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Abstract 

An ample amount of research suggests that increases in physical activity in young adults 

could help improve memory and cognitive functions which may aid in academic success 

(Johnson & Loprinzi, 2019; Perini et al., 2016). A sufficient working memory is critical to 

learning because it allows us to temporarily store and compare multiple informational items at 

one time to form a new concept or solve a problem (Cowan, 2013). The purpose of this study 

was to examine the temporal effects of acute moderate intensity physical activity on working 

memory in young adults. This study utilized a within-groups (repeated measures) cross-over 

experimental design. Each participant completed three different protocols on three separate 

visits. The three visits included the following protocols: (1) a control visit with no physical 

activity prior to working memory testing, (2) 15 minutes of moderate intensity physical activity 

immediately (5 min) prior to working memory testing, (3) 15 minutes of moderate intensity 

physical activity 30 minutes prior to working memory testing. Physical activity intensity was 

measured by monitoring participants heart rate and rate of perceived exertion (RPE) throughout 

the testing protocol. Participants walked at a brisk pace on a treadmill for 15 minutes. Working 

memory was assessed using the automated version of the operation span task. A total of 20 

participants were recruited for this study. Participants ranged from 19 to 34 years of age, with the 

average being 22.20 years. The proportion of male and female participants was equal, with 10 

males and 10 females. A one-way within-subjects RM-ANOVA was conducted to compare the 

temporal effects of physical activity on working memory. The results of the RM-ANOVA 

showed that no significant differences in working memory scores were found for the three 

protocols. Previous research suggests acute moderate intensity physical activity has a positive 

effect on working memory performance. However, the bulk of these studies utilized between 



  

 

subjects designs and varied the type of working memory test conducted. Further research should 

focus on within subjects designs and should consider including all three working memory span 

tasks (operation, counting, and reading) to assess working memory performance. If future 

research, with more standardized designs, finds that acute physical activity does have an effect 

on working memory, it could provide evidence as to when or if people should perform moderate 

intensity physical activity to improve working memory capacity.  
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Introduction 

 

 It is well known that regular physical activity can improve overall physical health (US 

Department of Health and Human Services [HHS], 2018). However, evidence suggests that 

increases in physical activity can improve cognitive functioning as well (Stillman et al., 2016). 

Recent neuroimaging studies suggest that individuals who are more physically fit show increased 

brain function efficiency compared with individuals who a less physically fit (Felez-Nobrega, 

Hillman, Cirera, & Puig-Ribera, 2017). While changes in overall cognitive performance and 

learning can be linked to a variety of external factors and can be hard to examine, changes in 

memory performance can be more specifically assessed. Due to the known connection between 

memory and cognitive performance and learning, researchers often measure changes in memory 

performance to examine the effects of physical activity on cognition and learning (Cowan, 2013; 

Perini et al., 2016; Titz & Karbach, 2014). Furthermore, Stillman et al. (2016) suggests that 

improvements in cognitive performance gained after physical activity are highly associated with 

improved memory performance. Recent research indicates that increases in overall (chronic) 

physical activity can improve memory performance (Ruscheweyh, 2011). Research also suggests 

that even a single bout of physical activity can have a positive effect on memory performance 

(Haynes, Firth, Sng, & Loprinzi, 2019; Labban & Etnier, 2011; Yanes & Loprinzi, 2018). 

Exactly how physical activity affects memory performance is still up for some debate 

(Ruscheweygh et al., 2011). Coles and Tomporowski (2008) suggest that physiologic changes in 

cardiorespiratory, hormonal, and metabolic processes that accompany physical activity could 

explain how it affects memory performance. Some of these physiologic changes that may affect 

memory performance include increases in blood flow, increases in the release of 
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neurotransmitters, and reduction in oxidative stress in hippocampal structures during physical 

activity (Ruscheweyh et al., 2011).  

 One thing to consider when using changes in memory performance to examine the effects 

of physical activity on cognition and learning is the type of memory being evaluated. 

Researchers in the field of memory and psychology break down memory into primary (short-

term and working) and secondary (long-term) memory (Rose, Myerson, Roediger, & Hale, 

2010). Primary memory involves a limited amount of sensory information that is brought to our 

immediate attention and is preserved for a matter of seconds (Estes, 2014; Sprenger 1999). The 

information in primary memory is either forgotten or turned into secondary memory through 

retrieving and rehearsal (Estes, 2014; Rose et al., 2010). Working memory uses short-term 

memory storage to carry out the rehearsal process (Hall, Jarrold, Towse, & Zarandi, 2015). Titz 

and Karbach (2014) suggest that working memory allows us to temporarily store newly obtained 

information, process un-related cognitive tasks, then recall the information. Working memory 

performance is a crucial component of cognitive tasks such as learning (Chalmers & Freeman, 

2018; Smith et al., 2013). Moreover, several studies have found differences in working memory 

capacities to be related to cognitive function and learning (Cowan, 2013; Rathore & Lom, 2017; 

Rose et al., 2010; Titz & Karbach, 2014). Therefore, researchers have begun measuring working 

memory performance to examine the effects of physical activity on cognition and learning. 

Recent studies suggest that acute and chronic physical activity may improve working memory 

performance of healthy adults (Lopriniz, 2018; Rathore & Lom, 2017; Titz & Karbach, 2014). 

However, the available research is limited and varies in design and methods such as acute vs. 

chronic physical activity, the levels of intensity of physical activity, the target population, and 

working memory measurements.  
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For instance, some studies have shown that moderate intensity physical activity is more 

effective at improving memory and cognitive function than low or high intensity physical 

activity (Frith, Sng, & Loprinzi, 2017; Rattray & Smee, 2016; Smith et al., 2013; Yanes & 

Loprinzi, 2018). However, only a few studies have examined the effects of acute moderate 

intensity physical activity on working memory specifically.  There is also limited research on the 

temporal effects of acute physical activity on memory, specifically working memory. Some 

research has been conducted to determine whether working memory performance is improved 

more when physical activity is performed prior to, during, or after memory encoding. Memory 

encoding occurs when sensory input is converted into information capable of processed into 

memory (American Psychological Association, n.d.). While the verdict is still out due to the 

varying research designs and methods, evidence indicates that physical activity performed prior 

to memory encoding may be more effective at improving working memory performance than 

when performed during or after memory encoding (Firth et al., 2017; Haynes et al., 2019; 

Labban & Etnier, 2011; Smith et al., 2013; Sng, Firth, & Loprinzi, 2017). However, there is still 

no conclusive evidence as to when physical activity should be performed prior to memory 

encoding. Is physical activity performed immediately before or 20 minutes before memory 

encoding more likely to improve working memory performance than 30 minutes or longer before 

memory encoding? 

