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Introduction 
The present dissertation relates to the main research activities of the PhD student Ambra Gentile. During her PhD course, Miss Gentile mainly dealt with the effects of physical exercise in cognitive functioning, and the meta-analysis as a methodology of data integration. 

The relationship between physical activity and cognition has been extensively studied. In particular, considering executive functions is useful since it covers cognitive processes responsible for organizing and controlling goal-directed behavior, especially in nonroutine situations 


(Banich, 2009; Ludyga et al., 2016) ADDIN EN.CITE . In a lifetime perspective, executive functions (EFs) course follows a reverse-U-shaped trend, corresponding to low capabilities during childhood, an increase during adolescence and adulthood, and a decline with ageing. Framing this relationship on developmental perspective allows to identify potentialities and limits that are useful in daily life.
The first chapter of the current dissertation will briefly review the most important studies published on the relationship between physical activity and cognition, considering the type of physical exercise and its intensity, and the distinction of the effect across ages. During childhood, physical activity slightly improves children’s performance in EFs, and in turns, it has some benefits upon school achievements. In young adults, the improvement in EFs relates the academic achievement and is correlated to socio-economic status and position. The EFs performance decline with normal aging, and it declines more when the individual suffers from neurodegenerative pathologies. Physical activity can be used as a tool for reversing this trend, keeping high the cognitive functioning, considering that low executive functioning is associated with a greater risk of fall in elderly. 
The second chapter will present three papers published during Miss Gentile’s PhD course. The first paper analyses the EFs improvements after 6 months of an enriched sport program in children, where an improvement in task shifting and working memory has been found. The second paper is complementary to the first one, where children who followed this enriched sport program also showed benefits in school sport motivation. The third paper focuses on the improvement due to aerobic exercise on EFs in young adults. In this paper, no evidence that aerobic exercise increased EFs, even though an improvement due to time has been detected. 
The third chapter will introduce the advantages of using secondary scientific research, like meta-analyses. During her PhD course, Miss Ambra Gentile published three meta-analysis, that will be reported after a theoretical introduction. The first one, entirely reported after permission of the journal Psychology of Sports and Exercise, is a meta-analysis about the effects of stereotype threat on women’s sport and physical activities. The second one related to the effects of dual-task condition compared to single-task condition in older adults. The third one concerns the cardiovascular responses after stretching.
The fourth chapter will show Miss Gentile’s research activities, the skills and the academic achievements obtained in the three years. Finally, in the Appendix, the abstract of all the publications is reported. 
CHAPTER 1 – COGNITIVE ABILITIES AND THE RELATIONSHIP WITH PHYSICAL EXERCISE
There is common agreement that physical activity produces benefits on people’s mind. In the last decades, a growing body of literature examined the influence of physical activity on cognition, suggesting that it may have a positive impact on the intellectual abilities. From a neuropsychological perspective, different causal mechanisms have been hypothesized (Etnier et al., 1997). The first possible explanation considered the cerebral blood flow (CBF) and its increase as a consequence of physical exercise (Tari et al., 2020). Its beneficial effect consists in the amount of glucose and oxygen brought to the brain (Ludyga et al., 2015). 

Another possible mechanism that could explain this relationship relies on brain neurotransmitters. Several authors have highlighted changes in brain neurotransmitters after a single bout of exercise, such as norepinephrine (Mitchell et al., 1990), serotonin, and endorphins (Bortz et al., 1981). In a long-term perspective, repeated physical exercise may bring to a permanent change in the brain structure and functioning, as illustrated by the studies conducted on with rats (Aston-Jones & Bloom, 1981). 

A huge number of studies  were conducted to highlight the positive effect of physical exercise. In controlled sets,  the type the frequency and the intensity of physical activity were manipulated as well as the type of cognitive ability involved. The effects were detected in a wide range of population at different stages of life.  The aim of the current chapter is to critically review these contributions
1.1.
Cognitive abilities: the role of executive functioning 

The studies on the effects of physical activity on cognition usually focus on the executive functioning. According to Diamond (2013), executive functions are intended as top-down mental processes used in combination whenever the individual has to focus his/her attention or concentrate on a task. Traditionally, executive functions (hereinafter, EFs) are classified into three core processes, namely: inhibition and interference control, working memory (WM), and cognitive flexibility. 

The inhibitory control is the ability to control attention, thoughts, or behavior in favor of a more appropriate behavior or process (Diamond, 2012). The inhibitory control may involve the attentional process when the individual must concentrate during the performance of a task. It may happen that an exogenous, bottom-up, automatic, stimulus-driven process activates when we are focusing on something different (e.g., a loud noise when completing a task. The attentional inhibitory control, an endogenous, top-down, active, goal-driven process, activates to ignore this stimulus. 

Another kind of inhibitory control relates to the voluntary suppression of mental representations, that is the suppression of unwanted thoughts or memories, such as intentional forgetting. The behavioral component of inhibition is self-control, that is the ability to control over the emotions and not acting impulsively, such as cheating, reacting aggressively, or overindulging. Studies concerning inhibitory control of behavior (self-control) in children examined their ability to not eating the marshmallow in the perspective of a bigger reward later (Mischel, 2014). 

The psychological measure commonly adopted for the assessment of  inhibitory control is the Stroop Task (MacLeod, 1991), but other tasks exist for this purpose such as the Simon Task (Simon & Wolf, 1963), Flanker task (Eriksen & Eriksen, 1974), or the adaptation of the Implicit Association Test known as go/no go task (Wessel, 2018). In the Stroop task, the main requirement is to ignore the meanining of the word and focus on the color in which the word is written. On the computer screen, single words written in 4 colors (red, green, blue, black) appear. The task consists of three conditions: in the congruent task (W), the colour in which the word is written is also congruent with its meaning, e.g., “red” word printed in red color. In the incongruent task (CW), participants must indicate the colour in which the word is written and ignore its meaning, e.g., “blue” word printed in red color. In the control condition (C), participants see some blocks on the screen, e.g., colored rectangles, and they must indicate the colour as fast as they can. The measure of inhibitory control consists in the difference between the reaction time of recognizing colours and words and the reaction time needed to inhibit the meaning of the word and focus only on the colour in which the word is written. 

Inhibitory control is a complex ability for children and continues its development during adolescence. It seems to predict individuals’ life outcomes and happiness during adulthood (Moffitt, 2012). The inhibitory control starts declining with aging, as shown by several studies where older adults are worse in suppressing irrelevant stimuli than younger ones (Zanto et al., 2010). 

The second core EF, working memory (WM), is the process that stores the information and works with it (Baddeley & Hitch, 1994). It involves three processes, namely: phonological loop, visuo-spatial sketchpad, and central executive (Baddeley & Hitch, 2001). The phonological loop is a temporary storage system for speech-based information and phonological material, the visuo-spatial sketchpad serves as imagery and short-term memory, and the central executive supervises the functioning of both the systems.

Working memory, the process holding and manipulating information, should not be confused with the short-term memory, which just holds information in mind. Moreover, short-term memory develops earlier and faster than working memory, and working memory declines with aging (Diamond, 2013).

The most used task to assess WM, in particular the visuospatial WM, is the Corsi Block Test (Kessels et al., 2000). It consists of nine boxes that the researcher points in a pre-fixed sequence (constant across participants) and each participant is asked to reproduce the sequence. The first sequence consists of two items, and if there are no mistakes, the sequence becomes more and more complex. The task ends when the individual makes two errors consecutively. The measure of interest in this task relates to the number of sequences correctly reproduced. 

The third main EF is cognitive flexibility, which is the latest function that individuals develop.  Cognitive flexibility deals with the ability of changing perspective, spatially or interpersonally, or adjusting demands and priorities. Changing perspective requires working memory functions to load and consider different perspectives at the same time. A particular feature of cognitive flexibility is the task-switching ability, that is the ability to switch the attention from one task to another. One of the oldest instruments used to assess task switching is the Wisconsin Card Sorting Task (Teubner-Rhodes et al., 2017). In this task, a series of cards are showed. The cards can be sorted according to colour, shape, and number. The respondent is required to understand the correct criterion of association, switching among the three rules in the smallest time. Another task commonly used to assess cognitive flexibility and task switching is the Trail-Making Task. It consists of two parts: In the A version, participants have to link numbers in increasing order, while in the B version participants have to connect a number and a letter in an increasing way alternatively (i.e., 1-A-2-B-3-C). The trails were 4: 1. Only numbers from 1 to 5; 2. only numbers from 1 to 25; 3. numbers and letters from 1 A to 5; 4. numbers and letters from 1 A to 13. The version B is considered the measure of executive control (Arbuthnott & Frank, 2000).

It has been hypothesized a close link between EFs and physical exercise, and several meta-analyses examined the impact of different types of PA, mainly analysed in terms of  intensity and frequency of exercise. For instance, the review of Etnier and Chang (2008) examined the effects of acute and chronic exercise on EFs. 

1.2.
Acute exercise and exercise intensity

There is a common agreement that a single bout of physical exercise produces an improvement in cognition. Several meta-analyses have been published on the topic, generally retrieving small-sized positive effects (Etnier et al., 1997; Sibley & Etnier, 2003). The meta-analysis of Chang et al. (2012) examined 79 studies and found a small positive effect of d=0.097. During exercise, exercise intensity did not moderate the magnitude of effect size. Furthermore, significant differences emerged considering the type of cognitive task used and the level of fitness of participants. Concerning the type of cognitive task, the effect of a single bout of physical exercise was stronger on executive functioning compared to other cognitive tasks. In addition, a single intense exercice revealed a stronger effect of cognition inhighly fit participants compared to poorly fit participants. Immediately after exercise, a light effort produced small improvements in cognition, while no differences were found during hard or maximal exercise. Moreover, the cognitive task involving memory, crystallized intelligence and executive functioning produced larger effect sizes than the others involving memory, attention, and other cognitive functions. Fitness levels were significant moderators at all intensity (low, medium, and high). After a delay, the exercise intensity revealed to be a significant moderator, even when the exercise was very light. Crystallized intelligence and executive function tasks resulted to be the most effective, while fitness level did not moderate the effect size. 

Concerning exercise intensity, aerobic exercise has been hypothesized to create a nutritive environment through the facilitation of cortical activity 


(Ludyga et al., 2016) ADDIN EN.CITE . Moreover, a ceiling effect has been demonstrated with exercise and cognitive functions so that people who are low in cognitive functioning may expect the greatest benefit from the single bout of physical exercise (Sibley & Beilock, 2007). Also in this case, a meta-analysis confirmed a small positive effect of aerobic exercise, especially for preadolescent children and older adults 


(Ludyga et al., 2016) ADDIN EN.CITE .

Apart from aerobic exercise, high-intensity exercise has been examined in relation to executive functions. Similarly to aerobic exercise, high-intensity exercise produced a small improvement in executive functioning. 

1.1. The relationship between executive functioning and physical activity across ages 
1.1.1. Studies on children
Cognitive abilities start developing rapidly at early age, in particular between 3-4 (Clark et al., 2013). Their straight development is crucial for children’s future school achievements (Shanmugan & Satterthwaite, 2016). Nevertheless, it may happen that some problems appear during childhood: learning disabilities or attentional deficits, which are linked to a poorer cognitive functioning, in particular concerning executive functioning (Graham, 2017). 

The relationship between exercise and EFs has been studied in children with the Attention Deficit Hyperactivity Disorder (ADHD), who show impairments in EFs. Apparently, a single bout of exercise improves neurotransmission and brain functioning (Erickson et al., 2015). For example, Benzing et al. (2018) found that performing an exercise of moderate to vigorous intensity for at least 14 min significantly improved inhibition and switching in children affected by ADHD. The same improvement was not observed for accuracy or visual working memory performance.

A significant improvement in children’s cognitive abilities due to physical exercise has been highlighted by Sibley and Etnier (2003). In their meta-analysis, 44 studies and 125 effect sizes were considered, finding an overall effect of g=0.32 (p<.05) indicating a medium positive improvement due to physical activity. The Authors coded the sample of each study included in the meta-analysis  according to children’s health conditions (normal, mental impairment, physical disability), to age (early elementary school, late elementary school, middle-age school, high school), and to the type of PA involved (acute, chronic, other): to what concerns  cognitive abilities, they identified 8 different types. The effect of physical activity was significant in healthy, mentally impaired, and physically disabled children (without any difference across the three categories), middle-age school children, and for both acute and chronic exercise. Concerning the type of cognitive ability, perceptual skill tests returned the largest effect sizes. 

Considering children’s academic achievements and school performance, it seems that physical activity enhances mathematics-related and reading skills (Álvarez-Bueno et al., 2017).

A healthy development in EFs during childhood determines the quality of life during adulthood in terms of well-being and social status (Diamond, 2012; Jacka et al., 2011). Since children spend most of their time at school, the relationship between physical activity, in particular physical education, and cognition becomes of particular interest (Sibley & Etnier, 2003). Specifically, physical activity seems to have positive effects on EF inhibitory function, planning and problem solving, cognitive flexibility, and visuospatial attention (Bidzan-Bluma & Lipowska, 2018). 

A good development in EFs during childhood determines the quality of life during adulthood in terms of health and social status (Diamond, 2012; Jacka et al., 2011). Since children spend most of their time at school, the relationship between physical activity, in particular physical education, and cognition becomes of particular interest (Sibley & Etnier, 2003). Specifically, physical activity seems to have positive effects on EF inhibitory function, planning and problem solving, cognitive flexibility, and visuospatial attention (Bidzan-Bluma & Lipowska, 2018). 

1.1.2. Studies with young adults

During young adulthood, cognitive functioning reaches the highest peak of development and becomes stable. The individual activities, such as education, complexity of one’s occupation, and engagement in cognitive-intellectual activities, are considered as indicators of cognitive reserve, which is recognized as protective factor against dementia 


(Dekhtyar et al., 2016; Kremen et al., 2019) ADDIN EN.CITE . Executive functions are known to be accurate predictors of academic achievement, and are involved in the process of learning, together with self-regulation and metacognition (Eshel & Kohavi, 2003; Schraw, 1998).
Concerning the relationship with physical activity, a meta-analysis of Verburgh, Königs, et al. (2014) found a significant moderate improvement in executive functioning, but the same extent of improvement was found also for children and adolescents, considering single bouts of exercise. Lin et al. (2018) examined the benefits of regular physical activity, objectively measured through an accelerometer, upon EFs. According to the results, both moderate-to-vigorous physical activity and light physical activity were associated with a good performance with task-switching task. 

On the contrary, sedentary behaviour in young adults negatively correlates with EFs. For instance, Loprinzi and Kane (2015) found that self-declared sedentary behavior was inversely associated with visual attention and task switching (measured through Trail Making Test A).

1.1.3. Studies with elderly
Aging is associated with a general decline of physical and mental abilities (Marquis et al., 2002). Cognition and executive functioning start declining with healthy aging, and the impairment is bigger when elderly suffer from neurodegenerative pathologies, such as Parkinson or Alzheimer diseases (Kirova et al., 2015). 

Since cognitive abilities and executive functions are involved in the simultaneous execution of different tasks (Faulkner et al., 2007), elderly’s poor cognitive functioning is associated with a greater risk of fall (Verhaeghen & Cerella, 2002). Therefore, the importance of maintaining a good level of cognitive functioning is important for their general health. 

Physical exercise revealed to be a useful instrument for this purpose. Scientific evidence demonstrated that a physically active lifestyle contrasts the extent of this decline (Gow et al., 2012). Even a regular walk can have positive effects in healthy elderly’s executive functioning, in particular concerning inhibition and task shifting, but the same effect was not observed for elderly with cognitive impairment (Scherder et al., 2014). However, it seems that aerobic exercise can help maintaining an efficient cognitive functioning in older adults with mild cognitive impairment (Zheng et al., 2016). In a study of Albinet et al. (2010) , a group of healthy older adults completed 12-weeks of aerobic training, and after the intervention, it showed an enhancement in executive functioning compared to the control group, that did not receive the treatment. 

1.1.4. Executive functions can be improved
Executive functions can be improved through structured programs. According to 


Diamond (2012) ADDIN EN.CITE , there are some general principles that an effective program should contain. First, the EFs interventions are more effective in children with the weakest EF. Secondly, the intervention on one EF does not produce any improvement on another EF, or the extent of this improvement is narrow. Moreover, if the difficulty does not increase, children may abandon the program for boredom. The training should be based on repetitive activities that foster the skills, varying the content and the type of EF activities. Furthermore, the more a training program demands in terms of EFs, the larger will be the observed improvement. 

Finally, the success of a new activity depends on participants’ motivation. Indeed, if the intervention stimulates enjoyment, which is the main component of intrinsic motivation, participants will be more motivated to perform again that activity in the future (Vazou & Smiley-Oyen, 2014). Finally, the target group should be challenged throughout the program, otherwise participants will quit for boredom (Diamond, 2012).
CHAPTER 2 – EXECUTIVE FUNCTIONING AND PA IN CHILDREN AND YOUNG ADULTS
The relationship between EFs and physical activity will be presented in the current chapter by presenting three contributions that have been published during Ambra Gentile’s PhD course. The first and the second ones were published on Frontiers in Psychology, while the third one was published in Biomedical Human Kinetics. The papers were reproduced according to the Creative Commons policy (CC-BY).
2.1. The effects of an enriched sport program on children’s executive functions [from Gentile, Boca, Şahin, et al. (2020)]
Introduction

In the past decades, cognition and exercise have been considered as separate domains and, for this reason, were treated independently (Diamond, 2000). In recent years, a close link between physical exercise and cognitive abilities has been recognized (Colcombe & Kramer, 2003), specifically for what concerns the influence of physical exercise on executive functions (EFs). 

Many hypotheses have been provided for explaining this improvement, as the increase of the catecholamine levels 
 ADDIN EN.CITE 
(Chmura et al., 1994; Verburgh, Konigs, et al., 2014)
, which is linked with prefrontal cortex activity as well as executive functioning 


(Mehren et al., 2019) ADDIN EN.CITE , or the increase of cerebral blood flow (CBF) due to exercise (Verburgh, Konigs, et al., 2014). During childhood, prefrontal cortex activation should be more dynamic, and brain plasticity should encourage a permanent improvement in cognitive functioning (Erickson et al., 2015; Khan & Hillman, 2014).  

EFs relate to a set of cognitive abilities that supervise the information processing for the implementation of goal-directed actions and that require a certain amount of memory, attention, inhibition and self-control 
 ADDIN EN.CITE 
(Best, 2010; Davis et al., 2011; Eslinger, 1996)
. Especially for children, EFs are involved in the learning process (Alloway & Alloway, 2010); therefore, they are considered crucial for successful performances at school and the development of academic skills (Nayfeld et al., 2013). A study of Visu-Petra et al. (2011) revealed that EFs functioning significantly predicts children’s academic achievements. More specifically, working memory tasks forecast their performance in math tests, while the inhibition task is positively associated with the general semester grade. Haapala (2013) undertook a systematic literature review from 1966 to 2011 on physical activity, academic performance, and cognition in children and adolescents, providing evidences which showed positive effects of 14 to 36 week physical exercise training on mathematical, reading and language achievement scores.
However, studies hypothesizing a connection between EFs and specific academic skills (e.g., math skills) found mixed results ranging from a positive influence of physical exercise to none on academic performances. A meta-analysis of de Greeff et al. (2018) found a positive moderating effects of inhibition in the relationship between acute exercise and academic achievement, while no moderating effects were found concerning working memory and cognitive flexibility. Moreover, for what concerns physical activity programs, the meta-analysis revealed a significant moderating effect of working memory and cognitive flexibility, while no effects were detected concerning inhibition and planning. These inconsistent results, probably, are due to methodological difficulties in the EFs measurement that are, in turn, related to the complex conceptualization of the construct (Van der Ven et al., 2012). Indeed, the conceptualization of EFs has changed throughout time: in the past, the EF system was considered a unitary structure, while today researchers have recognized the existence of different, distinguished, but interrelated functions (Miyake et al., 2000). 
Hence, a good development in EF is crucial for youth, since problems encountered in EFs during childhood are related to problems in terms of health, social status and quality of life later on in adult life (Diamond, 2012; Jacka et al., 2011). For this reason, EFs have been related to children with several health issues, as ADHD 


(Holmes et al., 2010; Kempton et al., 1999; Ziereis & Jansen, 2015) ADDIN EN.CITE , autism 


(Gilotty et al., 2002; McEvoy et al., 1993; Rosenthal et al., 2013) ADDIN EN.CITE  and brain injuries 


(Kesler et al., 2011; McCarthy et al., 2005) ADDIN EN.CITE .

