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Abstract OBJECTIVES: Athletes must possess the necessary technical, physical, and mental attributes. 
One of these mental abilities is attention, a neurocognitive skill required for the accom-
plishment of any motor task and of motor performance.
METHODS: A study was conducted over four months, including Moroccan adolescents 
enrolled in school from February 7 to May 28, 2022. A comparative and predictive method 
is used, the D2-R test and the Bells test, to assess attention and hemineglect in these 
students. In addition, we chose long jump as a physical and sports activity to assess motor 
performance. 
RESULTS: 250 students participated, including (152 girls (60.4%) and 98 boys (39.6%), the 
average age is 16.77± 1.23 years, range: 14-21. Divided into three school levels: common 
core (TC) 27.6%, 1st year baccalaureate (1BAC) 50.8%, and 2nd year baccalaureate (2BAC) 
21.6%. The results showed a strong relationship between attention levels (CC,CCT) and 
motor performance (r = 0,575 and r = 0,756 respectively) and showed that gender does 
not influence the attentional process of school adolescents (CC (F = 9,076, p < 0,005), 
CCT (F = 8,480, p < 0,005), E% (F = 03,998, p < 0,005)), as well as the scores of the Bell 
tests dealing with unilateral spatial neglect (NSU) show no relationship with motor perfor-
mance in individual long jump activities (r = 0,014, p-value = 0.829).
CONCLUSION: Attention, including its selective and sustained aspects, determines sports 
performance in young school-going adolescents. 
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Introduction
For athletes, the possession of mental, physical, and 
technical qualities is necessary (Vallerand & Losier, 
1999).

Attention is a primary neurocognitive function that 
is a prerequisite for performing more complex cognitive 
tasks (Cooley & Morris, 1990).

The concept of executive functions refers to a term 
encompassing an entire system of high-level mental 
processes whose primary function is to enable a subject 
to confront new situations and achieve their goal (Roy 
et al. 2012).

Attention can then be defined as our brain's ability 
to focus on an object or a person for a longer or shorter 
period. It is "the attentional focus effect on learning, 
such as the focus (internal or external) that changes the 
performance also learning." (Wulf et al. 1998).

As attention is a "major cognitive process that condi-
tions access to learning", (Floch et al. 2013) there is no 
learning without attention (Giroux, 2009).

We differentiate between selective, divided/shared 
attention, and sustained/focused attention. These 
distinct aspects of attention are essential in school, 
as they allow the child to grasp relevant information 
in class (selective attention) since we speak of "atten-
tion as a selection process that allows us to encode the 
information necessary for movement, to concentrate 
on a task (sustained attention) and to do several things 
at the same time (divided attention) (Posner & Boies, 
1971).

Visual attention is also a facet of the attentional 
process that allows controlling all the stimuli found in 
the visual area of the learner (Posner, 1980); in physical 
education and sports, it is primordial for motor learning 
and correct execution of motor tasks. 

Many indications confirm the existence of a spatial 
attentional process that detects and selects information 
precisely according to the spatial location of objects 
and events (selective attention). Much research has 
confirmed this existence (Posner et al. 1980 ; Treisman, 
A.1986).

Any attentional process can be defective. We speak 
of attentional deficits such as that caused by unilateral 
spatial neglect (USN), defined as a spatial disorder 
characterized by "the inability to verbally describe, 
respond to, and orient to stimuli contralateral to the 
hemispheric lesion, without this disorder being attrib-
utable to a sensory or motor deficit" (Heilman & Valen-
stein, 1979).

Acquiring motor or intellectual and executive skills 
in the motor task involves attention. For this reason, the 
attentional process is at the center of interest in experi-
mental psychology, whose research of the link between 
the process and the performance in physical activity 
and sport is the primary goal.

In this perspective, we sought to evaluate the associ-
ation between attentional processes and motor perfor-

mance from motor learning in physical education and 
sport and to evaluate the degree of the impact of atten-
tional level on sports performance on the other hand, in 
a group of school teenagers.

Materials and methods
Design and context of the study
This is a comparative and predictive study aiming 
to  evaluate the relationship between attentional 
processes, spatial hemineglect and sports performance 
in Moroccan adolescents attending school The study 
was administered in two Moroccan high schools, 
Salman Elfarissi and Cheikh Ibn Taymia, located in 
the Skhirat Témara province of the Salé Rabat Kenitra 
region in central Morocco. The study duration is 
4 months, from February 7 to May 28, 2022.

