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Chapter 1- Introduction


Research evidence suggests that participation in regular physical activity has been found to prevent various diseases such as heart disease, hypertension, diabetes, and osteoporosis (Peluso and De Andrade, 2005). 
[bookmark: _Int_ye7es4dU]It is also noted that physical activity may be an effective treatment and prevention measure for psychiatric diseases such as depression and anxiety disorders (Peluso and De Andrade, 2005). Physical activity and exercise are terms that are frequently used interchangeably. Physical activity is defined as any bodily movement initiated by skeletal muscle contraction, whereas exercise is a type of physical activity that consists of planned, structured, and repetitive bodily movements (American College of Sports Medicine, 2013). The effect of physical activity and exercise on mood improvement has been studied for many years, but the exact mechanism by which exercise improves mood has not yet been determined. Physical activity can provide a temporary relief from daily stressors (Estivill, 1995) and may also increase the number of neurotransmitters that affect mood and nervous system responses (Kirkcaldy and Shephard, 1990). Understanding the exact frequency, intensity, duration, and mode of exercise that lead to an improved mood state is little understood (Chase and Hutchinson, 2015). However, in reference to the mode of exercise, numerous studies have examined the effect of aerobic exercise on mood state and have found an improvement post exercise (Bartholomew, Morrison, and Ciccolo, 2005). 

Mood states are long-term emotional states that are either positive or negative. Variations in mood can influence how an individual will behave, think, and act, resulting in a wide range of short-term effects on psychological and emotional well-being (Mitchell and Phillips, 2007). Understanding the relationship between exercise and mood may lead to a better understanding and treatment of mood disorders such as depression. This links to the overall importance of regular participation in physical activity and/or exercise. However, 81% of adolescents and 27.5% of adults currently do not meet the World Health Organisation’s (WHO) physical activity guidelines. This affects not only the individuals who are inactive, but also their families, health services and society (World Health Organisation, 2022). Furthermore, if the current prevalence of physical inactivity does not change, this will result in new cases of noncommunicable diseases, with hypertension accounting for 47% and depression accounting for 43% (World Health Organisation, 2022). 

This is related to the fact that physical activity levels tend to decrease during life, with young adulthood seeing the greatest declines (Ebben and Brudzynski, 2008).  It is interesting to highlight that this population's low participation is correlated with psychological characteristics, such as self-motivation, which may be the best predictor of exercise behaviour (Ebben and Brudzynski, 2008). The motivation an individual has to exercise has a direct impact on beginning an exercise routine and maintaining it over time. An individual's motivation to exercise can be classified as intrinsic or extrinsic. Intrinsic motivation happens when an individual participates for the sake of enjoyment, whereas extrinsic motivation happens when an individual participates for reasons other than satisfaction (Snyder et al., 2017). Increased exercise may improve perceptions of competence, self-efficacy, and confidence in one's own body and its abilities. This regular participation of exercise will eventually improve an individual’s immediate and long-term health and mental well-being (Fox, 1999). 

As previously mentioned, most of the research has investigated the effects of aerobic exercise on mood state (Roth, 1989, Paluska and Schwenk, 2000, Lane and Lovejoy, 2001). The influence of this type of exercise can be associated to the level of neurotransmitters such as serotonin, epinephrine, and dopamine in the brain. Aerobic exercise results in an increase of the concentration of these neurotransmitters due to the stimulation of the sympathetic nervous system (Arazi, Dadvand and Suzuki, 2022). Aerobic exercise also stimulates the release of endorphins, which results in feelings of comfort, exercise tolerance, and excitement, thereby shifting an individual's emotions away from negative thoughts and toward positive thoughts (Arazi, Dadvand and Suzuki, 2022). The findings of Berger and Motl (2000), established that the benefits of exercise are not automatic and emphasise the importance of participant enjoyment in enhancing positive and reducing negative mood after exercise. When assessing the psychological advantages of exercise, anaerobic exercise has received less attention. Yet, the mental health advantages of resistance training for adults include reduced sensations of fatigue, anxiety, and depression, as well as improvements in cognitive ability and self-esteem among older adults (Westcott, 2012). According to these findings, strength training outcomes such as increased muscular strength and/or improvements in body composition are associated with improvements in self-concept, mood state, and physical self-efficacy (Don, 1996).

The beneficial effects of exercise on university students’ health and well-being has been well documented (Molina-Garcia, Castillo and Queralt, 2011). Those who attend university become familiar with new social relationships, academic commitments, and additional behaviours, making them vulnerable to circumstances that can negatively impact their health and well-being (Legey et al., 2017). Additively, university students are often exposed to extended study hours, assignment deadlines, and, at times, mental and physical fatigue. Regular physical activity and/or exercise aimed at improving general health and well-being, with a particular emphasis on mental health, should therefore be encouraged in all university settings (Legey et al., 2017). To add to that, several studies have investigated the factors that lead to depressive mood states in everyday life. Pemberton and Tyszkiewicz (2016) observed that lack of sleep, unpleasant social interactions, and stressful situations can heighten feelings of depression. In contrast, exercise and social interactions have been shown to improve a depressed mood and to support this, young people may consider physical activity and/or exercise as beneficial in the treatment of mental health (Pascoe et al., 2020). 