A significant improvement in children’s cognitive abilities due to physical exercise has been found by Sibley and Etnier (2003). Specifically, physical activity seems to have positive effects on EF inhibitory function, planning and problem solving, cognitive flexibility, and visuospatial attention (Bidzan-Bluma & Lipowska, 2018). To what concerns the amount and frequency of physical exercise, a meta-analysis by Verburgh, Konigs, et al. (2014) has shown that acute physical exercise, which is a single bout exercise whose duration lasts from 10 to 40 minutes,  has an overall effect on EFs. Whilst, no effects were detected concerning chronic exercise, that is an exercise program lasting between 6 and 30 weeks. According to the Authors, two main explanations may be provided: on the one side, chronic exercise has a smaller positive effect on cognitive functioning if compared to the acute exercise; on the other side, the studies included in the meta-analysis might not be suitable in terms of intensity, frequency and duration. Moreover, while in acute exercise studies the cognitive assessment took place immediately after the physical exercise, no information was provided concerning chronic exercise. Concerning the age, for children from 6 to 12 years, the authors found a moderate improvement of cognitive function after acute exercise. The importance of physical exercise for children EFs is crucial especially for low performer children that register a greater improvement compared to normal performer children (Diamond, 2012).

Considering that physical exercise has beneficial effects on children’s cognition, increasing attempts have been done to implement physical activities programs enriched with cognitive challenges (Hillman et al., 2008). Tuckman and Hinkle (1986) compared children’s physical and cognitive performance in a specific running program and an ordinary physical education class, finding that runners also became more creative than children in the ordinary class condition. Concerning this topic, Memmert (2006) confirmed that a sport enriched program can improve sport-related creative thinking, since children learn to perform successful behaviour and to act it through creative motor functions.   Davis et al. (2007) tested a physical activity program for obese children, analysing the potential benefits of the program on executive functions, and  finding positive effects related to planning ability in high dose of exercise condition (40 min/day) compared to the no-exercise control condition. 

The success of a sports program depends on its structure and its features. Diamond (2012) maintains that an effective aerobic training program can reduce disparities in EFs produced by differences in social status and predicts further academic success. Nevertheless, the improvement in one EF can be transferred to another, given the above mentioned multidimensional structure of the EF system. 

The forecasted physical activity should also challenge children throughout the program. From a motivational point of view (Deci & Ryan, 2008), if kids are not pushed to do better, they stop improving, and, on the other side, if the activity does not become challenging, children get bored and abandon the program. Finally, single bouts of aerobic activity have produced the best results on executive functions, but programs that last over time show smaller effects, thus Diamond (2012) suggests to create combined programs of physical training and character development activities.  

Considering these findings, the current paper analyses the effect of Enriched Sports Activity program (ESA program) on children’s EFs. ESA Program is an enriched physical exercise protocol experimented within the Erasmus + Project Enriched Sports Activity  Program (ESA Program; Agreement Nr.: Sport-579661-EPP-1-2016-2-IT-SPO-SCP). The project, which lasted three years, aimed at enhancing social inclusion, equal opportunity and psycho-social well-being in children through an enriched protocol that introduced physical exercises able to stimulate cognitive growth (Alesi et al., 2017). The exercises were modified to stimulate the three core EFs, namely inhibitory control, thus the ability to ignore one stimulus and concentrate on another; working memory, that is the goal-directed ability to monitor and manipulate mental representations stored in working memory; task shifting, that is the ability to consciously switch from one task to another (Diamond, 2013; Miyake et al., 2000). The program was articulated into 27 units, divided into a 10-minutes baseline phase, and a 15 -minutes stimulation phase. The program is innovative since it standardize the warm-up session, through the introduction of cognitive stimuli within exercises relating to several sports activities.

Considering the results retrieved from literature, the physical exercise protocol foreseen by the ESA program should enhance EF performance in inhibitory control, working memory, and task shifting. Given the developmental phase of participants, ranging from 7 to 14 years, we expect a general improvement of all children’s EFs, but a particular improvement in children who have followed the ESA protocol.

Materials and Methods

Data collection took place in the first months of the school year in November  (t1) and in May  (t2), at the end of the same school year, within four different European countries (Italy, Lithuania, Turkey and Germany) (Tab.1).  Four hundred twenty-two children were included in the sample, but 65 children did not complete the final evaluation. Thus, the research sample consisted of 357 children (48% males, 52% females) whose age was comprised between 7 and 14 years old (mean age = 9.55, SD= 1,77). The study was carried out according to the Helsinki Declaration (Hong Kong revision, September 1989). It also received permission from the Lithuanian Sports University’s Research Ethics Committee in Social Sciences with approval No 579661-EPP-1-2016-2-IT-SPO-SCP (2018-02-05).
Tab.1- Selected participants per country

	Country
	N
	Intervention
	Control

	Italy
	164
	77
	87

	Lithuania
	93
	56
	37

	Turkey
	80
	40
	40

	Germany
	85
	38
	36


 Procedure 

Cognitive data collection at t1 took place within four European countries (Italy, Lithuania, Germany and Turkey). After parents’ signature of the consent form, children school classes were split in experimental and control group. Children from both experimental group (ESA group) and control group completed a battery made up of three neuropsychological tasks derived by the Inquisit Lab platform: the Color Word Stroop task (Stroop, 1935), the Trail Making Test (Reitan, 1958) and the Digit Span test(Lumley & Calhoon, 1934). One of the experimenters guided the children during the assessment, explaining the tasks they had to complete. Cognitive tasks were presented in a random order and the data collection lasted about 30 minutes per each respondent. 

Children following the ESA program completed 27 training units during physical education class, while children from control group followed ordinary physical education class.  At t2, corresponding to the end of the school year, children repeated the same cognitive assessment, in the same order presented at t1.
Measures

Executive functions

The following three executive functions were measured: working memory, inhibitory control, cognitive flexibility and task-switching ability (Sánchez-Cubillo et al., 2009). For this purpose, Inquisit 5 by Millisecond© was employed, using the libraries available on Millisecond© website. These scripts implemented the classic Stroop Task, Trail Making Test and Digit Span test with keyboard inputs. 
Digit span forward/backward. Digit Span assesses working memory 


(Lumley & Calhoon, 1934; Woods et al., 2011) ADDIN EN.CITE . In the visual version, numeric sequences appear on the screen and participants have to recall them (both in a forward and in a backward manner) by selecting with the mouse the digits from a circle of digits. Depending on performance, participants move up a level or down a level, and the assessment is over after 14 trials. The whole task lasts 15 minutes. The number of recalled digits before two consecutive errors was taken into consideration for data analysis. Scores are computed counting the number of recalled digits in the presented order and the number of recalled digits in the reversed order.
Stroop Task. The Stroop Task is designed for assessing inhibitory control (Stroop, 1935). Participants are showed on the computer screen words written in 4 colors, such as red, green, blue, black. The task is made up of three conditions: in the congruent task (W), participants see some words on the screen and they have to indicate in which colour the word is written, that is congruent with its meaning, e.g., “red” word printed in red color. In the incongruent task (CW), participants have to indicate in which colour the word is written and ignoring its meaning, e.g.,  “blue” word printed in red colour. In the control condition (C), participants see some blocks on the screen, e.g. coloured rectangles, and they have to indicate the colour. Total trials are 84 derived by: 4 colors (red, green, blue, black) x 3 color-stimulus congruency (congruent, incongruent, control) x 7 repetitions. In the current study, the interference score was calculated considering the logarithmic difference between inhibitory reaction time and control reaction time (MacLeod, 1991). 

Trail Making Task. The Trial-Making Task(Reitan, 1958)


 is a test developed for assessing cognitive flexibility and task-switching 



 ADDIN EN.CITE  ADDIN EN.CITE . In the A version, participants have to link numbers in increasing order, while in the B version participants have to connect a number and a letter in an increasing way alternatively (i.e., 1-A-2-B-3-C). The trails were 4: 1. Only numbers from 1 to 5; 2. only numbers from 1 to 25; 3. numbers and letters from 1 A to 5; 4. numbers and letters from 1 A to 13. For the calculation of the scores, only the B version completion time was used, since it is more sensitive to cognitive flexibility skill (Kortte et al., 2002). 
Enriched Sport Program

ESA Program. The implementation lasted 14 consecutive weeks in the school and the sports center context. It involved children from 7 to 14 years that already practiced sport. The protocol aimed to enrich the warm-up of regular sports activities with cognitive stimuli (inhibition, working memory, task shifting) for improving children’s EF. The program consisted of 27 units lasting 25 minutes. The unit was made up of a baseline phase and stimulation phase, and it was obtained through a combination of two features: cognitive stimulus and movement domain. The construct validity was assessed only qualitatively: four experts from psychology and sport science rated the extent to which an exercise could stimulate a specific cognitive function. The discrepancies were solved through discussion.  

The cognitive stimuli for the stimulation phase could involve inhibitory control, working memory, or task-shifting. In the activity stimulating inhibitory control, the coach’s verbal command for an exercise corresponded to the execution of another movement, previously associated. For example, at the verbal command, “Skip- ahead” corresponded “Kicked- ahead” movement, and at the command “Fore- foot gait- ahead” corresponded “Rear-foot gait- ahead”. The stimulation of working memory occurred through the explanation of a series of exercises, that children had to perform in a reverse order. For example, at the oral command “Balance on the line- ahead/ behind” corresponded the performance “Balance on the line- behind/ ahead”. Concerning the task shifting stimulation, a circuit of exercises was created, and each child had to perform a specific exercise that was different from the others’ one. When the instructor whistled, children had to switch with the exercise that the kid ahead was performing, until all of them had performed all the exercises in the circuit.  

All the three domains started with a beginning level (B), followed by an intermediate level (I), and finishing with an advanced level (A). The design of the protocol was the following: the first nine units concerned the beginner level of exercise, whose domain was alternatively athletic drill, then sports ball, and finally smart circuits, and whose stimulation concerned alternatively working memory, inhibition and task-shifting. The same structure was kept for intermediate level and advanced-level (see figure 1). 

A series of coaches’ guidelines video-tutorials were recorded to maximize the protocol standardization across the European administrators. 
Figure 1 - The Enriched Sports Activity (ESA) Program Protocol.

[image: image1.jpg]EXECUTIVE COGNITIVE FUNCTIONS

INHIBITION WORKING MEMORY SHIFTING

A .

15’-25" WARM UP (ESA UNIT)

<) e -
§/ smart Circuits . w
& =2 3
§
rJ Sports Balls a
$
&
g <
&

Athletic Drills





Data Analysis

Descriptive statistics were performed on the sample, including height and weight (Tab. 2 and Tab. 3). Afterwards, for evaluating the effects of ESA program on children’s executive functions, a repeated-measures ANOVA model with Time x Group comparisons was performed. Specifically, the cognitive scores at the beginning and the end of the school year were compared, separating the general effect of improvement from the one induced by the ESA Program. The age of participants was included as a covariate since the effects of physical exercise enhance executive function performance at different levels across age 


(Ludyga et al., 2016) ADDIN EN.CITE . 
Tab.2 – Distribution of Height in different age ranges

	
	Height (cm)
	

	Age
	Mean
	SD

	7-8 years
	131.0
	6.19

	9-10 years
	140.0
	8.62

	11-12 years
	154.0
	9.58

	13-14 years
	165.0
	5.42


Tab.3 – Distribution of Weight in different age ranges

	
	Weight (kg)
	

	Age
	Mean
	SD

	7-8 years
	30.0
	6.66

	9-10 years
	36.9
	7.14

	11-12 years
	43.2
	7.25

	13-14 years
	53.9
	6.20


Results 
For what concerns Digit Span Forward, repeated measure ANOVA showed a significant effect of Time between pre- and post-test condition, while non-significant effects were found in the interaction between Time and Activity (F1,355 = 2.26, p= 0.13). No general performance improvement was observed in the Backward recall during time (F1,351 = 0.21, p= 0.64), but children from ESA Program significantly improved more their performance, compared to the control group (F1,351 = 4.58, p<0.05). No effects of Age were detected in both cases (Forward: F1,355 = 1.04, p= 0.31; Backward: F1,351 = 0.05, p=0.83) (fig.2-3). 

A significant effect of Age has been found on the Stroop task (F1,338 = 6.98, p<0.01), but both the Time effect and the interaction between the treatment and the group were non-significant (Time: F1,335 = 2.34; p=0.12; Time x Group: F1,335= 0.87, p=0.35) (fig.4). Concerning the Trail Making Task, a significant effect of the ESA program between pre-test and post-test condition was found (F1,348= 26.3, p<0.00), as well as the interaction between Time and Group (F1,348= 13.7, p<0.001), and the influence of Age (F1,348= 12.4, p<0.001).





Figure 2 - Results on the Digit Span Forward.
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Figure 3 - Results on the Digit Span Backward.
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Figure 4 – Results on the stroop score 

Discussion 

The purpose of the current study was to test the effectiveness of ESA program on children’s cognitive performances, in particular, their executive functions (EFs). ESA program is an enriched sports program containing warm-up physical exercises that were modified to stimulate three core EFs (inhibitory control, working memory, task shifting) (Diamond, 2013). 

Some studies have already proven that the introduction of an enriched sports activity program enhances cognitive functioning 


(Beck et al., 2016; Gheysen et al., 2018) ADDIN EN.CITE . In this study, we specifically tested changes in working memory and short-term memory through Digit Span Forward and Backward Task, inhibitory control through the Stroop task, cognitive flexibility and task shifting through the Trial-Making Task, that are EFs involved in daily life and relating to school performances (Visu-Petra et al., 2011). 

Moreover, the ESA Program has already showed its effect concerning children’s physical fitness, where moderate effects were found in relation to throwing, jumping, sprinting, and agility (Duda et al., 1991). Our sample was made up of children coming from four European countries that implemented the ESA program within the same period and following the same protocol, shared with all the partners through video-tutorials. In this way, the standardization of the procedures was ensured. 

For the evaluation of the program effectiveness, a repeated measure ANOVA was run, revealing a significant effect of ESA program on Digit Span Backward and Trail-Making Task B version. No significant effect of ESA Program was found on Digit Span Forward, nor on the Stroop Task. To summarize our results, the enriched sport program produced positive effects for working memory, task switching and cognitive flexibility, while no beneficial effects were detected on inhibitory control and short-time memory. Concerning the age of the sample, a significant interaction with ESA program was found in the Stroop Task and Trial-Making Task, indicating that older children significantly reduced the completion time of the task, but the same effect was not detected for Digit Span Forward and Backward.

The positive effect of an enriched sports program on working memory is in line with ample research. Both longitudinal and cross-sectional studies underlie a positive association among structured physical activity in childhood with higher working memory performance (López-Vicente et al., 2017). 


Koutsandreou et al. (2016) ADDIN EN.CITE  found that 10 weeks interventions based on cardiovascular and motor afterschool exercise programs enhanced working memory skills on a sample of 9- to 10-yr-old children whit a larger degree due to the motor exercise intervention rather the cardiovascular program.

Moreover, a study of Beck et al. (2016), which employed a sport-enriched math program made up of three conditions, namely, gross motor math group, fine motor math group and control condition. The results showed that children from all the conditions improved their performance, but the ones from gross motor condition enhanced their performance significantly more than the other groups when tested immediately after the program. This enhancement was not found after eight weeks. 

The ESA program's effects on Trail-Making Task B reduction of time is coherent with findings of a previous study carried out by Schmidt et al. (2016). The authors compared four experimental conditions characterized by an increasing cognitive load, ranging from low cognitive demand to high cognitive demand, and increasing physical demand. They found that, following a period of 10 min of cognitive challenging tasks, children showed better focused attention and decreased processing speed. The speed component of the attention was highly influenced. These findings focus on the issue concerning the quality of intervention. Cognitive challenging physical activities revealed to be more suitable to improve children’s attention compared to ordinary physical activities.

No improvements of ESA program were found upon inhibitory control, a result that contradicts other data in literature (Drollette et al., 2014; Tsai, 2009). However, the studies that found a positive effect of physical exercise on inhibitory control used clinical samples including children with specific problems, like ADHD (Chang et al., 2014), while our sample was made up of children from ordinary school class. It seems that children with poorer performance on EF tasks may experience more positive effects following sports programs compared to children exhibiting baseline normal performance on EFs 


(Ludyga et al., 2016) ADDIN EN.CITE . 

The review by 
 ADDIN EN.CITE 

van der Fels et al. (2015)
  pointed out the interplay between cognitive and motor skills in childhood. Authors emphasized how challenging tasks stimulate the co-activation of pre-frontal cortex, cerebellum and basal ganglia and trigger common processes as inhibition, planning, monitoring. The current study introduces many advantages, as the combination of different sport movement domains and cognitive stimulation, that provides to the coaches an innovative structured warm-up characterised by an increasing cognitive load. A higher cognitive load task requires higher attention and regular physiological condition and muscular fatigue may impair cognitive performance. For this reason, the warm-up phase has been selected as the most appropriate exercise unit section for a suitable cognitive stimulation. Moreover, the physical assessment provided through the first phase of the Program has demonstrated its effectiveness also from a physical point of view (Thomas et al., 2020).
Some limitations of the present study should be noted. First of all, follow-up measurements were not implemented; thus we do not have information about the stability of our results during time. Secondly, performances in EFs were detected but an important limitation is that they were not linked to children’s academic achievement or their reading, writing and calculating skills. Finally, construct validity was only assessed qualitatively. Given these limitations, future research should investigate the effects of enriched sport programs, with accurate construct validity measures, on children’s academic achievement with a follow-up period after the conclusion of the program. 
Providing enriched programs, as the one suggested by ESA program, at school may significantly improve children’s cognitive functioning, that, in turns, should have beneficial effects on their academic performances. 
2.2. The effects of an enriched sport program on children’s sport motivation [from Gentile, Boca, Demetriou, et al. (2020)]
Introduction
The practice of sport activities has undoubtedly positive effects on children’s physical fitness and psychological well-being. These benefits concern improved physical fitness, balance, and endurance jump as well as the decrease of obesity and type 2 diabetes (Golubović et al., 2012; Janssen & LeBlanc, 2010; Navarro-Patón et al., 2019; Reid et al., 2015). From the psychological perspective, positive effects concern the increase of self-determination, self-esteem, and self-efficacy, and the decrease of anxiety and depression. Recent studies confirmed its beneficial effects on cognitive functioning that, in turn, is connected to an improvement in academic achievement (Donnelly & Lambourne, 2011; Egger et al., 2019; Harveson et al., 2019; Mavilidi et al., 2020; Misuraca et al., 2017). However, children are likely to drop-out from taking part in sport activities, especially those characterized by parental inactivity (Silva et al., 2019), and it seems that girls’ participation declines more than their males counterparts (Malina, 2001). As showed by the latest Eurobarometer on sport and physical activity (PA), the rates of frequency and levels of engagement in sport or other PA decreases from Northern to Southern countries, and the rate of drop-outs increase with age. Therefore, identifying those factors that prevent children (especially girls’) drop-out can be useful to empower their cognitive functioning and to prevent poor health and obesity.

