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Abstract. [Purpose] The purpose of this study to measure four components of executive function: (1) cogni-
tive flexibility, (2) inhibition, (3) working memory and (4) processing speed, along with the ability to dual task in 
recreational athletes. [Participants and Methods] This was a cross-sectional study of (n=102) male and female par-
ticipants, between the ages of 18–40 years of age across different levels and types of sport related physical activity. 
The International Physical Activity Questionnaire (IPAQ), short version, Dual Task Abilities (DTA) were measured 
utilizing a quantitative, dual task, gait test and Executive Function (EF) was measured through Stroop Color Word 
Test and Trail Making Test. [Results] Differences in EF and Dual Task-Interference (DTI) in recreational athletes 
did not show a significant difference between varying types of sport and level of sport related activity, with reported 
values high across all groups. Males reported better dual task interference abilities than females, though there were 
no significant differences in executive function between males and females. Executive function performance was 
the highest among the age group (18–24 years) population, but there were no significant differences between those 
in the higher age groups (25–34 years) and (35–40 years). [Conclusion] Overall, those participating in the study 
exhibited high prevalence of strong EF ability, regardless of sport activity type or level. This may suggest that type 
and level of sport activity may not be important when considering executive function performance maintenance for 
recreational athletes.
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INTRODUCTION

Executive functions (EF) are a set of higher-order processes that govern goal-directed action and adaptive responses to 
novel, complex, or ambiguous situations1). EF include: (1) neurological inhibitory control, (2) working memory (WM), 
and (3) attentional flexibility. They direct and organize behavioral tactics designed to solve adaptive problems2) and are 
classified into three main core components: (1) Inhibition [inhibitory control, including self-control (behavioral inhibition) 
and interference control (selective attention and cognitive inhibition)], (2) WM, and (3) cognitive flexibility (CF) (also 
called mental flexibility). Furthermore, EFs have a primary role in reasoning, problem solving, and planning3). CF, a primary 
EF emerges during the preschool period and plays a vital role in performance of complex activities such as sport related 
activity4).CF is also referred to as “shifting or switching” abilities, and allows the individual to alternate between two or 
more representations, tasks, strategies or behaviors in an adaptive manner5).The concept of EFs began by developing a 
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model for a “supervisory attentional system”. The “supervisory attentional system” was proposed to refine non-routine, 
goal-oriented behavior by controlling the selection and maintenance of the goal-relevant task schema6). The central EF is 
considered the main and global objective for this model. The second step in development of the model focuses on specific 
functions and processes that require executive attentional control. Four main functions have been proposed, including: (1) 
coordination in simultaneous tasks as in dual task paradigms, (2) switching between retrieval strategies, (3) focusing on one 
stimulus and ignoring irrelevant ones, and (4) manipulation of information from long term memory. Baddeley, along with 
neuropsychological literature identified three components that play an integral role in “self-regulation”, known as shifting, 
updating and inhibition7). These components fall under the term” Metacognitive executive functions” that organize and 
monitor goal-directed behavior. These functions include abilities assessed by traditional clinical and laboratory measures of 
EF8). Shifting is defined as the ability to alternate behaviors between different tasks. Hence, its associated with recognizing 
contexts and developing behavior appropriate to those contexts. On the other hand, planning is a good example of refining 
tasks, as it requires monitoring and updating recent information to stored information in the WM. Inhibition is essential for 
“goal directed behavior” as it prevents inappropriate responses9).

A correlational study was conducted on five and seven-year-old children examining the relationship between educational 
achievement and contribution to educational achievement expounded the relationship between EF (particularly WM and 
inhibitory control) and Metacognitive EF. The study reported a chain of significant relationships between EF and metacogni-
tive skills and EF and educational achievement. EF led to the optimal use of metacognitive skills, which in turn led to 
higher educational achievement in children10). Additional EF are an integral part of neuroscience and psychology and are a 
well-known foundation in neuroscience and psychology forming from the prefrontal cortex11). In conjunction with EF, the 
ability to execute two functions at the same time, “Dual Task” (DT), is a neurologic functional term studied extensively in 
healthy older adult populations12). The effects on performance of DT behaviors, known as the change in performance from 
single to DT, is indicative of ‘cognitive-motor’ interference16). This may be further explained by a meta-analysis of type 
and complexity of secondary tasks. DT examines divided attention, which is one subset aspect of EF. Change in task is 
challenging because of the demand for divided attention, while simultaneously performing two tasks17). However, not all 
tasks require the same amount of attention due to differences in demand for utilization of EF during performance of each task. 
For example, interference during walking varies, according to one study that showed tasks that involve internal interference 
factors (e.g. mathematic tasks) seem to disturb gait performance more than those involving external interfering factors (e.g. 
reaction time tasks)18).

