, motor performance, visual perception and 
working memory, were expressed as mean ± standard 
deviation. 
Analytical statistics
Student's t-tests and ANOVA were used to compare 
mean motor performance by study group, and correla-
tion tests were used to assess the relationship between 
visual perception, working memory and motor 
performance.

Results
The distribution of the sample in Table 1 shows the 
distribution of the sample by gender, age, and educa-
tional level. By gender, boys comprised 43.1% of  the 
population, and girls comprised 65.9%. For age, 
students under 17 years of age represented 71.4%. 
Regarding educational level, the sample included 29.4% 
of high school students, 58.8% of 1st-year baccalaureate 
students and 11.8% of 2nd-year baccalaureate students. 

Table 2 presents the descriptive statistics of the 
scores for visual perception, working memory and 
motor performance. The mean score for copying 
(68.81) was higher than the mean score for reproduc-
tion (49.46); this is confirmed by the Student's t-test, 
which was significant (t = 20.51, p < 0.001). For motor 
performance, the mean score was 9.17 with (min = 4 
and max = 13).

The analysis of motor performance (Table 3) showed 
that: Depending on gender, the boys' average is higher 
than the girls', with Student's t-test showing that this 
difference is significant (t = 2.85, p = 0.005). This result 
implies that boys learn better than girls. On the other 
hand, for age, students over 17 years old achieved 
a higher average than students under 17 years old. This 
slight difference is statistically insignificant (t = 1.052, 

p = 0.294). The same result is observed for the level 
of education, and there is a slight difference between the 
three levels (TC, 1BAC, 2BAC). The analysis of variance 
showed that this difference was insignificant (F = 0.4, 
p = 0.88).

Table 4, which contains the correlations between 
visual perception, working memory and motor perfor-
mance, shows that visual perception and working 
memory are significantly correlated with each other 
and motor performance.

Multiple linear regression was used to draw a model 
that links the three variables (Table 5) in which visual 
perception and working memory can predict motor 
performance in floor gymnastics. This regression 
(stepwise method) with motor performance as the 
dependent variable and visual perception and working 
memory as explanatory variables excluded visual 
perception and retained only working memory in the 
model with a standardised coefficient of 0.69. 

The model is more accurate for motor performance 
(t = 15.484, p = 0.00) but not for visual perception 
(t = -2.082, p = 0.38). 

Therefore, the linear model is as follows:

MP(GYM) = 0.76 WM + 5.437

Discussion
This analysis aimed to study the role of visual percep-
tion and working memory in motor performance in 
physical education and sports, specifically in floor 
gymnastics in Moroccan high school students. For this 
purpose, 262 students participated in the study, classi-
fied according to sex, age and school level.

A comparison of visual perception represented by 
the copying phase and working memory represented 
by the reproducing phase (the time between the two 
phases is 3 min) shows that the copying score is higher 
than the reproducing phase, a result similar to the 
study conducted by (Alice 2012). This difference is 
because the copying phase requires more additional 

Tab. 4. Correlation between motor performance, visual perception and working memory

Visual 
perception(VP)

Working memory 
(WM)

Mortice 
performance (GYM)

Visual perception (VP) 1 ,435**  ,218**

Working memory (WM) ,435** 1 ,693**

Motor performance (GYM) ,218**  ,693** 1

Tab. 5. Multiple linear regression results (stepwise method)

Dependent variable
Predictive variables 

(explanatory)
R R² F Sig B t Sig

Motor performance 
(GYM)

Working memory (WM) 0,693 0,480 239,761 0,000 0,076 15,484 0,000

Visual perception (VP) 0,699 0,488 123,586 0,000 -0,033 -2,082 0,0382
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skills, including retrieving information in the copying 
phase. (Shorr et al. 1992) The difference is that the 
copying phase requires more additional skills, including 
retrieval of information in the copying phase than the 
copying phase, even though the scoring system is the 
same for both phases.