The subject of the study
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 21 studies in a public educational institution. 
Physically fit for physical and sports activities; they 
had sufficient vision to discriminate the stimuli (some 
of them had corrective glasses).
• 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 
• d2-R Test of Attention - Revised 
We administered the revised version of the d2-R test 
(Brickenkamp et al. 2010) to classes of approximately 
38  students, each in quiet classrooms at school. All 
students were informed that participation in the test 
was voluntary and that they could stop whenever 
they wished. Then, they were given a double-sided 
sheet of paper (containing some questions about their 
profile, instructions on one side, and the d2-R test 
on the other); the test was taken with a red ballpoint 
pen (adapted to  the optical reading system). The test 
consisted of 798 items divided into 14 lines of 57 char-
acters. Each line included the letters "d" or "p" with or 
without dashes (0 to 4). The task was to cross out the 
target objects of the test ("d" with two dashes "3 types"), 
the others serving as distractors. A processing time for 
each line was allowed 20 s, and the test was performed 
without pause (4 minutes 40 seconds). Participants 
were reminded to work from left to right, to start 
working on the following line as soon as they received 
the instruction "stop, next line," and to work as fast as 
possible without making mistakes. When participants 
crossed out the incorrect objects (non-target objects), 
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they were allowed to cross them out again (by making 
a  choice). The whole experiment, including instruc-
tions, exercises, and the task, lasted about 20 minutes. 
The data were processed according to the following 
scoring indices:
- cct = number of correctly barred target characters.
-  Errors of omission (EO): target characters that 

were not marked appeared before the last character 
processed (cct).

-  Confusion errors (CE): These are the marked 
distracting characters.

-  The concentration capacity (CC): index determined 
from the subtraction of the number of correctly 
crossed out target characters (cct) and the number 
of confusion and omission errors (CC = cct - EO - EC). 

-  The processing rate (CCT): It is obtained from the 
number of the last target character to be processed; 
it includes the correct answers (cct) and the errors 
of omission (EO+EC).

-  Exactitude (E%): The percentage of errors (E%) is 
the division of the number of errors (of omission 
and confusion) by the number of target characters 
processed (CCT). 

• Sports Performance
We have chosen the long jump as an individual physical 
activity and sport. The choice of this school's physical 
activity is based on the solicitation of mental capaci-
ties, particularly the cognitive process for realizing 
a performance.

The students learn the different steps of the long 
jump (run-up, impulsion, suspension, landing) during 
8 learning sessions technically. All students perform an 
equal jump in the pit (landing area) following the long 
jump rules (Le juge-arbitre, 2012.). Scoring is based on 
a school-based scale that links each jumped distance 
to a score, respecting the gender and grade level of the 
learner (OP, 2007).

• Bells Test
The test involves the detection of targets placed among 
several stimuli on an A4 sheet of paper. The test 
consists of 315 stimuli, 280 of which are distracters 
(house, horse, tree, car, etc.) and 35 bell figures. The 
latter are target stimuli. Before the test starts, the 
subject sits comfortably in front of the examiner, who 
demonstrates the test to the subject by showing him 
the distractors and a circled bell; then the examiner 
places the sheet horizontally in front of the subject; the 
page is placed on the subject's midline, and the exam-
iner asks the subject to circle all the bells on the sheet 
with a pen (Gauthier et al. 1989). The bells are distrib-
uted randomly within the set of stimuli, divided into 7 
columns, each containing 5 bells and 40 other stimuli. 
Columns 1,2, and 3 are noted on the left, column 4 in 
the center, and columns 5, 6, and 7 on the right. 

The examiner announces the beginning of the 
test and asks the subject not to stop until he or she 

has surrounded all the bells. The examiner holds the 
correction sheet and notes the sequence numbers 
of the bells circled by the subject; if the subject stops 
before all the bells are circled, the examiner asks him 
to check if he is sure he has circled all the bells. After 
this announcement, the test is over if the subject stops 
again.
At the end of the test, the following variables are scored: 
1) the number of omissions of the targets on the left 
side, 2) the number of omissions of the targets on the 
right side, 3) the total number of omissions, 4) the time 
of the test (Gauthier et al. 1989).

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

Descriptive statistics
the results were expressed as mean ± standard deviation.

Analytical statistics
The Student's T-test was used to compare the mean 
scores of the different variables concerning gender.

ANOVA (analysis of variance) and Tukey's test was 
used to compare the mean scores of the different vari-
ables with age group.

The Pearson coefficient was used to evaluate the 
relationship between D2-R test parameters, Bells test, 
and sports performance. A p-value <0.05 was consid-
ered significant at the 95% confidence interval.