Furthermore, these tasks were classified according to their task domain, with categories distinguished at the cognitive 
level17). They were classified as reaction time tasks, discrimination and decision-making tasks, mental tracking tasks and 
verbal fluency tasks. Reaction time was defined, further, as tasks that involve measuring the elapsed time between a sensory 
stimulus and a behavioral response17). In addition, discrimination and decision-making tasks were defined as tasks that require 
selective attention and response to a specific stimulus or feature. Mental Tracking Tasks (MTT) refer to tasks that require 
holding information in the mind while carrying out a mental process17). Verbal Fluency Tasks (VFT) refer to tasks that require 
spontaneous word production under pre-specified search conditions. Finally, Manual Tasks (MT) refer to balancing tasks of 
one or both arms, such as cup- or tray-taking tasks19). EF varies from one individual to another and could be influenced by 
many factors. One research study revealed that physical activity (PA), in adolescence, may have different effects on cognitive 
performance in adulthood, depending on gender. Adult males who reported higher PA levels in adolescence, demonstrated 
better performance on EF tests, WM and strategic memory control than peers who had previously been less active. However, 
no such relationship was found for females20). The finding that EF benefit from PA during the adolescent years fits with the 
fact that the frontal lobes are still actively developing throughout adolescence, as is reflected by changes in brain tissue, 
particularly increases in white matter in the pre-frontal cortex20). PA refers to any muscular movement requiring substan-
tial energy expenditure and has various subcategories (e.g., leisure activities or exercise). Of these, exercise is exclusively 
characterized by the intention to develop physical fitness21, 22). Over the years, previous researches have been addressing the 
correlation between PA levels and general cognitive functions, these studies found that exercise induced increase in cerebral 
blood flow (CBF) including the prefrontal cortex, which is commonly associated with EF, thus facilitating the oxygenation of 
brain areas relevant to cognitive functions23).In several studies, PA was found to lead to releases of neurotrophins in humans 
promoting the efficiency in neuronal processes24). The purpose of this study is to examine the differences between sport 
activity levels and type of sport with respect to EF skills and ability of adults to DT for a group of Recreational Athletes (RA) 
living in the United Arab Emirates (UAE).

Cognitive demands are inherent in many forms of PA25), as PA encourages cognitive engagement that engages higher order 
cognitive processes and primes them for subsequent utilization25). Activities that require group games or bilateral coordina-
tion exercises (order cognitive processing) enhance cognitive functioning more than repetitive and nonadaptive PA of equal 
intensity and length26). One study compared the effect of short-term intervention and long-term intervention on EF showed 
that PA can be one approach to improve EF. However, the same study also noted that both interventions had a positive impact 
on EF, but only long-term interventions were shown to improve all aspects of EF27). A model of “Neurovisceral Integration” 
proposes anatomical connections between the central and the autonomic nervous system which explains the long-term ef-
fect of long-term interventions on physiological learning with EF. According to this model, there is an interaction between 
parasympathetic cardiac autonomic regulation and EF processes that are controlled by the prefrontal cortex (PFC). This 
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network can be considered an internal regulation system through which the brain controls visceromotor, neuroendocrine, and 
behavioral responses to environmental challenges28). Several studies indicate that children and adults, who participate in team 
sports, tend to adopt a sense of belonging and responsibility toward their community, improvement in their interpersonal and 
intrapersonal skills, including better verbal and nonverbal communication, and development of self-awareness for under-
standing their own strengths and weaknesses in addition to the ability to analyze theories and ideas13). Research studies have 
concluded that team sports help develop children and adults’ complex skills required for alerting, orienting and executive 
attention, particularly among highly competitive and skilled teams14). Furthermore, whether people choose to play sports in 
teams or solo, psychological factors that have been attributed to improvement in higher EF include a better self-awareness, 
reduced anxiety, increase in confidence level, and increased motivation15). To date, there is no research that investigates the 
effects of differing levels of sport activity on EF, specifically the ability to perform DT for RA. For the purpose of our study, 
RA are defined as people who are involved in sport activity or intense PA for the purpose of leisure, being fit or socializing, 
at least one time per week.

