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Propositions  
Accompanying the dissertation 

Physical Activity Behavior and Learning 

in Higher Education, by H.Q. Chim, Maastricht, 30 March 2021 

1. The educational setting of universities, where sitting facilities are standard, 

encourage sedentary behavior (this dissertation). 

2. Standing tutorial meetings are effective at reducing sedentary behavior, while 

maintaining the students’ learning performance (this dissertation). 

3. Students should be given the option to stand in class, because prolonged sedentary 

behavior is detrimental for health (this dissertation). 

4. To explain the mixed results present in the field of physical activity behavior and 

learning, more randomized controlled trials that account for potential moderators 

(e.g., timing of light physical activity) are needed  (this dissertation). 

5. It is the joint responsibility of researchers, journalists, and others involved in 

knowledge dissemination to critically evaluate and interpret the outcomes of 

scientific studies. 

6. “The degree to which what is learned may be transferable … depends very much on the 

learning processes, about which grades and degree classes are usually silent” – Peter T. 

Knight. 

7. Universities have the responsibility to facilitate a healthy lifestyle for their students. 

8. “Education is the most powerful weapon which you can use to change the world” – Nelson 

Mandela. 

9. “千里之行，始於足下 “/ Journey of a thousand miles begins with a single step – 孔

子/ Confucius. 

10. Duduk sama rendah, berdiri sama tinggi/ Sit equally low, stand equally high – Malay/ 

Indonesian proverb. 

11. “Zitvlees” praises one for having perseverance – perseverance need not be sedentary. 
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1.1. Background 

After attending university for just one semester, students were found to gain an average 

of 1.0 kg in body weight [1]. After attending university for one year, this average went 

up to 2.7 kg [2]. Upon further inspection, the students who gained weight were found 

to have picked up unhealthy behaviors since starting their higher education, such as 

being less physically active, and spending more time sitting down while studying or 

using electronic devices [2]. Importantly, these behavioral and bodily changes are 

expected to follow them for the rest of their adulthood [3–6]. This leads one to wonder, 

how much of a student’s physical activity behavior is attributable to attending 

university/higher education, and how much can the university contribute to changing, 

ideally improving, the students’ physical activity behavior? 

When students come to university, they are welcomed by spaces designed primarily 

for sitting. Desks are surrounded by chairs in tutorial classrooms, while rows of chairs 

are permanently installed in lecture theatres. In a multinational study, university 

students were reported to be among the most sedentary populations [7]. Sedentary 

behavior, defined as activities that are carried out while sitting, reclining, or lying down 

while being awake, expends only low levels of energy (up to 1.5 metabolic equivalents; 

METs1) [8]. Importantly, research has linked long durations of sedentary behavior to a 

higher risk of the following: weight gain [9–14], obesity [15–19], cardiovascular diseases 

[20–24], depression [25,26], mental disorders [27], reduced quality of life [25], and all-

cause mortality [21,23,24,28,29]. So why is it, that students are expected to be sedentary 

when attending classes at university? Does being sedentary contribute to better learning, 

for example, knowledge acquisition, group discussions, or any form of academic 

performance? If spending long durations being sedentary is detrimental for health, and 

being sedentary does not contribute to better learning, then the university should 

reconsider the learning environment that is provided for the students. 

In the subsequent sections, I start off by introducing physical activity behavior, 

specifically on how to reduce the risks of prolonged sedentary behavior and how to 

measure physical activity behavior. Then, I consider how replacing sedentary behavior 

with light physical activity may affect learning. Finally, I present the aim and outline of 

this dissertation. 

1.2. Replacing prolonged sedentary behavior with light physical activity 

Various organizations and governmental bodies across the globe have strongly advised 

to minimize overall sedentary behavior [30–38]. This can be achieved by breaking up 

 
1 METs is the ratio of metabolic rate of the target activity compared to seated rest, with seated rest being 1 

MET (approximately 3.5 mL/min/kg of oxygen consumption)[46]. 
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long durations of sedentary behavior with physical activity [39–41]. Physical activity 

encompasses all bodily movements that increase energy expenditure [42], preventing 

many of the health risks associated with sedentary behavior, such as weight gain, 

obesity, cardiovascular diseases, depression, and premature death [43–45]. 