Results
A total of 250 students participated in the study, with 
(152 girls (60.4%) and 98 boys (39.6%), the mean age is 
16.77± 1.23 years, range: 14-21, with {16-17} (65,60%), 
(Figure 1). The classes studied were chosen randomly, 
without discrimination. Divided into three educational 
levels: common core (TC) 27.6%, 1st-year baccalaureate 
(1BAC) 50.8%, and 2nd year baccalaureate (2BAC) 
21.6% (Figure 2).

Focused Attention Test-Revised D2-R
Table 1 shows the total mean scores of the different 
d2-R test parameters: 156.86 ± 42.78 for concen-
tration capacity (CC), 12.86% ± 8.78 for accu-
racy (E%), and 198.30 ± 37.92 for processing rate 
(CCT).

• By gender :
Analysis of the mean scores of the different d2-R test 
parameters with gender (Table 1) shows that:
-  For the ability to concentrate (CC), the average score 

of boys is higher than the average total score. In 
comparison, that of the girls is lower.

-  For accuracy (E%), the average score for boys is 
lower than the overall average score, but the average 
score for girls is higher.
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Fig. 2. Distribution of 
sample averages by 
educational level

Fig. 1. Distribution of sample 
averages by age

-  For the treatment rate (CCT), the average score for 
boys is lower than the average for girls, while the 
average score for girls is higher.

According to the Student T-test (Table 1), all results 
showed no significant difference between girls and 
boys in concentration scores (CC) (p = 0.380) and 
treatment rate (CCT) (p = 0.316), accuracy (E%) 
(p = 0.059).

• By Age:
Analysis of the mean scores of the different d2-R test 
parameters with age categories shows that (Table 2):
-  For the ability to concentrate (CC), the average score 

of the age group {14-15} is higher than the other 
average scores of the other age groups. 

-  For accuracy (E%), the average score for the age group 
{20-21} is higher than the other average scores for the 
other age groups.

-  For the treatment rate (CCT), the average scores of the 
age group {14-15} are higher than the other average 
scores of the other age groups.

According to the ANOVA test (Table 2), the results 
showed a significant difference between the age catego-
ries in concentration scores (CC) (F = 9.076; p < 0.05), 
accuracy (E%) (F = 8.480; p < 0.05), and treatment rate 
(CCT) (F = 3.998; p < 0.05). This was also confirmed by 
the Tukey test, which consists of the means having the 
same letter not differing significantly; in our case, we 
find 2 categories (a) and (b) or (ab).

Bell’s test
The average score of the Bells test was 33.54 ± 1.66 
(Table 1).

• By gender
The distribution of the average Bells test scores (Table 
1) according to gender shows that the average is higher 
for females with an average of 33.65 ± 1.665, compared 
to males with an average of 33.37± 1.665. 
According to the Student's T-test (Table 1), all results 
showed no significant difference between girls and boys 
in the Bells test scores (p = 0.189).
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• By Age
The analysis of the average scores with the age groups 
(Table 2) shows that the average score of the age group 
{20-21} is the highest, followed by the age group 
{18-19}, {16-17} as well as the lowest average is the age 
group {14-15}.

According to the ANOVA test, the results showed 
a significant difference between the age categories 
regarding Bells test scores (F = 11.791; p < 0.05). This 
was also confirmed by the tuky test, which consists 
of the means having the same letter do not differ signifi-
cantly. In our case we find 2 categories {14-15} (a) and 
{16-17} (b), {18-19} (b), {20-21} (b) (Table 2).

Sports performance 
The study of sports performance in the group showed 
a mean score of 12.572±2.34 (Tables 1).

The distribution of the mean scores of the sports 
performance according to gender shows that the 
means are higher in the male gender with a mean 
of 12.78±2.383, compared to the female gender with 
a mean is 12.44±2.315 (Table 1). 

Using the Student's T-test, all results showed no 
significant difference between girls and boys in sports 
performance scores (p = 0.271) (Tables 1).

The analysis of the mean scores with the age groups 
(Tables 2) shows that the mean score of the age group 
{20-21} is the highest, followed by the age group 
{14-15}, {16-17} as well as the lowest mean is the age 
group {18-19}.

