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Abstract.

Introduction/Aims

A majority of the research that physical activity has a positive effect on cognitive functioning has been conducted on the elderly population. There is a considerable lack of research conducted in the young to middle age demographic of society which makes up a substantial amount of our population. Therefore, this study will investigate the relationship between physical activity and cognitive function in the young to middle age demographic. 

Methods

Data was gathered from 15 volunteers between the ages of 18 – 50 (Male n =8, Female n = 7). Physical activity levels were gathered using the international physical activity questionnaire (IPAC) and compared against cognitive functioning gathered through a variety of test, measuring induvial domains. The data was analysed using the SPSS software, to gather descriptive statistics and Pearson’s correlations. 

Results

The results showed that physical activity was positively associated with cognitive functioning in all of the tests. The results showed a large, positive relationship between physical activity and the memory domain of cognitive functioning (r = 0.65, n = 15, P < 0.01) (r = 90, n = 15, p < 0.01). The results also suggest that leisure activities, physical activity completed in free time, contributed a large proportion towards total physical activity (r = 90, n = 15, p < 0.01).

Conclusion

A high level of physical activity is associated with high levels of cognitive functioning, specifically working memory.


1. Introduction

The World Health Organisation has estimated that by 2050 the proportion of the world’s population over the age of 60 will nearly double from the current 12% to 22% (World Health Organisation, 2012). With such a large percentage of the population residing in this demographic it will no doubt have an impact on social, economic, health and many other dimensions in society. In addition, retirement age is predicted to increase in the near future, resulting in adults having to work for a greater number of years of their lives, many passed their 50’s. (Global health and aging, 2015).

One of the multiple well-established functional components that contribute towards an individual’s quality of life is cognitive functioning (Steward and King 1991; Lin et al., 2012). Cognitive functioning a term that is frequently characterized using a number of different mental processes, including perception, memory and attention (McAuley, Framer and Colcombe, 2004). With human’s life span significantly increasing over the last few decades and predicted to continue increasing, maintaining quality of cognitive functioning is emerging as one of the greatest health threats of the twenty first centenary (Benedict et al., 2012). The decrease of cognitive functioning is commonly referred to as cognitive decline.

Cognitive decline occurs normally as we age due to a reduction in brain size and plasticity, more particularly from the age of 50 onwards (Angevaren et al., 2008). However, not all cognitive decline can be classed as normal. (Ahlskog et al., 2011). A small proportion of cognitive decline is classed as ‘abnormal’ decline and can have a substantial effect on the individual effected and those around them. Whilst average life expectancy may be rising it is important to consider also any increase in the number of average years spend in poor health, be that physical or mental, and look at ways to increase the number of years an individual can expect to live in good health. Any factors that are able to slow down the rate of cognitive decline and help prevent the ‘abnormal’ decline should therefore be promoted by health care industry. Having a low level of cognitive functioning at any age is an indicator of mortality (Bassuk, Wypij and Berkmann., 2000; Kuh et, al., 2004) and, therefore, cognitive functioning can be used as a marker to determine general health (Sigh-Manoux et al., 2004). Evidence presented by a number of studies suggest that age related cognitive decline is associated with genetical factors (Ho et al., 2010; Keller et al., 2010). There are also studies that show the dynamics of cognitive functioning are linked to lifestyle modifications (Bishop et al., 2010). One lifestyle modification that has received particular attention with positive results is physical activity levels.

Physical activity is commonly confused with exercise, which is classified as one of the subcategories of physical activity (World Health Organisation, 2018). Physical activity is a broad term defined as ‘any bodily movement produced by skeletal muscles that requires energy expenditure, this includes activities such as transport to and from work and household chores (World Health Organisation, 2018). It has been well documented and promoted by public health guidelines that regular physical activity has numerous positive effects on health (Sofi et al., 2010). However, despite the beneficial effects of regular exercise being promoted by numerous bodies, a large proportion of the population in westernized countries are not meeting the recommended standards, despite the knowledge of the benefits (Anderssen et al., 2008). Over the past few decades, an extensive amount of research has been conducted to concluded that, participating in regular physical activity can reduce the onset of numerous illnesses such as diabetes, obesity, hypertension and cardiovascular diseases (World health organisation, 2007; Kivipelto et al., 2005). These illnesses listed including the metabolic syndrome and smoking are all risk factors that can contribute towards cognitive decline and dementia (World health Organisation, 2002; Molinuevo., Valls-Pedret., and Rami, L., 2010). Specifically, cerebral circulation has an important role in cognitive functioning and by participation in regular physical activity it may improve oxygen and blood flow to those areas.

Despite an increasing life expectancy coupled with a decline in cognitive ability causing  major health concerns, little research has been conducted into the modifiable risk factors such as physical activity and diet that can reduce the onset of cognitive decline and dementia (Hamer and Chinda, 2009) It is an important public health goal to develop strategies that are able to maintain or even enhance cognitive functioning to improve the quality of life in later life and reduce the effects of cognitive decline (McAuley, Karmer and Colcombe, 2004). Physical activity amongst the older and elderly demographic has been shown to have a beneficial impact on their cognitive functioning levels (Laurin et al., 2001) and therefore, it would be advisable to encourage the elderly population to participate in physical activity. However, whilst much focus has been placed on the effects of physical activities association with cognitive functioning on the elderly the question must inevitably be what could the effects be of physical activity be on the cognitive ability of a younger group of individuals?

The literature on physical activities’ ability to be a catalyst for improving the muscular systems and its effect in reducing diseases is limited, and the effect that physical activity has on cognition in middle aged adults has received little attention. Most of the existing literature that looks at physical activity compared to cognitive function predominantly focuses on its effect in the older and elderly populations as this is the population already suffering as a result of cognitive decline (Angevaren et al., 2008). Conducting studies to determine if physical activity has an effect on middle aged adults is important for multiple reasons. Most of the population of the world fall between the age category of 18 – 50 (Global health and aging, 2015) and by performing regular physical activity at this age range could potentially have immediate effect on cognitive functioning resulting in a better of quality of life and the chance of a reduced age-related cognitive decline (Cox et al., 2016). If physical activity is able to help middle aged adults’ cognition, it would be advisable to engage middle aged adults to participate in physical activity to reduce the effect of cognitive decline due to aging (Cox et al., 2016).

Therefore, in summary with a majority of the research in this area being conducted in the elderly population, studying the association between physical activity and cognitive functioning in early adulthood has been described as one of the most important questions that warrants further investigated (Sigh-Manoux et al., 2004). Thus, the primary purpose of the following study is to investigate the relationship between physical activity levels and cognitive functioning in young to middle aged participants. It was hypothesised that physical activity levels would show association with cognitive functioning levels.

 






2. Review of Literature

2.1 Cognitive functioning
The term cognitive functioning is a broad term that is used to cover multiple mental abilities which include attention, problem solving, thinking, remembering, reasoning, decision making, and learning (Baltes, B., Rudolph, C.W. and Zacher, H, 2019). An individual’s cognitive functioning has been described as indicator of maintaining independence in later life and the survival amongst the older demographic (Schaie and Wills, 2010). Therefore, maintaining a high level of cognitive functioning is a relevant issue that needs to be addressed not just for an individual’s well-being in later life but also in terms of society struggling to meet the needs of an increasingly aged society.

Cognitive functioning is made up of multiple domains that can be measured separately through a variety of tests. However, there is much debate amongst neuropsychologists of the number of different domains that comprise cognitive functioning and which cognitive tests specifically test each domain (Rentergem et al., 2020). Being able to identify which test measures each of the domains is an important issue. If a clinician wishes to test a specific cognitive domain it is vital that the test they select is valid. Also, in studies such as this one it is important to understand which domain is affected by the variable that is impacting. In this instance it is physical activity’s impact on the domains and if specific domains are identified from the study it could have implications in individuals suffering in specific domains.  

There is a large number of different cognitive tests to measure a number of domains, however many neuropsychologists believe that these tests can be grouped into a smaller number of cognitive domains (Rentergem et al., 2020). Retergrem et al., (2002) performed two factor analysis’s to examine the different tests procedures for the cognitive domains. The first factor analysis used the data of 60,398 healthy participants from a total of 52 studies. After attempting to use varies means of models, the Catel-Horn-Carroll model was found to describe the correlations most accurately. The second factor analysis used 11,881 participants from 54 studies and again used the Catel-Horn-Carroll.

The Catel-Horn-Carrol model use in Retergrem et al., (2002) study was able to derive 5 intercorrelated factors for cognitive functioning, ‘Acquired knowledge or crystallized ability, Long-term memory encoding and retrieval, Processing speed, “Working memory, and Word fluency’ The model was then able to load different tests that specifically measured each of the intercorrelated factors. The trail marking test part A and part B were shown to be able to identify processing speed. The digit span test and trail marking part B were found to test working memory. Lastly letter fluency and semantic fluency were loaded to test word fluency of participants. These specific tests are used in this study to test the respective domains of cognitive functioning.

Many everyday activities require multiple complex cognitive functions to be completed. Specifically, at older ages where a high level of cognitive functioning can help to maintain self-care and reduce the need of health care professionals (Bixtor et al., 2018). Some of the domains of cognitive functioning have been reported to be at a lower level at an older age when compared to performance at younger ages (Philip et al., 2001). The level to which cognitive functioning changes with age is affected by many individual differences. It has even been reported that as we age some cognitive functions may improve as we age (Philip et al., 2001) There are many mechanisms that affect an individual’s cognitive functioning as they age. Some predictors of cognitive functioning at a later age include educational history, medical factors, socioeconomical factors and lifelong patters of activity (Philip et al., 2001).

2.2 Severity levels of cognitive decline

To further understand the differences between normal cognitive decline that is experienced as we age and ‘abnormal’ decline Blondell, Hammersley and Veerman (2014) splits the ‘abnormal’ into three severity levels. The lowest severity level is described as cognitive impairment no dementia. This term is used to describe individuals who suffer cognitive decline which isn’t normal however isn’t extreme enough to be diagnosed as dementia. The criteria to be classed as an induvial with cognitive impairment no dementia is related to a decline in cognitive domains, such as an individual’s memory or executive function. If an individual’s cognitive domains are at a lower level than an individual of the same age, educational level or sex then they are classed as having cognitive impairment no dementia (Plassman et al., 2010).

The second severity level discussed by Blondell, Hammersley and Veerman (2014) is mild cognitive impairment. This term is used to describe individuals that have a memory impairment however cannot be explained by an underlying neurological or psychiatric ailment (Chertknow, et al., 2007). If an individual has mild cognitive impairment, they are at a higher risk of progressing further into dementia than an induvial who is considered to be healthy (Rosenberg, Johnston and lyketos, 2006). However, this does not necessarily mean that progression to dementia is certain as a result of the condition. If the mild cognitive impairment is diagnosed before it can develop into dementia there is an opportunity to provide an induvial with possible preventative measures (Blondell, Hammersley and Veerman, 2014).

The final and most severe level of cognitive decline is classed as dementia (Blondell, Hammersley and Veerman, 2014). Dementia is split into a number of different sub-categories with Alzheimer’s disease and vascular dementia being the most common types of the neurological illness (Sosa-Ortiz, Acosta-Castillo, and Prince, 2012). Dementia can affect an individual’s ability to perform everyday tasks leaving them incapable of living without the presence of a carer or someone to take care of them. It also leaves the induvial affected with a disturbance in their cognition resulting in delirium (American Psychiatric Association, 2013). There is no known treatment for dementia, therefore it is vital to attempt to prevent or reduce the onset and aim to reduce the number of patients who suffer from the disease (Cyarto et al., 2012). 