No research has addressed EF in conjunction with DT for RA populations, thus far and no studies have been done in the 
UAE. This study fulfills the gap by examining EF from a wider perspective by comparing RA related PA levels for adults 
in a variety of sports and to measure three components of EF (CF, inhibition, WM and processing speed), along with the 
individual’s ability to DT using a valid and reliable measure for a sample of RA living in the UAE.

PARTICIPANTS AND METHODS

This study was a cross-sectional, quantitative, quasi-experimental design aimed at examining varying levels of sport. RA, 
between 18–40 years of age, residing in UAE for at least six months were recruited to volunteer to participate in the study. 
Exclusion criteria for the study included: disorders that affect EF, such as, hypertension, hepatic encephalopathy, cognitive 
impairment, Parkinson’s Disease, Upper Motor Neuron Disorders, chronic kidney disease, Rheumatoid Arthritis and any 
psychiatric disorders. In addition to medications that would influence their performance on EF tests.

Sport type was classified as “self-paced” (SP) OR “externally-paced” (EP) sport activity. Self paced (SP) activities included 
activities such as: walking, weight lifting, CrossFit, and swimming, where the individual’s speed and skill determines the 
performance. EP were defined as sports that require the athlete to react to continuously changing situations and an externally 
paced environment26). Externally paced (EP) activities were defined as those activities that depend on external factors not 
related to the performer as part of a team and require a reaction to the environment, including activities such as: football, 
basketball, cricket and badminton. RA were recruited using purposive sampling from Sharjah, Ajman and Abu Dhabi Emir-
ates. Ethical approval was obtained from the Research Ethics Committee of University of Sharjah prior to the initiation of the 
study and all data collection. The International Physical Activity Questions (IPAQ) is a self-administered questionnaire that 
includes nine items and is used to assess the intensity level in the Participants’ daily activities in MET-min/week29).

It covers the three main sports related PA levels Low intensity, Moderate intensity and Vigorous intensity. The Question-
naire’s English version test-retest reliability indicates good stability and strong reliability (α<0.80)30). IPAQ short version 
has also reported a criterion validity median of approximately 0.30 for monitoring population levels of PA among 18- to 
65-year-old adults in a variety of settings31). Trail making test (TMT) is a neurophysiological test that measures overlapping 
EF. The test has two parts Part (A) which mainly measure Processing speed32) and part B which measures overlapping EF33). 
Condition A includes drawing a line connecting 25 circled numbers in ordered sequence (1, 2, 3–25) as fast as they can. While 
in condition B they were asked to draw a line alternating between the number and the alphabet in order 13 numbers and 
letters from A to L (1a, 2b, ,,). Time was recorded for both conditions. The test has an [ICC]=0.742–0.836)34). Stroop color 
word test (SCWT) is used to assess the ability to inhibit cognitive interference that occurs when the processing of a specific 
stimulus feature impedes the simultaneous processing of a second stimulus attribute35). The test includes three main parts. 
These are; part (A) A4 sheet of color words printed in black ink, part (B) a colored words sheet, and part (c) where words are 
printed in different ink colors which is the interference trial, where color words are printed in a different ink color that doesn’t 
match (i.e., the word red is printed in yellow). In other words, the Subjects will perform a less automated task (i.e., naming 
ink color) while inhibiting the interference arising from a more automated task (i.e., reading the word)35). The outcome of 
this test was the time to complete Part C and number of errors, the interference trial, because it requires more attention and 
response inhibition. Dual task interference (DTI) reflects the relative cost of dual-task performance compared to single-task 
performance and is expressed as a percentage of single-task performance: DTC=[(DT − single task) / (single task) × 100]36). 
Functional gait test: Gait speed which is a gait parameter is assessed during single tasks and DT conditions. Participants are 
asked to walk for 20 m. For the secondary tasks, one of American Congress of Rehabilitation Medicines’ secondary tasks 
criteria was chosen which was walking with turns and counting backwards in 3 s which is a cognitive task37). The outcome 
measure is comparing the speed in DT conditions and single task conditions which was calculated using Excel. Second 
outcome measure is DTI measured using the traditional formula for evaluating the DTE on a particular outcome of interest38):