A greater understanding of how exercise affects mood, and what type of exercise improves it is needed (Chase and Hutchinson, 2015). When compared to the most regularly used pharmaceuticals, exercise may become a more prevalent strategy in the treatment of mental health concerns. Therefore, the aim of this study is to compare the effects of a single bout of aerobic and anaerobic exercise on the mood states of sport and exercise science university students. Studies such as (Chase and Hutchinson, 2015, Mikkelsen et al., 2017 and Berger and Motl, 2000) and others have investigated related elements of this.  This study will duplicate the work of Chase and Hutchinson (2015) by employing a similar measurement of mood state, exercise session design and the same sample of participants. This could lead to additional research into the effects of aerobic and anaerobic exercise and whether they are helpful at improving mood, as well as contribute to the lack of studies on anaerobic exercise and mood state. Also, there is a limited amount of research on the mood states of university students, so examining the effects of exercise on mood state among this population could support the development of new exercise opportunities within universities to support students mental and physical health. Based on the information stated above and linking to the aim of the study, three hypotheses have been established:
H1. The participants involved in the study will have higher intrinsic, introjected, and identified regulation, according to the BREQ-2 questionnaire.
H2. Aerobic and anaerobic exercise will both lead to an improvement in vigour based on the BRUMs dimensions.  
H3. Anger, confusion, depression, fatigue, and tension dimension scores will decrease post aerobic exercise session. 

Chapter 2- Review of literature

The relationship between exercise and mood has been the subject of numerous studies over many years. Determining the most relevant information is necessary because studies on this subject have shown both positive and negative outcomes. This study will investigate mood and its connection to aerobic and anaerobic exercise. Theories to support this will be discussed, including the self-determination theory, the dual mode-theory, and hedonic theory, as well as the link between motivation to exercise and positive effects associated with mood among university students. Furthermore, in contrast to previous studies that explored both aerobic and anaerobic exercise, this study will address the most relevant literature on those two modes of exercise.

To fully understand the relationship between exercise and mood, it is vital to understand the several types of exercise and how they affect mood state. The World Health Organization (2022) defines exercise as a type of physical activity that is planned, structured and repetitive, with the main goal of improving or maintaining one or more components of physical fitness. As a result, the main types of exercise that have been positively connected to mood state have been anaerobic and aerobic exercise. Anaerobic exercise consists of brief bursts of intensive exercise in which oxygen demand exceeds oxygen supply. Weightlifting or High Intensity Interval Training are two examples of this. Aerobic exercise, on the other hand, involves large muscle groups moving in a rhythmic pattern for a long period of time, such as walking, running, swimming, or cycling (World Health Organisation, 2022).  The type of exercise that affects the exercise-mood relationship are still unclear, although anaerobic or aerobic exercise are significant because both types of exercise improve mental health (DiLorenzo et al., 1999). 

Many research studies have demonstrated that only one session of exercise can improve an individual's mood (Ekkekakis and Acevedo, 2006). This is frequently based on the dual-mode theory, which states that the beneficial effect of exercise is related to its intensity. Intensity may not be measured consistently across studies due to different methods of measurement such as Rating of Perceived Exertion (Herman et al., 2006), a percentage of maximum heart rate (She et al., 2015), or based on the individual's self-selection.  However, intensity can still be classified into three types: moderate, heavy, and severe. Any intensity below the ventilatory threshold at which the individual acquires energy through aerobic metabolism is described as moderate intensity; affective responses are typically positive in this category (Ekkekakis, 2003). Heavy intensity is defined as any intensity around the ventilatory threshold at which the body begins to transition to anaerobic metabolism: affective responses in this category vary (Ekkekakis, 2003). Lastly, severe intensity is defined as an exercise intensity over the ventilatory threshold at which the body relies on anaerobic metabolism for energy: affective responses are often negative in this category (Ekkekakis, 2003). As a result, exercise performed below the ventilatory threshold is pleasurable, whereas exercise performed above the ventilatory threshold is unpleasant (Acevedo et al., 2003).  Additively, The International Society of Sport Psychology (1991) found that exercise is associated with positive mood changes. According to Thayer and colleagues (1994) exercise was the most effective of ten different behavioural strategies used to self-regulate moods in normal populations. More specifically, exercise was rated as the most effective at improving mood, the fourth most effective at increasing energy, and the third most effective at reducing tension (Thayer et al., 1994). 

Regarding the growth of inactivity among college-age people, understanding the motivational factors of exercise in this population is critical. Literature demonstrates that enjoyment, autonomy, and interest are factors related with motivation to exercise, with enjoyment being listed as the most vital component in adherence to continued engagement in physical activity and/or exercise (Turner and Reed 2022). This is related to the self-determination theory, a motivational framework that promotes the inclusion of preference in an exercise environment (Deci and Ryan, 2013). Individual autonomy is enhanced when they are given an option or preference. As a result, this individual control may result in a more positive affective experience, higher levels of enjoyment, and increased motivation (Vallerand and Rousseau, 2001). The self-determination theory states that there are three types of motivation: intrinsic, extrinsic, and non-existent (amotivation) (Sibley, Hancock, and Bergman, 2013). These kinds of motives that support a person's behaviour are referred to as behavioural regulations. Intrinsic regulation means that an individual will exercise for the sake of exercise, perhaps for the enjoyment. This sort of regulation is completely autonomous and self-determined. External regulation is the least autonomous, and participation is associated with an external reward. Introjected regulation is the most externally regulated form of motivation; in this situation, an individual participates in exercise to earn approval from external sources. Integrated regulation means that a behaviour has been incorporated into an individual's nature and lastly, amotivation occurs when a person lacks motivation to engage in any activity (Sibley, Hancock, and Bergman, 2013). These behaviour regulations can be measured using the behavioural regulation exercise questionnaire (BREQ-2), a validated measure of an individual’s exercise behaviours which is widely used (D’Abundo et al., 2014). 