A review of Sallis et al. (2000) reported a strong relationship across studies between social support by parents and PA. Parents, or caretakers, are considered one of the first sources influence on youth sport-related behaviour since they serve as a model and guide for health-enhancing and health-compromising habits (Beets et al., 2010). Apart from family, other studies confirmed that social support coming from friends and school might predict the likelihood to engage in PA (Duncan et al., 2005; Hohepa et al., 2007). Indeed, friends’ social support could have an even stronger impact than parents’ support on children’s likelihood to PA (Efrat, 2009; Loucaides & Tsangaridou, 2017). Moreover, school is an ideal, accessible and cost-effective context to implement interventions aimed at enhancing engagement in PA because of its possibility to involve all cohorts of children and adolescents and its wide application (Piercy et al., 2015). School-based PA interventions concern several domains ranging from specific PE curriculum to classroom activity breaks or after-school programs (Gråstén, 2017).

A recent systematic review analysed the effects of school-based PA interventions, such as PA components during school lessons or during morning, lunch and afternoon breaks, on a variety of motivational measures of PA in school-aged children and adolescents (Demetriou et al., 2019). Results provided evidences of the efficacy of strategies implemented in the school setting to enhance and maintain students’ motivation towards PA and hence to increase their PA during school and after-school hours.

Nevertheless, children’s engagement in physical education class depends on their motivation (Ntoumanis, 2005). In particular, an adaptive motivational disposition based on positive self-esteem and perception of competence, effort attribution style, task-oriented goals and persistence when faced with failures, increases the probabilities of sport participation and success (Granero-Gallegos et al., 2017). This topic has been framed within the self-determination theory (SDT) by Deci and Ryan (2008). The theory differentiates among three types of self-determined motivation, namely, intrinsic motivation, extrinsic motivation, and amotivation (Ntoumanis, 2005). Intrinsically motivated individuals perform certain behaviours due to interest and joy; this represents the highest self-determined motivation. When individuals engage in an activity because of its outcome (e.g., rewards, praise), they are extrinsically motivated. In physical education, three types of extrinsic motivation have been detected (Goudas et al., 1994), that are identified regulation, introjected regulation, and external regulation. Identified regulation concerns the activity that individuals perform since they previously internalized the value, but they do not necessarily enjoy it. A behaviour driven by introjected regulation was slightly internalized, and it is performed with a sense of guilt or shame. The external regulation guides the individuals in the engagement of behaviours directed to attain tangible rewards or avoid punishment. Finally, amotivation represents the absence of motivation. Individuals, thus, display no intention to engage in an activity. However, as noted by Gröpel et al. (2016), when talking about PA, an important feature of motivation is achievement. The Authors found that an implicit need for achievement predicts regular engagement in sport activities. 

To what concerns sport programs created for children, according to Diamond (2012) the forecasted PA should challenge children throughout the program. Indeed, if kids are not pushed to perform better, they stop improving. Moreover, if the children perceive no challenge, they get bored and abandon the program. Therefore, creating a program stimulating cognitive functions that also challenge participants’ competence may improve children’s cognitive function and, at the same time, sustain their sport motivation (Ryan et al., 1997). However, no studies were found about the effects of a sport program enriched through cognitive stimuli on children’s sport motivation.   

The current study hypothesizes a positive effect of an enriched school-based sport program, the ESA Program, on children’s motivation and social support. Enriched Sports Activity program (ESA program) is a sport program enriched through cognitive stimuli, experimented within the Erasmus + Project Enriched Sports Activity Program (ESA Program; Agreement Nr.: Sport-579661-EPP-1-2016-2-IT-SPO-SCP). The project aimed to enhance social inclusion, equal opportunity, and psycho-social well-being in children by stimulating their cognitive growth and motivational aspects (Alesi et al., 2017). The program consisted of physical exercises that were modified to stimulate the three core executive functions, namely inhibitory control, working memory, and task shifting. ESA Program revealed to have positive effects on children’s physical performance (Thomas et al., 2020) and executive functions (in particular, on working memory and task shifting) (Gentile et al., 2020). 

In the first phase (t1), data collection was conducted at the beginning of the school year, when children usually show high motivation, while the second data collection (t2) occurred at the end of the school year, when motivation is notably lower compared to the beginning. Therefore, we expect an overall decline in terms of motivation, and children attending the ESA Program should experience less reduction of motivation at t2 compared to those children who did not attend the program, showing a protective effect of the program on motivational decline. Concerning social support, since parents whose children attended ESA Program were also involved in seminars and informative days, we expect a general improvement of perceived social support along the school year. 

Finally, we will look for gender differences in motivation. In principle, it is expected a lower degree of internal and identified motivation and a higher degree in amotivation and external regulation in females, since sport is generally considered more suitable for men than for women (Gentile et al., 2018). The same phenomenon should occur for social support from families and friends. If the sports is commonly seen as not suitable for women, then female participants will not receive as much support as the male counterpart.

Materials and methods
Participants

The sample consisted of 342 schoolchildren (203 boys, 139 girls) coming from Italy, Germany, and Lithuania (Table 1). Data were collected in November (t1) and in May (t2) of the same school year. The study was implemented according to the Helsinki Declaration (Hong Kong revision, September 1989) and received permission from the Lithuanian Sports University’s Research Ethics Committee in Social Sciences with approval No 579661-EPP-1-2016-2-IT-SPO-SCP (2018-02-05).

Table 1 – Participants per country distinguished in Control and Intervention groups

	
	Intervention
	Control

	Italy
	77
	87

	Lithuania
	56
	37

	Germany
	38
	36

	Total
	171
	160


Procedure

After parents’ signature of the consent form, children school classes were split in experimental and control group. Children from both experimental (ESA group) and control group completed two forms detecting sport motivation 


(Lonsdale et al., 2008; Viladrich et al., 2013) ADDIN EN.CITE  and social support (Dishman et al., 2010; Sallis et al., 2002). After six months, children from both experimental and control groups completed the same forms for the second time. All the measures were translated and adapted to each context with the authors’ permission.   

Youth Behavioural Regulation in Sport Questionnaire (YBRSQ)

The Youth Behavioural Regulation in Sport Questionnaire (YBRSQ) is an adaptation by Viladrich et al. (2013) of the Behavioural Regulation in Sport Questionnaire (BRSQ), and it is mainly focused on children’s motivation (Lonsdale et al., 2008). The questionnaire is based on Self-Determination Theory (Deci & Ryan, 2008), and consists of 20 items on a 5-point Likert scale (from 1=strongly disagree to 5= strongly agree). The questionnaire measures general motivation (4 items, sample item “I participate in my sport because I like it”), amotivation (4 items, sample item “I participate in my sport… but I question why I continue”), external (4 items, sample item “I participate in my sport because people push me to play”), introjected (4 items, sample item “I participate in my sport because I would feel guilty if I quit”) and identified (4 items, sample item “I participate in my sport because the benefits of sports are important to me”) regulations. 

Social support

Social support was assessed through the adaptation of the Social Support subscale from the Social Provisions Scale (Motl et al., 2004) made by Dishman et al. (2010). The scale is made up of 7 items, detecting perceived social support from family (4 items, sample item “during a typical week, how often has a member of your household [for example, your father, mother, brother, sister, grandparent, or other relative] done a physical activity or played sports with you?”) and from friends (3 items, sample item “during a typical week, how often do your friends encourage you to do physical activities or play sports?”) on a 5-point Likert scale, from 1= “never” to 5 = “every day”. 

ESA Program

ESA Program is a sport program conceived for children from 7 to 14 years, attending the physical education class in schools. The program's strengths are the standardization of the warm-up phase and its enrichment with cognitive stimuli, attaining the three core executive functions, namely, inhibition, working memory, and task shifting. The implementation of the program lasted 14 weeks, running twice a week, for a total amount of 27 units. All the units lasted 25 minutes and were divided into a baseline phase and a stimulation phase. For the baseline phase, children were asked to perform an exercise, while in the stimulation phase, children were asked to follow some specific rules. The forecasted exercises were distinguished for cognitive stimulation and movement domain. The cognitive stimulation concerned the alternate enrichment of the activity with cognitive features that could involve inhibitory control, working memory and task switching stimuli. The inhibitory control stimulation consisted of replicating a gesture, previously associated, and after the coach command, in the execution of another movement, before explained by the coach. For example, when the coach said “skip-ahead”, children had to perform the “kick-ahead” movement. The working memory stimulation occurred through the introduction of a series of exercises that children had to replicate in a reverse order. Finally, regarding task shifting stimulation, children created a circle of exercise, each of them performing one exercise. At the coach’s whistle, they had to change the exercise with the one that the kid ahead was performing. In this way, all the children performed one by one all the exercise of the circuit.  

The movement domain could relate to athletic drills, sport ball and smart circuits. Therefore, the program was articulated as follows: the first nine units were classified as beginner level (B), and alternatively concerned athletic drill, sport ball and smart circuits, alternatively enriched through inhibitory control, working memory and task shifting stimulation. An identical structure was replicated for the Intermediate level (I) and for the advanced level (A). The standardization of the protocol across the European Countries was guaranteed by a video-tutorial uploaded on an Internet platform.

Parents involved in ESA Program

Parents whose children attended the ESA Program were involved in four seminars of one hour each about the benefits of PA in children. Specifically, during the first seminar, the main objectives of the ESA Program were introduced. Moreover, parents participated in a group discussion about the sport motivation of their children. The second seminar focused on raising awareness about the importance of regular PA in children with a final group discussion on the topic. During the third seminar, parents were informed about the harmful effects of physical inactivity during adulthood and the benefits of PA in terms of cognitive functioning. The fourth and last seminar focused on the identification of parental support mode and support for children’s autonomy.  
Data Analysis

First, descriptive statistics were calculated on the sample (Table 2). A repeated measures Multivariate Analysis of Variance (MANOVA) with Group (Experimental vs. Control), Time (pre-test vs. post-test condition), Gender (male vs. female), and Motivation (Intrinsic, Integrated, Introjected, Extrinsic, Amotivation) was calculated to detect the general effect of ESA Program on motivational aspects, and to test whether any gender differences exist. The model was designed following the procedure described by O'Brien and Kaiser (1985). Afterward, a post-hoc analysis with repeated measure ANOVA was performed to detect which aspects of motivation were affected the most. Concerning social support, since family and peers promote PA independently from one another, two distinct repeated measure ANOVA with Group (Experimental vs. Control), Time (pre-test vs. post-test condition), and Gender (male vs. female) were conducted to detect the effect of ESA Program on perceived social support and test for gender differences. 

Table 2. Mean and SD of intervention and control groups in pre- and post-test condition.

	
	Intervention
	Control

	
	Pre-test
	Post-test
	Pre-test
	Post-test

	
	M
	SD
	M
	SD
	M
	SD
	M
	SD

	Intrinsic regulation
	17.70
	3.02
	17.30
	3.47
	17.60
	3.13
	16.30
	4.64

	Identified regulation
	16.30
	3.20
	14.10
	5.95
	16.0
	3.35
	14.80
	4.71

	Introjected regulation
	9.14
	4.42
	9.98
	4.23
	9.11
	3.88
	10.50
	4.32

	External regulation
	7.82
	3.82
	8.43
	3.50
	7.41
	3.51
	8.63
	3.79

	Amotivation
	7.94
	3.45
	9.63
	3.94
	7.96
	3.55
	10.20
	4.25

	Social support from family
	13.60
	3.17
	12.90
	3.73
	12.10
	4.10
	12.40
	4.16

	Social support from friends
	7.99
	3.11
	8.38
	3.34
	8.14
	3.26
	8.32
	3.26


Results
The effect of ESA Program on children’s motivation
The repeated measure MANOVA revealed a violation of the sphericity assumption (W = 0.71, p<0.001). Therefore, Wilks Lambda (Λ) was chosen as estimator of the test statistics for multivariate effect. First of all, gender did not produce any significant main effect and was hence excluded from subsequent analyses. The model thus became a 2 (intervention vs. control) x 2 (pre-test vs. post-test) x 5 (intrinsic, introjected, identified, external, amotivation) design, with the first factor manipulated between participants. An interaction effect between Time x Motivation was detected (Λ = 0.75, F4,291= 24.42 p<0.001) meaning that motivation has changed over time. A significant three-way interaction between Time, Motivation and Group emerged (Λ = 0.96, F4,291=2.70, p=0.031) meaning that the evolution of motivation over time depends on the participation into the ESA program.

The repeated measure ANOVA revealed that ESA Program had a protective effect on intrinsic motivation (F1,294= 4.15, p=0.04; d= 0.28; Figure 1), but not on identified regulation (F1,304= 2.77, p= 0.09; d= -0.31), introjected regulation (F1,294= 0.98, p=0.32; d=-0.13), external regulation (F1,294= 1.99, p= 0.16; d=-0.17), and amotivation (F1,294= 1.48, p= 0.22; d= -0.17). Intrinsic motivation tends to decrease along the school year but only for children who did not take part in the ESA Program. 
Figure 1 - Intrinsic motivation for ESA Program and control group.
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The effect of ESA Program on children social support

Concerning perceived social support from family, a significant effect of gender was observed (F1,289= 6.00, p=0.015, ηp=0.02). Specifically, girls perceive less social support in sports activity from family than boys, independently from the participation to the ESA Program. Moreover, an interaction between Gender x Time emerged (F1,289= 7.60, p=0.006, ηp= 0.03; see Table 3) indicating that the evolution of perceived support from family over the school year varies differently for boys and girls (mean differenceboys= 0.40, mean differencegirls = -0.70, d= 0.29; Figure 2). Regarding the ESA Program, no interaction Group x Time was found (F1,291= 3.00, p=0.09), and the program effect did not show gender differences (F1,289= 0.51, p=0.47). 
Figure 2 – Gender differences in perceived social support from family.
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Concerning perceived social support from friends, a significant effect of gender emerged (F1,287= 12.86, p<0.001, ηp= 0.043), where girls perceive less support from friends than boys. The ESA Program did not produce any significant main effect (F1,287= 0.44, p=0.50, ηp= 0.002) nor interactions with time (F1,287= 0.53, p=0.46, ηp= 0.002) and gender (F1,287= 0.02, p=0.86, ηp= 0.000). 

Table 3. Mean and SD distinguished by gender between pre- and post-test.

	
	Males
	Females

	
	Pre-test
	Post-test
	Pre-test
	Post-test

	
	M
	SD
	M
	SD
	M
	SD
	M
	SD

	Social support from family
	13.0
	3.61
	13.4
	3.49
	12.40
	3.94
	11.7
	4.37

	Social support from friends
	8.37
	3.19
	8.85
	3.24
	7.57
	3.11
	7.69
	3.26


Discussion 

Keeping children’s sport motivation high and supporting them throughout the sport practice can prevent their drop-out from the sport practice in the future. Within this perspective, the current paper aimed at assessing if a school-based sport program enriched by cognitive challenges could improve children’s sport motivation or, at least, limit motivational loss over the school year. From the analyses, we found that ESA Program has a general effect on children's motivation in both boys and girls, compared to common physical education class. In particular, the program seems to have a protecting effect on children’s intrinsic motivational decline along the school year (Archambault et al., 2010). 

Previous research has shown that intrinsic motivation is the main determinant of the engagement in PA over time (Richard et al., 1997). It’s largely recognized how children that are motivated to PA from external sources and with controlled forms of motivation are more likely to perform PA with a sense of pressure and coercion by effecting, in the long term, on decreasing the enjoyment and, in a complementary way, increasing negative affect and attitudes towards PA (Costa et al., 2020). Thus, the introduction of cognitive challenging exercises enhances intrinsic motivation, and hence favours the adherence to sport programs, avoiding the drop out. Naturally, task difficulties must be adapted to the participants’ skill levels (Mandigo & Holt, 2000). In sum, the analysis of motivational data revealed that ESA Program is a valid tool for maintaining a high level of intrinsic motivation in children involved in sport activities.

Considering that parents involved in the program attended four seminars about the importance of supporting children in the practice of PA, we expected an enhancement in perceived social support from family in participants involved in the ESA program. Unexpectedly, ESA Program did not influence children perceived social support from family and friends. Perceived social support from family declined in girls over the school year. The same did not happen for boys who kept perceiving a support from their families all along the year. This result is in line with Anderssen and Wold [38], but appears to be in contrast to Davison (2004), who found no gender differences in parents’ support to the adolescents' activity.
Social support coming from family is one of the strongest predictors of motivation and children's future participation in sports (Beets et al., 2010). The differences in perceived social support from family could explain the higher rate of girls’ drop-out from the sport practice compared to boys. These gender differences do not emerge by chance. They are probably related to the persistence of gender stereotypes in sports which leads to considering these practices as unnecessary activities for girls (Eccles & Harold, 1991; Gentile et al., 2018). Moreover, regardless of the participation in the program, perceived social support of friends revealed to be stable both for males and females.
In addition to the enrichment with challenging cognitive tasks, the strength point of this research is the delivery of ESA program in school context. Children spend a large amount of their day hours in school, so this is a perfect context to address all cohorts of students over prolonged periods of time. School revealed to be an increasing setting to implement accessible and effective programs to improve motivation to PA (Wallhead et al., 2014). 

Although the results of this study are encouraging, certain theoretical and methodological shortcomings must be acknowledged. First of all, we did not control for some variables that might influence the study outcome, such as socioeconomic status or motivational climate. Moreover, we did not control for the perception of self competence and self efficacy. The role of these variables on the intention to go on taking part in sport activities and sport programs will be investigated in future research. Finally, Germany did not carry out all the units the program, and spread some leaflet about the importance of sports activity instead of conducting seminars with parents. However, the results are encouraging even if the program was not entirely conducted there. 

Another relevant condition to control in the future is the relationship between the intensity of PA and the strength of the motivation. Ekkekakis (2011) found that sub-threshold intensity exercises lasting from 10 to 30 minutes produce a pleasant affective changes for most individuals. The matching among physical activity task intensity or difficulty and individual skills needs to be carefully considered to establish challenges suitable for each individual and, as a consequence, stimulate positive affect such as enjoyment, pride, and adaptive motivation. As concern methodological limitations, all variables were measured through self-report questionnaires. This procedure allow respondent to systematically manage their answers to show to the interviewer a positive self image.  For the psychological constructs considered there are alternative assessment tool available relying on implicit measures (Lawrence & Jordan, 2009). Nevertheless, these assessment methods are complicated, time consuming, and require standardized lab equipment. For these reasons they are rarely used in large scale investigations like this one.

From a psycho-educational perspective, practitioners and families must be aware of the key role of PA to promote well-being and to impact on the whole child's development. It is important that public health organizations address the primary aim to plan and implement evidence-based school programs to encourage sport motivation and the enjoyment in sport and PA practice. 