2.3 Link between physical activity as a preventative measure for cognitive decline.

An extensive amount of research has been conducted to study the effects that physical activity has on reducing cognitive decline and helping to prevent dementia. Aarsland et al., (2002) conducted a systematic review of articles that linked physical activity as a method of preventing potential dementia. To be included in the systematic review papers, the studies had to have a control group, the paper had to be based on an original study and had to be a longitudinal study. Longitudinal studies have the benefit of being able to identify and relate the event to the particular exposure, in this case the exposure is physical activity, also being able to establish change over time in a particular induvial (Caruana, 2015). However, there is difficulty in the separation of the reciprocal impact of exposure and the outcome of the study and specifically between the period of exposure to the physical activity and the outcome of the improved cognitive functioning (Caruana, 2015). 

5 studies met the final inclusion criteria for Aarsland et al., (2002) review, out of a total of 24. 4 of the studies in the review found a positive correlation with the amount of physical activities that were undertaken and the level of cognitive functioning. One study reported no association between cognition and physical activity (Verghese et al.,2006). Another study only found the association in the female participants and reported the amount of physical activity participated in did not link to the levels of cognition in males. Despite some studies reporting no association, the review concluded that there was enough evidence to demonstrate that participants that were more physically active were at a significantly reduced risk of progressing to the stage of dementia.

The review (Aarsland et al., 2002) discusses the difficulty of assessing physical activity as it is described as a ‘complex behaviour’. If participants in the study are misclassified when considering their physical activity level then this can dilute the associations that the study is investigating (Andersen, 2004). Therefore, due to some of the studies in the review using measures such as daily walking, which does not measure the intensity participants are experiencing, they were unable to identify a minimal cut-off level of physical activity requirements to experience optimal benefits. 

A study conducted by Chang et al., (2010) studied the effect that midlife physical activity levels has on cognitive functioning. At the participants first battery of cognitive functioning tests participants mean age was 51 and at the second interval they were 76. The cognitive tests measure three domains, speed processing, memory and executive functioning. One of the main issues with this study was the assessment of the physical activity levels. Although the study claims to have measured physical activity levels, participants were only asked in an interview if they had ever regularly participated in sports or exercise. This method has not received any validation however they do state that the questions were standard at the time of the study (Chang et al., 2002). As physical activity has been defined as ‘any bodily movement’ (World Health Organisation, 2018) this study would be more accurate in studying the effect of exercise on cognitive functioning. Also, during their interval time of 26 years, they did not receive any information of changes to participants physical activity levels. 

The study does also have strengths that other similar studies do not possess. The study has a large population sample of both sexes. The battery of cognitive tests had an excellent interrater reliability with the Spearman correlation range from .96 to .99 (Chang et al., 2002). The study was able to measure three different aspects of cognitive functioning, and the method of diagnosing dementia in the participants was international accepted. Lastly, the study also measured health-related factors of the participants and were able to conduct a well-adjusted statistic model to compare the particpants.

The study concluded that participating in physical activity at younger age may reduce the risk or delay of dementia in later life (Chang et al., 2002). The study discusses the ability of sports participants needing to have fast reaction times and requireing the body to change direction at speed (Colcombe, Erickson and Raz, 2003) This sporting environment that requires those two factors may provide participants with a cognitively stimulating environment (Draganski and May, 2008) therefore, improving or maintaining their cognitive ability. The study found the most substantial correlation was between physical activity and the speed of processing. This correlation also may be as a result of the sporting environment (Chang et al., 2002). Although the study may have found a positive relationship, this result may have been a true reflection of physical activity levels as they are considered now.   

A study conducted by Scarmeas, Luchsinger and Schupf (2009) investigated the relationship between physical activity and the risk of Alzheimer’s disease. The study examined 1880 elderly participants that were living without dementia. Participants were given a battery of standardized neuroglial and neuropsychological tests every year and half for 14 years. A strength of the study is the measures used to asses physical activity. The physical activity was split into vigorous, moderate and light levels. Similar to this study they also split the activities into their metabolic equivalent for assessment. 
 
The study (Scarmeas, Luchsinger and Schupf, 2009) found that participants with higher levels of physical activity were at a lower risk of developing Alzheimer’s disease. Participants that were participating in some physical activity were 29% to 41% less likely to cognitively decline to the stage of Alzheimer’s disease. Participants that reported much physical activity were 37% to 50% less likely to decline to the stage of Alzheimer’s disease. These results suggest that participating in even a little amount of physical activity has a benefit on individual’s cognitive functioning. It also suggests that the more physical activity individuals partake the higher the reduced chance of suffered from Alzheimer’s disease. Therefore, it would be advisable to suggest a high level of physical activity to those who are at risk of developing Alzheimer’s disease.
2.4 Physical activities impact on improving cognitive functioning   

Archana Sigh-Manoux et al., (2004) conducted a longitudinal study to investigate the association between physical activity and cognitive functioning in early adulthood which they described as one of the most important questions that needs to be investigated. The study used figures from Whitehall’s II study of over 10000 males and females through 5 stages spanning 11 years. All participants were aged between 25 – 55. To assess the physical activity levels of participants in the study, researchers used questionnaires and were split into three different categories, high medium and low. Their cognitive function was measured using 5 tests that measured their memory, fluid intelligence and their verbal fluency.

The study concluded that the participants with higher levels of physical activity were shown to have a higher level of cognitive ability (Archana Sigh-Manoux et al., 2004). As a sub aim to their study, they were also able to conclude that by performing regular physical activity it had a positive effect on cognitive decline and therefore is advisable to be used as a preventative measure for dementia. They specifically mention that fluid intelligence is particularly vulnerable to the effect that low physical activity levels had on the participants of the study. Fluid intelligence describes the brains ability to process information and involves short term memory, reaction time, creativity, abstract thinking and processing speed (Archana Sigh-Manoux et al., 2004) Fluid intelligence is the aspect of cognitive functioning that declines the most as we age and is one of the most important factors of maintaining quality of life (Zimprinch and Martin, 2002). Archana Sigh-Manoux et al., (2004) results support previous (Anstey and Smith, 1999) research that physical activity has the ability to moderate the decline of fluid intelligent. If a greater number of the general public were able to participate in regular physical activity, it may result them being able to work at their best for a longer period of time and maintain their quality of life and also greatly decrease the pressure on society caring for those with dementia.

A systematic review conducted by Cox et al., (2016) opposed the previous study, concluding there was not a sufficient amount of evidence to support the positive effect of physical activity on young to middle aged adults and suggested that further research at this age is needed to make a valid conclusion. This systematic review was aimed to view the long-term effects of regular physical activity, therefore the inclusion criteria stated that the intervention had to be a minimum of 12 months. One drawback to this review was that the measurement of physical activity did not have to be validated to be included in the study, therefore there are no guarantees that the tool or method is a true reflection of the amount of physical activity conducted. They also state (Cox et al., 2016) that the physical activity measurements failed to report the key domains that make up physical activity such as active transport and occupational. Although the physical activity measurement was not validated, they did require the cognitive functioning assessment to have validated measurements and did not include the mini mental state (Harvey and Mohs, 2001) examination due to its primary use of a screening tool for Alzheimer’s disease.

12 of the 14 studies included in Cox et al., (2016) study found that physical activity has significant positive effect on the cognitive functioning of the participants. Similar to the previous study mentioned in this review (Archana Sigh-Manoux et al., 2004), the relationship was intermediate for memory processes however, opposing the previous study correlations observed between physical activity and processing speed considered weak.

One notable aspect that the review (Cox et al., 2016) observed in the studies was the strong correlation between physical fitness and executive functioning in healthy, young participants. Executive functioning is the regulation and the control of cognitive processes that every person experience. Angeva ren et al., (2007) study investigated the effect of the average weekly intensity, rather than the duration of the physical activity, which the majority of studies use as an indicator of physical activity. From the study they found significant association between the participants that engaged in more vigorous activities and a number of different cognitive measures. Although they suggest that fitness drives the improvement in superior executive function rather than the amount of physical activity participated in, a recent study conducted by Young et al., (2015) found there was no effect of an aerobic fitness intervention to improve the cognitive functioning in older adults. These two studies suggest that participants with a higher aerobic capacity may have higher cognitive function levels however, a fitness-based intervention for older adults may not have any impact on improving their cognitive function. Therefore, more research needs to be conducted to find the most beneficial intervention to help improve older individuals cognitive functioning levels (Young et al., 2015)


3. Methodology

3.1 Study population
Prior to any collection of data from the volunteers in the study ethical approval was received from the University of Trinity Saint David. A copy of the completed ethics form can be found in the appendix 1. To be included in the study volunteers had to be between the age of 18 to 50 years of age and had to be of good health. A total of 15 volunteers meet the requirements to be included in the study. 46.6% of the participants in the study were female and 53.3% were male. All volunteers in the study were given a participant information sheet to complete, which contained information regarding the study, how their information will be used and how their information is kept anonymous. Volunteers were also given an informed consent form which they completed prior to any data collection was conducted. They were informed that their data will be stored anonymously and any referral to their results in the study will state their participant number rather than using their names. The information sheet that was provided to the volunteers also contained information of how the volunteer can retract their information at any time during the study. A copy of both the information sheet and the informed consent form can be found in the appendix 2.

3.2 Assignment of physical activity 
The amount of physical activity volunteers participated in was assessed using the long form of the international physical activity questionnaire (IPAQ) (2002). The questionnaire measures a variety of different domains that provide an overall view of the volunteers’ physical activity levels. The questionnaire has many studies that validate it as a means of accurately measuring physical activity levels. A study conducted by the National Institute of Health (2006) concluded that the long form of the international physical activity questionnaire has acceptable validity when assessing self-reported physical activity levels. The age range of this study was 40.7 ± 10.3 years of age, which will be largely the age of participants in this study. There has also been a wide range of studies that conclude the long IPAQ as valid for measuring participants overall physical activity levels, specifically in the age ranges measured in this study (Wanner et al., 2016., Maddison et al., 2007., Park and Kang, 2013). A copy of the completed long form IPAQ can be found in appendix 3.

From the IPAQ, participant’s results will be placed into an excel document that is capable of converting their data into metabolic equivalent (MET). Each participant will be able to have individual results for each of the domains that make physical activity. These domains include work, domestic and gardening, transport and lastly leisure time. individual domains will all be converted into their MET value, which is a widely used physiological concept that is used to express energy cost of physical activities (Bryne et al., 2005). Their MET values will then be used to find any correlations between their physical activity levels and their cognitive functioning.

3.3 Assessment of cognitive function 

The cognitive function of the participants was measured after they had completed the international physical activity questionnaire (2002). Three separate cognitive tests were used to provide a comprehensive result of cognitive functioning.

The first test contained 2 measures to assess participants verbal fluency. The first test examined participants phonemic fluency and the second measured their sematic fluency (Singh-Manoux et al., 2004). The phonemic fluency test asked participants to name as many different animals as they could in 60 seconds. The sematic fluency test consisted of participants having to name as many words as they can beginning with the letter ‘N’ in 60 seconds. This test has been used in a multitude of other studies to justify participants verbal fluency in participants (St-Hilaire et al., 2016., Mathuranath et al., 2003., Singh-Manoux et al., 2004). To ensure that all the results were recorded correctly, the participants were recorded using a dictaphone. After the initial assessment the recordings were re-played in private and the initial results were clarified. A copy of the completed test can be located in appendix 4.