Research into physical activity has mostly focused on moderate-to-vigorous physical 

activity [44], for instance, cycling and running at 3.0 METs and above [46]. This focus 

has led mass media to push for threshold recommendations, such as the 75 – 150 

minutes per week of moderate-to-vigorous physical activity recommended for adults 

by the World Health Organization (WHO) [47]. These recommendations may lead 

universities to be contented with providing gym and sports facilities to the students. 

However, the WHO recommendation of moderate-to-vigorous physical activity only 

constitutes approximately 2% of time spent awake [48]. Should students choose to 

spend the remaining 98% of their conscious lives being sedentary, even if they were to 

achieve the recommended levels of moderate-to-vigorous physical activity, they would 

still be at risk of negative health effects associated with prolonged sedentary behavior 

[49]. 

Threshold recommendations of moderate-to-vigorous physical activity fail to inform 

the general population that breaking up sedentary behavior with any movement – light, 

moderate, or vigorous in intensity – is beneficial for health [50]. Furthermore, there is 

only so much moderate-to-vigorous physical activity that one can perform, before 

limitations such as physical exhaustion, the constraints of time, or environmental 

unsuitability, start coming into play. These limitations are present to a lesser degree, 

when we replace and break up prolonged sedentary behavior with light physical activity 

(1.6 to 2.9 METs), such as standing. 

For a sedentary group, initiatives that promote light physical activity may have a 

higher degree of acceptance and long-term adherence, compared to moderate-to-

vigorous physical activity [51]. On its own, light physical activity is beneficial for 

physical health, being inversely related to various cardiometabolic risks and all-cause 

mortality risk [52,53], especially when it replaces or breaks up prolonged sedentary 

behavior [41,54]. When trying to encourage a sedentary population to be more active, it 

is important to highlight that, relatively speaking, the biggest boost to one’s physical 

health is simply to get up and move [55]. Instead of normalizing prolonged sedentary 

behavior, perhaps it is time to normalize physical activity, especially light physical 

activity, within the university. 

1.2.1. Measuring physical activity behavior 

When attempting to replace prolonged sedentary behavior with light physical activity, 

there needs to be a measure for the resulting change in the students´ physical activity 
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behavior. For large-scale measurements 

of sedentary behavior and physical 

activity, epidemiological studies have 

used subjective measures, such as self-

report questionnaires and diaries, for 

their feasibility, low costs, and low 

burden to participants and researchers 

[56]. Examples include the International 

Physical Activity Questionnaire (IPAQ, 

[57]) used by the European Commission 

[7] and the Global Physical Activity 

Questionnaire (GPAQ) used by the 

World Health Organization (WHO, 

[58]), among various similar population surveys used in other parts of the world [59]. 

Despite the convenience of using these measures, their subjective nature means that 

biases on recalling and reporting are prone to occur [56]. For example, a study that 

compared data collected with the IPAQ against data collected by a more objective 

measure of sedentary behavior (i.e., the activPAL3, described in the next paragraph) 

found that, using the IPAQ, adults tend to underestimate sitting time by approximately 

2.2 hours per day [60]. 

Increasingly, field-based researchers are turning to accelerometry to provide a more 

objective measure of day-to-day sedentary behavior and physical activity [56]. One such 

device is the triaxial physical activity logger, activPAL3™ (PAL Technologies Ltd., 

Glasgow, UK) [61], as shown in Figure 1.1. The activPAL3 is attached to the front side 

of the mid-thigh, detecting thigh position and acceleration with respect to gravity, with 

a default sampling frequency of 20 Hz. Using its proprietary algorithm, called the 

Intelligent Activity Classification, physical activity behavior that has been conducted 

for at least 10 seconds (default setting) is classified by the activPAL3 as lying, sitting, 

standing, or stepping. The data collected can be downloaded from the activPAL 

software, providing various outputs such as cadence of steps, each physical activity 

behavior’s frequency and duration, and non-wear detection. Importantly, the 

activPAL’s ability to distinguish between static postures such as sitting and standing is 

an important feature for the measurement of sedentary behavior and physical activity 

[56]. Passing validity and reliability checks [62], the lightweight and small activPAL3 

does not influence one’s day-to-day behavior [63,64]. Therefore, to obtain more objective 

measures of physical activity behaviors in a field setting, the activPAL3 is a 

recommended choice. 