DTE (%)=(DT gait speed − single task gait speed) / single task gait speed × 100%39)

Negative percentage was defined as “worsened performance” in DT conditions while a positive percentage reflected 
“better performance” in DT conditions. DT paradigm is an ecologically valid approach for the assessment of cognitive 
function in conjunction with motor demands40). Data collection was carried out by a licensed physiotherapist and a senior PT 
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student under the direction of the primary investigator. Tests were practiced several times by research co-authors to ensure 
consistency of results. Participation information sheets were distributed to the volunteers to keep for their reference and for 
future inquiries, along with a copy of the consent form. Volunteers who chose to participate in the study voluntarily signed 
an informed consent before enrolling them in the study. Volunteers were contacted directly in order to explain the procedure 
and take into their consent after explaining that the participation is completely voluntary, and they were given the option to 
withdraw at any time during the research process. Volunteers were introduced to the topic and the details of the procedure 
by the research co-authors. Participants were approached before starting the exercise to prevent the effect of dose-response 
relationship between exercise duration and EF on the results41). The detailed procedure was explained to all participants and 
questions or clarifications were allowed prior to beginning the activity. Participants were asked to fill out a general health 
questionnaire and the International Physical Activity Questionnaire- SF (IPAQ-SF) in their language of choice. After filling 
the questionnaires, participants completed the tests for EF in a private, quiet room to prevent any distractors and ensure 
confidentiality and privacy. For each volunteer in the study, data collection included their age, occupation, and general health 
information. All papers and records were kept confidential in the primary investigator’s office, locked cabinet. The test 
outcome was calculated manually in MET-min/week, then were referred back to the IPAQ scoring protocol to get the activity 
level. The TMT test was administered. Both co-authors were there to explain the test procedure for the volunteers. They were 
asked to match the numbered circles from 1 to 25 as fast as they can. They were instructed to correct themselves if they made 
any mistake. The time was recorded using an iPhone 7 stopwatch by both co-authors. Before starting with the tests, there 
was a sample for both parts A and B that included 4 numbers for part A and 4 numbers and 4 letters for part B . They were 
instructed to try the sample first before starting the test.

Timer started as soon as the participants placed the pen on number one and stopped when they lifted the pen up. The 
SCWT was administered on paper, part 1 was printed in black, while 2 and 3 were printed in colors. Paper was 29.70 cm 
× 20.99 cm. In each part there were 100 words in columns. Two chairs were placed with a distance of 10 m. Distance was 
measured using a measuring tape. They were instructed to walk at their preferred speed back and forth starting from the chair 
to the other one turn and walk back total of (20 m). Then volunteers were asked to take a seat and perform the cognitive task 
while sitting for 10 sec which was counting backwards in 3 s. At the end, they were asked to walk with their preferred speed 
and do both tasks as accurately as they can. A pilot study was performed for DTE using SPSS.24 (n=5, ICC=0.992, p=0.001).  
Data was analyzed using SPSS.24.0 (Table 1).

RESULTS

In total, 102 Participants (65 Male/37 Female) were recruited of different sport related PA levels (13 Low/20 Moder-
ate/69 Vigorous) The instrument’s protocol considered walking as 3.3 MET, moderate intensity PA as 4 METS and vigorous 
intensity PA as 8 METS. To calculate MET-min/week, time was converted into minutes and then MET values were multiplied 
by time in minutes and number of days per week that activity was performed. Then they were grouped into the three intensity 
levels using the IPAQ instrument protocol57). Mean age was 24.73 ± 6.63 years. 14 sport types were reported using the 
general health questionnaire. Two participants withdrew from the research because they couldn’t complete the tests; their 
data was discarded, while 5 participants had the following disorders and had to be excluded, Multiple sclerosis, attention 
deficit hyperactivity Disorder (ADHD) and hypertension. Sports type was classified as self-paced (SP) n=70 and externally 
paced (EP) n=32 sports. Low sport related PA levels included n=9 SP and n=4 EP RA, while moderate intensity included 
n=14 SP n=6 EP. The majority of our sample were under the vigorous category n=47 for SP, n=22 for EP. 51 were males and 
18 were female RA. The speed of performing part A and B of TMT was recorded in seconds and the mean TMT −A 20.52 ± 
8.21 seconds, part B 50.49 ± 17.85 seconds. The participants’ scores were compared to the average scores of TMT part A 29 
seconds, part B 70 seconds58).