2.3. A single bout of PE does not affect young adults’ EF [from Gentile, Thomas, et al. (2020)]
1. INTRODUCTION
 A lifestyle characterized by regular exercise has beneficial effects on mental health, as the mantainment of high levels of self-esteem,balanced mood regulation and cognitive performances, specifically referring to executive functioning 
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(Chekroud et al., 2018; Elbe et al., 2019; Erixon & Archer, 2019)
. 
According to Adele Diamond’s model (2013), three main functions are considered under the general executive function category, namely: inhibition, working memory and cognitive flexibility (Lehto et al., 2003; Miyake et al., 2000). The combination of general executive functions results in higher-order executive functions, such as reasoning, planning and problem-solving. Specifically, some studies have assessed the influence of exercise on inhibition, defined as the capacity to suppress irrelevant information and response tendency 
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(Hogervorst et al., 1996; Peruyero et al., 2017)
. Peruyero et al. (2017) have analyzed the effect of three physical education classes with the same duration but different intensity on adolescents' inhibitory control performance in an ecological environment, finding that the inhibitory control increased greatly in the group with the highest exercise intensity. This result is in contrast with other studies showing that low-intensity exercise interventions, induced by a slight increase in heart rate during and after exercise (from 90 to 120 bpm), allows greater information processing, while higher intensity exercise interventions, obtained by a long-lasting exercise (more than 15 minutes with a heart rate greater than 160 bpm) impair the performance on tasks requiring a certain amount of information processing (Gutin, 1973).During the last decade, the impact of physical exercise has been widely assessed for the potential improvements in cognitive performance 
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(Chang et al., 2012; Clarkson-Smith & Hartley, 1989; Tomporowski & Ellis, 1986)
, relating to a sport situation during a match or competition (Allard, 1989; Sanabria et al., 2011), or to the academic outcomes (Harveson et al., 2019). Currently, scientific literature is focusing on the effects of physical activities on executive functions 
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(Isaacs & Pohlman, 1991; Verburgh, Königs, et al., 2014)
, which are higher-order cognitive abilities that coordinate basic cognitive functions and emotional regulation involved in goal-directed behaviors (Etnier & Chang, 2009). 

A general improvement in working memory was found after acute aerobic exercise of moderate intensity, but not after a standard session of acute resistance exercise (Pontifex et al., 2009). In contrast, Hsieh et al. (2016) found that after an acute session of resistance exercise in young and older males, working memory increased in both age groups, with a larger effect in older adults regarding complex memory demands. Moderate exercise has also been connected to an increase in working memory in post-stroke patients 
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(Moriya et al., 2016)
, and an increase in brain-derived neurotrophic factors, which may also explain why such increase in working memory occurs 
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(Hakansson et al., 2017)
. Less is known about the effect of physical exercise on visuospatial working memory. A study by Cooper et al. (2016) has analyzed the effects of a sprint-based exercise on different aspects of cognition. However, the results highlight that visuospatial memory was unaffected by the exercise intervention. Results in contrast to those of Northey et al. 
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(2018)
 highlighted a moderate increase in all cognitive components after both aerobic and resistance exercise. For what relates the impact of physical exercise on higher-order executive functions, the ability to plan and problem-solving seems to be improved by moderate-to-vigorous exercise, while no differences were found on the violation and time-related scores 
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(Chang et al., 2011)
. 

Most of the above-reported studies investigated the influence of physical activity through repeated exercises, but few studies have analyzed the impact of a single bout test on executive function task performance. For example, a work from Schwarck et al. 
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(2019)
 examined the impact of a single bout of physical exercise (an acute exercise of 20 minutes) on executive function task performances (attention, inhibitory control, cognitive flexibility) hypothesizing that it could improve people's performance, especially in case of single sessions of moderate-intensity, compared to high-intensity exercise. Moreover, this study analyzed the potential differences in cognition between respondents, who were people showing physical improvement, and non-respondents, whose performance did not change or got worse. The results of this study showed no significant effect of a single bout of physical exercise on cognition, but instead highlighted that only in one of the cognitive tests performed (i.e., Trail-Making Task) after a moderate intensity condition exercise, people performed better than those from the high-intensity condition. 

Finally, no contributions have been found on the impact of an immediate single bout, maximal intensity physical exercise on cognitive performance. 

For this reason, the present study aims at determining the impact of single bouts of physical exercise of different duration and intensity (30 seconds Wingate test, Maximal Aerobic test condition and a steady state 20 mins at 60% HR max condition) on young adults' executive functions (inhibitory control, visuo-spatial working memory, plan and problem solving). Specifically, in line with scientific literature, we expect an improvement in cognitive functioning in the 60% HR condition, then in the Maximal Aerobic test condition. Since this is the first study about the impact of an immediate single bout of maximal intensity, we do not hypothesize a direction of the effect (improvement/impairment of executive functioning).
METHODS

Participants

The sample was composed of 81 participants, whose age was comprised between 19 and 39 years (Age: 24.6 years ± 4.08; Height: 168 cm ± 9.67; Weight: 67.2 kg ± 13.0). Each participant signed a consent form, and such condition was mandatory to take part in the study.

The sample size was recruited within and outside the universities, making a social media announcement about the possibility to participate to the study. For the participation of the study, young adults from 18 to 40 years were selected. Only participants who were able to perform the required motor and cognitive tasks were considered. Participants were excluded if medical issues were reported, in particular muscular, visual, or hearing disorders or mental disabilities. 

The principles of the Italian data protection (196/2003) were guaranteed. The Ethical Committee of the University of Novi Sad approved the project (Ref. No. 128/2018). The study was undertaken in accordance with the deontological norms laid down in the Helsinki Declaration (Hong Kong revision, September 1989) and the European Union recommendations for Good Clinical Practice (document 111/3976/88, July 1990).
Procedure 

Data were collected at the Sports and Exercise Science Research Unit of the University of Palermo (Italy) and the Sport Faculty of Novi Sad (Serbia), in an environment with a constant temperature and isolated from noises. All the participants were first required to sign an informed consent. After the signature, participants were briefly instructed regarding the procedures they had to undergo. 

Participants were required to complete a cognitive assessment battery,  consisting of three cognitive tests (Stroop Task, Tower of London Test, Corsi Block Test), and were randomly assigned to one of other three physical tasks (hereinafter, experimental group or EG), namely, the 30 seconds Wingate condition (EG1=22 participants), the Maximal Aerobic test condition (EG2=20 participants) and the Steady state aerobic condition (EG3=23 participants). Participants from the control group (CG=16 participants) completed the cognitive assessment and were required to do ordinary life tasks for one hour, after which they were administered the cognitive test battery again. 

The three single bouts exercise protocols (EG1-2-3) have been selected according to the different energy systems that are predominantly involved. The EG1 is well known to be a proper test for the anaerobic system/power (Bar-Or, 1987). The EG2 test stressed mainly the aerobic system pathways(ACSM, 2018) and finally, the EG3 test is a maximal cardiorespiratory fitness test that mainly elicits the maximal metabolic capacity of the participants (ACSM, 2018).

The EG1 participants had to initially perform the cognitive evaluation. Subsequently, they had to perform the required exercise condition, a Wingate Anaerobic Power Test, and after 3 minutes of recovery a second evaluation of the cognitive measures was assessed. The EG2 participants had to complete the cognitive evaluation. Afterward, they had to perform an incremental maximal aerobic conditionand a second evaluation of the cognitive measures was assessed after 3 minutes. The EG3 participants were evaluated on two consecutive days. On day one, the participants had to perform the exercise condition of the maximal aerobic test group. During the second day, the cognitive assessment was administered. After the cognitive assessment, the group had to perform a steady-state aerobic cycling condition at 60% of their maximum heart-rate for 20 minutes. At the end of the test they had to recover for 3 minutes before performing the post cognitive assessment. The control group was asked to do ordinary life tasks between the pre-test and the post-test cognitive assessment (such as studying or listening to music) for one hour. Figure 1 visually indicates the study design and procedures.

In all the conditions, at t1 participants were administered the cognitive tests in randomized order, while at t2, cognitive assessment was repeated in the same order of the first assessment. 

Fig.1 - Research design, the figure visually indicates the study design and procedures.
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2.3. Measures

2.3.1. Cognitive assessment

Executive functions were detected through the Stroop task, for what relates inhibitory function, the Tower of London test, concerning planning and problem-solving skills, and Corsi Block Test for visuospatial working memory. All of these instruments were administered through Milliseconds Inquisit 5 (© Millisecond Software). 
Stroop task
The Stroop task was used to detect the inhibitory control function (Stroop, 1935). In this study, the Stroop Task was administered through the Millisecond library Color Word Stroop with Keyboard Responding. Participants are asked to indicate the colour of the word, but not its meaning, by pressing the key corresponding to the assigned colour as fast as they can, trying to make fewer mistakes possible. The Stroop task consists of three categories of trials: congruent task, when word meaning and word colour were the same; incongruent task, when word colour and the word meaning are not the same; control trials when only coloured rectangles were presented. From the combination of the conditions, 84 trials resulted: 4 colors (red, green, blue, black) x 3 color-stimulus congruency (congruent, incongruent, control) x 7 repetitions. The task requires approximately 2 minutes to be completed. 

In the current paper, three reaction times were reported: Congruent Reaction Time, Incongruent Reaction Time and Colour Reaction Time (the original label should be "Control Reaction Time", but it was changed not to create overlapping with the control group). The Interference score was calculated by the logarithmic difference between Incongruent Reaction Time and Control Reaction Time, as suggested by MacLeod (1991).
Tower of London Test
The Tower of London test was used to assess planning and problem-solving capabilities (Shallice, 1982). It detects the ability to generate a sequence of operations that can be accepted or withdrawn by the individual according to the rated probability of success. In this test, participants see the blocks in a specific order and they have to reproduce the same sequence with the blocks put in a scrambled order. Participants are not able to access to the subsequent trial until the previous one is not successfully completed. The sum of individual problem scores defines the total score. The maximum achievable score is 36. The task requires approximately 10 minutes to be completed. 
Corsi Block Test
The Corsi Block Test was used for the assessment of visuospatial working memory (Kessels et al., 2000). It consists of a black screen showing nine boxes, lighting up in a pre-fixed sequence (constant across participants) and each participant is asked to click on the boxes in the same order the blocks light. The first sequence was made up of two blocks lightning up. The subsequent sequence increased the lightning up to 9. Participants had two chances to reproduce the sequence. If they ended a sequence correctly, a different one started. The total score is obtained through the product between the total span (from 2 to 9) and the number of correctly reproduced sequences, until the individual makes a mistake. The task requires approximately 5 minutes to be completed. 
2.3.2. Motor Tasks 

Wingate Anaerobic power test (EG1)

The standard procedure for the Wingate Anaerobic power test, which is a valid test able to detect anaerobic capacity and to determine peak and mean force values
 ADDIN EN.CITE 

(Bar-Or, 1987; Shimoyama et al., 2018)
 was performed, by EG1, trough a cycle sonar Ergomedic 894E Peak Bike (Germany). After a low-intensity warm-up which lasted thirty seconds, the participants were instructed to cycle at maximal speed. Such task was performed without any external resistance. After three seconds one of the investigators inserted in the ergometer a standard resistance calculated for each participant (7.5 % of each participants' body weight); each participant had to cycle for 30 seconds at maximal velocity. Each participant at the end of the test reached maximal HR and exhaustion; a software recorded and stored resistance and cycle velocity variations during the test. 
Maximal Aerobic condition (EG2)

A modified FTP cycling ramp test was adopted in order to achieve a maximal aerobic condition. Such protocol was performed by EG2 and EG3. The cycling task was performed on a cycle Cosmed Ergoline ergoselect 100k cycle-ergometer. The aerobic condition consisted of cycling on the cycle-ergometer at a constant cadence between 65 and 70 repetitions per minute (RPM). The test started at a resistance point offered by the cycle-ergometer of 50W. After a 2 minute warm-up at 65-70 RPM and 50W, an additional resistance of 25W was added every 2 minutes, until the participant was able to maintain a cadence between 65 and 70 RPM. The peak effort and test conclusion were obtained when the revolutions dropped below 55 RPM or if the participant voluntarily interrupted the test due to fatigue. Heart rate was recorded during the entire exercise condition.  
Steady-state Aerobic condition (EG3)

A steady-state cycling condition was also adopted for EG3. The cycling task was performed on a cycle Cosmed Ergoline ergoselect 100k cycle-ergometer. The exercise condition consisted of cycling for 20 minutes at 60% of each participant’s HR, at a cadence between 65 and 70 RPM. The maximal HR of each participant was obtained through the procedure above described for the maximal aerobic condition. The test starded at a resistance offered by the cycle-ergometer of 50% of the maximum aerobic power of each participant, which again was obtained through the procedure above described for EG2. The cycling power output was adjusted during the 20 minutes task in order to allow each participant, to maintain the HR at 60%Max, while cycling at a steady-state. The cycling condition ended after 20 minutes. Every participant was able to complete the test.  
2.5. Data analysis

Data were analysed through the R software (version 3.5.1). Descriptive analyses concerning age, height, and weight were performed. One-way ANOVA was performed for descriptive measures, to detect any potential influence of these variables across groups. Subsequently, repeated measure ANOVA considering Time (pre-test vs post-test) x Activity (Wingate vs. Maximal vs. 60% HR max vs. Control) was performed for all the groups to detect the effect of physical exercise on executive function performance, the learning effect across conditions, and the influence of descriptive measures. The figures were created through GraphpadPrism (Vers. 6.0) and difference between pre-test and post-test conditions across groups for all the cognitive measures were reported. 
3.  RESULTS

The sample consisted of 81 participants (37 females, 44 males). Descriptive statistics concerning age, height and weight are shown in Table 1, while descriptive statistics of pre- and post- test scores are shown in Table 2. 
Table 1 – Descriptive statistics regarding age, height, and weight of the four groups.
	Experimental Groups
	Control Group

	
	Wingate (n=22)
	Incremental(n=20)
	Submaximal(n=23)
	(n=16)

	
	Mean
	SD
	Mean
	SD
	Mean
	SD
	Mean
	SD

	Age

(yrs.)
	26.2
	±4.53
	22.9
	±1.53
	23.6
	±4.22
	26.0
	±4.41

	Height

(cm)
	168
	±10.9
	168
	±8.77
	169
	±9.51
	168
	±10.1

	Weight

(kg)
	65.0
	±13.8
	67.6
	±12.9
	67.1
	±13.2
	69.6
	±12.5

	BMI
	22.7
	±2.56
	23.7
	±2.75
	23.4
	±3.55
	24.8
	±4.21


	Experimental Groups
	Control Group

	
	Wingate (n=22)
	Incremental(n=20)
	Submaximal(n=23)
	(n=16)

	
	Pre-test
	Post-test
	Pre-test
	Post-test
	Pre-test
	Post-test
	Pre-test
	Post-test

	Stroop Inhibitory Score

(ln)
	0.22

(0.24)
	0.22

(0.15)
	0.17

(0.22)
	0.17

(0.18)
	0.22

(0.19)
	0.16

(0.18)
	0.16

(0.21)
	0.18

(0.11)

	Stroop Congruent Task (ms)
	1242 (434)
	924

(322)
	1216 (293)
	828 

(175)
	1328 (536)
	955

(336)
	1150

(449)
	914

(253)

	Stroop Incongruent

Task (ms)
	1556 (578)
	1167 

(422)
	1386 (305)
	1040 (322)
	1586 (497)
	1166

 (422)
	1338 (512)
	1072 (408)

	Stroop Colour Task (ms)
	1225 (415)
	915

(275)
	1176 (279)
	856 

(159)
	1291 (488)
	967

(238)
	1126 (437)
	889

(308)

	Tower of London Test

(points)
	28.5 (5.06)
	30.0

(5.39)
	28.4 (4.58)
	31.2

(4.34)
	31.2

(3.27)
	33.2

(2.61)
	31.1

(4.61)
	33.0

(3.68)

	Corsi Block Test

(points)
	40.59

(12.31)
	54.68

(23.25)
	55.80

(20.58)
	63.15

(22.59)
	53.22

(20.09)
	63.35

(22.83)
	64.94 (26.67)


	76.00

(28.43)


Table 2 – Descriptive statistics regarding Stroop Inhibitory Score, Tower of London Test and Corsi Block Test of the four groups. Standard deviation in brackets. 
Non-significant differences were detected across the four groups for what concerns height (F3,77= 0.07, p=0.97) and weight (F3,77 = 0.40, p= 0.75), but significant group differences were detected in terms of age (F3,77 = 3.81, p< 0.01). For this reason, in the repeated measure ANOVA comparing pre-test and post-test conditions, age was at first considered as a covariate, but later removed since it showed no influences in all the analyses, except for the Tower of London Test.

Regarding the Stroop task, a significant effect was found for the congruent reaction time concerning Time (F1,76= 107.03, p<0.001), however this learning effect was independent of the motor task performed (F3,76= 1.02, p=0.39) [fig.2]. Moreover, the Inhibitory Score was calculated as the measure of inhibitory control, according to the procedure suggested by MacLeod (1991). Therefore, we calculated the logarithmic difference between incongruent reaction time and colour reaction time, both in the pre-test and in the post-test. The repeated measure ANOVA did not reveal significant effects for Time (F1,76= 0.12, p=0.75) nor concerning the interaction between Time and Activity (F3,76= 0.38, p=0.76). 

For the incongruent reaction time, the same learning effect was found (F1,76= 110.24, p<0.001), but still independent from the motor task performed (F3,76= 0.88, p=0.453) [fig.3].

Concerning the Colour Reaction time, a significant effect of Time was retrieved (F1,75 = 70.94, p<0.001), without any effect dependent from the motor task (F3,75 = 0.28, p=0.83), highlighting a learning effect. [fig.4]
Fig.2 – Difference in reaction time between pre-test and post-test across conditions for the Stroop Task Congruent 

(Legenda: a positive difference means that participants reduced their reaction times while responding, thus it has to be considered an improvement).
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Fig.3 – Difference in reaction time between pre-test and post-test across conditions for the Stroop Task Incongruent. 

(Legenda: a positive difference means that participants reduced their reaction times while responding, thus it has to be considered an improvement).
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Fig.4 – Difference in reaction time between pre-test and post-test across conditions for the Stroop Task Control 

(Legenda: a positive difference means that participants reduced their reaction times while responding, thus it has to be considered an improvement).
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Concerning the Tower of London test, a significant effect of time (F1,75 = 8.73, p< 0.001) and age (F1,75 =30.50, p< 0.05) was found, revealing a learning effect across groups and different outcome effects according to the age of the participants. No effects were found concerning the motor task performed (F3,75 = 0.12, p= 0.94). [fig. 5]
Fig.5 – Difference in scores between pre-test and post-test across conditions for the Tower of London Test

(Legenda: a negative difference means that participants enhanced their score in the post-test, thus it has to be considered an improvement).
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Regarding the Corsi Block Test, a significant improvement was found between pre-test and post-test conditions (F1,76 = 21.98, p<0.001), but again independent from the motor task performed (F3,75 = 0.375, p=0.39). [fig.6]
Fig.6 – Difference in scores between pre-test and post-test across conditions for the Corsi Block test

(Legenda: a negative difference means that participants enhanced their score in the post-test, thus it has to be considered an improvement).
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4. DISCUSSION AND CONCLUSION 
The current work is a pilot study hypothesizing a relationship between single bouts of physical exercises and executive functions, namely inhibitory control, planning and problem-solving skills, and visuospatial working memory. The results of our analyses have shown a general improvement in executive functioning across all the conditions for a learning effect between pre- and post-test measurements, independently from the condition. However, even though the interaction between cognitive assessment and physical exercise was non-significant, we observed a small, non-significant improvement in the expected direction.