  

Figure 1.1 An attached activPAL3™ 
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1.3. Effects of light physical activity vs. sedentary behavior on learning 

With the intention to break up prolonged sedentary time, some schools and offices have 

introduced desks that promote light physical activity, such as standing desks [65–70], 

treadmill desks [67,71], and cycling desks [71]. Compared to the more dynamic 

treadmill and cycling desks, standing desks are less distracting, take up less space, and 

come with a lower investment cost, making them a popular option. University students 

have already expressed that they are in favor of having standing desks within the 

university environment, wanting the option to stand in class [72]. Although the students 

have given positive feedback, further research is needed before universities invest more 

into standing desks. This is because reviews of existing literature have pointed out that 

the effects of standing on learning is still relatively unknown [65,73,74]. 

1.3.1. Learning 

Learning is a broad, abstract, and multifaceted concept. From a cognitive perspective, 

learning is the change, formation, and/or activation of one’s cognitive structure as a 

result of external stimuli [75]. Jean Piaget, pioneer of the constructivist theory of 

knowing [76], described learning as having external information interact with one’s 

prior knowledge to shape the cognitive structure of the learnt concept [77]. Meaningful 

learning occurs when the student integrates novel concepts learnt from their 

surrounding (e.g., classroom) with their pre-existing understanding of the concept [78]. 

In this respect, concept maps have been proposed as a powerful tool to visually display 

the changes in the students’ cognitive structure [79,80]. The general structure of concept 

maps includes nodes, which are keywords of the concepts, and links, which connect 

nodes meaningfully to one another. Each concept map is unique to the individual, 

depicting their cognitive structure of the topic at hand. When studying the phenomenon 

of learning, it is important to use a meaningful measure, such as concept maps, to 

elucidate how learning progresses with time. 

Lev Vygotsky expanded on Piaget’s constructivist approach of learning, by 

presenting the social-constructivist’s approach to learning, positing that learning occurs 

through interactions with others [81]. Through interactions with others, students may 

reach consensus on the topic that is being discussed, or realize that they have opposing 

views, therefore having to justify their arguments or change their existing cognitive 

structure to learn from other students [82]. Social-constructivism is an important tenet 

of problem-based learning (PBL), an educational model that is used in various education 

institutions, from primary and secondary to tertiary education, covering courses on 

medicine, law, business studies, engineering, and so on [83]. During PBL, group 

interactions are an essential part of the students’ learning process, as the students 

explore problems or cases that are relevant to the academic subject. At Maastricht 

University, PBL tutorial group meetings start with a pre-discussion, where students are 
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given a novel case by the tutors, who act as a guide in the discussions. As a group, the 

students share what they know about the case, brainstorm ideas to solve the case, 

discuss what they do not know about the case, and, finally, create learning goals to 

guide them when they study at home. After the tutorial, the students research solutions 

from extant literature. When they reconvene in the next tutorial group meeting, the 

students carry out a post-discussion to discuss their findings. From a social-

constructivist’s perspective, the measurement of learning has to take into consideration 

the interactions between the students that contribute to their learning. 