In terms of motor performance, the results of this 
study revealed that boys performed better than girls. 
This superiority may be due to morphological differ-
ences. Moreover, boys perform better than girls in 
physical ability tests, excluding flexibility tests (Famose 
et al. 1988).

The neurocognitive study of motor performance 
in floor gymnastics has shown that perception and 
working memory explain, in a significant way, its varia-
tion; indeed, the visual system can use the kinematic 
information contained in a movement to identify this 
movement and also to anticipate the identity of the 
following movements (Bidet-Ildei 2006). In addition, 
several studies have shown a relationship and link 
between motor and perceptual difficulties. Researchers 
have shown that patients with apraxia have difficulty 
distinguishing between gestures they have difficulty 
producing. (Heilman et al. 1982). Similar results were 
found in the DC patient with dysgraphia following 
a parietal lesion (Chary et al. 2004).

A strong positive correlation between working 
memory and motor performance in floor gymnastics 
has been observed. Motor performance depends on the 
reproduction of the gymnastic elements studied during 
the learning sessions and the execution of a coherent, 
aesthetic, and precise gymnastic sequence, which 
requires, in the first place, an encoding, retention 
and retrieval of the information necessary for motor 
production. Results observed in dancers, whose ability 
to encode, maintain and retrieve useful information 
during the reproduction of long sequences of move-
ments affects their performance (Allard & Starkes 1991). 
There is an encoding of the information to be recalled 
by the performer, an elaboration of internal reference, 
a reproduction of the requested figure or sequence, and 
an evaluation of the execution. (Cadopi 2005). Based on 
a model of human working memory (Baddeley 1992), 
researchers (Smyth & Pendleton 1994, Jean et al. 2001, 
Jean 2001) analysed the nature of the encoding of infor-
mation in the memorisation of body shapes. The results 
show that encoding involves the spatial, kinaesthetic, 
and verbal registers of working memory. 

Motor performance in gymnastics also depends on 
precise planning of all the gymnastic elements and their 
orders of execution in sequences. Working memory is 
involved in planning ideas through the visuospatial 
component, the translation of which is carried out 
by the central administrator and the phonological 
loop (Gavens & Camos 2006). The central adminis-
trator manages the execution, which is used to store 
and retrieve information that will be used to organize 
a series of subsequent actions (Brown et al. 1988). Other 

studies have shown that the grouping of information 
to be memorized into meaningful and well-organized 
sets guarantees a storage of more information and 
a more efficient retrieval: the usual links and connec-
tions between elements affect the probability of  the 
appearance of one element following another, and 
consequently a reduction in the informational load and 
thus an improvement in storage is observed and trans-
lated by retrieval of each element (Smyth & Pendleton 
1994, Starkes et al. 1987).

Conclusion
This study found that visual perception and working 
memory are primary and determining factors for sports 
performance. The results prove the interest in a cogni-
tive study of motor performance in floor gymnastics 
through perceptual and memory processes.

It emerges that neuropsychological ability, espe-
cially working memory, significantly explains students' 
motor performance in floor gymnastics. This result 
adds to other studies (Cazorla et al. 1984, Zerzouri 
2002, Eloirdi et al. 2014) highlighting the critical role 
of psychological factors in sports performance.

On the other hand, a study on the relationship 
between visual perception, working memory func-
tioning, self-esteem, and depressive state, in terms 
of their influence on motor performance, could help 
draw an excellent neurocognitive profile for Moroccan 
adolescent students. Also, by confirming the impor-
tance of visual perception and working memory in 
motor performance, more oriented research through 
programs integrating digital and clinical technologies 
can provide important information in neuroscience 
in the field of physical education and sports and the 
health of Moroccan children and adolescents, so that 
more appropriate and more adapted learning situations 
that affect and develop cognitive functions in parallel 
with motor learning remain necessary to promote the 
development of these skills. Moreover, that training 
of  physical education and sports teachers in the field 
of educational neuroscience is necessary.
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