The second test for cognition was the digit span memory test, which consisted of two sections. The first section required the researcher conducting the test to read numbers out loud to the participants and ask them to immediately recall the information back to the examiner. The examiner then either put a tick or a cross in the according box, if there are more than two incorrect answers in a span the test will end, and they will be given that span as their result. The second section consisted of the researcher reading numbers aloud again however, participants had to repeat the numbers backwards rather than in the same order. This test is well used to asses participants memory span and is commonly referred to as the DOT (digit ordering test) (Hoope et al., 2000). A copy of a completed test can be located in appendix 5.

The third and final test for cognition was the trail making test. This test measures the visual-conceptual and visual-motor tracking of the participants. There are two sections to be completed for this test. Part A requires participants to draw lines from number to number in ascending order, while being timed by the researcher. part B requires participants to draw lines from a number to the corresponding letter the to the next number, for example 1 – A – 2 – B – 3 – C etc, again being timed by the researcher. This test is frequently used in neurophysiological tests because of its ability to be easily conducted and the high level of its reliability (Giovagnoli et al., 1996). A copy of the completed test can be located in appendix 6.

3.4 Data analysis - 

Following the data collection of participants, the results from the IPAQ and cognitive functioning tests were transferred from paper copies onto a Microsoft excel document. The results of the participants were then transferred to SPSS for statistical analysis. In the SPSS software the data was used to create a descriptive statistics table that contained the mean, standard deviation, minimum result and maximum result. The descriptive statistics will also include the Skweness and Kurtosis. These outputs show us the ‘peakedness’ and the symmetry of the distribution of the data.  Three descriptive statistic tables were created, firstly for the whole population of the study and then two additional tables containing the separated genders.

Following the completion of the descriptive statistics, the results from the IPAQ and the cognitive tests were checked for normality. This assessment was completed to ensure that the data is symmetrical, with the greatest frequency in the centre and the smaller frequency towards the extremes. Our aim was to investigate that all data was more than 0.05 thus indicating normality in the results.

Once the normality was checked, the SPSS software was used to create Pearson bivariate correlations to establish the relationships between physical activity, the domains of physical activity and the induvial domains of cognitive functioning. The correlations gathered were then placed into a correlation matrix. This process was also completed for the separated genders. Cohen’s (1988) guidelines for interoperating the strength of correlations were used after the correlations were gathered from SPSS. If r resulted in 0.10 to 0.29 these were considered small correlations. If the r resulted in 0.30 to 0.49 these were considered medium correlations. If the r resulted in 0.50 to 1 the correlation was reported as a large result.
























4. Results

Table 1 shows the descriptive data that was gathered from the group of participants (n =15). Table 2 and 3 consist of descriptive data that has been gathered from separating the whole group into male and female (Male n =8, Female n = 7). The total physical activity mean was higher in the male group of participants when compared to the female group (Male n = 7825.25, Female n = 7138.57). Although the physical activity levels were higher in the male population, the female population reported higher cognitive performance in the tests. The descriptive data in table 1 shows that a large proportion of the overall physical activity levels was acquired in the leisure domain and the least was acquired through active transport. 

The normality tests were conducted on all data. From the Kolmogorov-Smirnove statistics gathered digital memory backward was the only result that did not show a normal distribution if the data. This suggests that rather than having a majority of results at the centre, more of the results were in the extremes.

Table 4 shows the results gathered from conducting Pearson’s correlations on the data gathered form the participants. A significant, large, positive relationship exists between physical activity total and digital memory forward in the sample tested (r = 0.65, n = 15, P < 0.01). There is also a significant, large, positive relationship between physical activity total and digital memory backwards. (r = 0.58, n = 15, p < 0.05). This relationship suggests that participating in physical activity does have a positive connection with participants cognitive memory domain. Pearson’s correlations show that the leisure domain has a significant, large, positive relationship to the total physical activity levels of the participants (r = 90, n = 15, p < 0.01). This result suggests that a majority of the participants were getting a large portion of their total physical activity from this area.

The leisure time physical activity had a higher correlation with digit memory backwards than the total physical activity (r = 0.63, n = 15, p < 0.05). This may suggest that the activities done during free time have then impact on the memory domain. The results also show a relationship between both digital memory tests and both trails marking A and B. The negative result is what would be expected as a lower time in the tests would indicate a better socre. This relationship suggests that participants that did well in the memory domain tests were more likely to perform well in the trail marking tests.  

Table 5 and table 6 shows the results from the Pearson’s correlations split into the genders. The correlation patterns for the male and female were mostly similar. However, the male participants had a higher correlation between physical activity and trail making A and B. This suggests that physical activity is stronger related to memory in males than females. In males’ participants there was a significant, large, positive relationship between physical activity work and the digital memory backwards test (r =0.84, n = 15, p <0.01). This correlation was negative in the female participants.

In females’ participants there was a significant, large, positive relationship between physical activity leisure and the digital memory backwards forwards (r =0.86, n = 15, p <0.05) and the digital memory backwards (r =0.86, n = 15, p <0.05). This relationship was not discovered in the male participants of the study. This mean scores in table 2 show female participates get a higher amount of their physical activity total form the leisure domain. As the results for females show a higher correlation between leisure activity and memory than males, it may suggest that having a higher level of leisure time physical activity could result in improved memory functioning.



Table 1 – Descriptive data containing results gathered from the whole group (n =15)

	[bookmark: _Hlk39593539]
	Mean
	Std. Deviation
	Maximum
	Minimum
	Skewness
Statistic      Std.                                   ddddddddderror
	Kurtosis
Statistic      Std.                                   ddddddddderror

	PA Work
	1985.13
	1359.42
	4380
	0
	.66
	.58
	-.55
	1.12

	PA Transport
	474.30
	418.11
	1200
	0
	.26
	.58
	-1.12
	1.12

	PA Domestic/Garden
	965.46
	922.14
	2302
	0
	.24
	.58
	-1.66
	1.12

	PA Leisure
	4080.13
	2648.22
	8631
	563
	.37
	.58
	-1.21
	1.12

	PA Total
	7504.80
	2977.63
	11053
	2617
	-.25
	.58
	-1.66
	1.12

	Digital Memory forward
	3.73
	0.88
	5
	2
	-.11
	.58
	-.48
	1.12

	Digital Memory backward
	2.13
	0.91
	3
	1
	-.29
	.58
	-1.86
	1.12

	Trail Marking A
	25.65
	7.37
	43.82
	15.87
	1.00
	.58
	1.17
	1.12

	Trail Marking B
	65.06
	14.14
	84.56
	41.14
	-.27
	.58
	-.88
	1.12

	VFT Animals
	24.53
	7.38
	38
	14
	.36
	.58
	-.88
	1.12

	VFT T Words
	11.40
	5.56
	24
	4
	.69
	.58
	.28
	1.12


Key – PA = Physical Activity; VFT = Verbal Fluency Test 





Table 2 – Descriptive data containing only female participants results (n = 7)
	
	Mean
	Std. Deviation
	Maximum
	Minimum
	Skewness
Statistic      Std.                                   ddddddddderror
	Kurtosis
Statistic      Std.                                   ddddddddderror

	PA Work
	1636.14
	1373.93
	4380
	0
	1.41
	.79
	3.03
	1.58

	PA Transport
	611.92
	494.02
	1200
	0
	-.21
	.79
	-1.77
	1.58

	PA Domestic/Garden
	1237
	991.55
	2302
	0
	-.23
	.79
	-1.77
	1.58

	PA Leisure
	3653.57
	2931.88
	8631
	563
	.92
	.79
	-2.22
	1.58

	PA Total
	7138.57
	2737.20
	11053
	4121
	.36
	.79
	-.27
	1.58

	Digital Memory forward
	4
	0.81
	5
	3
	.00
	.79
	-1.20
	1.58

	Digital Memory backward
	2.14
	0.89
	3
	1
	-.35
	.79
	-1.81
	1.58

	Trail Marking A
	24.73
	6.01
	33.83
	15.87
	.06
	.79
	-.42
	1.58

	Trail Marking B
	63.49
	11.13
	75.57
	43.43
	-.95
	.79
	.45
	1.58

	VFT Animals
	26.14
	8.27
	38
	17
	.23
	.79
	-1.67
	1.58

	VFT T Words
	10.71
	4.02
	17
	7
	.71
	.79
	-1.25
	1.58



Key – PA = Physical Activity; VFT = Verbal Fluency Test






Table 3 – Descriptive data containing only male participants results (n= 8)
	
	Mean
	Std. Deviation
	Maximum
	Minimum
	Skewness
Statistic      Std.                                   ddddddddderror
	Kurtosis
Statistic      Std.                                   ddddddddderror

	PA Work
	2290.50
	1360.02
	4170
	650
	.35
	.75
	-1.28
	1.48

	PA Transport
	353.87
	323.93
	789
	0
	-.00
	.75
	-1.84
	1.48

	PA Domestic/Garden
	727.87
	848.36
	2220
	0
	.66
	.75
	-.75
	1.48

	PA Leisure
	4453.37
	2513.38
	8190
	1296
	.01
	.75
	-1.40
	1.48

	PA Total
	7825.25
	3325.53
	10818
	2617
	-.70
	.75
	1.62
	1.48

	Digital Memory forward
	3.50
	0.92
	5
	2
	.00
	.75
	.00
	1.48

	Digital Memory backward
	2.12
	0.99
	3
	1
	-.31
	.75
	-2.35
	1.48

	Trail Marking A
	26.46
	8.72
	43.82
	17.71
	1.18
	.75
	1.17
	1.48

	Trail Marking B
	66.43
	17
	84.56
	41.14
	-.32
	.75
	-1.48
	1.48

	VFT Animals
	23.12
	6.74
	35
	14
	.35
	.75
	.05
	1.48

	VFT T Words
	12
	6.86
	24
	4
	.50
	.75
	-.19
	1.48



Key – PA = Physical Activity; VFT = Verbal Fluency test 




	Variables 
	PA W
	PA T
	PA D/G
	PA L
	PA Total
	DM F
	DM B
	TM A
	TM B
	VFT A
	VFT T W

	PA W
	1
	
	
	
	
	
	
	
	
	
	

	PA T
	-.03
	1
	
	
	
	
	
	
	
	
	

	PA D/G
	-.36
	-.30
	1
	
	
	
	
	
	
	
	

	PA L 
	.09
	.28
	-.23
	1
	
	
	
	
	
	
	

	PA Total
	.42
	.28
	-.11
	.90**
	1
	
	
	
	
	
	

	DM F
	.05
	.21
	.06
	.64**
	.65**
	1
	
	
	
	
	

	DM B
	.20
	.13
	-.30
	.63*
	.58*
	.84**
	1
	
	
	
	

	TM A
	-.40
	.25
	.06
	-.17
	-.28
	-.56*
	-.54*
	1
	
	
	

	TM B
	-.22
	.02
	.06
	-.32
	-.37
	-.64**
	-.66**
	.44
	1
	
	

	VFT A
	.07
	.20
	.18
	.26
	.35
	.52*
	.55*
	-.24
	-.43
	1
	

	VFT T W
	.05
	.37
	.08
	.31
	.38
	.25
	.31
	.01
	-.06
	.57*
	1


Table 4 – Pearson correlation matrix containing all participants results (n=15)