1.3.2. Preliminary studies 

Emerging research has started to compare the effects of light physical activity versus 

sedentary behavior on learning-related factors, with the main outcomes focusing on 

subject-related tests or cognitive performance. The first few studies on the effects of 

standing on mathematics have presented contrasting results, with one study finding 

improved performance on a mathematics exam [84], one study finding worsened 

performance on mental arithmetic [85], and another study not finding any significant 

effects on single-digit multiplication [86]. Research on the effects of light physical 

activity versus sedentary behavior on cognitive performance has primarily focused on 

executive functions (also known as cognitive control functions), a set of cognitive 

functions that guides goal-directed behavior [87]. Executive functions – the abilities to 

inhibit irrelevant stimuli and prepotent responses (inhibition), flexibly shift one’s 

attention between mental tasks (shifting), and update one’s working memory (updating) 

– have been found to be predictive of one’s academic excellence [87–90], making them 

a popular area of research. Similar to mathematical performance, studies on the effects 

of standing on executive functions have returned contrasting results, with some studies 

finding that standing improves performance on inhibition [91,92] and shifting [91], 

while others do not find an effect for updating [91,93]. Yet, these one-off tests of subject 

knowledge and cognitive performance do not sufficiently capture learning as it is 

constructed across time and through social interactions. 

One study that came close to measuring the change in one’s cognitive structure is by 

Liu et al. [94]. University students, who were cycling lightly while learning a second 

language, performed better than their peers who were seated, showing enhanced 

vocabulary-learning from the onset of Liu et al.’s longitudinal intervention. This 

enhanced learning carried over to the comprehension of sentences (not part of the 

training), which improved exponentially over time. The transfer, from the learnt 

vocabulary to the comprehension of new sentences that was not part of the training, 

suggests that the newly learnt information has assimilated with the students’ prior 

knowledge, changing their cognitive structure. In this manner, light physical activity 

does appear to provide a boost for learning. 
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As for socially-constructed learning, there have been a few studies on the effects of 

standing on meeting outcomes. In Bluedorn et al.’s study [95], groups of participants 

had to rank a list of solutions that would best solve a problem, while being seated or 

while standing. The group that was standing had, on average, shorter meetings, while 

the quality of their decision-making was just as well as the group that was seated. In 

another study by Knight and Baer [96], the authors posit that compared to the seated 

groups, standing in group meetings led to more elaborative discussions, which resulted 

in better group performance, as assessed by external raters. Although these two studies 

discussed group dynamics, they did not specifically address how learning occurs 

during the interactions with others, leaving a gap in literature to be addressed. 

Collectively, these preliminary studies do not provide strong evidence on the effects 

of light physical activity versus sedentary behavior on learning. We still do not know 

whether it is a good idea to replace sedentary behavior with light physical activity 

within the university environment. Further research is therefore warranted. 

1.3.3. Underlying physiological mechanisms 

When comparing the effects of light physical activity and sedentary behavior on 

learning, we may be able to derive some hypotheses by considering the underlying 

physiological mechanisms. Still, the focus of traditional research has been on moderate-

to-vigorous physical activity. Therefore, I first describe literature on general physical 

activity (usually moderate-to-vigorous in intensity), before narrowing the focus down 

to the few studies on light physical activity. 

Physical activity is thought to enhance learning because physical activity stimulates 

neuroplasticity, by strengthening potentiating synapses and facilitating the supporting 

functions of neuroplasticity [97]. During learning, the neural networks in the brain 

changes, reflecting changes in cognitive structure. When a student learns a new topic, 

synaptic connections are made as the neurons transmit signals between each other. As 

the student becomes more well-versed in the topic, the synaptic connections are 

strengthened in a process called long-term potentiation. Specifically, physical activity has 

been postulated to enhance the process of long-term potentiation [97,98]. Supporting 

functions of neuroplasticity, including the growth of new neurons (neurogenesis), 

formation of new blood vessels (angiogenesis), and metabolism in the central nervous 

system, are also stimulated by physical activity [97,98]. Through rodent studies, 

physical activity has been reported to increase the production and release of growth 

factors, such as brain-derived neurotrophic factors (BDNF) [97–100], insulin growth 

factor-1 (IFG1) [97,98], and vascular endothelial growth factor (VEGF) [97,98]. BDNF is 

important for neurogenesis and for long-term potentiation [98]. IFG1 and VEGF assist 

with angiogenesis, supporting brain blood flow in order to meet the increased demand 

for nutrients during neurogenesis and long-term potentiation [98,100]. In summary, 
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physical activity may enhance learning by enhancing long-term potentiation and the 

supporting functions of neuroplasticity. 