Furthermore, Ekkekakis and Petruluzzo (1999) argue that assuming all individuals will respond equally to a given exercise dose is oversimplified and ineffective.  This is based on the foundations of the hedonic theory, which states that people do what makes them feel better and avoid what makes them feel worse. To follow on from this, several psychological hypotheses have been proposed to explain the beneficial effects of physical activity and/or exercise on mental health, the most important of which are the distraction, self-efficacy, and social interaction hypotheses (Peluso and De Andrade, 2005b). According to the distraction hypotheses, diversion from unpleasant stimuli improves mood during and after exercise (Morgan, 1985). The self-efficacy hypothesis states that because exercise can be perceived as difficult, the ability to engage in it on a regular basis may lead to improved mood and self-confidence (North et al., 2008). Finally, according to the social interaction hypothesis, the social relationships and mutual support that occur among exercise participants play a significant role on the effects of exercise on mental health (Ransford, 1982). With increasing rates of stress, anxiety, and depression among university students, the mental health issue has been linked to increased implications for public health. Young adults’ educational achievement, health development, social interactions, and quality of life are all affected by these mental health issues (Bayram and Bigel, 2008). Many studies on the benefits of exercise for mental health supports that exercise increases positive emotions including vigour, pleasure, and energy while reducing negative emotions like anxiety, stress, fatigue, and anger. This relates to the realisation that those who regularly engage in physical activity and/or exercise experience less stress-related symptoms and higher levels of psychological well-being than those who do not (Kim and McKenzie, 2014). 

Both aerobic and anaerobic exercise have been found by researchers to improve mood, but aerobic exercise appears to have received greater attention. Paluska and Schwenk (2000) discovered that 20 - 40 minutes of aerobic exercise can lower anxiety and mood for several hours, however those with acute anxiety respond better to exercise than those with chronic anxiety. Additionally, physical activity is frequently lower among those suffering from depression, meaning that the mental health benefits of exercise are more obvious in those suffering from anxiety and depression compared to those who are not. In terms of the acute effects of aerobic exercise, it has been reported that improvement in depressed and anxiety symptoms occurs and lasts for several hours or even up to one day following a single exercise session (Paluska and Schwenk, 2000). There is also evidence that anaerobic exercise may have the similar impact, although not immediately after the exercise session (Peluso and De Andrade, 2005). To support this, Lane, Crone-Grant, and Lane, (2002) identified that following two resistance exercise sessions, depressed mood reduced significantly among female participants. 

In relation to a depressed mood, Lane, and Lovejoy (2001) investigated the effects of a 60-minute aerobic dance session on a depressed and a non-depressed group, assessing mood using a profile of mood states 15 minutes before and immediately after the activity. According to their findings, the mood-enhancing effect of exercise was boosted in individuals who reported a negative mood prior to exercise. Regarding this, pre-test mood ratings may impact how much mood state can improve. This is because low mood scores before exercise can indicate that there is little or no possibility for improvement because their mood is already quite positive before activity. (Hansen, Stevens, and Coast, 2001). This also relates to the fact that people who are depressed before exercising will have larger mood improvements afterward (Lane and Lovejoy, 2001). It is also possible that an improved mood following exercise is related to the sample used. Lane and Lovejoy's sample, for example, consisted of experienced exercisers who had participated in the exercise session employed as the intervention on a weekly basis prior to the intervention. This demonstrates that the participants were habituated with the routine. In relation to this, when an individual understands the relative difficulty of the exercise session, it can promote feelings that the individual can cope with. Once people learn to like the exercise, the session should be free of competition, which can make an individual feel confident in their ability to do the exercise (Lane and Lovejoy, 2001). 

In another study, 40 subjects performed an acute (10 - minute) aerobic exercise session. Using the short profile of mood states, the researchers assessed participants' moods and discovered that the exercise session did improve mood. Although this effect was enhanced by memory of pre-exercise mood, which suggests that the anticipation of the benefits of exercise may be essential for maximising perceived mood enhancements (Anderson and Brice, 2011). Furthermore, Gaia, Ferreira, and Pires (2021) examined how students' perceptions of their mood states were affected by their amount of physical activity using the Brunel Mood Scale. Their research showed that the students who were physically active had higher levels of vigour and a reduced sense of negative mood variables, excluding depression. Too add to this, Roth (1989) examined the acute responses of a single bout of aerobic exercise on inactive and active students. Self-reported mood state measurements were collected before and after 20 minutes of exercise, this revealed that both inactive and active individuals experienced reductions in tension and anxiety post exercise.

 In addition, studying the effects of self-selected exercise intensity has been reported to improve mood states among university students. Berger and colleagues (2016) investigated preferred exercise intensity along with additional measurements of heart rate and ratings of perceived exertions during a 15-minute exercise session. Their investigation revealed that as little as 15 minutes of jogging at a self-selected exercise intensity results in an increase in mood state as measured by the depression, anger, vigour, and confusion subscales of the Profile of Mood States (POMS), although no changes on tension and fatigue were reported. Similarly, another study examined the relationship between different exercise intensities among college students and discovered that 20 minutes of walking or jogging results in substantial mood changes on all 6 subscales using the POMS (Berger and Owen, 1998). Crush, Frith, and Loprinzi (2018), on the other hand, investigated whether acute exercise duration and recovery period influenced the relationship between moderate intensity walking exercise and mood state. They discovered that regardless of the amount of time spent exercising or the recovery period, mood improved.

[bookmark: _Int_cekYpgoX]Few studies have combined aerobic and anaerobic exercise to evaluate mood. However, Wilson and Yilla (2021) evaluated the immediate effects of maximal aerobic and anaerobic exercise on the mood states of college-aged males and females. Total mood disturbance scores were found to be greater after maximal aerobic exercise compared to maximal anaerobic exercise, but after a 20-minute recovery time, all measurements returned to baseline (Wilson and Yilla, 2021). Another study on anaerobic exercise looked at the effect of an acute resistance exercise session on energy and fatigue mood states. Their findings show that when compared to a control condition, a moderate-to-high-intensity lower-body resistance training session increased sensations of vigour during and after exercise in sedentary women (Herring and O’Connor, 2009). Lastly, Chase and Hutchinson (2015) investigated the differences between acute aerobic exercise and resistance training. Their sample included both male and female exercise science students, and they measured mood state using the Profile of Mood States-short form. Their research discovered that mood improved from before to after exercise in the tension, anger, fatigue, depression, and confusion subscales of the mood state profile. When compared to aerobic exercise, resistance exercise had a greater effect on tension, depression, vigour, and confusion. In the subscale score of anger and fatigue, the effect sizes were comparable between resistance and aerobic exercise (Chase and Hutchinson, 2015). As a result, their study revealed that both aerobic and anaerobic exercise can improve the mood states of exercise science students. Their study is the most relevant to the current study because the exact same sample of participants were employed, as well as a comparable design of the exercise sessions and a replicate of the mood measurement.