Key – PA W = Physical Activity Work; PA T = Physical Activity Transport; PA D/G = Physical Activity Garden Domestic; PA L = Physical Activity Leisure; PA total = Physical Activity Total; DM F = Digital Memory Forward; DM B = Digital Memory Backward; TM A = Trail Marking A; TM B = Trail Marking B; VFT A = Verbal Fluency Test Animals; VFT T W = Verbal Fluency Test T Words.
*. Correlation is significant at the 0.05 level (2-tailed)
**. Correlation is significant at the 0.01 level (2-tailed)


	Variables 
	PA W
	PA T
	PA D/G
	PA L
	PA Total
	DM F
	DM B
	TM A
	TM B
	VFT A
	VFT T W

	PA W
	1
	
	
	
	
	
	
	
	
	
	

	PA T
	.15
	1
	
	
	
	
	
	
	
	
	

	PA D/G
	-.26
	-.93**
	1
	
	
	
	
	
	
	
	

	PA L 
	-.13
	.57
	-.58
	1
	
	
	
	
	
	
	

	PA Total
	.29
	.39
	-.56
	.89**
	1
	
	
	
	
	
	

	DM F
	-.40
	.25
	-.19
	.86*
	.70
	1
	
	
	
	
	

	DM B
	-.58
	.44
	-.32
	.79*
	.52
	.90**
	1
	
	
	
	

	TM A
	-.13
	.32
	-.37
	-.28
	-.45
	-.49
	-.16
	1
	
	
	

	TM B
	.07
	-.02
	-.23
	-.18
	-.24
	-.34
	-.38
	.31
	1
	
	

	VFT A
	-.36
	.24
	.03
	.45
	.36
	.56
	.66
	-28
	-.87*
	1
	

	VFT T W
	-.48
	.41
	-.12
	.37
	.19
	.50
	.74
	.03
	-.75*
	.89**
	1


Table 5 – Pearson correlation matrix containing only female participants results (n=7)

Key – PA W = Physical Activity Work; PA T = Physical Activity Transport; PA D/G = Physical Activity Garden Domestic; PA L = Physical Activity Leisure; PA total = Physical Activity Total; DM F = Digital Memory Forward; DM B = Digital Memory Backward; TM A = Trail Marking A; TM B = Trail Marking B; VFT A = Verbal Fluency Test Animals; VFT T W = Verbal Fluency Test T Words.
*. Correlation is significant at the 0.05 level (2-tailed)
**. Correlation is significant at the 0.01 level (2-tailed)


	Variables 
	PA W
	PA T
	PA D/G
	PA L
	PA Total
	DM F
	DM B
	TM A
	TM B
	VFT A
	VFT T W

	PA W
	1
	
	
	
	
	
	
	
	
	
	

	PA T
	-.08
	1
	
	
	
	
	
	
	
	
	

	PA D/G
	-.37
	.31
	1
	
	
	
	
	
	
	
	

	PA L 
	.25
	.02
	.24
	1
	
	
	
	
	
	
	

	PA Total
	.50
	.16
	.31
	.92**
	1
	
	
	
	
	
	

	DM F
	.55
	.01
	.12
	.63
	.73*
	1
	
	
	
	
	

	DM B
	.84**
	-.21
	-.31
	.50
	.62
	.85**
	1
	
	
	
	

	TM A
	-.65
	.35
	.43
	-.15
	-.23
	-.60
	-.76*
	1
	
	
	

	TM B
	-.46
	.15
	.31
	-.48
	-.46
	-.80*
	-.82*
	.48
	1
	
	

	VFT A
	.65
	-.02
	.26
	.12
	.42
	.44
	.48
	-.19
	-.14
	1
	

	VFT T W
	.29
	.53
	.29
	.29
	.46
	.22
	.12
	-.02
	.15
	.50
	1


Table 6 – Pearson correlation matrix containing only male participants results (n=8)

Key – PA W = Physical Activity Work; PA T = Physical Activity Transport; PA D/G = Physical Activity Garden Domestic; PA L = Physical Activity Leisure; PA total = Physical Activity Total; DM F = Digital Memory Forward; DM B = Digital Memory Backward; TM A = Trail Marking A; TM B = Trail Marking B; VFT A = Verbal Fluency Test Animals; VFT T W = Verbal Fluency Test T Words.
*. Correlation is significant at the 0.05 level (2-tailed)
**. Correlation is significant at the 0.01 level (2-tailed)














5. Discussion

5.1 Summary of findings

The aim of this research was to observe the effect that physical activity has on an individuals’ cognitive functioning level. The findings from this study support the hypothesis that the participants with higher levels of physical activity would also have higher levels of cognitive functioning. These findings are further supported by Singh-Manoux et al., (2005) who also found a small but significant association between physical activity levels and cognitive functioning in young to middle aged adults.

The Pearson correlation matrix showed that all cognitive tests were associated with a higher level of physical activity. The most significant result of the findings was the high positive associated with the digital memory tests, which assess the working memory domain of cognitive functioning. There was also a high association between the leisure domain and the total physical activity, indicating that a majority of participants were gaining their physical activity from activities completed in their free time. Further Pearson correlations were completed to investigate the differences between the male and female participants in the study. Although mostly similar, with both showing a positive correlation between total physical activity and cognitive tests, the male group had a higher correlation in the digital memory tests and the verbal fluency tests. This suggests that physical activity amongst males may have a stronger relationship in working memory and word fluency when compared to females.

Rather than using an assessment of general cognitive function impairment, this study used multiple cognitive tests to asses a variety of different cognitive domains. This method has been stated to better capture the variability of cognitive scores (Singh-Manoux et al., 2005). Methods such as Mini Mental State Examination that have been used in some previous studies, were classed as inappropriate due to the age of the participants in the study (Singh-Manoux et al., 2005). A number of studies have also been reported to not include a comprehensive evaluation of all domains of physical activity and the intensity that activities were completed at (Cox et al., 2016). As this study used this IPAQ (2002) to assess participants physical activity levels, it was able to split the physical activity into their separate domains and was able to calculate their overall physical activity effectively with the information of participants intensity levels. 

This study supports Chang et al., (2010) longitude study into the relationship of physical activity to cognitive functioning. Both studies found that physical activity at a younger age helps to maintain cognitive functioning and Chang et al., (2010) suggests that physical activity may delay or reduce the risk of dementia at a later stage in life. Tolppanen et al., (2014) study found similar results that the leisure domains effect on cognitive functioning was more pronounced amongst male participants over female. The study also states that having higher leisure domain physical activity can be related to a lower risk of dementia.

5.2 The relationship between physical activity and memory.

Memory is defined as the ‘mental capacity to encode, store and retrieve information’ (Gerrig, 2010) and is one of the domains that make up overall cognitive functioning. This study was able to associate the specific memory tests with a strong correlation to physical activity levels of the participants involved, however; the other tests did not show as strong a correlation. It has been previously reported that there is a variability to the extent that an individual’s cognitive functioning improves from physical activity (Erickson et al., 2013). One explanation of the variance of effectiveness is the hypothesis that genetic factors could be affecting the correlations by either amplifying or attenuating the benefits that physical activity produce on cognitive functioning (Kramer and Erickson, 2007).   

Erickson et al., (2013) describes one nonsynonymous single nucleotide polymorphism in the gene that encodes brain-derived neurotrophic factor (BDNF) has been associated with cognitive functioning and specifically memory. Erickson et al., (2013) state that there is a significant amount of speculation that the BDNF gene could be a gene that is able to moderate the amount of cognitive benefits that are produced from performing physical activity. Carriers of a certain gene have reported to have reduced secretion of the BDNF and a poorer memory. Erickson et al., (2013) study found that a greater amount of physical activity benefited participants that had a certain gene compared to participants that contained another gene. The results from this study show that participating in physical activity can have a varying effect on participants dependent upon their genes. The results however did show a small benefit in the opposing gene for working memory. Therefore, regardless of an individual’s gene’s, physical activity can have a small positive impact on memory. As study found that physical activity had the most significant correlation with memory, it may suggest that participants in the study had the BDNF gene. 

Cox et al., (2016) systematic review found 12 papers that contained significant positive correlations between physical activity and memory functions. These studies were particularly noted particular effectiveness between physical activity and working memory, which is the sub-category of memory measured using the digital memory tests. 

5.3 Physical activities protective factor against cognitive decline.  

The results from this study are able to add to the growing body of research that is investigating the positive effects of physical activities on cognitive decline. Creating prevention or intervention strategies to attempt to reduce the amount of cognitive decline that individuals experience is becoming a huge health issue. If the interventions are able to be made at an earlier stage of a life span, then it may help to reduce the progression to dementia. It has also been suggested that the relationship between cognitive functioning and physical activity is reciprocal. Increased levels of physical activity improve cognitive functioning and ‘brighter people exercise more’ (Singh-Manoux et al., 2004). 

Although the exact underlying mechanisms that physical activity has that are able to improve cognitive functioning are poorly understood (Singh-Manoux et al., 2004). Performing regular physical activities has been shown to reduce levels of blood pressure, reduce serum levels and increase cardiovascular fitness (Chang et al., 2010). These three factors that improve as a result of physical activity have all been shown to have a link to a reduction in the risks of developing dementia in later life (Chang et al., 2010). It has also been reported that having a good level of aerobic fitness can reduce the age associated brain tissue loss that is experienced (Erickson et al., 2009). There are a range of different biological mechanisms that may explain why cognitive functioning has the ability to reduce cognitive decline. The biological mechanisms include the ability of physical activities to bring about change to the structure of the central nervous system, modulate the arousal levels of individuals and enhance the cerebral capillary density or blood flow (cox et al., 2016). Cox et al., (2016) suggests that these factors may not only act as a protector of cognitive functioning, they may also have the ability to enhance the level of cognitive functioning for individuals. 

Tolppanen et al., (2014) study showed that individuals that were able to increase or maintain high levels of leisure time physical activity were at a lower risk of dementia and Alzheimer’s disease. This study associated leisure activity with higher cognitive functioning. Tolppanen et al., (2014) was also able to report that the benefits were particularly precedent in overweight and obese individuals. Therefore, physical activity could be used as a preventative measure for middle aged individuals that are classed as overweight or obese from cognitive decline and ultimately progressing to the stage of dementia or Alzheimer’s disease.

5.4 Practical implications

As this study was able to positively correlate physical activity with young to middle aged participants cognitive functioning, it offers evidence that it would be advisable to encourage this demographic to participate in physical activity. Targeting this age group is of vital importance as a large proportion of the world fall into this category. Being able to identify risk factors and mechanisms for improvement for cognitive decline at an early age is a critical factor for creating prevention and intervention strategies (Singh-Manoux et al., 2004).

An issue that arises as a result of the limited research surrounding this field is the lack of knowledge of physical activities benefits to cognitive functioning. This study shows that the leisure domain of physical activity has a correlation with a range of cognitive functioning domains. Lin et al., (2012) reported that middle and older aged populations may not know the full benefits that leisure time physical activity has on cognitive functioning. Although more research needs to be conducted to draw a valid conclusion on the exact benefits it would still be advisable to encourage the middle-aged demographic to participate in leisure time physical activity to help improve their cognitive functioning. Physical activity has already been extensively researched to observe the effects it has on other health problems such as hypertension, and individuals therefore may understand the reasoning behind participating in physical activity. However, they may not be aware of the ability to improve cognitive functioning therefore, it may be advisable to create resources and publicise the benefits on cognitive functioning (Line et al., 2012).