Overall, current research indicates acute exercise is linked to enhancements in learning 

and memory. However, the verdict is still out on a specific exercise protocol to follow to gain 

these benefits (Smith et al., 2013). Further research needs to be done on how the timing of acute 

physical activity influences working memory performance. Furthermore, subsequent research 

should utilize more specific and standardized designs and measures to determine the temporal 



  

 4

effects of acute physical activity on working memory. More specific and standardized research 

designs and measures could provide more conclusive results as to whether the timing of acute 

moderate intensity physical activity influences working memory capacity in young adults. 

 

Purpose of the Study 

 

Increases in physical activity in young adults could help improve memory and cognitive 

functions, which may aid in academic success (Johnson & Loprinzi, 2019; Perini et al., 2016). 

The purpose of this study was to examine the temporal effects of acute moderate intensity 

physical activity on working memory in young adults. The results of this study attempted to 

answer the following questions. Does acute moderate intensity physical activity enhance working 

memory performance? Does the timing of acute physical activity influence its effect on working 

memory performance?  

 

Hypotheses 

Hypothesis #1: Acute moderate intensity physical activity performed 30 minutes prior to 

memory encoding enhances working memory performance in young adults more than it would if 

performed immediately (5 min) before memory encoding. 

 

Hypothesis #2: Acute moderate intensity physical activity performed immediately (5 min) before 

and 30 minutes before memory encoding enhances working memory performance in young 

adults more than no physical activity prior to memory encoding. 
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Significance of the Study 

Increases in physical activity in young adults could help improve memory and cognitive 

functions and improve learning, which may aid in academic success (Johnson & Loprinzi, 2019; 

Perini et al., 2016). The purpose of this study was to determine whether the timing of acute 

moderate intensity physical activity has an effect on working memory in young adults, utilizing 

standardized measures of moderate intensity physical activity and working memory capacity, and 

a standard physical activity modality. The results of this study could provide more conclusive 

results as to whether the timing of acute moderate intensity physical activity influences working 

memory capacity in young adults. If the results of this study provide evidence as to when young 

adults should perform moderate intensity physical activity to improve working memory capacity, 

it could provide a protocol for them to follow if they would like to improve their working 

memory and cognitive function.  
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Definition of Terms 

Cognition – thinking skills, including language use, calculation, perception, memory, awareness, 

reasoning, judgment, learning, intellect, social skills, and imagination (Venes & Taber, 2009, 

p.481).

Intelligence – the capacity to comprehend relationships; the ability to think, solve problems, and 

adjust to new situations  

Intensity of physical activity - the rate at which the activity is being performed or the magnitude 

of the effort required to perform an activity or exercise” (“What is moderate-intensity and 

vigorous-intensity physical activity?”, n.d.) 

Learning – a change in behavior or skill acquired by experience and practice (Venes & Taber, 

2009, p.1310). 

Memory – the mental registration, retention, and recollection of past experiences, sensations, or 

thoughts (Venes & Taber, 2009, p. 1437) 

Memory Consolidation - the neurobiological processes by which a permanent memory is formed 

following a learning experience (American Psychological Association, n.d.) 

Memory encoding – the conversion of a sensory input into a form capable of being processed and 

deposited in memory (American Psychological Association, n.d.) 

Moderate intensity physical activity - that “requires a moderate amount of effort and noticeably 

accelerates the heart rate” (“What is moderate-intensity and vigorous-intensity physical 

activity?”, n.d.) 

Neuroplasticity – the ability of nerve cells to grow and form new connections to other neurons 

(Venes & Taber, 2009, p. 1579) 

Operation Span Task – “a widely used task to assess working memory capacity, in which 

participants try to remember sequentially presented words in their correct order while 

simultaneously solving simple math equations” (American Psychological Association, n.d.) 

Physical activity – any bodily movement produced by skeletal muscles that require energy 

expenditure (Donnelly et al., 2016) 

Temporal - of or pertaining to time or its role in some process (American Psychological 

Association, n.d.) 

Working memory – immediate memory system, in which a limited amount of information can be 

stored temporarily, while un-related complex cognitive tasks are processed (Baddeley, 2006). 
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Assumptions 

 

 For this study, it is assumed that the participants answered the background information, 

pre-screening, lifestyle/activity level, and PARQ+ questionnaires truthfully and correctly follow 

the instructions that are given to them throughout the course of the study. It is assumed that 

participants gave maximal effort during working memory (operation span) testing. 

 

Limitations 

  While the G*power analysis showed that only 16 participants were necessary for the 

study to achieve sufficient statistical power, this study was limited by a somewhat small sample 

size.  

 

Delimitations  

 

  This study took place at a university campus, which narrowed the participants to those 

who are also academically inclined. The site for the study was a university in northeastern 

Oklahoma. Therefore, any findings may not be generalized to populations of healthy young 

adults in other geographical locations or settings. Also, this study evaluated only two time 

periods for physical activity prior to memory assessments and only utilized one working memory 

span task, the operation span task, to assess working memory performance. It is possible that the 

use of different memory tasks might produce different results. 
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Review of Literature 

 

Memory   

There are many different components of memory, all of which play key roles in our day-

to-day activities and throughout our lives. According to Bristow, Daines, and Cowley (1999), 

“the primary process of memory is recognition” (p. 3). We go through life recognizing 

information as new or familiar. The new information gets processed through our memory and is 

either forgotten or becomes familiar. All the information we take in overtime builds on the 

memories we create, which together generate the context of our lives (Bristow et al., 1999).  

Most researchers place the different types of memory into two main categories with several 

subcategories. Hall et al. (2015) breaks memory down into primary and secondary memory 

systems, while other researchers describe the two main categories of memory as short term and 

long-term memory (Estes, 2014).  

Primary memory involves a fixed amount of sensory information gathered from our 

conscious awareness, in other words what grabs our immediate attention (Estes, 2014). The 

information residing in primary memory is either forgotten or turned into secondary memory 

through the process of rehearsal (Estes, 2014). Secondary memory contains memories from the 

recent or distant past that are retrieved when recalled (Rose et al., 2010).  

Consistent with other researchers in the field, Rose et al. (2010), breaks the primary 

memory system down into short-term memory and working memory. According to Sprenger 

(1999), short-term memory is only preserved for a matter of seconds and can consist of visual, 

auditory, or kinesthetic information. Each type of information item is processed and temporarily 

stored in the associated cortex of the brain (i.e., visual information is stored in the occipital lobe, 

auditory in the temporal lobe, and kinesthetic in the motor cortex) (Sprenger, 1999). However, 
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these areas of the brain have a limited capacity and cannot store information for long especially 

at a young age. Nevertheless, as we age our capacity to store short-term items increases. 

Sprenger (1999) suggests that adults can store around seven items in short-term store depending 

on the attention given to and the prior knowledge of the information being obtained. This 

information can range from abstract thoughts and theories to concrete observations and processes 

(Cowan, 2013).   

Hall et al. (2015) relates short-term memory to working memory, which uses short-term 

memory storage to carry out its process. According to Sprenger (1999), when new information 

enters the brain, it is sent to short term memory storage areas in each lobe to be examined. If that 

information is focused on and connects to new or existing information, it is sent to working 

memory located in the prefrontal cortex where it can be examined for hours. Bristow et al. 