Research on light physical activity is still scarce, although there are some 

mechanisms that hint at light physical activity influencing learning. For example, light 

physical activity is thought to activate certain brain regions, such as the prefrontal cortex, 

which are believed to be primarily responsible for higher-order cognitive functions 

[101–103]. This argument is made on the finding that acute bouts of light physical 

activity have the ability to increase brain oxygenation in these regions [104–107], 

indicating activation of the oxygenated regions [108]. Timinkul and colleagues found 

that, compared to the participants’ baseline measure, light physical activity increases 

oxygenation of the prefrontal cortex, which increased further during dual-tasking 

(when reciting alternate alphabets) [109]. Another study found that participants had 

enhanced performance on a cognitive task (color-word matching Stroop task) and 

reported experiencing higher arousal levels after performing light physical activity [110]. 

It is generally thought that arousal levels affect one’s attentional focus and subsequent 

storage and retrieval of information [111], with optimal arousal for learning proposed 

to reside at intermediate levels [112,113]. Knight and Baer compared groups who were 

sitting and groups who were standing, and found the latter groups experienced higher 

arousal levels, as measured with electrodermal activity [96]. The authors posit that the 

higher arousal levels then led to better information elaboration and better group 

performance. Should this finding be robust for the student population, it would be 

interesting to study how standing in tutorial groups may affect tutorial group 

discussions. 

Although research into the underlying mechanisms is still unclear, there is pressing 

need to uncover the potential effects of light physical activity, in comparison to 

sedentary behavior, on student learning. Should the introduction of light physical 

activity negatively affect learning, then universities and other education institutions 

should be informed. However, in case light physical activity has a positive, or even null, 

effect on learning, then universities should not continue to normalize a sedentary 

learning environment. Instead, light physical activity should be encouraged within the 

university setting, to counteract the health risks of excessive sedentary behavior. 

1.4. Aim and overview of this dissertation 

With this dissertation, I aimed to explore the effects of light physical activity versus 

sedentary behavior on learning in students, especially within higher education. This 

aim was broken down into a series of studies. I started out by measuring the baseline 

physical activity behavior of students and studying its correlation to the academic 

schedule. Next, I systematically reviewed all existing studies on the effects of light 

physical activity compared to sedentary behavior on learning, to understand the current 
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state of literature. Finally, I introduced standing desks into tutorial group meetings at 

Maastricht University, and examined the changes in students’ physical activity behavior 

and learning. The following provides an overview: 

• Chapter 2. An observational study was carried out to explore the relationship 

between the students’ day-to-day physical activity behavior and their academic 

schedule. With students sitting throughout their classes, there is reason to suspect 

that their day-to-day physical activity behaviors are associated with their academic 

schedule. 

• Chapter 3. A systematic review of existing literature was conducted to study the 

effects of light physical activity on learning in adolescents (age 10 to 25). In this 

review, learning was operationalized to include academic performance and all 

cognitive processes related to learning. 

• Chapters 4. The protocol of the subsequent intervention study is described in this 

chapter. Standing desks were introduced into tutorial classrooms that were part of 

the Biomedical Sciences bachelor’s course at Maastricht University. The standing 

desks were used for a period of nine weeks, with 2-hour tutorial group meetings 

conducted once or twice a week, with a total of 13 tutorial group meetings. Due to 

the complexity of this longitudinal study, the results were reported separately in 

the subsequent chapters. 

• Chapter 5. The effects of standing in tutorial groups on students’ physical activity 

behavior was monitored using the activPAL3, comparing students who attended 

the standing tutorial group meetings and those who attended the traditional sitting 

tutorials. Activity monitoring was conducted at two time points: at week 4-5 from 

the start of the intervention, and at week 9 of the intervention. 