Physical activity has been shown to maintain brain health and thus is an important lifestyle component (Benedict, 2013). A study conducted by Benedict et al., (2013) found that higer levels of physical activity was linked to better performance in variety cognitive tests, many of which are completed in this study. They reported that the Trail making B was the most significant result, whereas this study did conclude a negative association but not as significant (shorter times being an indication of a better result). Benedict et al., (2013) study concluded that the lifestyle component of physical activity is associated with brain health. Therefore, the implications of this study should be to advise all ages to participate in more physical activity to improve their brain health and in turn reduce the effects of cognitive decline.

A number of other diseases over the past centuries have received a lot of attention and research and as a result life expectancy has increased a significant amount (Bishop, Lu and Yanker, 2010). However, cognitive decline has not received the same attention even with 50% of adults over the age of 85 diagnosed with Alzheimer’s disease (Bishop, Lu and Yanker, 2010). With the rise in life expectancies this number could potentially increase in the near future. The obesity levels are also increasing with reports stating that 1.9 billion adults are classed as overweight and 650 million considered obese (World Health Organisation, 2020). With obesity and overweight being linked to cognitive decline, if numbers of overweight and obese adults continue to increase, there could also be an increase in cognitive decline as a result. Thus, the promotion of physical activity has an even greater importance as it has been extensively proven to reduce the levels of obesity (Scarmeas, Luchsinger and Schupf, 2009).

A study conducted by Papchristou et al., (2015) investigated the relationship between body composition and cognitive functioning. They found that having higher levels of total fat mass, visceral fat levels and body mass index were associated with severe cognitive impairment. This study provides further evidence to the effect of being obese or overweight on damaging cognitive functioning. This further indicates the importance of maintaining high levels of physical activity.

5.5 limitations

There are some limitations of this study. Firstly, the sample size for the study was relatively small (n = 15). A larger sample size may have been able to show a better range of results considering the inclusion age was large, more ages may have provided a more comprehensive study. Secondly, although physical activity domains were all measure, participants used a self-report questionnaire therefore they may have overestimated or underestimated their actual physical activity levels. This method of assessing physical activity levels also could introduce bias due to the social desirability of being physically active (Miller et al., 2012). Partnering a self-report questionnaire with an accelerometric may be able to provide a better reflection of physical activity levels (Benedict et al., 2013). Lastly, the participants in the study were mostly gathered from the population of the sports department at the university. This population may not be a true representation as most participates were at an undergraduate level of education and may not represent the general public. The battery of cognitive tests was often completed in an area that was convenient to the participant and could at times be loud and contain distractions that drew their attention away from the tests. 

5.6 Future directions 

Future research should aim to further validate physical activities effect on cognitive functioning in the middle age demographic and develop an understanding into the exact mechanisms of physical activity that have the effect on cognitive functioning. 

Further research could also test which form of physical activity has the most beneficial effect on cognitive functioning. Future studies could use an intervention to set participants with different levels of physical activity, for example low, moderate and vigour’s and compare the differences at two stages to observe a difference. This research could also justify the use of physical activity as a preventative measure for cognitive decline and could be put in place for populations that are particularly vulnerable. 

Longitudinal studies could also offer an insight into the degree of cognitive decline and compare participants physical activity levels. However, this is difficult as physical activity levels need to be assessed over a long period of time. 





6. Conclusion

This study was conducted to determine if physical activity levels had any effect on the level of cognitive functioning in young to middle aged adults. The results conclude that physical activity levels have an association with the level of cognitive functioning, specifically the working memory domain. With a majority of the research conducted in older age populations, this study offers evidence that performing higher levels of physical activity at a younger age could lead to having a higher cognitive functioning level and therefore a better quality of life (Steward and King 1991; Lin et al., 2012). This research only offers an insight into the mean of one group of participants. Future research could investigate cognitive functioning between groups of participants at different levels of physical activity to offer a further insight into the effect of physical activity levels on cognitive function.
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Appendices 

1)
APPLICATION FOR ETHICAL APPROVAL

In order for research to result in benefit and minimise risk of harm, it must be conducted ethically. A researcher may not be covered by the University’s insurance if ethical approval has not been obtained prior to commencement.

The University follows the OECD Frascati manual definition of research activity: “creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of man, culture and society, and the use of this stock of knowledge to devise new applications”. As such this covers activities undertaken by members of staff, postgraduate research students, and both taught postgraduate and undergraduate students working on dissertations/projects.

The individual undertaking the research activity is known as the “principal researcher”.

Ethical approval is not required for routine audits, performance reviews, quality assurance studies, testing within normal educational requirements, and literary or artistic criticism.

Please read the notes for guidance before completing ALL sections of the form.

This form must be completed and approved prior to undertaking any research activity. Please see Checklist for details of process for different categories of application.  


SECTION A: About You (Principal Researcher)

	Full Name:
	Ellis Ifan Caradog Hudson

	Tick all boxes which apply:

	Member of staff:
	☐	Student:
	☒	Honorary research fellow:
	☐


	Faculty/School/Centre:
	School of Sport, Health and Outdoor Education 

	Campus:
	Carmarthen

	E-mail address:
	1701612@student.uwtsd.ac.uk

	Contact Telephone Number:
	07946604574

	For students:

	Student Number:
	1701612
	Undergraduate
	☒
	Programme of Study:
	Physical Education 
	Taught Postgraduate
	☐
	Director of Studies/Supervisor:
	Dylan Blain
	Research
	☐


SECTION B: Approval for Research Activity

	Has the research activity received approval in principle?
(please check the Guidance Notes as to the appropriate approval process for different levels of research by different categories of individual)
	YES
	☒	NO
	☐
	     
	Date

	If Yes, please indicate source of approval (and date where known):
	Research Degrees Committee
	☐	

	
	Faculty Research Committee
	☐	

	
	Other (write in) Member of SHOE staff

	☒	


Approval in principle must be obtained from the relevant source prior to seeking ethical approval.

SECTION C:  External Ethical Guidance Materials

	Please list the core ethical guidance documents that have been referred to during the completion of this form (including any discipline-specific codes of research ethics, and also any specific ethical guidance relating to the proposed methodology).  Please tick to confirm that your research proposal adheres to these codes and guidelines.

	UWTSD rules of Ethics 
	☒
	BERA Ethical guidelines 
	☒

	
	☐




SECTION D: External Collaborative Research Activity

	Does the research activity involve collaborators outside of the University?
	YES
	☐
	NO
	☒

	
If Yes, please provide the name of the external organisation and name and contact details for the main contact person:

	Institution
	

	Contact person name
	

	Contact person e-mail address
	



Where research activity is carried out in collaboration with an external organisation
	Does this organisation have its own ethics approval system?
	YES
	☐
	NO
	☒

	If Yes, please attach a copy of any final approval (or interim approval) from the organisation




SECTION E: Details of Research Activity

	Indicative title:
	What is the relationship between physical activity levels and cognitive functioning in young to middle aged (18 – 50) volunteers.


	Proposed start date:
	January 2020 
	Proposed end date:
	April 2020

	Purpose of research activity (including aims and objectives)
Outline the purpose, aims and objectives of the research activity, including key research questions. Show briefly how existing research has informed the proposed activity and explain what the research activity will add and how it addresses an area of importance. (Maximum 300 words)

	The main aim of the study will be to identify the relationship between physical activity levels and cognitive functioning in young to middle aged (18 – 50) volunteers. Including the main aim, there will also be other objectives found using the information. Firstly, to investigate if there is a relationship between relationship between gender and physical activity levels in the young to middle ages participants. Secondly, to investigate if physical activity levels declines as the age of the participants increases.

This research will attempt to establish the benefits to cognitive ability by participating in physical activity. By performing regular physical activity between the age range that will be studied, it could have the potential to have immediate effect on cognitive functioning, resulting in a better of quality of life and the chance of a reduced age-related decline of cognitive activity (Cox et.al, 2016). With retirement age predicted to increase in the near future (Global health and aging, 2015) adults’ cognition is becoming increasingly valuable. If physical activity can aid in the prevention of cognitive functioning decline, then it would be valuable to advise people to participate in physical activity.

World Health origination. (2015) ‘Global health and aging’, National institute on aging national institutes of health, 11 -7737 
 
Cox, E.P., O’Dwyer, N., Cook, R., Vetter, M., Cheng, H.L., Rooney, K. and O’Connor, H. (2016) ‘Relationship between physical activity and cognitive function in apparently healthy young to middle-aged adults: a systematic review’, Journal of Science and Medicine in Sport, 19(8), pp.616-628.



	Proposed methods
Provide a brief summary of all the methods that may be used in the research activity, making it clear what specific techniques may be used. If methods other than those listed in this section are deemed appropriate later, additional ethical approval for those methods will be needed. (Maximum 600 words)

	Participants – 
For this study, a minimum of 50 volunteers will be recruited between the ages of 19 – 50. 

Assignment of physical activity -
The amount of physical activity that the volunteers participate in will be assessed using the long form of the international physical activity questionnaire. This questionnaire will be used to asses physical activity.

Assessment of cognitive function – 
The cognitive function of the participants will be measured using three different tests measuring different aspects of cognition. The verbal fluency and the cognition will use a stopwatch to time the results from each. The verbal fluency will use a Dictaphone to record the answers to ensure the correct results.

The first test will be a verbal fluency test. Participants will be asked to name as many different animals as they are able to in 60 seconds, then will be asked to name as many words as they can beginning with the letter ‘N’ in 60 seconds. 

The second test for cognition will be the digit span memory test. The examiner will read numbers out load to the participants and ask them to immediately recall the information back to the examiner. The examiner will then either put a tick or a cross in the according box, if there are more than two incorrect answers in a span the test will end. This test is well used to asses participants memory span and is commonly referred to as the DOT (digit ordering test) (Hoope et.al, 2000). 

The third test for cognition will be the trail making test. This test measures the visual-conceptual and visual-motor tracking of the participants. There are two parts to the complete test. Part A requires participants to draw lines from number to number in ascending order, part B requires participants to draw lines from a number to the corresponding letter the to the next number, for example 1 – A – 2 – B – 3 – C etc. This test is frequently used in neurophysiological tests because of its ability to be easily conducted and the high level of its reliability (Giovagnoli et.al, 1996).

Data analysis –

Participants physical activity will be split into three groups, using the scoring the international for physical activity questionnaire document (Forde, 2018). The first group will contain participants that score high physical activity levels, according to the requirements of the document. The second group will contain participants that achieve a moderate amount of physical activity, according to the requirements of the document. Lastly will be the participants that score a low level of physical activity, these participants do not meet any of the criteria for either moderate or high levels of physical activity according to the requirements of the document.

Each of the cognitive tests that participants complete will receive a Z score depending on the results of the test. The Z score of each of the three tests will then be added together to give the participant an overall cognitive functioning score. Using SPSS their overall cognitive functioning score will then be compared to the amount of physical activity the participant completes to analysis if there are any relationships. 

Hoppe, C., Müller, U., Werheid, K., Thöne, A. and von Cramon, Y.D. (2000) ‘Digit ordering test: clinical, psychometric, and experimental evaluation of a verbal working memory test’ The Clinical Neuropsychologist, 14(1), pp.38-55.

Giovagnoli, A.R., Del Pesce, M., Mascheroni, S., Simoncelli, M., Laiacona, M. and Capitani, E. (1996) ‘Trail making test: normative values from 287 normal adult controls’, The Italian journal of neurological sciences, 17(4), pp.305-309.

Forde, C. (2018) ‘Scoring the international physical activity questionnaire (IPAQ)’ University of Dublin.