(1999) note the process of examining information involves an increase in focus and effort to 

remember, wherein information is either preserved in our conscious attention or brought back to 

consciousness frequently. Bringing information back to our conscious attention or remembering 

is also known as recall (Bristow et al., 1999).  

While short-term and working memory are limited to maintaining recently obtained 

information, long-term memory can integrate information over an indefinite amount of time 

(Miner, Schurgin, & Brady, 2019). For this to occur, information sent to long term memory 

should follow certain implicit or explicit memory system lanes (Sprenger, 1999). Implicit 

memory is mainly involuntary and involves responses to stimuli and situations. Explicit memory 

is more voluntary and is developed when we try to remember words, facts, and places. Sprenger 

(1999) notes there are two memory lanes for explicit memory, episodic and semantic, and three 

memory lanes for implicit memory, procedural, automatic, and emotional. Each memory lane has 
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its own gateway located in different areas of the brain. These gateways are used to access the 

information that has been stored in long term memory (Sprenger, 1999).  

Episodic memory involves personal experiences obtained throughout our lives within 

certain spatiotemporal contexts (Schendan, 2012). Episodic memory provides contextual 

information about the information obtained such as time, place, and even physical and emotional 

feelings (Martin & Simmons, 2008). Semantic memory contains our main store of knowledge 

and is concerned exclusively with meaning (Schendan, 2012). One of the major benefits of 

semantic memory is that it is almost limitless. This is due to being stored in the hippocampus, 

which has the capacity to store unlimited amounts of new information (Sprenger, 1999). 

Semantic memory includes information regarding facts, events, ideas, and concepts obtained 

from tasks such as reading and listening (Martin, 2009). Furthermore, Grossman and Koenig 

(2002) propose semantic memory is modality-neutral, meaning it can be visual, auditory, or 

kinesthetic and can include actions, and manners of thought. These components of semantic 

memory indicate why it plays such an important role in learning. However, for learning to occur 

via the semantic memory lane, the memory must be stimulated by similar information and 

repeated several times (Sprenger, 1999).  

 

Working Memory   

In 1974, Baddeley and Hitch proposed a model of working memory that described the 

presence of an immediate memory system, in which a limited amount of information can be 

stored temporarily while un-related complex cognitive tasks are processed (Baddeley, 2006). 

Titz and Karbach (2014) suggest that working memory allows us to recall recently obtained 

information while continuing to take in and process new information. For example, Cowan 
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(2013, p. 199) explains it as “doing simple arithmetic in your head, if you want to add 24 and 18, 

you may need to find that 4+8=12, retain the 2 while carrying the 1 over to the tens column to 

make 2+1+1=4 in the ten’s column, and integrate with the ones columns to arrive at the answer, 

42.” During this process you are recalling information recently stored in your working memory 

while adding new information to it. You may even continue the working memory task by taking 

the answer of 42, retaining it in working memory and applying it to say the price of items you 

wish to purchase while shopping. That information can be stored in working memory for several 

hours while you repeat the process with different items in the store to decide which of the items 

has the best price associated with it. Without a good working memory capacity, this process 

would be difficult to perform.  

The ability to recall recent information while also processing new information through 

working memory is a critical component in cognitive tasks such as learning, comprehension, and 

reasoning (Chalmers & Freeman, 2018; Smith et al., 2013). Felez-Nobrega et al. (2017) propose 

that an individual’s capacity for working memory can predict performance on higher order 

capabilities. An improvement in working memory capacity may aid in improving vocational and 

academic performance as well as the development of life skills.  

While information in working memory can be stored longer than information in short-

term memory, working memory can still only hold a limited amount of information for a limited 

amount of time (Cowan, 2013). The accumulation of complex tasks such as reading 

comprehension and arithmetic can at times overburden the working memory system causing 

information to be lost (Hall et al., 2015). Information that is unable to form meaningful 

connections to existing memories or information that is not recalled or focused on enough will be 

forgotten (Sprenger, 1999). Cowan (2013) proposes that one can avoid overburdening the 
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working memory system by only presenting a few pieces of information at one time, unless they 

are all connected to one another and can be integrated into one collected piece of information. 

Unintegrated information held in working memory for a prolonged period of time has an 

increased risk of being forgotten (Cowan, 2013). According to Sprenger (1999), if the 

information in working memory is meaningful, able to form connections, and recalled enough, it 

will be transferred to long-term memory where it can be stored for an indefinite amount of time.  

 

Effects of Working Memory on Learning 

Working memory allows for the temporary storage and manipulation of information 

required to perform a range of cognitive tasks such as learning, comprehension, and reasoning 

(Rathore & Lom, 2017; Rose et al., 2010). Learning occurs when new informational items are 

combined with other new or already existing informational items within working memory to 

form entirely new concepts (Cowan, 2013). According to Rose et al. (2010), differences in 

working memory capacity may be related to differences in higher order cognition including 

complex learning. Cowan (2013) argues that sufficient working memory is critical to learning 

because it allows us to temporarily store and compare multiple informational items at one time to 

form a new concept or solve a problem. While we may be able to memorize informational items 

brought into our short-term memory, without having a good working memory we may not be 

able to build on or understand the underlying concepts of the information being obtained 

(Cowan, 2013).  

There is some controversy between researchers on whether intelligence is the main factor 

of learning or if working memory holds the key to complex learning (Titz & Karbach, 2014). 

However, measures of working memory may be a better indicator of academic ability than 
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measures of intelligence (Titz & Karbach, 2014). Specifically, working memory has been linked 

to achievement in numeracy and literacy (Chalmers & Freeman, 2018). Furthermore, Titz & 

Karbach (2014) assessed the contribution of working memory to academic achievement showed 

support of working memory being a contributing factor in learning. 

 

Physical Activity  

The World Health Organization defines physical activity as “any bodily movement 

produced by skeletal muscles that requires energy expenditure ("Physical activity," 2018)”. 

Regular physical activity can improve health-related quality of life by improving overall physical 

and mental health (HHS, 2018). The WHO (“What is moderate-intensity and vigorous-intensity 

physical activity?”, n.d.) suggests adults should perform moderate to vigorous-intensity 

physically activity for at least 150-300 minutes a week to gain the related health benefits. Some 

examples of moderate physical activity include brisk walking to jogging, doing household 

chores, dancing, or participating in recreational sports. The intensity of physical activity is the 

amount of physical effort required to perform an activity or exercise. Moderate intensity physical 

activity is physical activity that requires a moderate amount of physical effort and should be 

difficult, but not hard to perform (“What is moderate-intensity and vigorous-intensity physical 

activity?”, n.d.).  

One way to measure the intensity of physical activity is through energy expenditure. 