In accordance with previous research findings, the main objective of this study is to compare the effects of a controlled no exercise condition, to a self-selected aerobic exercise session and an anaerobic exercise session on the mood states of university sport and exercise science students.  This study will replicate Chase and Hutchinson's (2015) by employing the same sample group, a similar exercise session design, and a validated version of the Profile of Mood States known as the Brunel Mood Scale (2015). Because aerobic exercise and its effects on mood state have received more attention than anaerobic exercise, mixing the two forms of exercise may reveal added information or build on previously known data. 


Chapter 3- Methodology

Rationale 

The purpose of this study was to determine the acute effects of aerobic and anaerobic exercise on the mood states of university students, as well as to identify students’ motivation to engage in exercise. To assess mood state, the Brunel Mood Scale Questionnaire (BRUMs) (Terry, Lane, 2002) was the most appropriate measure to use because of the short time it takes to complete, its simplicity, and the fact that it has been used successfully in a number of studies (Lane, Jackson, and Terry, 2005: Pereira et al., 2019: Znazen et al., 2021). In addition, to assess motivation, a behavioural regulation exercise questionnaire (BREQ-2) (Ingledew and Markland, 2008) was used to gain basic knowledge of why participants engage in regular exercise. 

Participants 

Eight university students studying sport and exercise science took part in this study: (Mean age = 25.8 ± 5.40). Four were female and four were male. It is worth noting that the participants chosen for this study are all regular exercisers. All participants received a study debriefing, which included an explanation of the research's objectives, the rationale behind them, and the processes they would be a part of. They were then required to sign a consent form to indicate that they were willing to participate in the study, this can be found under appendix A within the appendices. After receiving ethical approval from the university and agreement from all participants, data collection could begin. It is vital to mention that the students who participated in this research would have had previous exercise experience and will have completed a PAR-Q at the start of the academic year, an example of this can be located under appendix B. No changes to their PAR-Q were noted. 

Design 

A cross-over strategy was used in this quantitative study to investigate the acute effects of aerobic and anaerobic exercise on the mood states of university students. The data was collected over three weeks, with the first week involving the behavioural regulation to exercise questionnaire to measure motivation, as well as a baseline assessment of mood state. Following that, each participant completed an aerobic and anaerobic session, with mood state measured before and after each session.

Instrumentation 

The Behavioural Regulation to Exercise Questionnaire (BREQ-2)

The Behavioural Regulation to Exercise Questionnaire (BREQ-2) was the first questionnaire that the participants were required to complete in order to describe their motives to exercise. 
There are five subscales in the BREQ-2. Amotivation is measured by one subscale (I don't see why I should have to exercise, for example). The other four subscales measure a variety of exercise regulations, including external (I exercise because other people tell me to), introjected (I feel bad when I don't exercise), identified (I value the benefits of exercise), and intrinsic (I enjoy my exercise sessions) (Farmanbar et al., 2011). With the exception of introjected regulation, which has three items, each of these subscales contains four. Participants respond to each subscale under the question "Why do you exercise?" on a scale of 0 = not true for me, to 4=very true for me. A mean value is calculated after adding the elements on each subscale (Farmanbar et al., 2011). Appendix C contains an example of this Questionnaire.

The Brunel Mood Scale (BRUMs) 

There are twenty-four mood descriptions in the BRUMs, including “angry”, “energetic”, “mixed-up”, and “depressed” for example. Individuals can score these mood descriptors on a five-point Likert scale based on how they are feeling "right now": 0 = not at all, 1 = a little, 2 = moderately, 3 = a lot, and 4 = extremely. After that, the twenty-four mood descriptors are separated into six subscales: anger, confusion, depression, fatigue, tension, and vigour. Four items from the mood descriptions are included in each of these subscales. When the responses from the four items in each subscale are summed together, a subscale score ranging from 0 to 16 is obtained (Terry and Lane, 2002). The Brunel Mood Scale which was used in this study can be found in the appendices section, labelled appendix D. The BRUMs was first used as a control measure (no exercise), with 8 participants gathered in a lecture room. The questionnaire was handed out at the start of the lecture and readministered again after 30 minutes. This control measure was used in the study to establish a baseline effect of mood state and to determine whether the questionnaire was measuring what it was supposed to be assessing (mood state). After a controlled measure was collected, the participants were placed into groups of four and were given a day and time to visit the sports studio at their university. The aerobic exercise session was completed by one group, while the anaerobic exercise session was completed by the other. The groups then swapped over and completed the opposite session the following week, on the same day, time, and location.

Protocol 1: Aerobic exercise session

The aerobic exercise session took place on a Friday afternoon in the University of Wales Trinity Saint David's Sports Studio. Participants were instructed to complete a BRUMs questionnaire before the session began. After completing, participants were required to warm up for five minutes using the Raise, Activate, Mobilize, and Potentiate (RAMP) protocol. It is important to note that none of the study participants needed an exercise induction because they were all experienced exercisers who knew how to exercise safely and effectively. After a warm-up, the aerobic exercise session could begin. In order to do this, Technogym cardiovascular machines were used including a treadmill and cross-trainer, along with a concept two rowing machine. One participant used the rowing machine, one used the cross trainer while the remaining others used the treadmill. The participants were told to complete a 20-minute self-paced session using any of the cardiovascular machines. After a 5-minute recovery period, the BRUMs questionnaire was readministered.  