	Location of research activity
Identify all locations where research activity will take place.

	Location will be at the ease of the volunteer, however, it will be advised to be in a quiet location with little distractions.


	Research activity outside of the UK
If research activity will take place overseas, you are responsible for ensuring that local ethical considerations are complied with and that the relevant permissions are sought. Specify any local guidelines (e.g. from local professional associations/learned societies/universities) that exist and whether these involve any ethical stipulations beyond those usual in the UK (provide details of any licenses or permissions required). Also specify whether there are any specific ethical issues raised by the local context in which the research activity is taking place, for example, particular cultural sensitivities or vulnerabilities of participants.

	

(this box should expand as you type)




SECTION F: Scope of Research Activity

	Will the research activity include:
	
YES
	
NO

	Use of a questionnaire or similar research instrument?
	☒
	☐

	Use of interviews?
	☐
	☒

	Use of diaries?
	☐
	☒

	Participant observation with their knowledge?
	☐
	☒

	Participant observation without their knowledge?
	☐
	☒

	Use of video or audio recording?
	☐
	☒

	Access to personal or confidential information without the participants’ specific consent?
	☐
	☒

	Administration of any questions, test stimuli, presentation that may be experienced as physically, mentally or emotionally harmful / offensive?
	☐
	☒

	Performance of any acts which may cause embarrassment or affect self-esteem?
	☐
	☒

	Investigation of participants involved in illegal activities?
	☐
	☒

	Use of procedures that involve deception?
	☐
	☒

	Administration of any substance, agent or placebo?
	☐
	☒

	Working with live vertebrate animals?
	☐
	☒

	Other primary data collection methods, please explain in this box



	☐
	☒



If NO to every question, then the research activity is (ethically) low risk and may be exempt from some of the following sections (please refer to Guidance Notes).

If YES to any question, then no research activity should be undertaken until full ethical approval has been obtained. 

SECTION G: Intended Participants

	Who are the intended participants:
	
YES
	
NO

	Students or staff at the University?
	☒
	☐

	Adults (over the age of 18 and competent to give consent)?
	☒
	☐

	Vulnerable adults?
	☐
	☒

	Children under 18?
	☐
	☒

	Prisoners?
	☐
	☒

	Young offenders?
	☐
	☒

	Those who could be considered to have a particularly dependent relationship with the investigator or a gatekeeper?
	☐
	☒

	People engaged in illegal activities?
	☐
	☒

	Others (please identify):


	☐
	☐



	Participant numbers and source
Provide an estimate of the expected number of participants. How will you identify participants and how will they be recruited? 

	For this study the estimated number of participants is 50. Participants will be gathered through a verity of means, as long as they meet the requirements of the study. 

this box should expand as you type)



	Information for participants:
	
YES
	NO
	
N/A

	Will you describe the main research procedures to participants in advance, so that they are informed about what to expect?
	☒
	☐
	☐

	Will you tell participants that their participation is voluntary?
	☒
	☐
	☐

	Will you obtain written consent for participation?
	☒
	☐
	☐

	Will you explain to participants that refusal to participate in the research will not affect their treatment or education (if relevant)?
	☒
	☐
	☐

	If the research is observational, will you ask participants for their consent to being observed?
	☐
	☐
	☒

	Will you tell participants that they may withdraw from the research at any time and for any reason?
	☒
	☐
	☐

	With questionnaires, will you give participants the option of omitting questions they do not want to answer?
	☒
	☐
	☐

	Will you tell participants that their data will be treated with full confidentiality and that, if published, it will not be identifiable as theirs?
	☒
	☐
	☐

	Will you debrief participants at the end of their participation, in a way appropriate to the type of research undertaken?
	☒
	☐
	☐

	If NO to any of above questions, please give an explanation 

	


(this box should expand as you type)




	Information for participants:
	
YES
	NO
	
N/A

	Will participants be paid?
	☐
	☒
	☐

	Is specialist electrical or other equipment to be used with participants?
	☐
	☒
	☐

	Are there any financial or other interests to the investigator or University arising from this study?
	☐
	☒
	☐

	Will the research activity involve deliberately misleading participants in any way, or the partial or full concealment of the specific study aims?
	☐
	☒
	☐

	If YES to any question, please provide full details 

	


(this box should expand as you type)



SECTION H: Anticipated Risks

	
Outline any anticipated risks that may adversely affect any of the participants, the researchers and/or the University, and the steps that will be taken to address them. 

If you have completed a full risk assessment (for example as required by a laboratory, or external research collaborator) you may append that to this form.  

	Full risk assessment completed and appended? 

Yes                               ☐
 No                                   ☒


	Risks to participants
For example: emotional distress, financial disclosure, physical harm, transfer of personal data, sensitive organisational information

	Participants may become emotionally distressed with their results in the cognitive ability tests. To keep emotional distress to a minimum, participant will be reminded that all results are confidential, and the tests should be conducted away from others. All results for the participant will be kept in a locked draw and then transferred to an encrypted file with passwords to protect the data.

(this box should expand as you type)

	

	If research activity may include sensitive, embarrassing or upsetting topics (e.g. sexual activity, drug use) or issues likely to disclose information requiring further action (e.g. criminal activity), give details of the procedures to deal with these issues, including any support/advice (e.g. helpline numbers) to be offered to participants. Note that where applicable, consent procedures should make it clear that if something potentially or actually illegal is discovered in the course of a project, it may need to be disclosed to the proper authorities

	N/A 

(this box should expand as you type)

	

	Risks to investigator
For example: personal safety, physical harm, emotional distress, risk of accusation of harm/impropriety, conflict of interest

	There is no risk to the examiner.

(this box should expand as you type)

	

	University/institutional risks
For example: adverse publicity, financial loss, data protection

	All data that will be collected from the participants will be kept in a locked cabinet and only the researcher will have access to the key. Once transferred from paper to digital the documents will be saved in an encrypted, password protected folder to ensure all data will be kept confidential.  

(this box should expand as you type)

	

	Adverse outcomes
List measures put in place to limit any adverse effects or outcomes of research activity where appropriate. Include any emergency protocols. 

	

(this box should expand as you type)





	Disclosure and Barring Service

	If the research activity involves children or vulnerable adults, a Disclosure and Barring Service (DBS) certificate must be obtained before any contact with such participants.
	


YES
	


NO
	


N/A

	Has a DBS certificate been obtained?
	☐
	☐
	☒



SECTION I: Feedback, Consent and Confidentiality

	Feedback
What feedback will be provided to participants, how will this be done and when? 

	Feedback will be offered to the participant after the data has been analysed. 


 (this box should expand as you type)

	

	Informed consent
Describe the arrangements to inform potential participants, before providing consent, of what is involved in participating. Describe the arrangements for participants to provide full consent before data collection begins. If gaining consent in this way is inappropriate, explain how consent will be obtained and recorded.

	Participants of the study will be given an informed consent sheet to complete prior to the undergoing of the tests. The participants will also be verbally reminded that they are free to withdraw their results at any time they wish to and do not have to provide a reason. The IPAQ and the cognitive tests will be explained to the participants prior to completing them, so they have an understanding of what they are doing during the study. 


 (this box should expand as you type)

	

	Confidentiality / Anonymity
Set out how anonymity of participants and confidentiality will be ensured in any outputs. If anonymity is not being offered, explain why this is the case. 

	Participants will not be asked to fill in their number and will be recorded as numbers rather than being recorded by their names. Only gender of the participant will be asked to complete an objective of the study.

(this box should expand as you type)




SECTION J: Data Protection and Storage

In completing this section refer to the University’s Research Data Management Policy and the extensive resources on the University’s Research Data Management web pages (http://uwtsd.ac.uk/library/research-data-management/).
	
	YES
	NO

	Does the research activity involve personal data (as defined by the Data Protection Act)?
“personal data” means data which relate to a living individual who can be identified—
(a) from those data, or
(b) from those data and other information which is in the possession of, or is likely to come into the possession of, the data controller, and includes any expression of opinion about the individual and any indication of the intentions of the data controller or any other person in respect of the individual.
	☒
	☐

	If YES, provide a description of the data and explain why this data needs to be collected:

	Participants will be asked to identify their gender prior to the study, this data needs to be collected to complete an objective of the study, comparing the different activity levels of males and females.
(this box should expand as you type)

	

	Does it involve sensitive personal data (as defined by the Data Protection Act)?
“Sensitive personal data” means personal data consisting of information as to –
(a) the racial or ethnic origin of the data subject,
(b) his political opinions,
(c ) his religious beliefs or other beliefs of a similar nature,
(d) whether he is a member of a trade union (within the meaning of the Trade Union and Labour Relations (Consolidation) Act 1992),
(e) his physical or mental health or condition,
(f) his sexual life,
(g) the commission or alleged commission by him of any offence, or
(h) any proceedings for any offence committed or alleged to have been committed by him, the disposal of such proceedings or the sentence of any court in such proceedings.
	☐
	☒

	If YES, provide a description of the data and explain why this data needs to be collected:

	
(this box should expand as you type)



	Will the research activity involve storing personal data on one of the following:
	YES
	NO

	Manual files (i.e. in paper form)?
	☒
	☐

	University computers?
	☐
	☒

	Private company computers?
	☐
	☒

	Home or other personal computers?
	☒
	☐

	Laptop computers/ CDs/ Portable disk-drives/ memory sticks?
	☒
	☐

	“Cloud” storage or websites?
	☐
	☒

	Other – specify:

	☐
	☐

	For all stored data, explain the measures in place to ensure data confidentiality, including details of password protection, encryption and anonymisation:

	All data that will be collected from the participants will be kept in a locked cabinet and only the researcher will have access to the key. Once transferred from paper to digital the documents will be saved in an encrypted, password protected folder to ensure all data will be kept confidential. No names will be used on the documents only numbers to identify the different participants.




(this box should expand as you type)


	Will the research activity involve any of the following activities:
	YES
	NO

	Electronic transfer of data in any form?
	☐
	☒

	Sharing of data with others at the University?
	☐
	☒

	Sharing of data with other organisations?
	☐
	☒

	Export of data outside the European Union or importing of data from outside the UK?
	☐
	☒

	Use of personal addresses, postcodes, faxes, emails or telephone numbers?
	☐
	☒

	Publication of data that might allow identification of individuals?
	☐
	☒

	Use of data management system?
	☐
	☒

	Data archiving?
	☐
	☒

	If YES to any question, please provide full details, explaining how this will be conducted in accordance with the Data Protection Act (and/or any international equivalent):

	




(this box should expand as you type)



	List all who will have access to the data generated by the research activity:

	Ellis Hudson - Researcher
Dylan Blain – Research supervisor 

(this box should expand as you type)

	

	List who will have control of, and act as custodian(s) for, data generated by the research activity:

	Dylan Blain – Research supervisor 



(this box should expand as you type)

	

	Give details of data storage arrangements, including where data will be stored, how long for, and in what form. Will data be archived – if so how and if not why not.  

	


(this box should expand as you type)


SECTION K: Declaration

	The information which I have provided is correct and complete to the best of my knowledge. I have attempted to identify any risks and issues related to the research activity and acknowledge my obligations and the rights of the participants.

In submitting this application I hereby confirm that I undertake to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice

	Signature of applicant:
	[image: ]
	Date: 20/01/20
	



For students:
	Director of Studies/Supervisor:
	Dylan Blain

	Signature:
	
[image: ]

	Date:
	20/01/20



For staff:
	Head of School/Assistant Dean:
	

	Signature:
	


	Date:
	




Checklist: Please complete the checklist below to ensure that you have completed the form according to the guidelines and attached any required documentation:
	☒
	I have read the guidance notes supplied before completing the form.