• Chapter 6. The effects of standing in tutorial group meetings on learning are 

reported in this chapter. Learning was measured using the students’ exam grades, 

concept map performance, and tutorial group interactions. 

• Chapter 7. A General Discussion is provided in this chapter. Findings of the 

previous chapters are interpreted at a meta-level, in relation to one another. 

Methodological weaknesses, strengths, and recommendations are offered. I discuss 

the practical implications of this dissertation, subsequently providing my 

conclusions. 

• An impact section is provided to summarize the contributions of this dissertation, 

with further reflections presented as well. Here, I offer practical recommendations 

for teachers, knowledge dissemination organizations, governmental bodies, 

university associations, students, and all stakeholders. 
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Abstract 

Students starting at university tend to adopt unhealthy behaviors. With students 

expected to sit during classes, their academic schedule may be responsible for their 

activity patterns. The aim of the current study was to investigate the relationship 

between university students’ academic schedule and day-to-day variations in sedentary 

behavior (SB) and physical activity (PA). The activity of 317 first-year undergraduate 

students (mean age 19.6 ± 1.4 years, 69.4% female, 30.0% male, and 0.6% other) was 

measured with the activPAL3 triaxial monitor for seven consecutive days. Each class 

hour was found to be associated with 9.0 additional minutes of SB (95% CI [4.9, 13.1]), 

54 additional seconds of moderate-to-vigorous PA (MVPA; 95% CI [12, 96]), and 12.2 

min less time in bed (95% CI [−16.6, −7.8]). Active SB ratio (total duration of SB bouts < 

30 min divided by total SB duration) decreased by 0.011 per hour of class scheduled for 

the students (95% CI [−0.016, −0.006]). Light PA (LPA) was not significantly associated 

with class duration. Students tend to cycle more on days with classes. Seated 

transportation was not significantly related to whether the students had classes or not. 

Overall, the academic schedule is associated with SB and PA in students. 

 

Trial registration 

Clinical Trials ID: NCT03513341; Date of registration: May 1, 2018 

 

Keywords 
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1. Introduction 

Sedentary behavior (SB) covers all activities carried out in a sitting, reclining, or lying 

posture (excluding sleep), while expending energy of up to 1.5 metabolic equivalents 

(METs; METs are multiples of oxygen consumption during seated rest [1], with one 

MET being approximately 3.5 mL/min/kg [2]). Reviews of longitudinal studies have 

consistently shown that SB is associated with cardiovascular diseases [3,4], type 2 

diabetes [3,4,5,6,7], and all-cause mortality [3,5,6,8]. For example, sedentarily watching 

television for at least two hours each day was associated with 13% higher risk of all-

cause mortality [3] and 5% higher risk of cardiovascular diseases [8]. Various 

governmental bodies have recommended minimizing SB [9], with numerous studies 

proposing that people replace or break up SB with light physical activity (LPA) or 

moderate-to-vigorous physical activity (MVPA) [10,11,12,13]. Physical activity (PA) is 

defined as all bodily movements carried out by the skeletal muscles that increase energy 

expenditure [14], with LPA covering >1.5 to <3.0 METs, and MVPA starting from 3.0 

METs [2]. Years of research have supported the health benefits of PA, serving as primary 

and secondary preventions of obesity, cardiovascular diseases, diabetes, hypertension, 

depression, and premature death [15,16]. Nevertheless, PA and SB are not completely 

dependent on each other [17], with the metabolic risks associated with prolonged SB 

being present even in those who perform MVPA regularly [18]. 

Unfortunately, students starting their higher education tend to adopt unhealthy 

behaviors. For example, these students spend less time on sports (because they no 

longer participate in sports clubs or they lack time) and active transportation (because 

they live on or nearby campus) compared to when they were in secondary education 

[19]. Although students spend less time on certain SB, such as watching TV and playing 

computer games, other SB such as internet use and studying tend to increase [19]. These 

unhealthy behaviors, i.e., reduced PA and increased SB, are associated with an 

increased risk of weight gain [20,21,22,23]. This is further supported by a meta-analysis 

of longitudinal studies that highlighted the high prevalence of weight gain in first-year 

undergraduate students, with almost two-thirds of students gaining weight at a rate 

that is much faster than the general population [24]. The implications of this should be 

taken seriously because more SB and less PA in adolescence and early adulthood is 

associated with a higher body mass index (BMI) in later adulthood [25,26,27]. Thus, 

there is a need to understand the PA and SB of these students in relation to the academic 

setting that they are embedded in. 