Energy expenditure is calculated in METs or metabolic equivalent of task (HHS, 2018). Energy 

expenditure is around 1 MET while at rest, roughly 3 METs during light-intensity activity, 3 to 6 

METs during moderate-intensity activity, and 6+ METs during high-intensity/vigorous activity 

(HHS, 2018). Another way to measure the intensity of physical activity is through perceived 
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exertion or how hard it is to physically perform the activity. The Borg Rating of Perceived 

Exertion (RPE) measures physical activity intensity based on the level of fatigue and increases in 

heart rate, breathing rate, and sweating (Perceived exertion (Borg rating of perceived exertion 

scale)," 2020). The Borg scale starts at a rating of 6, which is means the activity takes minimal 

effort or involves no perceived exertion, to 20 meaning the activity requires maximal effort and 

involves maximal perceived exertion. Typically, a rating of 12-14 or “somewhat hard” is 

associated with moderate-intensity activity (Perceived exertion (Borg rating of perceived 

exertion scale)," 2020).  

 

Effects of Physical Activity on Memory  

Participating in regular moderate to vigorous-intensity physical activity may improve 

cognitive functioning as well as improving physical health (Stillman et al., 2016). Multiple 

studies have demonstrated a positive relationship between physical activity, memory function 

and cognitive performance (Haynes et al., 2019; Labban & Etnier, 2011; Yanes & Loprinzi, 

2018). Increased cognitive performance has also been linked to higher education levels and well-

educated individuals tend to lead healthier lifestyles (Perini et al., 2016). This link has made it 

difficult for researchers to isolate the effect physical activity has on cognitive performance, 

although research suggests that increased working memory performance is highly associated 

with cognitive improvements (Cowan, 2013; Titz & Karbach, 2014). The association between 

working memory performance and cognitive improvements has allowed researchers to better 

isolate the effect of physical activity on cognitive performance. 

In 2011, Ruscheweyh et al. found that increases in overall physical activity results in 

improved memory performance. The study involved 62 healthy older adults (aged 50-72 years) 
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who were predominantly sedentary (less than two exercise sessions per week). Participants 

baseline memory performance and fitness levels were assessed prior to being put into one of 

three intervention groups (low-intensity aerobic exercise, moderate- intensity aerobic exercise, 

and no exercise control). There were no significant differences in memory performance or fitness 

levels at baseline between the three groups. After 6 months of the exercise interventions, the 

participants were tested on memory performance. Both exercise groups had increased memory 

performance scores while the control group showed no change. The results of this study indicate 

that an increase in physical activity may lead to improved memory performance in older 

individuals, with no significant difference between the low and moderate intensity exercise 

interventions (Ruscheweyh et al., 2011). Furthermore, Felez-Nobrega et al. (2017) found that 3 

hours per week of moderate physical activity was associated with higher working memory 

capacity, suggesting that adults should engage in at least 3 hours per week of moderate physical 

activity to boost working memory capacity.  

Recent research also indicates that acute physical activity may have a positive effect on 

memory (Loprinzi, 2018). Loprinzi conducted a systematic review to evaluate the effects of 

acute exercise on memory function including, whether the intensity of exercise, the type of 

memory assessed, as well as the temporality of the acute exercise bouts affect the role acute 

exercise plays in memory function. The initial search revealed 526 articles related to the topic, 

however only nine articles met the study criteria (published in English, conducted on humans, 

employ experimental design, have acute exercise independent variable, include a cognitive- 

related memory assessment, and not include a stress-induced neurotoxicity paradigm). Overall, 

the findings suggest that acute physical activity may improve memory performance. However, 

these results are not conclusive due to the variations in exercise intensity, timing of acute 
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physical activity, memory type assessed, and methods of assessing memory between the articles. 

More research needs to be conducted to evaluate the interrelationships of physical activity 

intensity and timing on different types of memory (Loprinzi, 2018).  

According to Rathore and Lom (2017), acute and chronic physical activity intervention 

studies have yielded significant increases in the working memory performance of healthy adults. 

Rathore and Lom (2017) conducted a systematic review using meta-analysis of randomized 

controlled trials investigating the effects of physical activity on working memory. The systematic 

review was conducted according to PRISMA guideline recommendation PICOS, which pre-

defines and identifies Population, Intervention, Comparator group, Outcome, and Study design. 

Of the 15 randomized control trials included in the review, five of eight chronic physical activity 

studies and five of seven acute physical activity studies showed improvements in working 

memory performance. Though Rathore and Lom’s meta-analysis revealed significant positive 

outcomes for chronic physical activity improving working memory, it did not reveal significant 

positive outcomes for acute physical activity improving working memory. This may be due to 

the considerable heterogeneity between the seven acute physical activity studies. The acute 

physical activity studies had differences in age groups, working memory test protocols, and 

intensities of physical activity. Rathore and Lom recommend further research on the effects of 

acute physical activity on working memory that adheres to recommended guidelines by credible 

organizations. More specific research based off set guidelines would allow for more conclusive 

and significant results in determining the effects of acute physical activity on working memory 

performance.  

Studies also suggest that acute physical activity may also facilitate learning (Perini et al., 

2016; Sage et al., 2016). Acute exercise has been shown to influence the rate of acquisition and 
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retention, information processing and cognitive function (Sage et al., 2016). Perini et al. (2016) 

examined the effects of acute exercise on learning. The study involved 84 healthy male 

participants split into two experimental groups. Then the experimental groups were then split 

into subgroups consisting of a control group (minimal to light intensity) and moderate intensity 

exercise groups. The light intensity group participated in a computerized orientation 

discrimination task and the moderate intensity group participated in a motor task. The 

researchers had the participants perform a pre-learning task, associated with their experimental 

group, prior to a 30-minute aerobic exercise bout at their subgroup’s intensity level. Immediately 

following the exercise bout, participants completed either orientation discrimination tasks or the 

motor tasks depending on their experimental group. The results indicated a lower learning rate in 

the light intensity group than in the moderate intensity exercise group. Furthermore, the 

moderate intensity exercise group outperformed the light intensity group on the motor task. 

These findings suggest acute bouts of moderate intensity aerobic exercise may facilitate basic 

learning mechanisms and could promote brain plasticity in both motor and non-motor areas 

(Perini et al., 2016). 

Exactly how physical activity influences cognition and memory is still up for some 

debate (Ruscheweygh et al., 2011). However, the changes in cardiorespiratory, hormonal, and 

metabolic processes that accompany physical activity could explain how they affect memory and 

cognition on a physiological level (Coles & Tomporowski, 2008). Some of these changes that 

may affect memory and cognition are the increases in blood flow, increases in the release of 

neurotransmitters, and reduction in oxidative stress in hippocampal structures during physical 

activity (Ruscheweyh et al., 2011). Studies have also shown that physical exercise enhances 

neuroplasticity, which has a direct effect on cognitive function (Perini et al., 2016). 
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Additional research suggests exercise leads to an increase in proliferation and 

connectivity of neural connections between the hippocampus and prefrontal cortex, which 

contributes greatly to memory performance (Frith et al., 2017; Perini et al., 2016; Stillman et al., 

2016). Yanes and Loprinzi (2018) propose that exercise enhances neuronal excitability as well as 

attentional resource allocation, which could support memory encoding. This increase in attention 

may be due to the modulation of dopamine and norepinephrine during and shortly after exercise 

(Frith et al., 2017; Loprinzi, 2018, p.256; Ruscheweyh et al., 2011). These neurobiological 

changes have also been linked to improved memory retention and learning success (Sage et al., 

2016).    