	☒
	I have completed ALL RELEVANT sections of the form in full.

	☒
	I confirm that the research activity has received approval in principle

	☒
	I have attached a copy of final/interim approval from external organisation (where appropriate)

	☐
	
I have attached a full risk assessment (and have NOT completed Section H of this form) (where appropriate)


	☒
	I understand that it is my responsibility to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice.

	☒
	I understand that before commencing data collection all documents aimed at respondents (including information sheets, consent forms, questionnaires, interview schedules etc.) must be confirmed by the DoS/Supervisor, module tutor or Head of School.




	RESEARCH STUDENTS AND STAFF ONLY
All communications relating to this application during its processing must be in writing and emailed to pgresearch@uwtsd.ac.uk , with the title ‘Ethical Approval’ followed by your name.
You will be informed of the outcome of your claim by email; therefore it is important that you check your University and personal email accounts regularly.



STUDENTS ON UNDERGRADUATE OR TAUGHT MASTERS PROGRAMMES should submit  this form (and receive the outcome) via systems explained to you by the supervisor/module leader.

This form is available electronically from the Academic Office web pages: http://www.uwtsd.ac.uk/academic-office/

Application Process

All staff research projects and all research students must submit the Ethical Approval Form to the University Ethics Committee via the Academic Office (pgresearch@uwtsd.ac.uk).   Staff research directly in relation to personal study for taught undergraduate or Masters programmes should be submitted via the Faculty procedures explained below.

Taught masters and taught undergraduate research Ethical Approval Forms are considered within Faculties.  Faculties will provide details of the specific processes for this.  Where the Ethical issues within any single ethical application are of particular concern the Faculty will refer these to the University Ethics Committee.   Any student activity that involves the collection of primary data needs to undergo Ethical approval, this includes assignment work as well as dissertations.   

Notes for guidance in completion of this form

Section A:  About You
Please complete all relevant sections

Section B:  Approval for research activity
Research proposals must be approved in principle before applying for Ethical Approval.  The proposal approval only becomes final when the ethical approval is received.  

The process for proposal approval varies according the individual and programme of study:
· Research students, by application on form PG1 to the Research Degrees Committee
· Taught students by review of research proposal within Faculties (Faculties provide specific details of these processes)
· Staff, by agreement by the Head of School/Assistant Dean

Section C:  External Ethical Guidance materials
Many discipline areas are required to operate with the discipline specific codes of research ethics (for example health, psychology, education etc.), any such codes must be listed and you must tick to confirm that you have consulted with these.

Section D:  External Collaborative Research Activity
Provide details of the external collaborative partners, where appropriate you might want to submit a copy of the external collaboration agreement with the Ethical Approval Form.  If the partner requires the research to be subject to its own internal Ethical approval process then please provide details of that process and a copy of any final (or interim) approvals received from the organisation.

Section E:  Details of Research Activity
Remember that the individuals reviewing this Ethical Approval Form may not have seen your research proposal, and also may not be experts in the specific area of your research.  The information provided should therefore be jargon free and clearly stated.
Indicative Title:  please use the same title as used on the research proposal.
Purpose:  the Ethical approval process will want to ensure that the methods you propose are adequate and appropriate to address the research aims and objectives.  Excessive additional data collection can be seen as unethical.
Proposed Methods:  the Ethical approval process seeks to ensure that you understand the methods that are intended, and that the implementation of those methods will be appropriate and without unnecessary impact on respondents.  Please be specific.
Location:  this needs to mention geographical location and also local situation (for example, within Local Authority Offices in Cardiff, using a private room but close to other individuals).  If you are collecting data within an organisational setting then you need to explain the permissions that you have obtained to do this.
Research Activity outside of the UK:  please complete this section in detail, and note any guidance you have received.  Also describe your own familiarity (or not) with the location that you will be utilising.





Section F:  Scope of Research Activity
Please tick ALL of the research activities that might be undertaken.   If any additional types of activity are intended then please add an extra box and describe these.
If you have answered no to all questions in F then sections G and J do not need to be completed.  Section H should be considered, and may be completed.  Signatures are still required in section K.

Section G:  Intended Participants
Please tick all categories that might apply.
Numbers & Source:  if you are using a series of different methods or research activities please list numbers for each stage/phase.  Be clear about how you will find respondents.   Will you use intermediaries, and if so how?  How will you ensure compliance with your sampling strategy?
Information for participants:  all participants should be appropriately informed about the research, what is expected of them and what will happen to the information that they provide.  The Ethical review process does not ask to see this documentation, but requires this to be reviewed and approved by the Director of Studies in the case of research students, the supervisor/module tutor in relation to students on taught programmes and the Head of School/Assistant Dean in relation to staff research.

Section H:  Anticipate Risks
All research carries some level of risk.  The answers you provide to questions in this section will be reviewed to ensure that you have an appropriate understanding of the type of risks involved and how you can mitigate against these risks. If you have completed a full risk assessment, as required for example for laboratory work, field work, clinical tests, diving operations, or by a collaborative partner, you may append that to this form.  In that case, please tick the box indicating this has been provided.  You will not then be required to complete Section H.
Risk to participants   Think very carefully about how your actions/questions/discussions might affect the people you are involving as participants.  You might identify the risk as small but it would still be a risk.  Many types of question have the potential to make respondents less content with their life / job; you need to recognise and try to ameliorate any such effects
If these are business owners, time with you may reduce profit.  
In some locations physical risk is very real to both participants and yourself, please consider this.
Risk to you, the researcher   Think about where you will meet people, if there are any dangers involved in the location.  If you are meeting people as individuals think about using a public place.  In general do not visit people in their own homes or remote locations.  If you are talking to individuals about certain issues think about how their responses might affect you emotionally.  What about the risk of collecting insufficient data?
Risk to the University   When undertaking your research, you are acting as a member of the University (student or staff).  Professionalism is important, so it is important to be well organised and well prepared. Punctuality, clarity etc. are all part of this.  What will you do to ensure this?  You must ensure you do not harm the good name of the University in any way and do nothing to undermine the reputation of the research it conducts and sponsors.  Upholding high standards of conduct and integrity are vital in this regard. You must also conduct the research in such a way to minimise the potential for claims of negligence made against the University, its researchers and any collaborating individual or organisation. In this respect you should always comply with ethical, legal and professional frameworks, obligations and standards as required by statutory and regulatory authorities, as well as the university’s Research Integrity and Ethics Code of Practice.  Research misconduct in this respect can take many forms, including:
· fabrication: making up results or other outputs (eg, artefacts) and presenting them as if they were real
· falsification: manipulating research processes or changing or omitting data without good cause
· plagiarism: using other people’s material without giving proper credit
· failure to meet ethical, legal and professional obligations: for example failure to declare competing interests; misrepresentation of involvement or authorship; misrepresentation of interests; breach of confidentiality; lack of informed consent; misuse of personal data; and abuse of research subjects or material
· improper dealing with allegations of misconduct: failing to address possible infringements such as attempts to cover up misconduct and reprisals against whistle-blowers

Adverse Outcomes.  Think carefully about the possibilities, and cover here

Section I:  Feedback, Consent and Confidentiality
Feedback to participants:  outline your approach.   Will interview transcripts be shared with respondents to check accuracy?  Will summaries of questionnaire analysis be made available to respondents in some way?   Will an overview report be provided?  How and when?
Informed consent:   Draft letter / e-mail / or heading (or footer) section of questionnaire must be approved by DoS/supervisor (if research student), supervisor/module tutor if taught student, or Head of School / Assistant Dean if a member of staff.
Confidentiality/Anonymity.  Explain clearly how you will ensure confidentiality and anonymity.

Section J:  Data Protection and Storage
Before completing this section it is necessary to read the University’s Research Data Management information.   The questions that follow are designed to ensure compliance with the Data Protection Act as well as established research protocols.

Many research activities will involve electronic transfer of data and use of data management systems in the summarisation and analysis of data.  You will need to explain these in relation to compliance with the Data Protection Act.
Think carefully about who will have access to your data, this will include supervisors and examiners. Also that a thesis will be made available via the University library and the British Library system.  If you are seeking an access bar for a period of time after completion then mention it here.  If you will provide a copy of your findings, or intend to give a presentation, to a facilitating/ supporting/accessing organisation then explain that in this section.  But also think about the general principle of data sharing, as explained in the Research Data Management information.
In terms of storage of data please ensure security, and also mitigate against loss of data.

Section K:  Declaration
Ensure the appropriate countersignatures have been provided
Look carefully at the checklist and ensure that you comply with and tick all that are relevant to your research.
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PARTICIPANT INFORMATION SHEET
Study title: The relationship between physical activity and cognitive functioning in young to middle aged volunteers.

My name is Ellis Hudson and I am a final year undergraduate Physical Education student at the University of Wales Trinity Saint David. As part of my final year project I would like to invite you to take part in a research study to identify the relationship between physical activity and cognitive functioning in young to middle aged adult volunteers. 
Before you decide whether you want to take part, it is important for you to understand what we would like you to help us do. Please take as much time as you want to read this information carefully so that you can talk about it with the researcher who will be carrying out the project. Please don’t be afraid to ask us if there is anything that you don’t understand or are unsure about before deciding to take part or not. 
What is the purpose of the study? 
The purpose of the study will be to identify the relationship between physical activity levels and cognitive functioning in young to middle aged (18 – 50) volunteers. 
The international physical activity questionnaire will help us to gain an understanding of your physical activity levels from the questions answered.  As well as the physical activity questionnaire you will also be asked to complete three cognitive functioning tests, which will help us gain an understanding of your cognition. We will be able to use the data collected to understand if there are any relationship between physical activity and cognitive function. 
Do I have to take part? 
It is entirely your own decision if you wish to partake in the study or not. If you do decide to take part in this project, we will describe the study and go through the information sheet that you will be given to keep. We will then ask you to sign a consent form to show you agree to take part. If you decide you do not want to take part, then this is also ok, and it will not affect you in any way. It is important for you to note that if you wish to volunteer in this research you must be over the age of 18 and currently teaching physical education to pupils in the west Wales area.
What will happen to me if I take part? 
If you choose to take part in the study we will ask you to complete a Physical Activity questionnaire and three cognitive function tests. Firstly, you will be asked to complete the IPAQ which is a questionnaire that discovers the amount of physical that you participate in. Secondly, you will be asked to complete 3 cognitive functioning tests which measure memory, verbal fluency and motor tracking. The results will then be used to examine for any relationships.
The first test will be a verbal fluency test. You will be asked to respond to a verbal naming task under a time limit of 60 seconds.
The second test for cognition will be the digit span memory test. The examiner will read numbers out load to you and then ask you to immediately recall the information back to the examiner. Once there have been two incorrect answers in a row the test will stop.
The third test for cognition will be the trail making test. There are two parts to the complete test. Part A requires you to draw lines from number to number in ascending order, part B requires you to draw lines from a number to the corresponding letter the to the next number, for example 1 – A – 2 – B – 3 – C etc.
Taking part in the study is fully voluntary and you can withdraw from the study at any point without giving a reason.
What if there is a problem? 
If you are concerned about any aspect of this study or need to report any adverse events that may have occurred, you should ask to speak to the researcher who will do their best to answer your questions. 
For information, please contact
Ellis Hudson - 07946604574 or email 1701612@student.uwtsd.ac.uk
Dylan Blain - d.blain@uwtsd.ac.uk
If you remain unhappy and wish to complain formally you can do this through contacting the Faculty’s Research Office. 
Will my taking part in the study be kept confidential? 
Individual participant research data and testing results will be made anonymous (your name and any identifying features will be removed so that you cannot be recognised) and given a research code, known only to the investigator. A master list identifying participants to the research codes data will be held on a password protected computer accessed only by the researcher. Any hard paper will be stored in a locked cabinet, within locked office, accessed only by researcher. Where possible it will be transferred to electronic copies and hard copy duplicates destroyed. Electronic data will be stored on a password-protected computer known only by researcher. All data stored will be kept safe, encrypted and password protected and stored in a locked cupboard. The data will be used for analysis and reported in my dissertation as aggregated data. Dylan Blain, supervisor of this study will be the only other person to have access to view any data. All data will be retained for a minimum of 7 years after which it may be destroyed or deleted. 
We can provide you with an overview of the overall findings of the study upon completion should you wish.
What will happen if I don’t carry on with the study? 
If at any time during testing, you feel uneasy about taking part you can withdraw immediately without giving a reason. If you withdraw from the study all the information and data collected from you, to date, will be destroyed and removed from the study files. You do not have to explain why you have decided to withdraw, and it will be done without prejudice. 