Owen et al. stress that the behavior setting is important when trying to understand 

the determinants of PA and SB, because behaviors are shaped by the attributes and 

social frames of the setting [28]. In this study, the behavior setting would be the 

college/university environment, to which students have reported that their SB and PA 

were influenced by their social environment, their physical environment, the macro 
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environment (e.g., school policy, media, and advertising), and university characteristics 

[29]. Upon starting college/university, other than increased internet use and studying 

while being sedentary [19], it is also the current norm for students to sit throughout their 

scheduled classes. We suspect that the imposed sitting during the scheduled classes 

plays a role in the students’ day-to-day physical activity. Longer class durations impose 

longer SB on students, leaving less time for PA. However, we do not expect the students’ 

activities to be homogeneous from day to day. For example, the students may be more 

active towards the end of the week than at the start of the week. Therefore, the aim of 

this study was to explore the association between the academic schedule and the 

students’ day-to-day variations in activity patterns. It is hypothesized that attending 

classes is related to the students’ day-to-day activity patterns, with longer class 

durations associated with more SB and less PA. To attend classes, the students would 

need to travel to the campus, with a choice of commuting actively (e.g., walking or 

cycling) or passively (e.g., by car or public transport). Therefore, we also explored 

whether the use of active and passive transportation is related to the students’ academic 

schedule. We did not expect the duration or type of transportation to change with class 

duration, but hypothesized that students would use transportation on days with 

scheduled classes (to commute to campus) rather than on days without classes. 

2. Materials and Methods 

2.1. Study Design and Setting 

This study utilized a cross-sectional, observational design. Recruitment was conducted 

from May 2017 until April 2018 at Maastricht University with academic schedules 

varying from zero to eight hours of classes per day. The reporting of this study followed 

the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 

statement [30]. This study was assessed by the Medical Ethics Committee of Maastricht 

University Medical Center+ and Maastricht University (reference number METC17-4-

072), with the Medical Research Involving Human Subjects Act (WMO) was not 

applicable for this study. 

2.2. Participants 

First-year undergraduate students at Maastricht University were recruited using non-

probability, convenience sampling. We focused on first-year students to acquire an 

optimally homogeneous study sample. Exclusion criteria were not being a first-year 

student, or having musculoskeletal discomfort or other pathologies that would 

influence physical behaviors. 
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2.3. Materials 

The participants completed a demographics questionnaire, consisting of questions on 

class duration scheduled during the measurement week, age, height, weight, gender, 

commuting to university, part-time employment status, residential area, degree 

program, living situation, highest parental education achievement, gym/sports club 

membership status, smoking status, and alcohol consumption. 

The activPAL3 (PAL Technologies Ltd., Glasgow, UK) is recommended for field-

based monitoring of free-living activities due to its ability to detect limb position and 

acceleration [31]. The activPAL3 has been shown to be a reliable and valid measure of 

physical activity and sedentary behavior for the adult population [32]. In this study, the 

activPAL3 was used to identify time in bed, lying/sitting, standing, stepping, cycling, 

and seated transportation [33]. The activPAL3 was programmed to log activity for seven 

continuous days, waterproofed with a nitrile sleeve and Tegaderm transparent film, 

before attachment on the participant with another 10 × 10 cm Tegaderm film. A 5 × 5 cm 

compression bandage between the activPAL3 and the skin provided gentler skin contact. 

Wearing the small and lightweight activPAL3 (35 × 53 × 7 mm, weighing 15 g) was 

assumed to not affect the daily behavior of the students, as shown by studies where no 

evidence was found for reactivity towards wearing motion sensors or pedometers 

[34,35]. As a supplementary check for errors detected by the activPAL3, participants 

completed an online diary, based on the International PA Questionnaire Short Form 

modified for daily use [36]. 