 

Effects of Intensity of Physical Activity on Memory  

The positive effects of acute physical activity on memory have been well documented. 

However, little research has been done on how different levels of exercise intensity affect 

memory functions (Loprinzi, 2018). It is imperative to evaluate the intensity levels of physical 

activity when assessing the effect physical activity has on memory functions (Labban & Etnier, 

2011). Low, medium, and high intensity levels of physical activity may affect memory functions 

differently (Ruscheweyh et al., 2011).  

In a study done by Firth et al., (2017), high intensity exercise had a positive effect on 

memory and cognitive function. However, additional studies have shown that short bouts of light 

to moderate physical activity are more effective at improving memory and cognitive function 

than high intensity physical activity (Felez-Nobrega et al., 2017; Frith et al., 2017; Labban & 

Etnier, 2011; Rattray & Smee, 2016; Yanes & Loprinzi, 2018). Labban and Etnier (2011) and 

Smith et al. (2013) note that enhancements in memory and cognitive function can occur even 
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after short 10-minute bouts of moderate intensity exercise (Labban & Etnier, 2011; Smith et al., 

2013).  

The study conducted by Rattray and Smee (2016) examined the effects of different 

exercise intensities on memory. Twenty healthy and active participants (10 male and 10 female) 

completed four different exercise protocols (constant/moderate), low intensity, and high intensity 

exercise) on four different occasions plus a control/no exercise occasion.  Immediately following 

each exercise protocol, participants completed a cognitive task to assess memory recognition. 

Rattray and Smee found that response time for the cognitive task was faster for all exercise 

groups compared to the control, with the moderate intensity exercise group being the fastest. 

They suggest that the effect of physical activity on memory and cognition follows an inverted-U, 

where moderate intensity exercise is most effective and low and high intensity exercise are less 

effective. While the exact physiology behind this result is unknown, Rattray and Smee suggest 

this may occur due to peak oxygenation of the frontal lobe occurring with moderate intensity 

exercise.  

 

Temporal Effects of Physical Activity on Memory  

Another key component of acute physical activity that needs to be evaluated is the 

temporal effect on memory and cognition (Labban & Etnier, 2011). Further research needs to be 

conducted to determine whether memory and cognition are enhanced more if memory encoding 

and consolidation occur before, during, or after physical activity (Sng et al. 2017). Memory 

encoding occurs when sensory input is converted into information capable of processed into 

memory. Memory consolidation occurs when information from a recent memory is processed 

and forms a permanent memory (American Psychological Association, n.d.).  
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Though there is limited research, a few studies have shown changes in the effects of acute 

physical activity on memory and cognition in regard to the timing of physical activity (Frith et 

al., 2017; Haynes et al., 2019; Labban & Etnier, 2011; Sng et al., 2017). Physical activity before 

memory encoding may improve memory by increasing attention while physical activity after 

memory encoding may enhance memory consolidation (Frith et al., 2017; Sage et al., 2016). A 

study conducted by Sng et al. (2017) evaluated the effects of acute moderate intensity walking 

exercise on memory function. The study consisted of 88 healthy male and female college 

students. Memory function was assessed using the Rey Auditory Verbal Learning Test 

(RAVLT). The RAVLT measures “a person’s ability to encode, combine, store and recover 

verbal information in different stages of immediate memory (Khosravi Fard et al., 2016, p. 27).” 

Therefore, many researchers use this assessment tool to study short term memory, long term 

memory, and learning.  

The 88 participants were split up into four experimental groups with 22 participants per 

group, including a control group, exercise prior to memory encoding group, exercise during 

memory encoding, and exercise during memory consolidation. The exercise groups participated 

in 15 minutes of moderate intensity walking on a treadmill either prior to or during memory 

encoding or during memory consolidation. The exercise prior to and during memory encoding 

groups completed the RAVLT to assess learning and memory after exercise or during exercise 

respectively. The exercise during memory consolidation group completed the RAVLT recall 20 

minutes and 24 hours after exercise. According to Sng et al. (2017), the exercise prior to memory 

encoding group scored better than all other groups on the RAVLT as well as the 20 minute and 

24-hour recalls. These results indicate exercising prior to memory encoding is most effective 

when it comes to improving memory and cognition (Sng et al., 2017).  
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Firth et al. (2017) also noted that exercising during memory encoding can be linked to 

decreased memory performance. This result is likely due to the shift of metabolic resources from 

the regions in the brain where memory is developed and stored to motor regions that produce and 

sustain bodily movement (Frith et al., 2017). In addition, Van Dongen et al. (2016) suggest acute 

exercise enhances memory consolidation when performed four hours after memory encoding but 

showed little to no effect when performed immediately after memory encoding.  

Current evidence indicates that acute physical activity performed prior to memory 

encoding and consolidation may be more effective at improving memory and cognition when 

compared to during or after (Frith et al., 2017; Haynes et al., 2019; Labban & Etnier, 2011; 

Smith et al., 2013; Sng et al., 2017). However, this evidence stems from studies using varying 

physical activity intensities and modalities, age groups, and working memory measures. 

Furthermore, little to no research has been conducted on the timing of acute exercise prior to 

memory encoding. For instance, future research should determine whether physical activity 

performed immediately before, 20 minutes before, or an hour before memory encoding is best at 

eliciting improvements in memory (Haynes et al., 2019). 

More specific research using standardized methods should be conducted to obtain more 

conclusive evidence on the temporal effects of acute physical activity on working memory (Firth 

et al., 2017; Haynes et al., 2019; Loprinzi, 2018; Rathore and Lom, 2017). Future research 

should incorporate a standard measure for working memory, a specific physical activity 

modality, and focus on moderate intensity physical activity to determine the temporal effects of 

physical activity on acute working memory in young adults.  
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Method 

Participants 

The target group for this study was healthy young adults ages 18-35. The number of 

participants needed to achieve a-priori power of 0.80 was calculated in G*Power (v.3.1), using a 

one-way repeated measure analysis of variance (RM-ANOVA) with the following settings: 

medium effect size (0.25), Type I error rate (alpha) = 0.05, 3 repeated measurements (protocols), 

and a medium high correlation (0.70) among measures (Faul, Erdfelder, Lang, & Buchner, 

2007). Therefore, 19 participants were needed to obtain sufficient statistical power.  