Protocol 2- Anaerobic exercise session

The anaerobic exercise session was held on the same day, at the same time, and in the same place as the aerobic session. This session included Technogym resistance machines such as the Lat pull down, Leg Press, Chest 
Press, Shoulder Press, and Seated Row. Exercise mats, medicine balls, power bags, and dumbbells were also provided. Similarly, to the aerobic session, the participants are habituated to and are familiar with all of the equipment. A BRUMs questionnaire was distributed once again before the session began. Before beginning the session, the same warm-up routine was used. Seven of the foundational movements were used in the anaerobic session including push, pull, hinge, squat, lunge, brace and rotate. To keep the session consistent, each participant was instructed to complete 3 sets of 10 repetitions of each exercise, with a rest time of 30 seconds between sets and 60 seconds after three sets of the same exercise. A summary of this can be found in appendix E in the appendices section. 

Data Collection

The data was collected over a period of three weeks, the first week including the use of the Behavioural Regulations to Exercise Questionnaire (BREQ-2) and a baseline assessment of mood state using the BRUMs.  The BRUMs was used again to assess mood during weeks two and three. Each participant received specific instructions on how to fill out the questionnaires, one before and one five minutes after the exercise session, depending on how they felt "right now."  The researcher kept the questionnaires anonymous and separate from other participants once they were completed and were kept in a file to be summed up and transferred to excel.
Data Analysis 

Data analysis could commence after all data collection was completed. On the software app Excel, all data was summed up and scores were presented in a table format. Mean and standard deviation scores for each subscale could then be determined in Excel. After completed, the data was utilised to run statistical tests using the IBM SPSS statistics software app. For all three variables, the difference between the means of each mood state subscale before and after were assessed using paired sample t-tests.  A non-parametric analysis of the differences between the control, aerobic, and anaerobic conditions was also carried out to see if there was a difference before or after.

Reliability and Validity

The researcher in this study established reliability in data collection procedures by employing the same participants, equipment, environment, and mood state measures. In addition, during the three weeks of data collection, the sessions were completed at the same time of day and on the same day. This could allow someone else to replicate or redo the study to confirm that the similar results could be obtained. The appropriate data collection instrumentation was used due them being validated and widely recognised measures of mood and behavioural regulation. They are also simple to use and because there were only three weeks to gather data, finding a suitable instrument for evaluating mood and motivation was critical, which is why the questionnaires used in this study only required 2-3 minutes to complete.
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Chapter 4 - Results

The purpose of this study was to identify the acute effects of aerobic and anaerobic exercise on the mood states of sport and exercise science university students. There were eight participants in total. Based on a brief measurement of motivation, this sample of participants had higher scores of introjected (M = 2.0 ± .7) identified (M = 2.0 ± .5), and intrinsic (M = 3.4 ± .6) motivations. The participants were allocated to three conditions: no exercise (control), aerobic exercise, and anaerobic exercise. Significant differences were discovered between the BRUMs dimension score of confusion and fatigue after aerobic exercise and fatigue, tension, and vigour after anaerobic exercise. No significant differences were found for the control condition. The descriptive statistics are shown in table 3 below, with results from before and after each of the three variables. Mean and standard deviation scores are displayed.  A pre - assessment standardization using a Freidman test was used to establish whether the three conditions, control, aerobic, and anaerobic, were significantly different from each other prior to intervention. There were no differences, based on the results. A post - assessment evaluation, measuring the same thing showed significant differences in confusion, fatigue, and tension. 

Table 1: Pre - assessment standardisation of control, aerobic and anaerobic for dimensions of BRUMs

	Measure
	Friedman Test
	Difference

	Anger
	F (2) = .700 P=.705
	NSD

	Confusion
	F (2) = .214 P= .898
	NSD

	Depression
	F (2) = .333 P=.846
	NSD

	Fatigue
	F (2) = 2.214 P=.331
	NSD

	Tension
	F (2) = 1.900 P=.387
	NSD

	Vigour
	F (2) = 2.160 P=.340
	NSD

	NSD = No significant difference 



Based on the pre - assessment standardisation test highlighted above in table 1, no significant variations in mood were identified prior to the intervention. This demonstrates that under all three conditions, the participants' mood states were at similar level before participating in any exercise. 








Table 2: Comparisons of BRUMs dimension score before and after no exercise, aerobic and anaerobic (N=8). 