Further information and contact details: 
Dylan Blain - d.blain@uwtsd.ac.uk 
Ellis Hudson - 1701612@student.uwtsd.ac.uk / 07946604574
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RESEARCH CONSENT FORM
Study title: The relationship between physical activity and cognitive functioning in young to middle aged volunteers.Please initial all boxes 


Name of researcher: Ellis Hudson 
1. I confirm that I have read the information sheet provided for the above study. 



2. I understand that my participation is voluntary and that I am free to withdraw at any time without having to give a reason.


3. I agree to/that: 

a) Participate in the IPAQ questionnaire provided by the researcher.
b) Participate in the three cognitive tests.





Name of participant 	   Date 	Signature 
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INTERNATIONAL PHYSICAL ACTIVITY QUESTIONNAIRE

We are interested in finding out about the kinds of physical activities that people do as part of
their everyday lives. The questions will ask you about the time you spent being physically active
in the last 7 days. Please answer each question even if you do not consider yourself to be an
active person. Please think about the activities you do at work, as part of your house and yard
work, to get from place to place, and in your spare time for recreation, exercise or sport.

Think about all the vigorous and moderate activities that you did in the last 7 days. Vigorous
physical activities refer to activities that take hard physical effort and make you breathe much
harder than normal. Moderate activities refer to activities that take moderate physical effort and
mzzke you breathe somewhat harder than normal.

PART 1: JOB-RELATED PHYSICAL ACTIVITY

The first section is about your work. This includes paid jobs, farming, volunteer work, course
work, and any other unpaid work that you did outside your home. Do not include unpaid work
you might do around your home, like housework, yard work, general maintenance, and caring
for your family. These are asked in Part 3.

1 Do you currently have a job or do any unpaid work outside your home?
/' Yes
No =P Skip to PART 2: TRANSPORTATION

The next questions are about all the physical activity you did in the last 7 days as part of your
paid or unpaid work. This does not include traveling to and from work.

2: During the last 7 days, on how many days did you do vigorous physical activities like
heavy lifting, digging, heavy construction, or climbing up stairs as part of your work?
Think about only those physical activities that you did for at least 10 minutes at a time.

O days’per week

/| No vigorous job-related physical activity —> Skip to question 4

3 How much time did you usually spend on one of those days doing vigorous physical
activities as part of your work?

hours per day
minutes per day

4. Again, think about only those physical activities that you did for at least 10 minutes at a
time. During the last 7 days, on how many days did you do moderate physical activities
like carrying light loads as part of your work? Please do not include walking.

days per week

No moderate job-related physical activity > Skip to question 6

LONG LAST 7 DAYS SELF-ADMINISTERED version of the IPAQ. Revised October 2002.




image7.jpeg
5 How much time did you usually spend on one of those days doing moderate physical
activities as part of your work?

hours per day
minutes per day

6. During the last 7 days, on how many days did you walk for at least 10 minutes at a time
as part of your work? Please do not count any walking you did to travel to or from
work.

it days per week

\E No job-related walking —> Skip to PART 2: TRANSPORTATION
e How much time did you usually spend on one of those days walking as part of your
work?

hours per day
minutes per day
PART 2: TRANSPORTATION PHYSICAL ACTIVITY

These questions are about how you traveled from place to place, including to places like work,
stores, movies, and so on.

8. During the last 7 days, on how many days did you travel in a motor vehicle like a train,
bus, car, or tram?

\ 5 days per week

No traveling in a motor vehicle —> Skip to question 10

9. How much time did you usually spend on one of those days traveling in a train, bus,
car, tram, or other kind of motor vehicle?

i ' hours per day
minutes per day

Now think only about the bicycling and walking you might have done to travel to and from
work, to do errands, or to go from place to place.

10. During the last 7 days, on how many days did you bicycle for at least 10 minutes at a
time to go from place to place?

Z days per week

No bicycling from place to place —» Skip to question 12

LONG LAST 7 DAYS SELF-ADMINISTERED version of the IPAQ. Revised October 2002.
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13.

How much time did you usually spend on one of those days to bicycle from place to
place?

i hours per day
50 _ minutes per day

During the last 7 days, on how many days did you walk‘for at least 10 minutes at a time
to go from place to place?

O days per week

No walking from place to place =P  Skip to PART 3: HOUSEWORK,
HOUSE MAINTENANCE, AND
CARING FOR FAMILY

How much time did you usually spend on one of those days walking from place to
place?

hours per day
minutes per day

PART 3: HOUSEWORK, HOUSE MAINTENANCE, AND CARING FOR FAMILY

This section is about some of the physical activities you might have done in the last 7 days in
and around your home, like housework, gardening, yard work, general maintenance work, and
caring for your family.

14.

15;

16.

Think about only those physical activities that you did for at least 10 minutes at a time.
During the last 7 days, on how many days did you do vigorous physical activities like
heavy lifting, chopping wood, shoveling snow, or digging in the garden or yard?

1 ) days per week

‘Z No vigorous activity in garden or yard —} Skip to question 16

How much time did you usually spend on one of those days doing vigorous physical
activities in the garden or yard?

o hours per day
minutes per day

Again, think about only those physical activities that you did for at least 10 minutes at a
time. During the last 7 days, on how many days did you do moderate activities like
carrying light loads, sweeping, washing windows, and raking in the garden or yard?

' days per week

No moderate activity in garden or yard —> Skip to question 18

LONG LAST 7 DAYS SELF-ADMINISTERED version of the IPAQ. Revised October 2002.
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17.

How much time did you usually spend on one of those days doing moderate physical
activities in the garden or yard?

0 hours per day
20 minutes per day

Once again, think about only those physical activities that you did for at least 10 minutes
at a time. During the last 7 days, on how many days did you do moderate activities like
carrying light loads, washing windows, scrubbing floors and sweeping inside your
home?

days per week

No moderate activity inside home —} Skip to PART 4: RECREATION,
SPORT AND LEISURE-TIME
PHYSICAL ACTIVITY

How much time did you usually spend on one of those days doing moderate physical
activities inside your home?

7—- hours per day
minutes per day

PART 4: RECREATION, SPORT, AND LEISURE-TIME PHYSICAL ACTIVITY

This section is about all the physical activities that you did in the last 7 days solely for
recreation, sport, exercise or leisure. Please do not include any activities you have already
mentioned.

20.

21%

22.

Not counting any walking you have already mentioned, during the last 7 days, on how
many days did you walk for at least 10 minutes at a time in your leisure time?

days per week

No walking in leisure time ) Skip to question 22

How much time did you usually spend on one of those days walking in your leisure
time?

I hours per day
minutes per day

Think about only those physical activities that you did for at least 10 minutes at a time.

During the last 7 days, on how many days did you do vigorous physical activities like
aerobics, running, fast bicycling, or fast swimming in your leisure time?

\ E days per week

E No vigorous activity in leisure time ' Skip to question 24

LONG LAST 7 DAYS SELF-ADMINISTERED version of the IPAQ. Revised October 2002.
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23, How much time did you usually spend on one of those days doing vigorous physical
activities in your leisure time?

Q- hours per day
minutes per day

24. Again, think about only those physical activities that you did for at least 10 minutes at a
time. During the last 7 days, on how many days did you do moderate physical activities
like bicycling at a regular pace, swimming at a regular pace, and doubles tennis in your
leisure time?

Q— days per week

D No moderate activity in leisure time == Skip to PART 5: TIME SPENT
SITTING

25 How much time did you usually spend on one of those days doing moderate physical
activities in your leisure time?

hours per day

minutes per day
PART 5: TIME SPENT SITTING
The last questions are about the time you spend sitting while at work, at home, while doing
course work and during leisure time. This may include time spent sitting at a desk, visiting
friends, reading or sitting or lying down to watch television. Do not include any time spent sitting
in a motor vehicle that you have already told me about.

26. During the last 7 days, how much time did you usually spend sitting on a weekday?

8 hours per day
minutes per day

27 During the last 7 days, how much time did you usually spend sitting on a weekend
day?

% hours per day
minutes per day

This is the end of the questionnaire, thank you for participating.

LONG LAST 7 DAYS SELF-ADMINISTERED version of the IPAQ. Revised October 2002.
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Verbal Fluency Test

Participate code - | Number of different animals listed - 33

Number of T words listed - | #

To the participant —
“The verbal fluency test will require you to name as many words relating to the topic as
possible in 1 minute. I will read out the subject then after 3 seconds say go.”

Test 1
“Name as many animals you can in 60 seconds (pause for three seconds) go”
THY THY M NG MG P

Test 2
“Name as many words as you can beginning with the letter ‘8’ in 1 minute. You cannot use
proper nous, names, plurals or derivatives (pause for three seconds) go”

[ SO S N
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Digit Span Memory Test - Forward

Participant code: | Digit Span result: § pan 4
To rticipant - “/ om going to read to you o list of digits and i would like you to repeat the digits to me in

the same order that they were reod out”,

Recording the Result - Read out the numbers at a rate of 1 per second. Tick every correct response on the list
and move to next list only if the participant is correct at least 5 /6 times, If two mistakes are made on any list
then stop the test at that point and record the list number where they were correct at least 5/6 times.
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Digit Span Memory Test - Backward
Participant code: | Digit Span result: Span3

To the participant - */ om going to read to you a list of digits and ! would like you to repeat the digits to me in
reverse order thot they were read out”.

Recording the Result - Tick every correct response on the list and move to next list only if the participant is
correct at least 5 /6 times. If two mistakes are made on any fist then stop the test at that point and record the
list number where they were correct at least 5/6 times.

Span1 Result{ Y orx) Span1 [ Resutt (¥ orx}
34 ] v
[s2 =7 56 V4
[ | 32 7
Span2 Result [ orx) TSpanz [ Result (¥ orx)
583 i 2 1128
564 v 368
796 =Y 389
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5276 3976 . i
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83645 65273
54761 72856
16328 ] )( [39528
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Span 8 Result (¥ orx) [ Spans Result { v orx})
276598138 | 236185497
428192876 | 983426157
628275419 [ 765324381
Spand Result (¥ orx) [ Span9 Result { ¥ orx)
1276598138 1536185497
3728192876 3183426157
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