Tab. 2. Distribution of the means of the sports performance scores, Bells test, and D2-R focused attention test according to age

AGE
CATEGORY

SPORTS 
PERFORMANCE 

(MEAN ± SD)
(Min, Max)

BELLS TEST
(MEAN ± SD)

(Min, Max)

D2-R TEST

CONCENTRATION 
CAPACITY (CC) 

(MEAN ± SD)
(Min, Max)

EXACTITUDE (E%)
(MEAN ± SD) 

(Min, Max)

RYTHME DE 
TRAITEMENT (CCT)

(MEAN ± SD) 
(Min, Max)

{14-15}
(a)

13,00 ± 2,714
(8, 17)

(a)
31,91 ±2,172

(26,35)

(b)
178,261 ± 35,872

(113, 270)

(a)
10,134% ± 5,762%

(2,29%, 26,14%)

(b)
216,09 ± 34,730

(151,298)

{16-17}
(a)

12,52 ± 2,330
(7, 18)

(b)
33,53 ± 1,652

(28,35)

(a, b)
162,262 ± 39,744

(67, 267)

(a, b)
11,388% ± 7,628%

(0,51%,39,20%)

(a, b)
200,05 ± 37,440

(111,319)

{18-19}
(a)

12,35 ± 2,196
(8, 18)

(b)
34,09 ± 1,005

(31,35)

(a)
135,055 ± 47,385

(35, 286)

(b, c)
17,435% ± 12,928%

(3,32%,76,19%)

(a)
185,60 ± 38,652

(110,308)

{20-21}
(a)

14,00 ± 2,268
(11, 18)

(b)
34,63 ± 0,518

(34,35)

(a)
134,635±21,960

(100, 170)

(c)
19,613% ± 8,519%

(8,13%,38,27%)

(a, b)
198,63 ± 28,745

(166, 244)

FICHER (p value) 1,454 11,791 9,076 8,480 3,998

Sig. 0,227 0,000 0,000 0,000 0,008

*(a), (b), (c), (ab), (bc) are groups of means.
*(min, max) is the minimum and maximum value of the means in the age category.
(Means, SD) represent the mean and the standard deviation.

Tab. 1. Distribution of means of sports performance scores, Bells test, and D2-R focused attention test by gender

SPORTS 
PERFORMANCE 

(MEAN ± SD)

BELLS TEST
(MEAN ± SD)

D2-R TEST

CONCENTRATION 
CAPACITY (CC)

 (MEAN ± SD)

EXACTITUDE (E%)
 (MEAN ± SD)

RYTHME DE 
TRAITEMENT 

(CCT)
(MEAN ± SD)

SEXE

M
(N =98) 12,78 ± 2,383 33,37 ± 1,665 159,827 ± 42,4658 12,0946% ± 

7,17040% 195,30 ± 40,224

F
(N=152) 12,44 ± 2,315 33,65 ± 1,665 154,954 ± 43,0232 13,0092%± 

10,38970% 200,24 ± 36,370

TOTAL MEANING (N=250)
(MEAN ± SD) 12,572±2,34 33,54 ± 1,66 156,86 ± 42,786 12,556% ± 

8,78005% 198,30 ± 37,925

p VALUE p = 0,271 p = 0,189 p = 0,380 p = 0,059 p = 0,316

M: male, F: female, SD: standard deviation
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Internal correlation of d2-R test
An internal correlation between the d2-R test param-
eters (Tables 3) shows a strong positive correlation 
between concentration capacity (CC) and processing 
rate (CCT) with an (r = 0.802), while a negative 
correlation is observed between accuracy (E%) and 
(CC) with (r = -0.656), and the (E%) and (CCT) with 
(r = -0.154).

These results show that a strong positive relation-
ship exists between CC and CCT since a high concen-
tration capacity (CC) leads to fast and accurate test 
processing (we talk about an intense processing speed 
and accuracy). However, the negative relationship 
is expected between concentration capacity (CC), 
processing speed (CCT), and the exactitude (E%) since 
a high score of E% indicates a weak performance in 
the test (low concentration as well as processing speed 
defective by an inaccuracy (high number of errors).

Correlation of d2-R, Bells test, and sports performance
The correlation analysis (Tables 4) shows a significant 
correlation between the different D2-R test items (CC, 
CCT) and the sports performance score (r = 0,575. 
r = 0,756). However, there is no significant correlation 
between the Bells test and sports performance and the 
different D2-R test items, namely CC and CCT.

The graph (figure 3) is also known as the correlation 
graph of sports performance, processing pace (CCT), 
concentration capacity (CC), exactitude (E%), and 
the Bells test score. It shows the relationships between 
them. 

-  The positively correlated sports performance, 
processing speed (CC), and concentration capacity 
(CC) are grouped.

-  The negatively correlated exactitude (E%) is posi-
tioned on opposite sides of the graph's origin (oppo-
site quadrants).

-  The correct distance between the CC, CCT, sports 
performance, exactitude (E%), and the origin measure 
the excellent quality of the representation.