The time to complete SCWT and number of errors were analyzed for part C. The mean test score for part C in SCWT in 

Table 1.  Pilot study Intraclass correlation values for Dual Task Test and Single Task Test

Intraclass  
correlationb

95% CI
Significance

Lower bound Upper bound
Single measure1 0.843a −0.045 0.983 0.003**
Average measures2 0.915c −0.094 0.992 0.003**
A pilot study was performed to determine inter-rater and test re-test reliability for recording STS and DTS 
using SPSS.24.
These findings suggest that good inter-tester and test-retest reliability can be achieved for the Melbourne
Assessment when used in a group of South African Black children.
These findings suggest good inter-tester and test-retest reliability in testing STS and DTS in recreational 
athletes. (n=5, ICC=0.992, **p=0.003), aThe estimator is the same, whether the interaction effect is pres-
ent or not. bIntraclass correlation coefficient. cThis estimate is computed assuming the interaction effect is 
absent because it is not estimable otherwise.
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seconds was 101.46 ± 28.5, mean errors were 2.8 ± 3.6. All these scores are indicative of good processing speed, overlapping 
EF and inhibition. The mean DT speed for RA in m/s was 1.56 ± 0.52, ST 2.04 ± 0.47. For DTE the mean was −23.83 ± 18.07. 
The negative results reflect worsened performance in DT conditions. Only 8.9% of the sample reported a positive outcome  
when calculating the DTE. Mean values for TMT-A for SP (21.13 ± 8.47), EP sports (19.21 ± 7.59). Mean values for part B 
were SP (52.5 ± 19.09), EP (46.09 ± 14.09). SCWT3 values were in seconds for SP (103 ± 29.4), EP (98.05 ± 26.52). DTE 
for SP had a mean of (−26.14 ± 18.71), EP (−18.75 ± 15.7). Independent t-test was done to see the differences between EP 
and SP sports, the results showed no significant difference between the groups (p>0.05). 

Table 2 shows the mean values for the tests. Kruskal Wallis test was performed to see the differences between the 3 sport 
related PA levels in SCWT3, DTE, TMTA-B, and DTS. There were no significant differences between different levels of PA 
and dependent variables. Although the test did not show significance, SCWT showed a trend in (p=0.06) mean scores with 
vigorous group outperforming the low and moderate groups in the inhibition task of EF mean values for the low, moderate 
and vigorous group respectively (116.65 ± 27.37, 100.63 ± 25, 98.83 ± 29.11). 

To see the differences between males and females in DTE, DTS, TMT-A, TMT-B and SCWT part 3 independent t-test 
was done. The test showed significant differences between STS, DTS and DTE for Males (2.12 ± 0.48 (p<0.02); 1.7 ± 0.53 
(p<0.0005); −20.4 ± 16.35 (p<0.01) compared to females, with mean values recorded substantially lower in STS, DTS, and 
SCWT (1.9 ± 0.42, 1.32 ± 0.40, −29.86 ± 19.56). Table 3 shows mean and standard deviation of EF, DT tests by gender. There 
were no significant differences in the rest of tests between males and females p>0.05. Our sample included ages between 
18–40 grouped into group 1 (18 thru 24=1) (25 thru 34=2) (35 thru 40=3). One Way ANOVA was done to compare the means 
of the SCWT, TMT-A, TMT-B, DTS and DTE. Results showed significant differences in TMT-A, TMB and SCWT between 
the 3 groups respectively (p<0.001). While DTE, DTS, STS showed no difference. The Tukey post hoc test revealed that 
RA in age group 1 performed better in TMT-A (18.36 ± 6.46 seconds, p<0.01) than group 2 (23.2 ± 9.33 second, p<0.01)  
(Table 4).