Participants were recruited via a convenience-based, non-probability sampling approach 

(classroom announcements, word-of-mouth, flyers, and emails). This study was approved by the 

Institutional Review Boards (IRBs) from the University of Arkansas (UA) and Northeastern 

State University (NSU), and participants provided written consent prior to participation. Due to 

the physical demands of this study, participants had to pass a health screening and show no 

contraindications on a physical activity readiness questionnaire (PARQ+; see Appendix A) to be 

eligible for participation. Prior to participation, participants also completed a lifestyle/physical 

activity level (See Appendix B) and pre-screening/demographic questionnaire (See Appendix C). 

All three questionnaires were emailed to participants prior to arranging the first lab visit, though 

all paperwork was signed in person during their first lab visit. This eliminated participants from 

having to come into the lab if they were ineligible for the study. Participants were ineligible for 

this study if they reported any of the following on their pre-screening questionnaire: current 

smoker, concussion within the past 30 days, diagnosed with attention deficit or attention deficit 

hyperactivity disorders, diagnosed with a learning disability, are pregnant, currently under the 

influence of alcohol, marijuana, or illicit substances.  



  

 23

 A total of 20 participants were recruited for this study with 10 males and 10 females. 

Participants ranged from 19 to 34 years of age, with the average being 22.20 years with a 

standard deviation of 3.33.   

 

Measures 

Physical Activity Intensity 

 

 Physical activity intensity was measured by monitoring participants heart rate and rate of 

perceived exertion (RPE), throughout the testing protocol. Participants walked at a brisk pace on 

a treadmill at for 15 minutes. During this time participants were instructed to increase their pace 

until their heart rate (HR) is at 65-75% of their estimated heart rate max, which corresponds to 

moderate intensity physical activity (Liguori, Feito, Fountaine, & Roy, 2022). Each participant’s 

heart rate was assessed continuously throughout the protocol using a chest strapped monitor. The 

goal was to have participants reach and sustain 65-75%% max HR after the first 5 minutes of 

walking. An RPE of 3-4 on a scale of 1-10 is considered moderate intensity (Liguori et al., 

2022). Participants’ RPE was taken at minutes 5, 10, and 15 of the treadmill walking protocol. 

Walking speeds were adjusted to maintain 65-75% max HR and 3-4 RPE. Heart rate and RPE 

were also assessed immediately before working memory testing to measure physiological 

arousal.  

 

Working Memory Performance 

 

 Although there is no one specific measurement tool to assess working memory capacity, 

several studies have used working memory “span” tasks to successfully measure working 
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memory performance (Conway et al., 2005; Felez-Nobrega et al., 2017; Hall et al., 2015; Hilbert 

et al., 2015; Rathore & Lom, 2017). Working memory span tasks, used to measure working 

memory capacity, were designed based on Baddeley and Hitch’s (1974) model of working 

memory (Conway et al., 2005). Working memory span tasks entwine the presentation of to-be-

remembered information with the presentation of a complex cognitive processing tasks (Conway 

et al., 2005). In a working memory span task, the to-be-remembered information can be digits, 

words, phrases, or images and the cognitive processing tasks can be anything from simple 

arithmetic to reading comprehension, depending on the specific span task. The three working 

memory span tasks commonly used in research are the reading span, operation span, and 

counting span tasks. All three working memory span tasks have been used in hundreds of 

independent studies and show a high degree of reliability and validity (Conway et al., 2005).  

 The specific span task that was used for this study was the operation span task in which 

participants were required to solve basic mathematical problems while trying to remember the 

letters that were shown to them before each problem. The operation span task has been 

administered to thousands of subjects in hundreds of studies to analyze working memory 

performance. No two tasks or mini tasks are the same for the operation span task. Each task 

includes different letters and different basic math problems every time each task is done. 

Therefore, there are no order (practice) effects expected with the operation span task. The 

operation span task also has adequate consistency reliability. Consistency reliability reflects the 

consistency of participants’ responses across a test’s items at one point in time. A coefficient 

alpha of 1 defines a perfect correlation. In 2004, Kane at al. observed coefficient alphas of 0.80 

for the operation span task. Furthermore, Conway et al. observed test-retest correlations of 0.70 

to 0.80 for the operation span task (2005). The operation span task also shows considerable 
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construct validity (Conway et al., 2005), meaning the operation span task predicts performance 

on a wide array of tasks for which control of attention and thought are important. Operation span 

tasks also show convergent validity in that operation span tasks correlate extremely well with 

each other and with performance on tests of more complex cognition that depend on working 

memory (Conway et al., 2005). Operation span tasks do not predict performance on tasks that 

appear to reflect automatic processing or basic recall in the absence of interference, that is, the 

operation span tasks only tests working memory, not short-term or long-term memory, which 

shows discriminant validity (Conway et al., 2005).  

For this study, working memory was assessed using the automated version of the 

operation span task produced by Psychology Experiment Building Language (PEBL), an open-

source software system for designing and running psychological experiments. During this task, 

participants sat at a computer and were shown a series of letters intertwined with basic math 

problems. Participants were instructed to read each letter as they saw it and answer the math 

problems as they came up. At the start of each mini task, participants were shown a letter. After 

each letter they were shown a math problem they needed to quickly solve in their head. This 

continued 3-5 times depending on the computers randomly selected task length. After the 3-5 

mini tasks, the participants were instructed to click on the letters they saw in the correct order. If 

the participant did remember a specific letter in the order, they were instructed to hit the blank 

button, which kept the place of the unknown letter. The whole process was repeated three times 

to obtain an average score, which was based off the number of letters the participant got correct 

in the correct order for each mini trial. 

Prior to beginning the scored operation span task, participants took a practice test. The 

practice test determines the average time it takes a participant to answer the math problem. If the 
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participant went over their average time to solve a math problem in the actual task, the program 

showed the letter to be remembered without the participant having to solve the problem and the 

program marked it as a math error. Since this test was not trying to assess math skills and was 

used only to distract the participant, the math errors were not counted against the final score of 

letters remembered.  

 

Research Design and Procedures 

 This study utilized a within-subjects (repeated measures) cross-over experimental design. 

The advantages of this design could reduce error variance associated with individual differences 

and would provide more robust indications of any causal effects of acute moderate intensity 

physical activity on working memory performance (Maxwell & Delaney, 2004). Each participant 

completed three different protocols on three separate visits to the exercise physiology lab at 

NSU. Participants were instructed to come into the lab around the same time of day for each of 

the three necessary visits. Each visit lasted approximately 1-1.5 hours and occurred at least 24 

hours after the previous visit to allow for a wash-out period and minimize carry-over effects 

(Maxwell & Delaney, 2004). To control order effects, a Latin Square Counterbalanced Design 

was utilized to randomize the protocol conditions (Figure 1). Working memory was assessed 

after each protocol utilizing an automated version of the operation span task produced by 

Psychology Experiment Building Language (PEBL), an open-source software system for 

designing and running psychological experiments.  
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Figure 1 

 

Latin Square Counterbalanced Design. 