	Measure
	Condition
	Before
	After
	Difference 
	Effect size

	Anger
	Control
	1.5 ± 2.6
	.9 ± 1.6
	NSD
	.480*

	
	Aerobic
	1.8 ± 2.5
	.8 ± 1.6
	NSD
	.296*

	
	Anaerobic
	.9 ± 1.6 
	1 ± 1.3
	NSD
	.000

	
Confusion
	
Control
	
3.1 ± 2.5
	
4.3 ± 3.3
	
NSD
	
-.331

	
	Aerobic
	3.3 ± 2.6 
	0.8 ± 1.1
	t (7) = 13.416, p = .11
	1.278***

	
	Anaerobic
	3.3 ± 2.8
	1 ± 1
	NSD
	.772**

	Depression
	Control
	.8 ± .8 
	.4 ± .7 
	NSD
	.504**

	
	Aerobic
	1.6 ± 3.2
	.9 ± 1.5
	NSD
	.245*

	
	Anaerobic
	.5 ± .7 
	0 ± 0
	NSD
	.661**

	Fatigue
	Control
	5.5 ± 2.2 
	4.9 ± 2.7
	NSD
	.284*

	
	Aerobic
	6.3 ± 4.9 
	3 ± 2.1
	t (7) = 2.463, p = .43
	.871***

	
	Anaerobic
	4.4 ± 3.0 
	1.5 ± 1.1
	t (7) = 2.363, p = .50
	.836***

	Tension
	Control
	4.6 ± 4.3
	3.8 ± 3.1
	NSD
	.464*

	
	Aerobic
	3.3 ± 2.5 
	.9 ± 1.1 
	NSD
	.826***

	
	Anaerobic
	3.9 ± 3.2
	1 ± 1.5
	t (7) = 2.556, p = .38
	.904***

	Vigour
	Control
	8.9 ± 3.7
	7.4 ± 4.6
	NSD
	.627**

	
	Aerobic
	7.1 ± 4.4
	10 ± 3.9
	NSD
	-.462

	
	Anaerobic
	6.8 ± 3.8 
	10.8 ± 2.4 
	t (7) = -2.548, p = .38
	-.901

	± = Standard deviation, NSD = No significant difference, SD = Significant difference
Cohen’s d uses the sample standard deviation of the mean difference. Common interruption to refer to the effect size are small *(d = 0.2), medium **(d = 0.5) and large ***(d = 0.8)













Table 3: Post-assessment evaluation between control, aerobic and anaerobic for dimensions of BRUMs

	Measure
	Friedman Test
	Difference 

	Anger
	F (2) =.3.53 P = .838
	NSD

	Confusion 
	F (2) = 7.000 P = .030
	P<.05

	Depression 
	F (2) = 2.000 P= .368
	NSD

	Fatigue 
	F (2) = 6.741 P = .034
	P<.05

	Tension 
	F (2) = 9.407 P = .009
	P<.05

	Vigour 
	F (2) = 2.643 P = .267
	NSD

	NSD = No significant difference 



The post-assessment evaluations of control, aerobic, and anaerobic exercise show that there are significant differences in confusion, fatigue, and tension. This demonstrates that there is a difference somewhere between the variables, post intervention. 

Anger

There was no significant difference in anger before or after the control, aerobic and anaerobic conditions since the P value was >.05. The mean values, however, do show a difference in anger scores across the three variables, were it decreases after the control (M before = 1.5 ± 2.6, M after = 0.9 ± 1.6) and aerobic (M before = 1.8 ± 2.5, M after = 0.8 ± 1.6) condition but increases after the anaerobic condition (M before = 0.9 ± 1.6, M after = 1 ± 1.3) as seen in figure 1. 

 
Figure 1: The mean values of the three variables based on the BRUMs dimension of Anger.



Confusion
 
The paired t-test findings for the confusion subscale show that there was no significant difference between the controlled and anaerobic settings before and after since the P value was >.05. The aerobic session, on the other hand, showed a significant difference with a P value of .011 which is <.05. Figure 2 shows that there are additional variations between before and after for the three variables when compared to the mean values of the eight subjects. Confusion increases post mood evaluation (M before = 3.1 ± 2.5, M after = 4.3 ± 3.3) in the control condition, whereas confusion decreases following aerobic (M before = 3.3 ± 2.6, M after = 0.8 ± 1.1) and anaerobic (M before = 3.3 ± 2.8, M after = 1 ± 1) exercise. 

 
Figure 2: The mean values of the three variables based on the BRUMs dimension of Confusion. 

Depression

For the BRUMs dimension depression, there was no significant difference between the three variables before and after. However, the mean values show that aerobic had the highest depression score before the session (M before = 1.6 ± 3.2) compared to control (M before = 0.8, ± .8) and anaerobic (M before = 0.5 ± .7).  Although, depression scores did reduce following each of the three conditions, aerobic (M after = 0.9 ± 1.5), control (M after = 0.4 ± .7), and anaerobic (M after = 0 ± 0). 

 
Figure 3: The mean values of the three variables based on the BRUMSs dimension of Depression.

Fatigue 

The paired sample t-test findings for fatigue show that there was no significant difference before and after the control condition. However, there was a statistically significant difference in fatigue before and after anaerobic (P = .50) and aerobic (P = .43) exercise. The aerobic condition had higher pre-test fatigue (M before = 6.3 ± 4.9) than the control (M before = 5.5 ± 2.2) and anaerobic session (M before = 4.4 ± 3.0). Despite this, all three conditions showed a reduction in fatigue following mood assessment: aerobic (M after = 3 ± 2.1), control (M after = 4.9 ± 2.7), and anaerobic (M after = 1.5 ± 1.1).

 
Figure 4: The mean values of the three conditions before and after for the BRUMs dimension Fatigue. 

Tension 

For tension there was no significant difference between before and after for the control condition. The P value (.52) for the aerobic exercise session was close to .05 but not significantly different. In addition, there was a significant difference before and after the anaerobic exercise session, (P = .38). Figure 5 demonstrates that tension was highest before the control session (M before = 4.6 ± 4.3) but decreased after the session (M after =3.8 ± 3.1). Similarly, tension levels were higher before the anaerobic activity (M before = 3.9 ± 3.2, M after = 1 ± 1.5) than before the aerobic exercise (M before = 3.3 ± 2.5, M after = 0.9 ± 1.1) but both decreased afterwards. 

 
Figure 5: The mean values of before and after the three conditions for the BRUMs dimension of Tension.

Vigour 

Lastly, the results of the three conditions before and after for the BRUM’s dimension of vigour revealed that there was no significant difference for the control and aerobic condition. Anaerobic exercise, on the other hand, demonstrated a significant difference (P = 38.). Based on the mean values for the three conditions, anaerobic exercise increased vigour (M before = 6.8 ± 3.8, M after = 10.8 ± 2.4), more than the aerobic exercise (M before = 7.1 ± 4.4, M after = 10 ± 3.9), whereas the control condition decreased vigour scores (M before = 8.9 ± 3.7, M after = 7.4 ± 4.6)

 
Figure 6: The mean values of before and after the three conditions based on the BRUMs dimension of Vigour. 