DISCUSSION

Our study showed no significant differences in EF and DT in varying levels of sport related PA. However, a moderate 
trend was seen with the vigorous exercise group reporting higher scores in SCWT3 than other groups (p=0.06). Previous 

Table 2.  Descriptive values for all tests in mean ± standard deviation

IPAQ TMT-A TMT-B SCWT-3 STS DTS DTE
Low 19.64 ± 6.18 51.82 ± 12.17 116.65 ± 27.37 2.00 ± 0.52 1.46 ± 0.4 −25.5 ± 19
Moderate 20.16 ± 5.80 50.16 ± 15.20 100.63 ± 25 2.00 ± 0.53 1.53 ± 0.6 −24.4 ± 17.94
Vigorous 20.81 ± 9.15 50.32 ± 19.55 98.83 ± 29.11 2.06 ± 0.45 1.59 ± 0.52 −23.35 ± 18.19
TMT-A-B: Trail Making Test A-B scores in seconds; SCWT3: Stroop Color Word Test scores in seconds; DTS−STS: Dual Task 
Speed−Single Task Speed in m/s; DTE: Dual Task Interference %; IPAQ: International Physical Activity Questionnaire.

Table 3.  Comparison of mean test scores among both genders

Gender TMT-A TMT-B SCWT3 STS DTS DTE
Male 19.81 ± 7.76 49.72 ± 16.90 103.83 ± 30.30 2.12 ± 0.47* 1.70 ± 0.53** −20.39 ± 16.35***
Female 21.78 ± 8.93 51.83 ± 19.57 97.29 ± 24.83 1.91 ± 0.43* 1.32 ± 0.40* −29.89 ± 19.56***
TMT-A-B: Trail Making Test A-B scores in seconds; SCWT3: Stroop Color Word Test scores in seconds; DTS−STS: Dual Task 
Speed−Single Task Speed in m/s; DTE: Dual Task Interference %.
Mean ± standard deviation. *p<0.02, **p<0.0005, ***p<0.01.

Table 4.  Comparison of mean test scores among age groups

Age groups 
(years) TMT-A TMT-B SCWT-3 STS DTS DTE

18−24 18.36 ± 6.46* 44.73 ± 13.47** 92.80 ± 22.22** 2.02 ± 0.45 1.57 ± 0.53 −23.10 ± 17.93
25−34 23.20 ± 9.33* 56.35 ± 21.84** 112.27 ± 32.4** 2.08 ± 0.56 1.54 ± 0.47 −24.69 ± 14.8
35−40 23.23 ± 8.28* 65.50 ± 15.57** 114.20 ± 28.35** 2.03 ± 0.34 1.51 ± 0.64 −26.89 ± 25.87
TMT-A-B: Trail Making Test A-B scores in seconds; SCWT3: Stroop Color Word Test scores in seconds; DTS−STS: Dual Task Speed−
Single Task Speed in m/s; DTE: Dual Task Interference %.
Mean ± standard deviation *p<0.001, **p<0.01.
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research compared professional athletes participating in different sports or compared elites with RA. This is the first research 
studying comparing different sport types within the RA population, which may explain differences in results of previous 
research along with other factors that will be mentioned later on. EF has an integral part in sports physiotherapy, as shown 
−n research reports of higher EF in athletes than nonathletes42). Specifically, elite athletes (team sports) reported higher EF 
than athletes43). Another behavioral study, comparing inhibitory control in handball experts and RA, showed that experts 
outperformed RA in inhibitory control of foot and hands44). Another study compared the differences in inhibition between 
professional and RA, results showed that professional cyclists performed more correct answers than the RA, furthermore, 
reflecting better inhibitory control45). In RA, our results showed that there are no significant differences between EP and SP 
when it came to EF and DT, but that both groups fared equally well when compared to scores in the normal non-athletic 
population. This is different than previous research studies that identified differences between SP and EP sports between 
athletes. A meta -analysis reviewing the relationship between expertise in sports and laboratory-based measures of cognition 
showed that expertise SP types showed the largest statistically significant effect in processing speed than EP46). Another 
study, with a small sample size, showed inhibitory control is greater for tennis players than swimmers and non-athletes, 
which is considered an open skill sport47). However, previous research focused on sport expertise and elite athletes and may 
explain these differences due to sport-specific training in a or the intensity training experience that is different for RA. As 
mentioned before, training in a cognitive task may also enhance performance on related, but untrained, cognitive tasks55). 
Another factor that may be different and yield different results from previous studies is prolonged training time, which may 
lead to adaptations in basic cognitive abilities causing performance differences between experts and novices even on tasks 
independent to the expert’s domain54).