Discussion
The present study was designed to evaluate atten-
tion, one of the most solicited cognitive functions in 
sports practice, and to assess its association with sports 
performance in Moroccan high school students, as well 
as to  evaluate unilateral attention and spatial neglect 
disorders in them.

Several studies have shown that the revised d2-R 
focused attention test (Rolf, 2015) has satisfactory 
internal consistency. According to the results of the 
present study, a strong positive correlation between 
concentration capacity (CC) and processing rate 
(CCT) (processing speed) and a negative correla-
tion between these and accuracy (E%). In the present 
study, the positive relationship between the concen-
tration capacity, the processing speed, and the score 
of the student's sports performance indicate that the 
more the student pays attention (concentration), 
maintains it, and controls it, the more he processes 
stimuli and information to succeed in the learning 
task and the greater the processing speed, the faster 
the task is deconstructed and the easier it is to assimi-

Tab. 3. Internal correlation of different d2-R test parameters

CONCENTRATION 
CAPACITY (CC)

EXACTITUDE (E%)
RYTHME DE 

TRAITEMENT (CCT)

CONCENTRATION 
CAPACITY (CC)

Coefficient de corrélation 1,000 -,656** ,802**

Sig. (Bilatéral) . ,000 ,000

EXACTITUDE (E%)
Coefficient de corrélation -,656** 1,000 -,154*

Sig. (Bilatéral) ,000 . ,015

RYTHME DE 
TRAITEMENT (CCT)

Coefficient de corrélation ,802** -,154* 1,000

Sig. (Bilatéral) ,000 ,015 .

Tab. 4. Correlations between d2-R, Bells test score, and sports performance score

SCORE BELLS TEST SPORT PERFORMANCE 

CONCENTRATION CAPACITY 
(CC) [D2-R]

Correlation Coefficient -,007 ,575**

Sig. (bilateral) ,909 ,000

RYTHME DE TRAITEMENT (CCT) 
[D2-R]

Correlation Coefficient ,001 ,756**

Sig. (bilateral) ,991 ,000

SCORE BELLS TEST 
Correlation Coefficient ,014

Sig. (bilateral) ,829
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late its components, which favors rapid learning in 
long jumping activity. We note that visual attention 
is essential for the task's success since it is related 
to a visual proficiency in jumping (crossing the take-
off board without touching the plasticine board) (Le 
juge-arbitre, 2012).

Also, no sex differences were found for any of the 
items of the d2-R test, which concord with the data 
of  the standardized d2-R test of Brickenkamp (Rolf, 
2015). On the other side, the statistical study shows 
the non-significance of sex effects on the Bells test 
score, which is consistent with later studies (Gauthier 
et al. 1989) and (Rousseaux et al. 2001). The effect 
of  age appeared significant, which is not consistent 
with the study's results (Gauthier et al. 1989). Such an 
effect is also marked for sports performance with sex 
and age, which shows that there are no effects of sex 
and age range on the sports performance of students. 
These results are consistent with the scale of evalua-
tion of these sports performances (OP, 2007).

Our analysis showed no correlation between the 
score of the Bells test, which evaluates spatial negli-
gence, and the sports performance; this is the result 
that the execution of the jumping task in length 
requires only straight and unidirectional vision ahead. 
No influence or interference of contralateral stimula-
tion on the learner's execution of the task and their 
sports performance. 

Our results did not find any correlation between the 
Bells test and the d2-R test of concentrated attention; 
since the d2-R does not allow us to observe the visual 
exploration strategy, the instruction is very explicit 
at  this level (forced scanning from left to right). 
Contrary to the d2-R, the Bells test does not measure 
attentional variability; the norms only include a global 
number of processed items, allowing a clinical analysis 
of the learner's visual scanning (Gauthier et al. 1989).

In all motor learning, and during any motor task, 
the solicitation of the attentional process is primor-
dial; according to the cognitive theory describing that 
learning in the cognitive stage solicits attention for the 
adjustment of gestures and imprecision of the gesture, 
we speak of non-efficiency of control (Fitts & Posner, 
1967).

These results are supported by studies about the 
effect of attentional focus on learning, such as focus 
modifies performance and learning (internal, external 
focus) (Wulf et al. 1998).

Conclusion
Our study has proved that motor performance depends 
significantly on the degree of attention given to the 
task during learning. Indeed, for any learning, mental 
and cognitive skills are essential next to physical skills, 
which is why the Moroccan educational system must 
put more light on the cognitive side and its develop-
ment to achieve good learning in physical education 
and sports.
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