Chapter 5 - Discussion

The current study evaluated the acute effects of a control (no exercise) condition, a single bout of self-selected aerobic exercise and anaerobic exercise on the mood states of sport and exercise science students.
The main findings of this study reveal that there were no significant differences (P = > .05) among the three conditions before the intervention based on a pre-assessment standardisation test. According to paired t-test findings for each condition, there were no significant differences (P = > .05) between the BRUMs dimensions before or after a 20-minute controlled intervention. There were, however, significant differences in the BRUMs dimensions of confusion (P = .11) and fatigue (P = .43) after a 20 - minute self - selected aerobic exercise session.  Significant differences were also found in the BRUMs dimensions of fatigue (P = .50), tension (P = .38), and vigour (P = .38) before and after the anaerobic exercise session. Too add to this, the mean values highlighted in table 2 reveal that the controlled session including no exercise increased confusion and reduced anger, depression, fatigue, tension, and vigour. On the other hand, to support the studies second hypotheses, aerobic and anaerobic exercise resulted in an increase in vigour. To also support the studies third hypotheses, anger, confusion, depression, fatigue, and tension all decreased post aerobic exercise session. Similar patterns were found after the anaerobic session; however, this type of exercise showed an increase in anger, which was not expected. In addition, a brief measure of motivation was conducted to establish whether the study’s population had high levels of intrinsic, introjected, and integrated motivation. The results of this measurement support the first hypotheses stated in the introduction, in that the participants had high levels of intrinsic, introjected, and integrated motivation due to them being regular exercises. 

This study's findings support those of others, such as Chase and Hutchinson (2015) who also examined the differences between aerobic and anaerobic exercise among sport and exercise science students. This is the most relevant research related to this study, as they used the exact same population group, a similar mood state measurement and similar exercise session design. Their findings reveal that mood improved among the POMS subscales of tension, anger, fatigue, depression, and confusion. Berger and colleagues (2016) also discovered that as little as 15 minutes of jogging at a self - selected intensity lead to mood enhancement in depression, anger, vigour, and confusion among the subscales of POMS. In addition, Berger, and Owen (1998) observed that 20 minutes of walking or jogging leads in significant mood changes in all 6 POMS subscales. 
Moreover, Wilsion and Yilla (2021) investigated the immediate effects of maximal aerobic and anaerobic exercise on college-aged individuals. They discovered that overall mood differences were greater after aerobic exercise than after anaerobic exercise. Following a 20-minute rest period, all measurements returned to baseline. In addition, Herring, and O'Connor (2009) discovered that vigour increased after a lower-body resistance training session; this is similar to the current study because the anaerobic session resulted in an increase in vigour. Additively, Berger, and Owen (1998) discovered that 20 minutes of walking or jogging results in significant mood changes across all 6 POMS dimensions. But in contrast to this, Crush, Frith and Loprinizi (2018) stated that regardless of the amount of time spent exercising or the recovery period post exercise, mood can improve.  

In relation to this study's sample of participants, it is possible that the improvement in mood is related to the fact that the participants are all regular exercisers. When an individual understands the relative difficulty of the exercise session, it can produce feelings that an individual can cope with, making the exercise free of competition, leaving an individual confident in their abilities to perform. Based on this, Lane, and Lovejoy (2001) discovered that an aerobic exercise session completed by experienced exercisers improved negative mood. The education on exercise can also be related to this, as it has been noted previously that the anticipation of the benefits of exercise may be essential for maximising perceived mood benefits. This is based on Andersons and Brice study (2011) who found that memory of pre - exercise mood improved mood after an acute bout of aerobic exercise. The improvement in mood observed after aerobic and/or anaerobic exercise may also be related to the intensity of the exercise. This is related to the introduction's dual-mode theory. Regular exercise will allow a person to become aware of their preferred intensity when performing exercise, and when offered the choice of intensity, the individual's behaviour and decision making will be influenced (Ekkekakis and Petruzzello, 1999). 

To support this, when an individual is given an option or preference, such as the intensity of the exercise, individual autonomy is increased. This individual control can result in a more positive affective experience and higher levels of enjoyment (Vallerand and Rousseau, 2001), which could be a factor relating to an improvement in mood state post exercise. This is also linked to the underpinnings of exercise-related mood enhancement, implying that the effects of exercise are not automatic and underline how important participant enjoyment is in improving positive and reducing negative mood after exercise (Berger and Motl, 2000). This can also be linked to an understanding of the mental health advantages of exercise, which argues that exercise enhances positive feelings such as pleasure, and energy while reducing negative emotions such as anxiety, tension, fatigue, and anger.  This could explain why the results of this study revealed a decrease in negative emotions. However, based on the current investigation, the intensity of the exercise conducted by the participants was not recorded, which could lead to a potential limitation, which will be considered in the latter sections of this research.

To further support the findings of the Behavioural Regulation to Exercise Questionnaire (BREQ-2), it is clear that the population used in this study consisted of all regular exercisers with high levels of self-motivation, which may be the best predictor of exercise behaviour (Ebben and Brudzynski, 2008). An individual's motivation to exercise will influence their exercise behaviour and allow them to maintain it over time. This relates to the self-determination theory discussed in the literature review, in which the motivations to support an individual's behaviour are referred to as behavioural regulations (Sibley, Hancock, and Bergman, 2013). Due to the population in this study being sport and exercise science students, they all scored the highest on intrinsic, introjected, and integrated motivation, indicating that these individuals all enjoy exercise and will do it for a sense of approval as well as regularly participate in it due to their routine, which includes exercise on a regular basis.