Concerning the results of this paper, vigorous exercise did not affect inhibitory control, and the same result was detected by another study 
 ADDIN EN.CITE 
(Ciria et al., 2018)
. Moreover, concerning plan and problem-solving activity, we did not find any significant effect across the three conditions. This result is opposite to what Chang et al.found in their study, where vigorous exercise improved plan and problem-solving ability, detected through the Tower of London test. Finally, our results did not confirm the possible benefit of single bouts of physical exercise on visuospatial working memory, as another study confirmed with a running program (Stroth et al., 2009).

Literature reports many studies and meta-analyses showing the beneficial effects of physical exercise on executive functioning, especially for people whose functioning has been impaired by a pathologic condition 
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(Aguirre-Loaiza et al., 2019; Alves et al., 2012; Brown & Bray, 2018; Chang et al., 2012; Chang et al., 2010; Chang et al., 2011)
. Moreover, considering that brain is sensitive to environmental and physical variation, brain plasticity, that is the capability to adapt according to external stimuli, may explain the reason of detecting improvements after physical exercise (Fernandes et al., 2017)The meta-analysis of Chang et al. (2012) examined the impact of acute exercise on cognitive performance, categorizing the effects into three paradigms: intensity, duration and delay post-exercise. Such paradigms were based on the assumption that the immediate effect of physical activity may dissipate following exercise cessation. When the exercise intensity is low or moderate a positive effect on cognitive tasks is achieved, but the same result is not achieved when exercise intensity is high or maximum. Hogervorst et al. (1996) similarly hypothesized that executive functions would be negatively influenced by strenuous endurance exercise, which was performed on a cycle ergometer at an intensity of 75% of the participants maximal work capacity up to the point these were able to sustain at least 60 RPM, but the authors detected an improvement of performance in inhibitory functions. Similarly, we found a small, nonsignificant improvement in the Wingate test condition, especially in the Corsi Block Test score. 

As the Wingate test condition, the two aerobic cycle ergometer conditions (the Maximal condition and the steady-state aerobic condition) showed non-significant results but with a trend of improvement. In different studies analyzing the effect of acute exercise duration on cognitive assessments 
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(Brisswalter et al., 2002; Lambourne & Tomporowski, 2010)
, when a motor task is performed for less than 20 minutes, it does not produce significant effects. However, considerable duration exercise tasks may impact cognitive performance due to fatigue or dehydration [33]. 

Together with intensity and duration, which seem to influence the cognitive outcomes, the time delay between the exercise and the cognitive assessment could have a role. A delay between 11 and 20 minutes seems to promote positive cognitive effects while these effects seem to subside after periods longer than 20 minutes. In our protocol, all the experimental conditions had 3 minutes of delay/recovery between physical activity and the post-test evaluation. 

When considering all the above factors simultaneously, exercise intensity and duration, and time delay after the exercise bout, it appears that the greatest effects on cognitive performance are achieved with low exercise intensities, with a duration of at least 20 minutes and after a delay of 11 to 20 minutes 
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(Chang et al., 2012; Lambourne & Tomporowski, 2010)
. Our research design considered a maximal intensity exercise of 30 seconds duration, a maximal aerobic exercise, and an aerobic exercise of 20 mins, with a cognitive assessment repeated after three minutes post-exercise, in which no increase in cognitive performance seems to be promoted by the exercise bout.

Concerning the age of the sample, Verburgh, Königs, et al. (2014) detected the effects of physical exercise of cognitive functions, distinguishing the effect sizes for preadolescent children, adolescent, and young adults, finding moderate effect sizes (preadolescent children, d= 0.57; adolescents, d=0.52; young adults, d=0.54) for all age groups which means that exercise rather than age is the main variable to consider during cognitive assessment. 

The present study has the advantage to remove the bias due to the administration of cognitive tests face-to-face, where the human error might occur. However, it comes out with some limitations: first of all, since it was a pilot study, a convenience sample was employed, without controlling for potential confounders that could have biased our results. Also, the small sample size came out as a lack of power of the study, even though the results were in the expected direction, but non-significant. Moreover, for detecting variations during immediate single bouts, as the Wingate test, a more structured and invasive tool (as f/MRI) should have been used. Finally, a clear learning effect was observed, since we used the same tests at t1 and t2. Learning effect, combined with reduced sample size, could have obscured the improvement resulting from the physical exercise. Considering these limitations, future research should deeply investigate the effects of single bouts of physical exercise with an adequate sample size and more sensitive tools, or parallel forms of the tests.
CHAPTER 3 – METHODOLOGICAL SPECIALIZATION: THE META-ANALYSIS
3.1. Fundamental of meta-analytic technique

In science, data can be analyzed according to two different procedures: primary analysis, that is the analysis of original data collected within a study, and secondary analysis, which relates to the analysis of data collected by several studies, to answer the original research questions with better statistical techniques, or answer new questions with old data.
Among secondary analysis techniques, meta-analysis refers to the analysis of a large collection of results from single studies with the aim of integrating the findings (Glass, 1976). The term comes from the ancient Greek, where “meta-” means “through” and “analyo” means “to untie”. This methodology estimates the typical strength of an effect or phenomenon, its variability, its statistical significance, and reveals the moderator variables that may influence the dimension of this effect or phenomenon (Hedges & Olkin, 2014). The results of a small group of studies are not sufficient to answer to question of general importance, no matter how well they were conducted (Grove et al., 2012). Nevertheless, a study with many flaws may still be valid (Glass, 1976). Therefore, each study provides an estimate of the effect size, but an accurate representation can be showed only by accumulating results across (Lyons, 2003).
In disciplines such as physics, biology, chemistry, an experiment is replicated many times to strengthen the theory that it tries to demonstrate. This habit has not been common in social sciences for decades, in particular for psychology, where an experiment is hardly ever replicated, since there is the shared belief among scholars that “one time is enough”. Indeed, replicability is one of scientific method's main assumptions, which social sciences adopt to make their studies as valid as those from the so-called “hard” sciences (Hedges, 1987). Therefore, meta-analysis represents a necessary methodology that could give credibility to the “soft” sciences. 
3.1.1. Primary vs. secondary studies
According to Scimeca and Boca (2001), an incorrect interpretation of the Fisher's probabilistic logic of hypothesis testing overestimates the informations contained in individual studies and ignores Type II error and statistical power. The Authors advance several objections to this approach: first of all, the probabilistic value chosen for rejecting the null hypothesis is totally arbitrary, thus the result may change if the value changes. Moreover, the larger is the sample used for the experiment, the easier is the rejection of null hypothesis. Finally, the within-group variability make it hard to test the statistical significance of the outcome of the experiemntal manipulation. In this case, it would be desirable to adopt a Bayesian statistical model, which considers a single experiment as a part of a larger population of interchangeable experiments. It is more important to know the strength of the relationship between two or more variables, rather than the significance level of a statistical test, since similar studies investigating the same hypothesis could not reach the statistical significance for different reasons.

3.1.2.  Advantages of meta-analysis
Definitely, meta-analysis has several advantages. Rosenthal and DiMatteo (2001) maintain that it helps seeing the landscape of a research framework and overcomes much of the equivocation about research results by providing a methodology for combining studies. For this purpose, it requires to be extremely thorough in search of published and unpublished works, as well as data analysis. Moreover, it allows the combination of results from studies with small samples that cannot reach the statistical significance, so it avoids the wasting of data. Nevertheless, a researcher that wants to perform a meta-analysis cannot read just the abstract and discussion section of articles, to obtain what it is necessary for aggregating data. Indeed, the paper has to be analyzed carefully and entirely. In this way, the researcher develops a certain intimacy with published and unpublished data in the specific research area.

Furthermore, it is also possible to identify some moderating variables that  increase the richness of the empirical work. Considering the statistical power, meta-analysis is based on one-way hypotheses, whose power is higher than the omnibus ones. Finally, it shows the existence of a potential publication bias.

3.1.3. Criticism of meta-analysis (Glass, 1976)
Although meta-analysis has countless advantages, many researchers criticized this methodology since it cannot control a lot of bias sources. Publication bias, also known as “the file drawer problem”, is the main weakness of a meta-analysis, and occurs since many journal editors are often reluctant to publish “non-significant” results. Such publication policy determines a biased set of studies which consists only of published results and creates a serious base rate fallacy. At the same time, the significance of published studies is overestimated. In general terms, publication bias also increases the probability of making a Type II error, mistakenly concluding that an effect exists when in fact it does not, or artificially boosting its grandness. 
Grafically, we can observe the file drawer problem by building a so-called funnel plot, which is a scatter plot of sample size, or standard errors, in the Y axis and effect sizes in the X axis. A funnel plot not affected by publication data bias shapes a complete funnel. A funnel plot with a biased sample of studies has only the right part of the funnel, since unpublished data, that would be the left part, are not available.

Franco et al. (2014) directly investigated publication bias by analyzing a known population of 221 conducted studies where there was a full account of what was published and what went unpublished. They first conducted a thorough online search for published and unpublished manuscripts, and then emailed the authors of over 100 studies for which they were unable to find any trace of their study. The Authors asked the researchers what happened to their studies and to summarize the results of their experiments. They made a difference between two types of unpublished experiments: those prepared for submission to a conference or journal, and those never written up from the beginning (presumably, the authors were discouraged to publish the null result). They found that there was a strong relationship between the results of a study and whether it was published or not, a pattern indicative of publication bias. Nevertheless, clear differences in the statistical results between published and unpublished studies were noted: while around half of the total studies in their sample has been published, only 20% of those with null results appeared in print.

One way of dealing with publication bias is to actively look for the unpublished studies and the authors keep in the file drawer. Sometimes, this method does not work since the identification of researchers may be difficult, or they may not respond to our question.

Rosenthal (1979) suggested an alternative way to cope with publication bias: he suggested to calculate the so-called “Fail-safe Number”, that is the number of studies averaging null results that would be required to push the significance level for all studies to the “wrong” side of p=.05. If the overall significance can be brought down to the wrong side, this means that the original estimate of p is not resistant to the file drawer threat.

3.1.4.  How to conduct a meta-analysis (Rosenthal & DiMatteo, 2001)
Meta-analysis consists in two processes: combining studies and comparing studies (Hall et al., 1994).

The “combining studies” technique determines the average effect size of a variable across studies, while the “comparing studies” technique relates to the question whether two set of studies produce significantly different effects. However, Hall and Rosenthal (1995) noted that there is no single correct way to perform a meta-analysis, but it should be guided by three interrelated principles: accuracy, simplicity, clarity. The simpler is a meta-analysis, the more it should be accurate and clear.

Identifying the relevant variables and locate the researches 
The first step of a meta-analysis is the formulation of the problem, that is the definition of the variables of interest and a focused hypothesis. The hypothesis must be specific and clear about the real focus of the research. After that, the researcher makes a search of the empirical studies published about the topic. This is a crucial moment for the meta-analysis, because if the published significant researches only are available, but the unpublished non-significant ones are not, we fall into the above-mentioned “file drawer problem”, due to publication bias.
However, it is viable to contact the authors of the researches in the field of interest and ask them if they have some unpublished data in their drawer. To retrieve the published researches, the researcher may use online databases, such as PubMed, PsycINFO, Web of Science, Scopus, and Google Scholar. 
Making a selection of studies 
Once the papers of interest have been collected, the researcher has to read them carefully and take notes of their method, their results, their operationalization and measures. The quality of the researches and the methodological flaws have to be evaluated as well. The researcher has to choose whether a research can be included or not. Theoretically, a research that has many methodological flaws should be not included in the meta-analysis, but few researches are available on a topic and some of these have methodological flaws, it would be better to include them, especially if they are unpublished data. One way to cope with studies with a suboptimal methodological quality is to assign a weight to  each of the studies included in the meta-analysis so that the higher the quality of a study, the higher its contribution in the estimate of the average effect size.
Data extraction and codification
The researcher should take notes about all characteristic of the research, such as sample size, effect size, and so on. Then, each study should be coded for characteristics that may be related to the effect size reported in the study.

Random effects model or fixed effects model

If all studies in the analysis would be equally precise, it would be possible to simply calculate the mean of the effect sizes (Borenstein et al., 2007).  However, if some studies are more precise than others, it is better to assign more weight to the studies that carried more information. Instead of computing a simple mean of the effect sizes, a weighted mean is preferable, giving more weight to some studies and less weight to others. The calculation of the average effect size can follow two models, namely the fixed effect model and the random effects model. The difference between the two models relies on the assumptions about the nature of the studies, that impact the definition for the combined effect, and, subsequently, a different weighting method.

The fixed effect model assumes that only one true effect size exists, which is shared by all the included studies, whose combined effects is the estimate of this common effect size. All the studies estimate the same effect size, therefore weights can be assigned to all studies considering the amount of information captured by each study.

Following the random effects model, the researcher assumes that the true effect could vary from study to study, for example depending from the sample that the study employs. Through this model, there is an attempt of estimating the mean of a distribution of true effects. In this way, each study estimates a different effect size. The weights assigned under random effects model are more balanced than those assigned under the fixed effects model.

Converting the effects in a single effect size measure

Effect size is a quantitative measure used to synthetize the result of a study in a meta-analysis (Osborne, 2008). There are many different effect sizes, and the one used in a meta–analysis should be chosen to make the results of a study easily interpretable and comparable across studies. Converting all the effects in a unique effect size metric means to make the results of all studies “on a common scale”, so that they can be readily interpreted, compared, and combined. Each study can be converted in: Pearson's r, that analyzes the linear correlation between the variables; Fisher's F, which is a ratio among the variances of the effects; or Cohen's d, that is a standardized difference of means.

Relating each effect with its own sample size

It is important to put in relation each effect with its sample size, since the bigger is a sample, the stronger is the effect evidenced, if this effect exists. At this stage, the funnel plot can be drawn to display a potential publication bias. After this passage, the researcher can calculate the average effects size and its confdence interval, and seeing if the probability of existence of the effect is statistically significant or not. 
Stability of a meta-analysis

A way to assess the stability of a meta-analysis consists in the calculation of the so-called “Fail-safe number” (Rosenthal, 1979), which is an index estimating how many studies averaging null effects can disprove that meta-analysis.

Rosenthal's method calculates the significance of multiple studies by computing the significance of the mean Z-score (how much the mean deviates from the standardized value of zero) and the number of additional studies, with mean null result, able to increase the P value for the meta-analysis to above 0.05. According to Begg and Mazumdar (1994), the main disadvantage of the fail-safe number is the assumption that the results of the missing studies are centered on the null hypothesis. This assumption seems artificial and is basically a device to permit an interpretable correction. Orwin (1983) proposed an alternative method using Cohen's d, which is an effect size estimating the standardized difference between treatment and control means.

Heterogeneity of the study outcomes

Heterogeneity represents the degree of variety existing among the outcomes of each study, or the degree of incompatibility among the experiments included in the analysis. On the other hand, homogeneity allows to test the hypothesis that the results of all the studies are identical and their variability is casual.

Cochran's Q is the classical measure of heterogeneity and it is distributed as a chi-square statistic with k (number of studies) minus 1 degrees of freedom. However, Higgins et al. (2003) maintain that statistical heterogeneity in a meta-analysis is inevitable.

Moderators and mediators in meta-analysis

In primary studies, it often happens that researchers analyze mediating and moderating  variables that can help them understanding the relationship between treatment and outcome. These variables help the understanding of the relationship between independent and dependent variables. While moderators cause statistical interactions, mediators are mechanisms through which the independent variable can influence the dependent variable of interest (Baron & Kenny, 1986). In case of high heterogeneity, it could be useful to perform a moderator analysis through mixed effects model, to detect the amount of variability across studies explained by known factors. The researcher chooses the moderators looking at the scientific literature, to see what factors can generate the diversity observed in the outcome of primary studies. 
3.3. Published meta-analyses
The following paragraphs report the meta-analyses performed by Miss Gentile, and published on indexed journals. 
3.2.1. The effects of gender stereotype threat on women sports performances [(Gentile et al., 2018) –This article was published in Psychology of Sport and Exercise, Vol 39, Page 95-103, Copyright Elsevier. The paper is reported with the permission of the journal. ]
Introduction

Apart from research regarding people holding stereotypes, there is also a body of research concerning people who belong to stereotyped groups (Abbate, Boca, & Bocchiaro, 2004; Crocker & Major, 1989; Pinel, 1999; Wout, Shih, Jackson, & Sellers, 2009). According to Steele and Aronson (1995), stereotype threat is a self-evaluative threat that appears when an individual is at risk of confirming a negative stereotype about him- or herself.  Since their seminal work appeared, many studies about this effect have been published, and many domains have been investigated, such as aging and memory tasks(Chasteen, Bhattacharyya, Horhota, Tam, & Hasher, 2005; Hess, Auman, Colcombe, & Rahhal, 2003), race and intelligence tests (Steele & Aronson, 1995; Steele, Spencer, & Aronson, 2002) and gender and the math domain (O'Brien & Crandall, 2003; Spencer, Steele, & Quinn, 1999).  A growing body of research focuses on the physical activity domain, where negative stereotypes about women persist and could reduce them during their performance (Chalabaev, Sarrazin, Stone, & Cury, 2008; Stone & McWhinnie, 2008).  The present meta-analytic review examined stereotype threat on women’s performance in sport or motor activities and hypothesized a number of moderators that might explain why this effect is stronger or weaker in some situations than in others.  This particular domain also provides an occasion to question whether one of the main explanations of stereotype threat, the so-called ‘cognitive load hypothesis’, may also apply in a non-academic domain.  Finally, the paper discusses if the present meta-analytic review is comparable to other meta-analyses conducted on stereotype threat.

Overview of Stereotype Threat 

Stereotype threat theory covers a range of two decades of research. Steele and Aronson (1995) found that Black participants underperformed compared to White participants if a difficult verbal test was presented as a measure of their intelligence, but this effect did not occur if the same test was presented as non-diagnostic. Two years later Steele (1997) hypothesized this effect to be a situational threat, able to affect members of any group about whom a negative stereotype exists. Thus, stereotype threat may be defined as the ofthe fear of stigmatized individuals to be judged or treated stereotypically (Steele, et al., 2002).  This effect usually consists of a suboptimal performance in a task related to a judgment dimension in which that particular group is ‘known to be weak’.  This commonly happens when a salient element of a stereotype relates to something that people are able or not able to do, and it also comes into play whenever people become aware of a negative stereotype about themselves.  According to Schmader, Johns, and Forbes (2008), stereotype threat stems from a situation in which three core elements are activated in memory: the concept of one’s ingroup, the concept of the ability domain in question, and the self concept. When a propositional relation (Gawronski & Bodenhausen, 2006) links these concept in a such a way that an individual becomes aware of an imbalance among them (Heider, 2013) he/she struggles to resolve the incongruence. The activation of a negative stereotype could harm a person’s self-worth.  When this happens, the individual may show some acute reactions, for example, domain avoidance, self-handicapping, counterstereotypic behaviour and disengagement (Davies, Spencer, Quinn, & Gerhardstein, 2002; Pyszczynski & Greenberg, 1983; Steele & Aronson, 1995). 

According to Schmader, et al. (2008) can affect three types of performance outcomes: cognitive, social and sensorimotor threat.  The authorsclaimthat cognitive overload is the principal reason why people under stereotype threat perform worse than those not affected by this threat in cognitive tasks.  To test if stereotype threat was systematically associated with working memory load, Schmader and Johns (2003) used the so-called ‘operation span task’ developed by Turner and Engle (1989).  In the experimental procedure, participants were required to solve math operations and keep words in their memory at the same time, and the number of words correctly recalled was assumed to be a measure of working memory load.  A sample of women and men had to complete this task under threat and no-threat conditions.  The results of the experiments confirmed the hypothesis that stereotype threat undermines an individual’s performance on the cognitive test since it reduces the individual’s working memory capacity.  In particular, Schmader, et al. (2008)maintained that stereotype threat would impair the ability to regulate the attention during complex tasks, where it is necessary to inhibit thoughts, behaviours and feelings that are not related or are negatively related to the current task. 