It is worth mentioning, that no previous research has compared DT paradigms in healthy RA. Differences in cogni-
tive performance between males and females were predicted by research studying the modal controllability between both 
genders56). Our study showed no differences between both genders in SCWT3, TMTA and B, but we also found that DTI for 
males was greater than female RA, which could be due to the fact that males had slightly faster dual and single task speed 
(STS) compared to females. When comparing TMT values by gender, age and educational level, it was shown that gender 
and age have an essential role on TMT which reflects processing speed and overlapping cognitive tasks, results showed that 
females outperform males48) which was not the case in our findings. The authors speculate this may be due to the sedentary 
nature of the female population compared to male population recruited within the UAE. Gender differences in EF is not 
supported in the literature, as there are many other factors that may lead to such variations in EF between individuals and 
further study is needed to examine this issue within a cultural context. A longitudinal study conducted in India showed that 
early life education level plays a role in cognitive differences between females and males49) However, another study showed 
that tasks used to measure WM did not find any gender differences in developing sample from young children to older adult 
population50). Considering age groups, a study found that the older the subjects the longer it took them to perform the test48). 
Our results also showed that age groups (18–24) completed both tests TMTA-B and SCWT3 the fastest. However, there were 
no significant differences between age groups (25–34) and (35–40). Mean values were also similar between these two age 
groups. It can be interpreted as the peak inhibitory task, processing speed and other EF are greatest between age (18–24) 
years old. Middle age processing speed starts to decline which leads to decline in WM cognitive functions51). Mean scores for 
all groups were within the average speed in TMTA-B which indicates that sports participation at any level would positively 
impact the processing speed and other cognitive function in RA. DTE between 3 groups did not differ which shows that 
exercise participation could have a positive effect on DT in RA, including older adults. It is mentioned previously that adults 
who are part of aerobic exercise would have better attentional control and EF than sedentary and non- aerobic exercises52, 53).

Hasher and Zacks highlighted the main sign of inhibitory age decline, which is the inability to focus on specific tasks while 
inhibiting the interference of information from previous scenarios requiring cognitive demand51). In addition to previous 
findings, there were also cognitive function preservation among older adults with moderate to severe depression who were 
active. In this case moderate PA levels are required to exert a protective effect on mood and cognition in late adulthood24). 
Limitations of our study include cross-sectional study design, as, unequal number of subjects in the three different sport 
related PA groups and small sample size. Future research should focus on measuring Recreational Sport related PA, including 
activity monitors throughout the week, and comparing DT paradigms in healthy athletic populations with those of a sedentary 
control group. Future research should also focus utilization of a longitudinal research design with equal participants among 
groups and larger sample size.

In conclusion, there were no significant differences in EF and DTE in RA, between the ages 18–40 years of age, between 
varying types of sport and level of sport related activity, though reported values were high across all groups. Males reported 
slightly better, but non-significant, DTE abilities than females in this study, which may be attributed to sedentary cultural ex-
pectations for females in the UAE. There was no significant difference in EF between males and females RA. EF performance 
was the highest among the age group (18–24) population, but in (25–34) and (35–40) had comparable results in EF and DTE. 
Our study concluded that multiple types and levels of participation in recreational sport activity are useful in maintaining high 
levels of EF performance for the RA population, between 18–40 years of age. Furthermore, SP activities may be an important 
alternative and conjunctive part of training for DT sport activities to train these skills. This research may also guide health 
care providers, including physiotherapists, to encourage the community to engage in any form of sports, to enhance DT and 
EF ability and prevent and decrease cognitive decline later on in life.
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