Overall, the research on mood state and exercise is varied, with research employing a variety of methods to assess the relationship between exercise and mood. However, it is clear to see that both aerobic and anaerobic exercise have a positive effect on mood state, with most studies revealing that even a single bout of exercise can improve mood as measured by the 6 subscales of anger, confusion, depression, fatigue, tension, and vigour among the most widely used measure of mood the Profile of Mood States, and newly revised version known as the Brunel Mood Scale which was utilised in this study. The findings of this study can be useful to universities, particularly student unions. Once they understand what benefits mood state the most, they will be able to support students by organising weekly exercise sessions that focus on the best form of exercise to improve mood, as well as the most voted exercise that is enjoyable, so that more people will adhere to it.

The reader must be aware of the study's strengths and limitations. In terms of its strengths, each of the study's hypotheses were supported, indicating that the study was successful in discovering a positive relationship between exercise and mood state. In relation to its limitations, the most obvious limitation was the lack of participants and, possibly, the timing of data collection. Because this study included university students, they were in the middle of assignment deadlines and other stressful situations, which could have negatively impacted their mood which contributed to the study's findings. This also links into the significant differences among the results, if there were more participants there could have maybe been more significant differences and greater differences between the mean values before and after mood measurements. Another limitation worth noting is the overall design of the exercise sessions used in the study. Lack of knowledge was taking into consideration for the intensity of the exercise sessions, this meant that there was no measure of exercise intensity during both sessions, so this would not show clear information on whether the exercise was moderate, heavy, or severe intensity. This could have brought about more results to talk about in relation to what exercise intensity produces a positive and/or negative mood improvement. 

Based on the findings of this study, a better understanding of the immediate effects of mood state among physically active university students is needed. More research could be done to look at other types of aerobic and anaerobic exercise, such as swimming, yoga, or even team sports, as most of the research has only looked at jogging and resistance exercise. To produce even clearer results, studies could also focus on exercise and mood state in relation to gender, such as females going through menstrual cycle symptoms, to see if this has a negative impact on mood. Again, more research on general healthy populations is needed, as most research is linked to clinical populations. If this study were to be redone, a larger sample size would be used, as well as a qualitative research design with the use of interviews, to better understand individuals motives to exercise as well what exercise they perceive to be helpful at improving mood state. This will provide more information to students themselves as well as the university's student unions to provide more opportunities for regular participation in exercise around a university campus.

To conclude, this study investigated the acute effects of a controlled, no exercise session and a single bout of aerobic and anaerobic exercise on the mood states of university students, studying sport and exercise science. No significant differences were found between the three variables before the intervention based on a pre-assessment standardization test. Significant differences were found among the BRUMs dimensions of confusion and fatigue after aerobic exercise and fatigue, tension, and vigour after anaerobic exercise. A post - evaluation of the control, aerobic, and anaerobic conditions revealed significant differences in confusion, fatigue, and tension. As a result of the findings, this study can support previously published research suggesting that aerobic and anaerobic exercise is beneficial at improving mood and may be a viable intervention in the treatment of mental health disorders among university students.
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Physical Activity Readiness Questionnaire (PAR-Q)
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(https://www.thehealthylivingcentre.co.uk/contents/downloads/REPs_Members_PAR_questionnaire.pdf)













Appendix C

BREQ-2 Questionnaire 
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The Brunel Mood Scale - BRUMs
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Anaerobic exercise session
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Paired t-tests 
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Depression

Before	CONTROL	AEROBIC	ANAEROBIC	0.8	1.6	0.5	After	CONTROL	AEROBIC	ANAEROBIC	0.4	0.9	0	



Fatigue

Before	CONTROL	AEROBIC	ANAEROBIC	5.5	6.3	4.4000000000000004	After	CONTROL	AEROBIC	ANAEROBIC	4.9000000000000004	3	1.5	



Tension

Before	CONTROL	AEROBIC	ANAEROBIC	4.5999999999999996	3.3	3.9	After	CONTROL	AEROBIC	ANAEROBIC	3.8	0.9	1	



Vigour

Before	CONTROL	AEROBIC	ANAEROBIC	8.9	7.1	6.8	After	CONTROL	AEROBIC	ANAEROBIC	7.4	10	10.8	



Anger

BEFORE	CONTROL	AEROBIC	ANAEROBIC	1.5	1.8	0.9	AFTER	CONTROL	AEROBIC	ANAEROBIC	0.9	0.8	1	



Confusion

BEFORE	CONTROL	AEROBIC	ANAEROBIC	3.1	3.3	3.3	AFTER	CONTROL	AEROBIC	ANAEROBIC	4.3	0.8	1	
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Participant consent form — January-
February 2023

Thank you for taking the time to complete the questionnaires for this study. This study will
be looking at the acute effects of mood state on a single bout of erobic and anaerobic
exercise. The questionnaires you willbe answering to support this study's findings are
stated below:

1. Particpant activiy readiness questionnaire (PAR.Q) ~Tis wiltell usf you're sfeto
2. Exercise regulations questionnaire (REQ:2)- i willoutine your mativaion to
engage ornot engage i exercse andor physicl activiy:
3. Brunel Mood Scale (SRUMS)-this wil focus o the main aspect of thestudyto
measure mood state.
Plase keep in mind that thre are no right or wrong answers. Please take your time
answering each queston. You repis o each questionnare il be kept anonymous and
Securely stored naflethat oy theresearchers il have acessto for the purposesofthis
study. Al data must bediscarded after i has been gathered and analysed.

By answering the following questions, you are agreeing to partcipate in the study:
00 1 confirm that | have read and understood the nformation sheet or the above study,
‘and I have asked any questions based on the information provided.

O 1 understand that my participation is oluntary and that | am free to withdraw at any
time.
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