The second kind of threat refers to social situations  in which stigmatized people show non-verbal anxiety (Bosson, Haymovitz, & Pinel, 2004; Richeson & Shelton, 2003).  Drawing on the stereotype that gay and bisexual people have a negative influence on children’s behaviour, Bosson, et al. (2004) asked a group of heterosexual, gay and bisexual people to complete a sociodemographic questionnaire.  Half of them were submitted to the threat condition in which sexual orientation was primed through a question related to their sexual orientation.  In the no-threat condition, the questionnaire did not contain any reference to sexual orientation.  Participants were videotaped while interacting with children for 5 minutes.  The results confirmed that gay/bisexual participants in the threat condition showed more non-verbal anxiety than gay/bisexual people in the no-threat condition as well as more such anxiety than heterosexual participants in both conditions.

Another social feature relates to people’s identity. A study of Harrison, et al. (2009) explored the effect of stereotype threat in male and female college athletes. College athletes represent a stigmatized group in many campus and female college athletes feel threatened twice, both for their gender identity and their athletic ability.  Females, in fact, are shown to suffer from identity threat when their academic ability is linked to their academic results and their gender is outlined as relevant.

The third kind of threat concerns physical activities whose performances are harmed when explicit attention is directed to automatic processes that are not usually controlled by working memory (e.g., Beilock, Jellison, Rydell, McConnell, & Carr, 2006; Gray, 2004). Beilock, et al. (2006) conducted a series of experiments asking a group of men who were expert golfers to complete the ‘golf putting task’ (Beilock & Carr, 2001).  Participants in the threat condition were told that women tended to perform that task better than men, while those in the control condition were told that the task investigated individual differences in golf performance.  As expected, participants in the threat condition performed significantly worse than those in the control group. Furthermore, the Authors found that giving to them a secondary task eliminates the effect of stereotype threat, since distracting the attention from thoughts regarding the stereotype. According to the authors, this suboptimal performance occurred because mentioning a negative stereotype led participants to focus attention on processes that commonly are automatic in expert golfers. 

The explicit monitoring hypothesis (Beilock & Carr, 2001; Schmader, et al., 2008)  claims that stereotype threat could harm proceduralized skills when people pay attention to processes that generally work better without conscious control. Thus people under stereotype threat might underperform because their attention is focused on actions that are usually automatic. If this theory is proven correct, the effect of stereotype threat should be greater for well learned gestures compared to new ones.

Gender Differences and Stereotypes in Physical and Sport Activity

In many fields of daily life (e.g., school, sports club), the differences between males and females are commonly considered more ‘real’ than they effectively are.  In agreement with gender stereotypes that describe women as ‘the weaker sex’ physically, mentally and emotionally, the sport domain has been considered for centuries an exclusively masculine affair, not suited to the delicacy of a woman.  It was only in the late 1800s that women were given the opportunity to participate in sports, confined to situations in which the activity did not allow physical contact or strain (Sherrow, 1996; Woolum, 1998). Although the number of women taking part in traditionally male sports (even the extreme ones) has been growing (Zimmerman, 2011), gender stereotypes persist in physical activities. 

Nowadays, sports are perceived as masculine, feminine or neutral, and this perception depends on the degree of masculinity and femininity of their characteristics  (Chalabaev, Sarrazin, Fontayne, Boiché, & Clément-Guillotin, 2013).  Masculine sports possess particular characteristics such as physical contact, face-to-face opposition, strength, or aggressiveness, while feminine sports are typically characterized by expressivity, grace or esthetics  (Chalabaev, Sarrazin, et al., 2013; Hardin & Greer, 2009). These stereotypes affect women’s performance and contribute to keeping them out of the sport domain.  In contrast, males continue to perceive themselves as characterized by higher strength and ability and give more importance to sports than females (Eccles & Harold, 1991; Fredricks & Eccles, 2004). 

Stereotype Threat on Women in the Sport Domain

The effects of gender stereotype hold their roots in childhood, around the age of eight or nine years, when parents’ stereotypic beliefs about boys’ and girls’ abilities seem to play a significant role in children’s self-perception of their abilities in various domains (Duriez & Soenens, 2009; O'Bryan, Fishbein, & Ritchey, 2004; Parsons, Adler, & Kaczala, 1982; Tomasetto, Alparone, & Cadinu, 2011; Tomasetto, Mirisola, Galdi, & Cadinu, 2015). In this way, parents’ stereotypic beliefs about male and female abilities interact with children’s individual characteristics (e.g. temperament, personality traits, talents, gender, etc.) and shape their beliefs about their children’s ability (Chalabaev, Sarrazin, et al., 2013; Eccles & Harold, 1991; Fredricks & Eccles, 2004).

Many authors (Chalabaev, Sarrazin, et al., 2008; Chalabaev, Stone, Sarrazin, & Croizet, 2008; Heidrich & Chiviacowsky, 2015; Hively & El-Alayli, 2014; Stone & McWhinnie, 2008) have focused their attention on the effects of stereotype threat on women’s sport performances, using a variety of tasks belonging to different sports such as golf, soccer, basketball and tennis, among others. 

Chalabaev, Sarrazin, et al. (2008) conducted an experiment in which a group of female soccer players was asked to complete a soccer dribbling task.  Three framing conditions were created: (a) in the athletic ability condition, the task was presented as a measure of ‘personal factors correlated with athletic ability’, defined as ability related to speed, strength and accuracy; (b) in the technical soccer ability condition, the task was framed as a measure of ‘personal factors correlated with technical soccer ability’, that is, the ability to lead the ball with rapidity and precision and (c) in the control condition, the task was presented as a measure of ‘psychological factors’.  The authors hypothesized that the stereotypes related to poor athletic ability and poor technical soccer ability of women would have a harmful effect on their performance compared to the control condition.  They found that participants in the athletic ability condition had the poorest performance, followed by women in the technical soccer ability condition and the control group. 

Some studies hypothesized that stereotype threat could affect also the learning of motor gestures. Heidrich and Chiviacowsky (2015) ask a sample of 24 women that never played soccer to complete a dribbling task. Participants were divided into two condition: in the stereotype threat condition,  the task was introduced as showing that “women normally perform worse than men”, while in the nullified stereotype threat condition the task was presented by telling that “women normally perform similarly than men” . The practice phase consisted in an immediate performance (10 min) and in a delayed (day 2) retention tests. The authors found that on the immediate retention test, participants in the nullified stereotype threat condition outperformed the stereotype threat group and similar results were found the next day in the delayed retention test. 

The Present Study

Several meta-analyses investigating the effect of the threat produced by a stereotype(Flore & Wicherts, 2015; Nadler & Clark, 2011) in a variety of domains have been published, such as race and intellectual performances (Appel, Weber, & Kronberger, 2015), elderly and memory(Horton, Baker, Pearce, & Deakin, 2008; Lamont, Swift, & Abrams, 2015), women and math(Doyle & Voyer, 2016; Nguyen & Ryan, 2008). However, no meta-analysis about the influence of stereotype threat on women’s sport performances has been conducted yet.  Differently from other meta-analyses about stereotype threat that concern a deficit in a cognitive response, the present meta-analysis is related to a deficit mainly in physical activity. 

Moreover, a number of moderators were codified to find which variables moderate the effect of gender stereotype in sport activities for women.  Collected studies have been coded for the type of experimental manipulation: a blatant (i.e. the experimental task was explicitly framed as showing gender differences) versus a subtle threat to women’s ability (i.e. the presence of a male experimenter). Some studies (Seitchik, Jamieson, & Harkins, 2014; Stone & McWhinnie, 2008) specifically investigated the differential impact of blatant and subtle manipulation of stereotype threat. Their results showed that these mechanisms undermine people’s performance at the same extent, although through different processes.  According to Stone and McWhinnie (2008),  blatant threat affects influencesfemales’ performancethrough explicit monitoring, thus inducing a prevention focus orientation that motivates people womento avoid the failure but, at the same time, interrupts the automatic and fluent elements of execution. Subtle threat, instead, seems to operate as a distraction that provokes a cognitive overload.

In some of the studies, the gesture that participants had to complete was new to them and thus the experimental procedure required a training phase (Heidrich & Chiviacowsky, 2015).  In other studies, participants were asked to try a well learned movement such as in (Chalabaev, Sarrazin, et al., 2008) in which female soccer players were asked to complete an exercise that was very common to them:  dribbling  obstacles. In these studies no training phase was performed by participants.  This difference between new and well-learned gestures was also coded. In this perspective, the two available alternative explanations for stereotype threat allow different predictions: according to the cognitive load hypothesis, new gestures should be more prone to such threat. Moreover, according to the motivational explanation of the stereotype threat, the so called mere effort account (Harkins, 2006; Huber, Seitchik, Brown, Sternad, & Harkins, 2015), when the threat is directed to a new gesture of the experimental task, participants should lose motivation because they know in advance they are going to obtain a poor performance. When the menace regards a well-learned task, a prepotent response should be potentiated and, consequently, people should be motivated to try their best. Hence, if the explicit monitoring hypothesis is proven reliable, well-learned gestures should be those more affected.

The physical and sport activities of the studies selected for the meta-analysis may be distinguished according to the amount of cognitive load required. Cognitive load can be individuated as the amount of decisional processes and strategic thinking required to perform the task. Some of the studies employed simple moves such as to contract the quadriceps as fast and as forcefully as possible (Chalabaev, Brisswalter, et al., 2013), while in other studies stereotype threat was directed to activities like chess playing that are mainly based on strategic thinking (Maass, D'Ettole, & Cadinu, 2008) .  Since the load in working memory has been proposed as an explanation of poor performance under stereotype threat, the amount of strategic thinking and cognitive load required has been dummy coded (low vs. high) and its effect considered as a possible moderator of the stereotype threat effect on physical and sport activities.

In some studies, the threat was directed toward the specific activity that participants were going to perform (e.g. “Now you are probably aware that there are gender differences in sports performance. Previous studies using this test of natural athletic ability have reported differences in the performance of men and women. So even though there may be gender differences on this test, we ask that you give 100% effort on the task so we can accurately measure your natural skills.”) (Stone & McWhinnie, 2008, p. 448), while in others, the threat was somewhat indirect, thus the threat to physical activity was provoked by the elicitation of the weakness of women in mathematics and spatial abilities (“As you may know, there has been some controversy about whether there are gender differences in math and spatial ability. As demonstrated by Levy, Leifheit-Limson (2009), the influence of stereotype valence is stronger when the stereotype content matches the outcome domain compared to when this is less related. 

Finally, not all the sports that appear in the sample of studies are equally ‘masculine’.  There is probably a degree of masculinity varying along a bipolar continuum.  Using an on line questionnaire we derived an index of masculinity for all the activities mentioned in the collected studies and thus distinguished sports that are ‘suited for males’ from sports ‘adaptable also for women’. This distinction distinction was introduced as a possible moderator in the current meta-analysis. 

Method

Literature Search and Inclusion Criteria

Studies were collected using online databases, through a combination of the following terms: stereotype threat, female, sport.  Our search yielded studies published between 2006 and 2017.  Studies were included if they reported an objective measure of performance and expressed the difference between the stereotype threat condition and the no-stereotype threat condition (control condition). 

All the authors were contacted via e-mail and were asked if they had some unpublished data set testing the effect of the gender stereotype on sport performance in women.  In this way, two more studies have been found.

Summary of the Meta-analytic Data Set

Our meta-analysis was conducted on 24 effects (k = 24), 1921 of which were obtained from published articles, 13 from Doctoral Dissertations and the remaining 2 from unpublished studies that authors gave us through personal communications. (10)

Studies published in the same article were considered independent, the effect sizes were computed separately and each was included in the meta-analysis. 

Some of the studies included a training phase before the test trial.  In these cases, the size of the effect was derived only from the test trial.

We followed Hedges and Olkin (1985) approach, an extension of Glass (1976)method.  They proposed to estimate the effect size using Cohen’s d, which expresses the difference between the experimental group mean and the control group mean in standard units.  Thus, each collected effect was converted to Cohen’s d to be easily suited for interpretation.  In this case, the effect size was computed as the standardized mean difference of performance between threatened and nonthreatened groups. Studies included in the present meta-analysis are reported in Table A1, where each effect is expressed in Cohen’s d.
Publication Bias

Publication bias (also known as ‘file-drawer problem’) is the main weakness of a meta-analysis and occurs because many journal editors are often reluctant to publish ‘non-significant’ results, thus leaving the so-called null results in the file drawer (Ioannidis, 2005; Rosenthal, 1979; Sterling, 1959) This practice can lead to serious inflation of estimated effect-sizes in a meta-analysis (Sutton, Duval, Tweedie, Abrams, & Jones, 2000).

In order to assess if the file-drawer problem existed in our sample of studies, we built a funnel plot, putting each effect, expressed in Cohen’s d, on the X-axis and standard errors on the Y-axis (see Figure 1).
Figure 1. Funnel plot assessing the existence of publication bias.
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Although the present meta-analysis has been conducted on a small number of effects, the funnel plot does not show the typical asymmetry that appears when a publication bias exists: most studies report effects concentrated on the average, while few studies report null or very large effects.  This means that there is no systematic loss of effects in published literature.  Moreover, as expected, variability across studies diminishes as the sample number increases.  This commonly happens when no hidden specific bias plays a role in the probability of a study that is to be published.

Publication bias was also assessed by drawing a funnel plot with trim and fill (Duval & Tweedie, 2000; Taylor & Tweedie, 1998).  This method both removes (trims) those studies that cause publication bias and fills the excluded studies with their missing counterparts (Mavridis & Salanti, 2014).  In the present meta-analysis, the number of missing studies needed for obtaining a symmetric funnel plot is zero.  Again, research literature in this domain does not show a systematic tendency to avoid null results.

Egger, Davey Smith, Schneider, and Minder (1997) proposed a significance test for assessing publication bias based on the quantification of the asymmetry of a funnel plot.  This method uses the standard normal deviate, that is, the odds ratio divided by its standard error.  It is regressed against the estimate’s precision, defined as the inverse of standard error.  The null hypothesis of Egger’s test maintains the symmetry of the funnel plot, while the alternative indicates that asymmetry exists (Sedgwick, 2013).

The regression test of the present meta-analysis showed no asymmetry in its funnel plot (t = -1.71, p = 0.10).
Mean Effect Size

Mean effect size was calculated with the package Metafor of R (version 3.5.2), using a random effect model. 

The results of this meta-analysis showed a significant estimate of d = 0.33 (95% CI .03;.63; p<.05), meaning that there is a remarkable difference between threat and non-threat conditions across the studies.  Furthermore, the 95% confidence interval varies from 0.02 to 0.61, highlighting a significant departure from the chance of the average effect size.  A graphical representation of the distribution of effects and their relative standard error of estimation is presented in Figure 2.
Figure 2. Forest plot of the studies included in the current meta-analysis
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Considering the characteristic of sport that concerns the energy expenditure related to the movement, chess should not be included in the current meta-analysis. Thus the meta-analysis was performed again not including the studies based on chess activities. As showed in Table 2, the mean effect size on k=22 studies is now d=.30 (95% CI: -.03; .64). Chess is nevertheless considered a sport activity in 24 out of 28 member states of the European Union, and the World Chess Federation (FIDE; Federation Internationale des Echecs) reports that this game is recognized as a sport globally in 117 countries. Although Chess does not involve energy expenditure, the game implies the presence of an adversary, a competition, a winner and a loser and a certain physical fit to maintain concentration throughout the game.   According to these considerations, we decided to maintain all the 24 initially selected studies in the current meta-analysis.

Variability of the Studies and Fail-Safe N

The variability of effect sizes across the sample was analyzed by means of the Q statistics that test whether the sample of effects is homogeneous, or the observed variability goes beyond what is expected by chance.  The Q value is high enough to exclude the chance as an explanation (Q(23) = 110.06; p < .0001).

Finally, the stability of the meta-analysis was assessed calculating Fail-Safe N(Orwin, 1983; Rosenberg, 2005), which is the estimated number of non-significant results in the file drawers that would be required to turn a significant meta-analytic finding into one that is non-significant (Schwarzer, 1989).  Conventionally, the finding is considered robust when the Fail-Safe N exceeds at least 6 times the number of effects included in the meta-analysis.  In the case of the present work, the calculation of the Fail-Safe N yields the value of 411 studies, which is higher than the critical limit of 6×27=162 studies.  It is then possible to conclude that the meta-analytic finding obtained is robust. As suggested by Rosenberg (2005), this means that the publication bias, if it exists, may be safely ignored.

Potential Moderators

In relation to the heterogeneity, the obtained value of Cochrane’s Q brings to the rejection of the hypothesis of homogeneity among the studies.  Even if the number of the effects is quite low, six moderators were hypothesized: blatant versus subtle manipulation, new versus well-learned, cognitive versus physical tasks, domain-directed versus indirect threat, and the degree to which each study employs masculine versus feminine sport.  Each moderator, except typicality, was treated as a dummy variable in terms of presence (1) or absence (0) of the characteristics. Criteria were jointly discussed and then two of the authors coded the studies separately. Agreement between coders was complete. The stereotypicality of the various sport activities employed in the studies included in the present meta-analysis was assessed separately via an online questionnaire. Specifically, people were contacted through social media. They were asked to indicate on a scale ranging from 1 to 5 to what extent each physical activity (e.g. dribbling) and the correspondent sport activity (e.g. soccer) that appears in the selected studies were commonly considered masculine or feminine by society (1 = absolutely masculine, 5 = absolutely feminine).  Forty-one participants (9 males, 32 females, mean age = 26.44 years) answered this questionnaire.  Table 1 reports the average stereotypicality of each activity. 

Table 1 – Scores of the masculinity linked to the following sports/physical activities  

	Sports/Physical Activity
	Score

	Basket
	1.88

	Tennis
	3.06

	Golf
	1.41

	Video-terminal exercise 
	2.18

	Balance exercise
	4.06

	Soccer
	1.12

	Strength exercise
	1.29

	Jump
	3.47

	Chess
	2.06


To test if people who answered the questionnaire were paying enough attention, the questionnaire included a question built following the instructional manipulation check that measures whether participants are reading the instruction (Oppenheimer, Meyvis, & Davidenko, 2009) and positioned at the end of the survey, before the sociodemographic questions.  In particular, if participants were careful in reading the instructions, they had to correctly select all the boxes.  If people failed the instructional manipulation check, their answers were considered unreliable.  The degree of stereotypicality was then considered as a possible moderator of the effect.

Among the possible moderators, only the distinction between more and less feminine sports proved to be a significant moderator of the heterogeneous distribution of effect sizes; this explains about the 32% of the variability (R2 = .319). 
Table 2. Potential Moderators 
	Moderators 
	Z-score
	p-value

	Experimental Manipulation
(Blatant/Subtle)
	-1.03
	0.29

	Well-learned/New Gesture
	-0.05
	0.96

	Cognitive/Sensorimotor Task
	1.13
	0.26

	Domain-directed/Domain-uncorrelated Threat
	-1.63
	0.09

	Masculinity/Femininity
	-2.54
	0.01**


Based on the results of the present study, it seems that stereotype threat has a stronger effect for sports considered ‘masculine’ such as golf, soccer and strength exercises, while in more ‘feminine’ activities (e.g. tennis or balance), its effect is significantly weaker.