 

Participant Visit 1 Visit 2 Visit 3 

1 Protocol 1 Protocol 2 Protocol 3 

2 Protocol 2 Protocol 3 Protocol 1 

3 Protocol 3 Protocol 1 Protocol 2 

4 Protocol 1 Protocol 3 Protocol 2 

5 Protocol 2 Protocol 1 Protocol 3 

6 Protocol 3 Protocol 2 Protocol 1 

7 Protocol 1 Protocol 2 Protocol 3 

… … … … 

  

During the first visit to the lab, participants were asked to read and sign a written 

informed consent form approved by both the NSU and UA IRBs. They were also asked to 

complete a PARQ+, lifestyle/physical activity level and demographic questionnaires. Once all 

preliminary screening and assessments were completed, participants were assigned one of the 

three protocols depending on the Latin Square protocol for their participant number. If the 

participant was assigned Protocol 1, they rested for 20 minutes before completing the automated 

operation span task for working memory assessment. If the participant was assigned Protocol 2, 

they walked on the treadmill at a moderate intensity for 15 minutes and then rested for 5 minutes 

before completing the automated operation span task for working memory assessment. If the 

participant was assigned Protocol 3, they walked on the treadmill at a moderate intensity for 15 

minutes and then rested for 30 minutes before completing the automated operation span task for 

working memory assessment. The automated operation span task included a pre-test given 

immediately prior to the actual tested task to familiarize participants with the test. The rest 

periods consisted of watching an episode of the TV show “Friends” to allow for controlled 

distraction and rest. The 5-minute and 30-minute rest periods were chosen based on previous 

research and physiologic changes after physical activity. Previous research indicates measuring 
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memory performance after 5 minutes of rest to determine “immediate” effects of physical 

activity on memory (Firth et al., 2017; Perini et al., 2016; Rattray and Smee, 2016; Sng et al., 

2017). Furthermore, physical activity during memory encoding and/or assessment has been 

linked to decreased memory performance, which may be due to the shift of metabolic resources 

from memory regions of the brain to motor regions of the brain (Firth et al., 2017). Therefore, 

participants rested for 5 minutes before completing the memory assessment to allow time for the 

body to pull those resources back to regions of the brain more specific to memory and cognitive 

function. Previous research has mainly focused on the effects of physical activity on memory 

when performed immediately before, during, or after memory encoding. The 30-minute rest 

period was chosen for this study to determine if an extended rest time between physical activity 

and working memory testing has an effect on working memory performance.  

Statistical Analysis 

 The statistical package for the social sciences software (SPSS) version 25 was used to 

perform all data management and analyses. Following preliminary descriptive analysis, model 

assumptions were checked before further analysis. Second, a univariate analysis of variance 

(ANOVA) was used to evaluate if there is an order effect on protocols. Third, a one-way within-

subject ANOVA was conducted with the factor begin three moderate-intensity physical activity 

protocols [no physical activity, physical activity immediately before (5 min), and 30 minutes 

before working memory testing] and the dependent variable being the working memory 

performance, measured by the automated operation span task. Finally, previous studies (Hill et 

al., 2014; Li et al., 2010) indicated males and females performed differently on working memory 

tasks. Therefore, disregarding whether the main effect (i.e., from the previous one-way within-

subject ANOVA) was significant, a further exploratory analysis was conducted using a two-way 
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repeated-measures ANOVA (a mixed-design with one within-subject and one between-subject) 

to investigate the gender effects.    
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Results 

 The purpose of this study was to examine the temporal effects of acute moderate intensity 

physical activity on working memory in young adults. A RM-ANOVA was conducted to 

compare the temporal effects of physical activity on working memory. As mentioned previously, 

working memory performance was measured using an automated operation span test. A 

univariate analysis of variance conducted on protocol order was not significant at the .05 level, 

F(2,17) = 0.009, p = .99, showing there were no order effects. The means and standard 

deviations for the operation span tests scores are presented in Table 1.  

Table 1 

Means and Standard Deviations for Working Memory Test Scores (N = 20). 

Operation Span Test M SD 

Protocol 1 10.30 3.33 

Protocol 2 10.05 2.98 

Protocol 3 10.60 3.94 

 

 The results of the one-way within-subject ANOVA indicated that the effect of the 

physical activity protocols on working memory scores was not significant, Wilks’ Λ = .845, 

F(2,38) = 2.095, p = .137. There were no differences between the three moderate intensity 

physical activity protocols (i.e., no physical activity and a 20-minute rest, 15-minute physical 

activity with a 5-minute rest, and 15-minute physical activity with a 30-minute rest). The effect 

size was medium to large (η2 = 0.099). 

Because males and females have been shown to differ on memory tasks (Hill et al., 2014; 

Li et al., 2010) a follow-up exploratory analysis was conducted with a mixed-design ANOVA. 

The gender by protocol interaction was not significant, F (2, 36) = 2.19, p = .127, nor was the 
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main effect for gender, F (1, 18) = 0.49, p = .493. Not surprisingly, the effect for protocols 

remained nonsignificant, F (2, 36) = 0.42, p = .657 (see Table 2 for detail).  

Table 2. 

ANOVA Summary of Exploratory Analysis for Gender by Protocols  

 

Source df SS MS F 

Between Subjects     

Gender (A) 1 14.02 14.02 0.49 

Residual between within Subjects 18 515.63 28.65  

Within Subjects     

Protocol (B) 2 3.03 1.52 0.42 

A×B Interaction 2 15.63 7.82 2.19 

Residual within  36 128.67 3.57  
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Discussion 

The purpose of this study was to examine the temporal effects of acute moderate intensity 

physical activity on working memory in young adults. Specifically, this study examined the 

effects of acute moderate intensity physical activity on working memory performance in young 

adults as well as the effects of the timing of acute moderate intensity physical activity (5 minutes 

before or 30 minutes before memory encoding). Previous research suggests that even a single 

bout of physical activity can have a positive effect on memory performance (Haynes, et al., 

2019; Labban & Etnier, 2011; Yanes & Loprinzi, 2018) and that acute physical activity may 

improve working memory performance of healthy adults (Lopriniz, 2018; Titz & Karbach, 2014; 

Rathore & Lom). Therefore, the main hypothesis for this study was that acute moderate intensity 

physical activity enhances working memory performance in young adults. Prior research also 

suggests that the timing of physical activity may have an effect on memory performance (Firth et 

al., 2017). For instance, previous research indicates that physical activity performed before 

memory encoding and consolidation may be more effective at improving memory and cognition 

when compared to during or after (Frith et al., 2017; Haynes et al., 2019; Labban & Etnier, 2011; 

Smith et al., 2013; Sng et al., 2017). Linking together the results of previous studies, it was 

hypothesized that acute moderate intensity physical activity performed 30 minutes prior to 

memory encoding enhances working memory performance in young adults more than it would if 

performed immediately (5 min) before memory encoding. It was also hypothesized that acute 

moderate intensity physical activity performed immediately (5 min) before and 30 minutes 

before memory encoding enhances working memory performance in young adults more than no 

physical activity prior to memory encoding. However, the results of this study contradict the 

theory that acute moderate intensity physical activity has an effect on working memory 
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performance. The data also suggests that the timing of acute moderate intensity physical activity 

does not have an effect on working memory performance.  