One of the most reliable explanations of stereotype threat is based on the cognitive load that comes with an awareness of being judged on performance in a domain that is considered problematic for the group with which one identifies(Schmader & Johns, 2003).  In particular, the cognitive load would impair the ability to regulate attention during complex tasks, where, as mentioned earlier, it is necessary to inhibit thoughts, behaviours and feelings that are not related or are negatively related to the current task (Schmader, et al., 2008).  This explanation was hypothesized in relation to stereotype threat regarding cognitive performance, but it was not tested for sport activities.  Those activities requiring cognitive resources concern a new gesture since they involve a large amount of attentional resources for gesture planning.  The degree of learning of the sport gesture was codified as a moderator, but it explains a very small amount of variance.  This means that the cognitive load explanation, which refers to cognitive threat, might not be a valid explanation for stereotype threat in physical activity. However, neither the explicit monitoring theory (Beilock & Carr, 2001)moderated this effect, leaving the question open to future research. Suggesting that both hypotheses remain plausible and that sensorimotor performance may be reduced through different mechanism.

Discussion and Conclusions 

The effect of the awareness of belonging to a stereotyped group has received wide attention in literature since the phenomenon was first described in the mid-1990s (Steele & Aronson, 1995). Most of the collected data show how belonging to a discriminated group may lead to a poorer cognitive performance in some kinds of tasks.  The effect has been reliably observed in relation to mathematical and logical abilities for women, IQ-related tasks for ethnic minorities and memory-related abilities in elderly.  The published studies have been summarized in a number of meta-analyses. 

Comparison with Other Meta-analyses about Stereotype Threat

At this point, we need to understand if the observed effect is comparable in size with that which is commonly observed in the meta-analysis conducted on cognitive performances.  A comparison with all the systematic reviews showed that the finding of the present meta-analyses is in line with what has already been found in different but related domains. 

To assess if the mean effect size is comparable with what we actually know about stereotype threat, a systematic search of meta-analyses, seeking the effect of stereotype activation on the performance of minority groups, was conducted.  Twelve systematic reviews were found.  Mean effect size (expressed in Cohen’s d), confidence interval and standard deviation of the effects were annotated for each meta-analysis and then reported in Table 3, together with the results of the present study. 
Table 3- Meta-analyses about Stereotype Threat
	Authors
	d
	SE
	K
	95% CI

	[60] Appel, Weber & Kronberger (2015)
	.63
	.12
	19
	[0.40; 0.86]

	[61] Doyle & Voyer (2016)
	.32
	.04
	109
	[0.24; 0.40]

	[61] Doyle & Voyer (2016)
	.12
	.09
	22
	[-0.06; 0.30]

	[62]Flore & Wicherts (2015)
	.22
	.03
	47
	[0.08; 0.32]

	[63] Horton, Baker, Pearce & Deakin (2008)
	.38
	.09
	17
	[0.20; 0.56]

	[64] Lamont, Swift & Abrams (2015)
	.28
	.09
	82
	[0.10: 0.44]

	[65] Nadler & Clark (2011)
	.52
	.05
	23
	[0.42; 0.62]

	[66] Nguyen & Ryan (2008)
	.21
	.06
	72
	[0.08; 0.36]

	[66] Nguyen & Ryan (2008)
	.32
	.07
	44
	[0.19; 0.49]

	[67] Picho, Rodriguez & Finnie (2013)
	.24
	.05
	103
	[0.14; 0.35]

	[68] Walton & Spencer (2009)
	.44
	NA
	39
	NA

	Current meta-analysis
	.32
	.15
	24
	[0.02; 0.61]


In Doyle and Voyer (2016) two separate meta analytic effects were computed: one synthesizing the effect of gender and the other one the effect of ethnicity on performance on math and spatial performance. We considered both effects in the analysis.

The work of Walton and Spencer (2009)does not present confidence interval and standard deviation.  Thus, it was not included in the subsequent analysis.

The weighted mean effects size of the selected meta-analysis has been calculated, together with the confidence interval around this estimate.  The synthesis of the entire set of available meta-analysis on stereotype threat brought to an average effect of d = 0.29 (C.I. = 0.20, 0.38).  The result of the current study is  in line with the other findings on this topic.

Five of the 11 meta-analyses specifically tested the effects of the stereotype threat in women.  These systematic reviews investigate the effect of stereotype activation on a variety of cognitive skills: math, spatial abilities, cognitive abilities in general and test performance.  All the systematic reviews, except one (Doyle & Voyer, 2016), showed that women under stereotype threat perform worse than in control conditions.  As before, the weighted mean effect size of the meta-analyses of studies conducted on women samples has been computed bringing to a synthetic d = 0.25 (C.I. = 0.15, 0.37).  As previously observed, the effect size of the present meta-analysis falls into the confidence interval. 

Considering that the mean effect size computed in the present meta-analysis refers to an impairment which is not specifically cognitive but mainly in a physical activity, it can thus be stated that the threat for women directed toward physical skills and power may be more effective than the threat directed toward mental abilities.  Nevertheless, its size is comparable with results found in previous quantitative syntheses of the effect of the activation of gender stereotype in women.  
Conclusions

The present meta-analytic study is quite different from others because the effect of stereotype threat might not be necessarily related to the cognitive domain but rather to the characteristics of sport activity, such as gender typicality.  Sport activities are historically considered part of a typically male domain.  For this reason, we expected that priming the weaker-sex stereotype would result in a poorer  performance in women.  Literature has been thoroughly reviewed, and a number of studies directly testing this hypothesis sufficient for conducting a meta-analysis have been found.

The meta-analytic synthesis led to an average effect size of d = 0.33 that is in line with the effects of stereotype threat that can commonly be found in the literature.  Furthermore, no publication bias was found.  Among the hypothesized moderators, only the stereotypicality of the activity seems to have an influence on this phenomenon: gender stereotype threat is stronger for masculine and weaker for feminine sports.

Since the sample of the studies included in the present meta-analysis is limited, all comparisons between subsets of studies present a reduced statistical power. 

Certainly it would have been interesting to go  further in the analysis of moderators of the effect of gender stereotype threat. Again, the reduced number of available studies played against such a curiosity.  Variables like domain identification or complexity of the physical task cannot be coded a posteriori and few published studies assessed these construct. For this reason, future research should directly manipulate the variables that may affect the impact of the gender stereotype on sport performance.  Particularly interesting would be charging the  activities with a varying amount of cognitive load to test whether the effect of stereotype threat depends on this variable.  If the effect of stereotype threat varies depending on cognitive load, the most influential hypothesis about the origin of stereotype threat could be extended to physical activities.
3.2.2.  Dual-Task Conditions on Static Postural Control in Older Adults - from (Petrigna et al., 2020)
The meta-analysis of Petrigna et al. (2020) focused on the effects of dual task condition on the elderly’s static postural control. Dual task is an experimental condition where the individual has to perform a primary task and simultaneously an additional secondary task (Woollacott & Shumway-Cook, 2002). Generally, young and older adults are able to maintain their postural control and to perform another physical or cognitive task 


(Boisgontier et al., 2013) ADDIN EN.CITE . In elderly, a decrease in static postural parameters after a secondary spatial and non-spatial cognitive task has been observed (Swan et al., 2007). The types of dual task conditions investigated in literature are classified as as manual, reaction time, discrimination and decision making, mental tracking, verbal fluency, and working memory tasks, while the conditions not fitting in these categories are classified as “others” 


(Al-Yahya et al., 2011; Funahashi, 2017) ADDIN EN.CITE . 
In this meta-analysis, 28 effects were considered, with a total population of 430 elderly, of which 198 were women (46%) and 158 men (37%), with an average age of 71.7 ± 4 years.  The meta-analytic synthesis revealed a significant average effect size of d = 0.24 (p = .02, SE = 0.10; 95% CI [0.04, 0.44]), with high levels of heterogeneity (Q [df = 27] = 80.84, p < .0001) and I2 = 69.05. Given this high heterogeneity, single and dual tasks were codified. Concerning the single task condition, area measure and sway area were codified. For the secondary task condition, six moderators were codified  (memory task, reaction time, mental tracking task, discrimination and decision-making task, manual task, and others). From the moderator analysis, no effects of the measure adopted in the ST condition emerged (Z = 1.34, p = .18), while concerning the measures used in the secondary task condition, a significant difference was observed, QM (df = 5) = 14.74, p = .01, accounting for the 38.22% of variance for the “other” task condition (Z = 2.64, p = .008). In sum, the Stroop test worsened the postural task. 
3.2.3. Cardiovascular responses to muscle stretching (Thomas et al., 2021)
The meta-analysis of Thomas (2021), that was accepted on the International Journal of Sports Medicine, concerns the integration of studies about the cardiovascular response after muscle stretching. Previous studies highlighted acute effects on heart rate and blood pressure (Stebbins et al., 1988), cardiovascular autonomic modulations 
 ADDIN EN.CITE 
(Cui et al., 2006)
, modifications in endothelial function and arterial stiffness 
 ADDIN EN.CITE 
(Hotta et al., 2013; Yamato et al., 2017)
 and both central and peripheral hemodynamic responses 


(Venturelli et al., 2019) ADDIN EN.CITE  after stretching. A limited number of studies has evaluated cardiovascular adaptations after stretching, and those studies were systematically reviewed and quantitatively integrated into a meta-analysis. 

The considered effects were the measures between pre- and post- treatment, which was a session of muscle stretching or a stretching program. The analyses were performed on 5 outcomes, namely: Heart Rate (HR), Systolic Blood Pressure (SBP), Diastolic Blood Pressure (DBP), brachial and ankle Power Wave Velocity (baPWV), and carotid and femoral Wave Velocity (cfPWV). Given high heterogeneity, a moderator analysis was performed concerning the intervention length, highlighting no differences between single sessions and longitudinal interventions.
A significant small-to-medium reduction in the post-measurement was observed across k= 12 effects (d= 0.38;SE= 0.12; 95% CI 0.14- 0.62; p<0.01) for HR. Thirteen effects were included both for SBP (d= 0.13; SE= 0.33, 95% CI -0.52- 0.78, ns) and DBP (d= -0.07; SE= 0.28; 95% CI –0.62 - 0.47; ns), with non significant differences between pre- and post- treatment observations. A reduction of the post-measurement in baPWV was detected on k=6 effects (d = 2.04; SE= 0.52; 95% CI 1.01 – 3.06; p<0.001). Concerning cfPWV, a reduction in the post-treatment measure was detected across k=6 effects (d = 0.46; SE= 0.11; 95% CI 0.24– 0.67; p<0.001). Due to the small sample sizes, no other moderation analyses or publication bias were further performed. This study represents the first attempt to synthesize the few studies existing on this topic, highlighting that parameters such as HR, baPWV, and cfPWV significantly reduce after muscle stretching. 
Chapter 4 – Overview of the PhD achievements of Miss Ambra Gentile
a. Research areas of interest

During her PhD program, Ambra Gentile mainly focused on the study of cognitive functioning and its relation with physical activity, which will be extensively illustrated later in the dissertation. She also focused on violence and exclusion in the sport domain, particularly referring to children athletes. Moreover, she focused on research methodology, with a specialization in meta-analytic techniques. Finally, her interests cover the observational research, in particular the prospective and retrospective cohort studies. 

b. International Mobility

Miss Gentile’s international mobility concerned two destinations. From October 2018 to December 2018, she spent a research period at Lithuanian Sports University with Prof. Irena Valantine, where she studied the relationship between morality and aggression behaviour, together with Prof. Ilona Tilindiene. 

In September 2019, she spent one week in Serbia, at the University of Novi Sad, with Prof. Patrik Drid, concerning the possibility to work together in the study of psychological characteristics of judokas. 

From February 2020 to July 2020, she spent the international mobility period at Umeå University, with Professors Anna and Peter Nordstrӧm. During this period, she learnt statistics regarding the observational studies, especially concerning cohort studies. Within the cohort studies, she learnt how to perform survival analysis, Cox regression test, sensitivity analysis, and the plot of these relationships (Kaplan & Meier, forest plots). 

c. Scientific Achievements

During her program, Ambra Gentile published 19 papers. She currently is 4 H-index, with 39 citations. During her first year she published 5 papers, of which her master’s degree thesis, the SAVE Project first editorial, a paper about the ASSO Project and two papers about the Internet addiction. In her second year, she published three papers: a meta-analysis protocol about the effect of dual task condition in postural control, the second SAVE editorial, and a contribution in a Journal Club series about the psychological effects of exercise addiction. 

In her third year, she published 11 papers: three of them are discussed in the following pages, while the statistical expertise revealed through the publication of two other meta-analyses and cohort studies. Moreover, she was involved in an international European observatory for COVID-19 pandemic which produced 3 publications. Another study concerned the influence of endometriosis on sicilian women’s quality of life and self-esteem. She also published a paper from SAVE’s field research about the frequency of occurrence of violent behaviours within the sports field, a research about the intelligence and socioeconomic status in Serbian preschoolers, and a letter about the possibility to use challenging exercises to stimulate adherence to physical activity programs.

In 2018, she won the Best Poster SISMES award. 

d. Other activities and skills

During the three years, Ambra Gentile enhanced her statistical expertise by refining the use of R and SPSS, and learning also how to conduct observational studies, particularly the cohort studies. 

She learnt how to perform survival analysis, Cox regression test, sensitivity analysis, and the plot of these relationships (Kaplan & Meier, forest plots).

Since the beginning, she was involved in the implementation of three European Projects, under the guidance of Prof. Antonino Bianco. Through this experience, she learnt the basis of European Project management and financial reporting, the management of intellectual outputs, and the dissemination reporting. 

e. European Project – Sport Against Violence and Exclusion

Sport Against Violence and Exclusion (SAVE) was a Sport Erasmus+ Project started in January 2018 and ended in September 2020. Ambra Gentile was involved since the beginning of the Project, together with Prof. Antonino Bianco, and worked closely with the consortium. The Project involved 9 partners from 7 European Countries (Austria, Bosnia and Herzegovina, Croatia, Lithuania, Italy, Serbia, Spain) and consisted of 9 work packages:

1. Desk analysis and need assessment
2. Field research 

3. SAVE Platform

4. Competence cards development

5. Curriculum development

6. Pilot training

7. Training assessment 

8. Training adaptation

9. Training kit

Within the project, she conducted the Desk Analysis and looked for the Italian policies existing on violence and social inclusion (inclusion of people from low socioeconomic status, inclusion of disability within the sport field). Then she conducted the focus group with coaches from grass-root sport clubs, for collecting information about the frequency of violent and exclusion behavior among children, and about the management strategies that they usually adopt. From July, she conducted a research about the skills involved in violence and exclusion management within the sport teams and partners evaluated the models to be used in the next passages of the Project. Through the model, Lithuanian Sports University developed the topics to be presented in the pilot course. Ambra Gentile developed a lecture about prejudice and problem solving in violence and exclusion, while translated the materials from the other partners in Italian. Then, she implemented the Pilot course, together with other Professors involved in the Project. At the end of the implementation, she collected feedback about the program and she adapted the material according to the Italian culture. Finally, from the training materials, she developed the Training Kit, that is a book collecting all the materials produced within the Project. 

In parallel, she wrote two editorials about the Project aims and the scientific impact of the Project, and one paper about the field research results. Moreover, she organised two multiplier sports event, in Favara and at University of Palermo. 

f. European Project – Outdoor against Cancer: my goal (OaC:my goal)

Outdoor against Cancer was an E+ Sport Project financed in 2019 until December 2020, whose aim was to train sport coaches some specific protocols for cancer patients and cancer survivors. The Project consisted of a promotional part, through the organization of four events, a training part, with a training course for coaches, and a scientific part, through the administration of online questionnaires for cancer patients/survivors. Miss Gentile managed the events and coordinated the intellectual output unit and the communication with stakeholders. 

g. European Project – Good Governance enhancement through e-Learning for Sport Volunteer Board Members (GReFORM)

Good Governance enhancement through e-Learning for Sport Volunteer Board Members (GReFORM) is a Sport E+ Project, financed in 2018, whose aim is to provide to sport managers an online course held by experts on the field. Specifically, the online course concerns 4 main topic: transparency, internal accountability, democratic processes, and societal responsibility. 

The Project forecasted two main lines: the first one concerned a research about the best practices adopted in the European sports organizations, while the second part related to the contents of the video-lectures about the four dimensions. 

Miss Ambra Gentile analyzed and presented the data obtained through an online questionnaire detecting some key information about the existing sports organizations. She also wrote three lectures about societal responsibility (protecting the athletes, promoting inclusion and integration, and athletes support and dual career). She also translated the lectures in Italian for the subtitles of the video-lectures.  
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3. Gentile, A., Valantine, I., Staskeviciute-Butiene, I., Kreivyte, R., Mujkic, D., Ajdinovic, A., … Bianco, A. (2018). Preventing Violence and Social Exclusion through Sport and Physical Activity: The SAVE Project. Journal of Functional Morphology and Kinesiology, 3(2), 25. doi:10.3390/jfmk3020025
Sport Against Violence and Exclusion (SAVE), a project cofounded by the Erasmus + Program of the European Union, seeks to prevent violent and socially exclusive behaviors through physical activity. The current editorial shows a range of possible interpretations of these two phenomena from both a psychological and sociological point of view, offering helpful methods to coaches who train children (ages 6 to 12)in grass-root sport clubs. Following a thorough analysis, partners from seven EU countries (Lithuania, Italy, Croatia, Bosnia and Herzegovina, Serbia, Austria, and Spain) will be able to identify skills and techniques for coaches to ensure inclusive training methods as well as to provide them with effective conflict resolution tools. Furthermore, both trainers and parents will have access to an online platform with useful information regarding these issues. 
4. Bianco, A., Gentile, A., Boca, S., Paoli, A., Messina, G., Gómez-López, M., ... & Tabacchi, G. (2018). An Exploratory Analysis of Factors Associated with Health-Related Physical Fitness in Adolescents. The ASSO Project. Sustainability, 10(6), 1847.
Monitoring physical fitness (fitness) and identifying, since the beginning, possible determinants in youth could be useful to preserve health and avoid morbidities in adulthood. The main objective of this study is to provide details on the fitness levels of a sample of adolescents living in the Southern area of Italy and describe its associations with biological/genetic, socio-cultural/environmental, and lifestyle (physical activity/sedentariness, alcohol/smoking, meal patterns/habits) factors. The study was conducted within the Adolescence Surveillance System for Obesity Prevention (ASSO) project, funded by the Italian Ministry of Health and examining adolescents' lifestyle in relation to obesity. Fitness measures were collected through the ASSO-fitness tests battery (FTB) and examined in relation to 79 selected possible influencing factors, which were collected through a web-based questionnaire included in the ASSO-NutFit software. Logistic regression analyses were performed to assess associations, with ORs and 95% CIs estimated as crude and adjusted. A total of 919 participants were initially recruited, but fitness data were collected for 544 students aged 13-19 (68% M, 32% F). Fitness level was low for 14.2% of the students, medium for 67.8%, and high for 18.0%. The independent determinants of low physical fitness in our sample of adolescents were included in the biological/genetic and physical activity/sedentariness dimensions: female gender (Adj OR 8.33, CI 2.08-33.33), obesity (Adj OR 1.97, CI 1.10-9.22), practicing sport less than 3 h/week (Adj OR 6.09, CI 1.63-22.72), practicing sport with strength/speed as prevalent biomotor ability (Adj OR 8.97, CI 1.43-56.19), using PC/internet for more than 3 h/day (Adj OR 4.46, CI 1.17-16.98). Drinking alcohol was instead a protective factor. This study confirms that females and obese individuals need more attention in the interventions aimed at increasing fitness levels. It suggests that local actions should be implemented with the aim of increasing sport practices and reducing sedentary time spent in front of PC/internet. The focus should be particularly addressed to sports with strength or speed as dominant biomotor abilities.
5. Gentile, A., Boca, S., & Giammusso, I. (2018). ‘You play like a Woman!’Effects of gender stereotype threat on Women's performance in physical and sport activities: A meta-analysis. Psychology of Sport and Exercise, 39, 95-103.
Objectives: The purpose of this quantitative review was to provide an estimation of the effect of stereotype threat on women's performance in sport. Design: This review employed a meta-analytic technique. Method: a meta-analysis with random effects model was performed on 24 effects. Publication bias was tested through funnel plots and Egger's regression test. Results: Findings show a symmetric distribution of effects, making it possible to conclude that no file-drawer problem affected the collected sample of effects. Aggregating the results of the reviewed studies, a medium effect of stereotype threat manipulation on women's sport performances emerged (d = 0.33). Collected studies were coded for stereotypicality of threatened exercise. The effect of stereotype threat was significantly higher for sports activities perceived as masculine. Conclusions: This meta-analysis reveals that gender stereotype affects the sport activities of women and that this is particularly true for sports typically considered suited to males.
6. Gentile, A., Tilindiene, I., Kezic, A., & Drid, P. (2019). Violence, exclusion and the role of children and adolescents moral features in the sport domain: The save project. Acta Medica, 35, 1681-82.
The prevention of violence and exclusion in the sport domain is one of the principal priorities of the European Union Programs. Sport Against Violence and Exclusion (SAVE) Project is an initiative co-founded by the Erasmus Plus Programme of the European Commission, whose aim is to train coach to recognize and manage violent and exclusion episodes in the sport situation. According to the psychological literature, one of the predictors of aggressiveness and antisocial tendencies is morality. In particular, for what concerns children, a less mature moral reasoning is associated to a greater tendency to aggress, while for adolescents, the moral atmosphere, in particular, the perception of the coach norms, seems to have the greatest influence on their behavior. For this reason, an in-depth training for coaches has been developed within SAVE Project. Furthermore, a scientific research involving seven countries has been conducted. The current Editorial Letter shows one year progress of SAVE Project . This and other initiatives, if supported by scientific community, could be an inspiration for broader policy reform. 
7. Petrigna, L., Thomas, E., Gentile, A., Paoli, A., Pajaujiene, S., Palma, A., & Bianco, A. (2019). The evaluation of dual-task conditions on static postural control in the older adults: a systematic review and meta-analysis protocol. Systematic reviews, 8(1), 188.
Background: In postural stability evaluation, the dual-task concept is often adopted in order to create a more challenging situation. The dual-task consists of performing simultaneously two tasks, a primary static or dynamic motor task and an additional secondary cognitive task. Usually, a multitask condition leads to a reduction in the postural control performance, especially in older adults. Considering the wide spectrum of secondary task conditions existing in scientific literature, the present manuscript aims to write a peer-reviewed protocol that will be used in a systematic review and meta-analysis performed to identify the effects of different secondary tasks conditions in a population of older adults during static postural stability. Methods: The study will follow the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement and for this manuscript, the PRISMA Protocol. PICOS criteria (population, intervention, comparison, outcomes, study design) will be also followed. The population examined will be healthy older adults over 60 years of age and all quantitative, qualitative, and mixed methods study design will be included. Original articles will be also included if written in English, while no restriction criteria will be applied to the country of origin. Instead, reviews, meta-analysis, abstracts, citations, scientific conferences, opinion pieces, books, books reviews, statements, letters, editorials, non-peer reviewed journals articles, and commentaries will be excluded. The research of literature will be performed using PubMed, Web of Science, and Scopus with words related to the topic. From each included study, information previously agreed will be extracted and inserted into a spreadsheet and a narrative synthesis containing summary tables and graphs will describe the articles taken in examination. Furthermore, a meta-analysis will be performed to establish which DT condition has a greater effect following the Hedges and Olkin approach, extension of Glass' method and Cohen's d will be calculated. Discussion: The present manuscript wants to provide the protocol that will be used in the systematic review and meta-analysis with the intent to inform the researchers and professionals about the dual-task condition effects. Such will lead future investigations in using the most appropriate dual-task condition. Systematic review registration: PROSPERO CRD42018116597. 
8. Bianco, A., Ravalli, S., Maugeri, G., D’Agata, V., Vecchio, M., D’Amico, A. G., … Musumeci, G. (2019). The “Journal of Functional Morphology and Kinesiology” Journal Club Series: Highlights on Recent Papers in Overtraining and Exercise Addiction. Journal of Functional Morphology and Kinesiology, 4(4), 68. doi:10.3390/jfmk4040068
We are glad to introduce the seventeenth Journal Club. This edition is focused on several relevant studies published in the last years in the field of Overtraining and Exercise Addiction, chosen by our Editorial Board members and their colleagues. We hope to stimulate your curiosity in this field and to share with you the passion for the sport seen also from the scientific point of view. The Editorial Board members wish you an inspiring lecture.
9. Gentile, A., Thomas, E., Feka, K., Di Vincenzo, A., Restifo, M., Amata, V., ... & Boca, S. (2020). A single bout of physical exercise does not affect young adults’ executive functions. Biomedical Human Kinetics, 12(1), 226-235.
Study aim. The purpose of the current study is to determine the impact of single bouts of physical exercise of different duration and intensity on young adults' executive functions. Material and methods. The study employed 81 participants (37 females, 44 males) ranging between 19 and 39 years (mean age: 24.6 ± 4.08 years; mean height: 168 ± 9.67 cm; mean weight: 67.2 ± 13.0 kg). The executive functions were assessed through the Stroop task, the Tower of London test, and the Corsi block test. Participants were randomly assigned to one of the three experimental conditions (30-second Wingate test condition, an incremental intensity exercise test, and a submaximal constant-intensity test) or the control group. Results. For all the conditions, repeated measures ANOVA revealed a significant effect of time on executive function performances, meaning that participants improved their performance between pre-test and post-test, while the interaction time x activity was in the expected direction but nonsignificant. Conclusions. Apparently, a single, brief, high-intensity bout of exercise has no effects on young adults' cognitive functions, but the same experiment should be replicated with a bigger sample.
10. Milovanović, I., Gentile, A., Popović-Stijačić, M. et al. Relationship between socioeconomic factors and intelligence of preschoolers: A cohort study in the Serbian context. Curr Psychol (2020). https://doi.org/10.1007/s12144-020-00781-6
The aim of the current research is to analyse the relationship between the socioeconomic status (SES) of parents and intellectual abilities (IQ) of preschool children of Serbian territory, and in particular how SES factors relate to preschool children’s IQ measured with Raven’s Coloured Progressive Matrices (CPM), in the different age groups. The research included 430 parents and 430 preschool children. A confirmatory factor analysis of the SES questionnaire revealed five factors: educational and professional status of father and mother, residential and educational status of the family, sport status of parents and comfort of family housing. No gender differences in IQ levels were found in children. Multiple linear regression at four age groups showed that the educational status of the parents and residential and educational status of the family was positively correlated with the IQ at the older groups of preschool children. Two groups of children with the lowest and highest Raven’s CPM scores (1st and 4th quartiles) were used in the Logistic Regression, which determined the significant predictive value of SES factor in children with low Raven’s CPM scores. The results of the current research are in line with other studies on the topic, emphasizing the critical role of social environment for cognitive abilities of children.
11. Gentile, A., Boca, S., Şahin, F. N., Güler, Ö., Pajaujiene, S., Indriuniene, V., ... & Alesi, M. (2020). The Effect of an Enriched Sport Program on Children’s Executive Functions: The ESA Program. Frontiers in psychology, 11.
Purpose: The effects of physical exercise on executive functions (EFs) are well-documented. EFs are involved in daily activities, and their development determines the quality of people’s future life, both in terms of mental health and quality of life. The purpose of the current paper is to evaluate the effects of a physical education program, elaborated within the Enriched Sports Activity Program (ESA Program), an Erasmus + Project, on EFs, namely, visuospatial working memory, inhibitory control, cognitive flexibility, and task switching. Method: Data were collected on November 2017 (t1) and May 2018 (t2). At t1, a sample of 357 children from four European countries (Italy, Germany, Lithuania, and Turkey) performed a cognitive test battery made up of Digit Span Forward/Backward, Stroop Task, and Trail Making Test (TMT), whose order was randomized. From November until May, classrooms from the experimental group followed the ESA Program, while classrooms from the control continued with the ordinary physical education class. At t2, children from both experimental and control groups performed again the cognitive battery. Result: The repeated measures ANOVA showed a significant effect of the ESA Program on the TMT B and on Digit Span Backward, but no significant effects were found on Digit Span Forward and Stroop Task. Conclusion: The introduction of a sport program enriched with cognitive stimuli has beneficial effects for children working memory and cognitive flexibility.
12. Milovanović, I., Gentile, A., Gutović, T., Kezić, A., Matošić, D., Kreivytė, R., ... & Obradović, B. (2020). Prosocial and Aggressive Behavior Occurrence in Young Athletes: Field Research Results in Six European Countries. Sustainability, 12(12), 5085.
Aggression and violence among youth are researched as social phenomena in sport. This paper was designed to determine the occurrence of these behaviors as well as prosocial behaviors among young athletes. The current paper is a research report aiming to detect the frequency of aggressive behavior, social exclusion, prosocial behavior and cohesion in the youth environment, the frequency of personal experience of peer violence or social exclusion, and to evaluate cross-national differences in terms of occurrence of these phenomena. The field research was conducted in six European countries (Austria, Bosnia and Herzegovina, Croatia, Italy, Lithuania, and Serbia) on a sample of 482 children aged 6 to 16. The conducted questionnaire consisted of pre-existing scales and measures for specific behaviors and social aspects that formed the Youth Environment Assessment and Youth Characteristics Questionnaire. Previous personal experience of violence and social exclusion determined groups in the sample. One-way ANOVA and discriminant analysis were conducted to compare various variables and groups within the sample. The results have shown that aggressive and social exclusion behaviors are rare or very rare, predominantly in the form of verbal aggression in the sports club environment. The results of the conducted discriminant analysis indicate that prosocial and cohesion behaviors occur "quite often" to "often" among sports club athletes' samples. The percentage of athletes who have had personal experience of violence or social exclusion in the last two years and whose feeling of hurt by that experience was assessed as "a lot" or "fully" on the measurement scale is estimated to be approximately 25%. Mild cross-national differences emerged in the overmentioned variables, probably due to the sample specificity, or to cultural variety. The results indicate the need for longitudinal research on this topic since the sport is an environment in which cohesion can be developed among young athletes, but it is not free from social exclusion or aggression.
13. Lakicevic, N., Gentile, A., Mehrabi, S., Cassar, S., Parker, K., Roklicer, R., ... & Drid, P. (2020). Make Fitness Fun: Could Novelty Be the Key Determinant for Physical Activity Adherence?. Frontiers in Psychology, 11. (Letter)
14. Gentile, A., Boca, S., Demetriou, Y., Sturm, D., Pajaujienė, S., Zuozienė, I. J., ... & Matosic, D. (2020). The influence of an enriched sport program on children's sport motivation in the school context: the ESA Program. Frontiers in psychology, 11, 1-8.
15. Purpose: Besides the evident positive effect on body development, physical activity has proven to boost executive functions, especially if the exercises are enriched with cognitive stimuli. Previous studies have shown that introducing challenging exercises in the physical activity routine can also enhance motivation. Therefore, enriching a physical education program with cognitively challenging exercises may also foster children’s motivation during physical education classes, where the motivation is high at the beginning of the school year and low at the end of it. Therefore, the purpose of this paper is to test if a sport program enriched by cognitive stimuli may improve kids’ motivation or take them out from a state of amotivation along the school year. Methods: A sample of 342 school children (203 boys, 139 girls) took part in the study. Participants were asked to complete a battery of motivation and perceived social support questionnaires before and after they completed the ESA Program, a sport program enriched with cognitive stimuli. Moreover, parents of these children attended four seminars about the importance of supporting children for the practice of regular physical activity (PA). A control group consisting of children that attended the ordinary physical education school class was also included. Results: A repeated measures MANOVA model showed that the ESA Program was able to improve children’s general motivation, in particular the intrinsic motivation. The program was not effective in social support, but, independently from the group, the family social support in sports activities decreased for females. Conclusion: Apart from cognitive improvement, the ESA Program can have beneficial effects on children’s sports motivation in physical education, but not on perceived social support.
16. Pišot, S., Milovanović, I., Šimunič, B., Gentile, A., Bosnar, K., Prot, F., ... & Bakalár, P. (2020). Maintaining everyday life praxis in the time of COVID-19 pandemic measures (ELP-COVID-19 survey). European journal of public health, 30(6), 1181-1186.
Background: The extreme social circumstances caused by declared COVID-19 pandemic deeply intervene people’s everyday life and should not be neglected but seen through the view of social reality pinpointing the ‘ordinary’ people. In this article, authors explored basic segments of everyday and their subjective perception to what extent sleeping habits, physical inactivity, physical activity, nutritional habits and smoking have changed. Methods: The online survey was conducted in nine European countries (Bosnia and Herzegovina, Croatia, Greece, Kosovo*, Italy, Serbia, Slovakia, Slovenia and Spain) in 4108 participants, aged 15–82 years. The survey took place 30–40 days after World Health Organization declared COVID-19 pandemic state, from 15 April to 3 May 2020. Results: The results have shown 30 min longer sleeping time, 50% longer physical inactivity time, 65% longer screen time, 43% shorter walking time, 24% shorter sport time and 37% longer physical work time. Additionally, body mass gains (0.3 kg) could be explained in 20.6% with meals sizes, unhealthy food consumption, screen time and sport time. Further, respondents reported more regular meals (44%) and healthier meals with less alcohol consumption and less smoking, which have been positive outcomes of home confinement. Conclusion: The findings draw attention to negative changes in everyday praxis (inactivity, body mass gain) after such a short period. Because of possible risk to population’s health (especially of countries such as Italy and Spain with serious threat and more stringent measures), findings enable development of recommendations for maintaining healthy lifestyle habits with minimal negative health consequences in similar pandemic circumstances.

17. Petrigna, L., Gentile, A., Mani, D., Pajaujiene, S., Zanotto, T., Thomas, E., ... & Bianco, A. (2020). Dual-Task Conditions on Static Postural Control in Older Adults: A Systematic Review and Meta-Analysis. Journal of Aging and Physical Activity, 1(aop), 1-16.
Dual-task (DT) consists of the performance of two tasks simultaneously. An index of DT difficulty has been linked to decreased postural control. Because a wide range of DT is employed, this study aimed to evaluate its effects in static balance in older adults. PubMed, Web of Science, and Scopus were screened, and the secondary tasks were grouped as manual, reaction time, discrimination and decision making, mental tracking, verbal fluency, working memory, or “other” tasks. A total of 66 studies have been included. The meta-analysis was conducted on 28 effects and showed a significant mean effect size of d = 0.24 (p = .02, SE = 0.10; confidence interval [0.04, 0.44]), indicating a worsening in stability during DT. In conclusion, postural control was worsened by the Stroop test and the arithmetic tasks improved it. The results do not underpin any conclusive statement on the impact of DT, and a standard operating procedure was created.
18. Self-Esteem, Quality of Life and Physical Activity in Women with Diagnosed Endometriosis: a pilot study from an Italian sample. Human Movement (Accepted)

Background. Endometriosis is a painful pathology that impairs women’s daily life. Several studies have showed that women who have endometriosis also reported low mental and physical quality of life. Few studies assessing the association self-esteem with specific symptoms with endometriosis were retrieved, but not general evaluation of self-esteem in women with endometriosis has been found. Nevertheless, few studies about physical activity frequency were found, with inconsistent results. Therefore, the current study aims to compare quality of life and self-esteem in women with diagnosed endometriosis with the Italian normative data of the measures used.

Material and methods. All the women with diagnosed endometriosis cured in hospital unit were administered a questionnaire detecting physical activity frequency, self-esteem, quality of life and socioeconomic information. One sample t-test was used to compare the data from this particular group with the general italian population.

Results.  Women who took part to this research displayed higher self-esteem and a very good quality of life, except from fatigue. Only 4 people declared to regularly practice physical activity, while 16 participants were smokers (mean = 10.6 cigarettes/day).

Conclusions.  A possible bias affected our results, since the sample was made up of people from low socioeconomic status and low education, characterized by low communication skills and not open to externalize their feelings. Therefore, women could not have been honest in their answers. This potential bias, together with the low sample size, will be addressed in future study.
19. Thomas E, Bellafiore M, Gentile A, Paoli A, Palma A, Bianco A. Cardiovascular Responses to Muscle Stretching: A Systematic Review and Meta-analysis. Int J Sports Med. 2021 Jan 13. doi: 10.1055/a-1312-7131. Epub ahead of print. PMID: 33440445.
The aim of this study will be to review the current body of literature to understand the effects of stretching on the responses of the cardiovascular system. A literature search was performed using the following databases: Scopus, NLM PubMmed, and ScienceDirect. Studies regarding the effects of stretching protocols on responses of the cardiovascular system were retrieved for investigation. Outcomes regarded heart rate (HR), blood pressure, pulse wave velocity (PWV of which baPWV for brachial-ankle and cfPWV for carotid-femoral waveforms), heart rate variability, and endothelial vascular function. Subsequently, the effects of each outcome were quantitatively synthetized using meta-analytic synthesis with random-effect models. A total of 16 studies were were considered eligible and included in the quantitative synthesis. Groups were also stratified according to cross-sectional or longitudinal stretching interventions. Quality assessment through the NHLBI tools observed a “fair-to-good” quality of the studies. The meta-analytic synthesis showed a significant effect of d=0.38 concerning HR, d=2.04 regarding baPWV, and d=0.46 for cfPWV. Stretching significantly reduces arterial stiffness and HR. The qualitative description of the studies was also supported by the meta-analytic synthesis. No adverse effects were reported, after stretching, in patients affected by cardiovascular disease on blood pressure. There is a lack of studies regarding vascular adaptations to stretching.
20. Use of alcohol, drugs, inhalants, and smoking tobacco and the long-term risk of depression in men: A nationwide Swedish cohort study from 1969-2017. Drug and Alcohol Dependence (Accepted)

Background: The use of alcohol, drugs, inhalants, and smoking tobacco may lead to mood disorders such as depression. However, knowledge on the independent contributions of the use of these substances to the risk of depression is lacking.

Methods: The study cohort consisted of 24,564 men included in the Swedish national military conscription register who were conscripted in 1969–1970 and followed until 2017. Cox proportional hazard ratios were used to estimate the risk of depression according to alcohol, drug, inhalant, and cigarette consumption, and adjusted for body mass index, verbal comprehension test scores, handgrip strength, and the other main exposures investigated.

Results: During an average follow-up period of 44 years, 4500 men were diagnosed with or treated for depression at a mean age of 54 years.  A dose-dependent association was found in men who smoked cigarettes, with the highest risk for smoking >20 cigarettes per day, at time of conscription (aHR 1.86, 95% CI 1.61–2.16, p < 0.001). Independent associations with an increased risk of depression were found for the use of drugs at least once (aHR 1.21, 95% CI 1.10–1.32, p < 0.001) and >50 times (aHR 1.48, 95% CI 1.23–1.77, p < 0.001) and the use of inhalants (aHR 1.16, 95% CI 1.05–1.29). Excessive alcohol intake was not associated with the risk of depression.

Conclusion:   The results suggest that people who reported to have used cigarettes, alcohol, or drugs at 18 years of age have a moderately increased risk of depression later in life.
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