Previous research suggests there may be some gender differences when it comes to 

working memory (Hill et al., 2014; Li et al., 2010). Gender differences in working memory have 

been attributed to differences in types of working memory in which males and females differ. 

According to Hill (2014), males tend to be better at mathematical, spatial, and object working 

memory while females are better at verbal and writing skill working memory. Therefore, 

possible gender effects were also analyzed to determine if physical activity’s effect on working 

memory score varied by gender. However, the results of the interaction analysis between gender 

and working memory scores were also not significant.  

One limitation of this study was that the interaction analysis for gender on working 

memory scores was under power. Statistical power for the interaction was calculated in G*Power 

(v.3.1), using a repeated measure analysis of variance within-between interactions with the 

following settings: effect size = 0.16, Type I error rate (alpha) = 0.05, number of measurements 

= 3 (protocols), total sample size = 20, number of groups = 2, and a medium high correlation 

(0.70) among measures (Faul, Erdfelder, Lang, & Buchner, 2007). The power analysis resulted 

in a power of 0.49. Therefore, sufficient statistical power for the interaction was not achieved. 

While the G*power analysis showed that only 16 participants were needed for the study to 

achieve sufficient statistical power, a larger sample size was needed to get more power when 

analyzing the interaction and may have rendered more support for the hypotheses. A delimitation 

of this study is the homogenous sample of only healthy young adults. The target population for 

this study was healthy young adults. However, the study took place at a university campus, 

which narrowed the participants to those who are also academically inclined. Therefore, any 
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findings may not be generalized to populations of healthy young adults in other geographical 

locations or settings.  

Future Research 

 

 Future research should consider evaluating a more diverse group of young adults and 

eventually, children, older adults, and those with memory impairments or cognitive deficits. This 

study also only evaluated two time periods for physical activity prior to memory assessments and 

two time periods for acute physical activity prior to the working memory assessment. Future 

research should assess shorter and longer durations of rest between physical activity and memory 

assessments (Haynes et al., 2019). For example, no rest, 10 minute rest, 45 minute rest, or one or 

more hours of rest between physical activity and memory assessments.  

This study only utilized one working memory span task, the operation span task, to assess 

working memory performance.  The automated version of the operation span task produced by 

Psychology Experiment Building Language (PEBL) was used to assess working memory 

performance, which may not have been sensitive enough to determine an effect of physical 

activity on working memory. Although the operation span task has a high degree of reliability 

and validity in assessing working memory performance, using all three of the working memory 

span tasks may provide more conclusive evidence of any changes in working memory 

performance (Conway et al., 2005). The three working memory span tasks include the operation, 

reading, and digit span tasks. While this study focused on working memory performance, more 

research should also continue to be conducted to evaluate the interrelationships of physical 

activity intensity and timing on different types of memory (Loprinzi, 2018).  

  Previous research suggests acute moderate intensity physical activity has a positive effect 

on working memory performance. However, the bulk of these studies utilized between subjects 



  

 35

designs and varied on the type of working memory test conducted. The within subjects design 

and the type of working memory test used in this study may have controlled more extraneous 

variables, making the results less sensitive to differences. Further research should focus on 

within subjects designs and should consider including all three working memory span tasks 

(operation, counting, and reading) to assess working memory performance. In addition, more 

specific research using standardized methods should be conducted to obtain more conclusive 

evidence on the temporal effects of acute physical activity on working memory (Firth et al., 

2017; Haynes et al., 2019; Loprinzi, 2018; Rathore and Lom, 2017). Future research should 

incorporate a standard measure for working memory, a specific physical activity modality, and 

focus on moderate intensity physical activity to determine the temporal effects of physical 

activity on acute working memory in young adults. If future research, with more standardized 

designs, finds that acute physical activity does have an effect on working memory, it could 

provide evidence as to when or if people should perform moderate intensity physical activity to 

enhance working memory performance. 
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Conclusion 

In conclusion, the purpose of this study was to examine the temporal effects of acute 

moderate intensity physical activity on working memory in young adults. The results of this 

study failed to support the hypotheses that acute moderate intensity physical activity improves 

working memory performance in young adults and that the timing of the physical activity has an 

effect on working memory performance. According to the results of this study, there is no 

difference in working memory performance based on whether physical activity was performed 

prior to working memory testing, specifically 5 minutes or 15 minutes before memory testing. 

Overall, more research should be conducted to develop more standardized measures of physical 

activity and working memory capacity. For instance, more research could determine which level 

of physical activity intensity is best for working memory performance, what the best testing 

procedure or combination of testing procedures is for working memory performance, and what 

the best physical activity modality is to improve working memory performance. In conclusion, 

more standardized research may provide more conclusive evidence as to whether acute moderate 

intensity physical activity and/or the timing of physical activity influences working memory 

capacity in young adults.   
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Appendix B 

 

Lifestyle/Physical Activity Level Questionnaire:  

 

Questions:  

 

1. Name: First and Last 

 

 

2. What exercise activities do you currently take part in (e.g., running, weightlifting, group 

exercise, etc.)? 

 

3. How many days per week do you get at least 60 minutes of moderate-intensity exercise? 

 

4. On a scale of 0-10, how important is maintaining a physically active lifestyle to you? 

 

5. What is your occupation? 

 

6. Does your occupation require extended periods of sitting? (If yes, please explain.) 

 

7. Do you partake in any recreational physical activities (golf, swimming, hiking, etc.)? If 

yes, please explain.) 

 

8. Do you have any additional hobbies that require you to be physically active (gardening, 

fishing, dancing, etc.)? (If yes, please explain.) 

 

9. Do you consume caffeinated beverages such as coffee, tea, soda, and/or energy drinks? If 

so, how many per week? 
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Appendix C 

Pre-screening Questionnaire:  

 

Questions: Demographic Information 

 

1. Name: First and Last 

 

2. What is the highest degree or level of school you have completed? (If you’re currently 

enrolled in school, please indicate the highest degree you have received.) 

a. Some High school 

b. High School degree or equivalent 

c. Some college, no degree 

d. Associates degree (e.g. AA, AS) 

e. Bachelor’s degree (e.g. BA, BS) 

f. Master’s degree (e.g. MA, MS, Med) 

g. Doctorate degree (e.g. PhD, EdD) 

 

3. Are you a current smoker?   

 

4. Have you had a concussion within the past 30 days? 

 

5. Have you been or are you currently diagnosed with attention deficit or attention deficit 

hyperactivity disorders? 

 

6. Have you been diagnosed with a learning disability? 

 

7. Are you pregnant? 

 

8. Have you been under the influence of alcohol, marijuana, or illicit substances in the last 

24 hours?   

 

9. Have you exercised in the last 5 hours? 

 

10. Have you had caffeine in the last 5 hours?  
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