2.4. Procedure 

The researcher met with individual participants in private rooms equipped with a 

laptop or tablet. Verbal and written information were given to the participants, 

including reminders that participation was voluntary, that they had the right to 

withdraw at any time without an explanation, and that their personal data would be 

anonymized and kept private and confidential. The participants could voice concerns 

or questions at any time during the study. Verbal and written informed consent were 

obtained from each participant. 

After completing the demographic questionnaire, the activPAL3 was attached to the 

middle-anterior of the participants’ right thigh and they were given access to their 

online diary. The meeting took approximately 15 min. 

2.5. Activity Variables 

Data recorded on the activPAL3 was processed using the CREA algorithm of the 

activPAL’s data processing software, PALbatch (Version 8.10.9.43, PAL Technologies 
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Ltd., Glasgow, UK). PALbatch’s setting was set to the most conservative 24-h wear time 

protocol for validating a day. When non-wear duration accumulated to four continuous 

hours or more, the CREA algorithm would classify this as a non-valid day. Each valid 

day started at midnight and lasted 24 h. 

The extracted sitting time represented SB duration. Although various parties have 

recommended reducing SB as much as possible, the complete eradication of SB from 

daily life is inconceivable. Taking into consideration the recommendation to interrupt 

SB every 30 min [37], the variable “active SB ratio”, defined in Equation (1) was created. 

The higher the active SB ratio, the less detrimental the effects of total duration of SB is 

expected to be. 

Active SB ratio = 
𝑡𝑜𝑡𝑎𝑙 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑆𝐵 𝑏𝑜𝑢𝑡𝑠 𝑙𝑎𝑠𝑡𝑖𝑛𝑔 ≤ 30 𝑚𝑖𝑛𝑢𝑡𝑒𝑠

𝑡𝑜𝑡𝑎𝑙 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑆𝐵
 (1) 

MVPA duration was taken from stepping time with a cadence of ≥100 steps/min [38]. 

LPA was inferred from the definitions of MVPA and SB, covering all PA below the 

threshold of MVPA and above the threshold of SB. Therefore, LPA duration comprised 

of standing and stepping time with a cadence of <100 steps/minute. Time in bed is a 

combination of primary (e.g., nighttime sleep) and secondary lying (e.g., daytime naps) 

time during each day, estimated from proprietary algorithms that identified time in bed. 

Cycling and seated transportation were reported as an output variable by the CREA 

algorithm. Cycling is part of overall PA while seated transportation is a subsection of 

SB. We do not expect cycling and seated transportation to increase or decrease with class 

duration. Instead, the students are expected to commute to university, attend class(es), 

and then commute home. Therefore, cycling and seated transportation were analyzed 

with the binary variables of having classes and not having classes. 

2.6. Statistical Analyses 

All statistical analyses were performed using IBM SPSS Statistics for Windows (version 

25.0, Armonk, NY, USA). Two-sided p-values ≤ 0.05 were considered statistically 

significant. Linearity assumption for numerical explanatory variables was checked 

using scatterplots. Due to the relatively large sample size, possible violations to the 

normality assumptions are not a concern [39,40], but nonetheless this was checked with 

histograms and qq-plots. The demographical information of the sample was 

summarized using means (M), standard deviations (SD), frequencies (N), and 

percentages (%). 

Weekends were excluded from the analyses for two reasons: because classes were 

only scheduled on weekdays and because weekday activity patterns have been shown 

to be different from weekend activities [41]. Pearson’s correlation was used to analyze 
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associations between the four activities (i.e., SB, LPA, MVPA, and time in bed) that 

constitute a 24-h day. 

Marginal models were used as they incorporate all available data, account for 

correlations between repeated measures, and use a likelihood approach for missing 

outcome data (assuming missingness at random (MAR), that is the probability of 

missing only depends on observed, but not on unobserved variables). Missing outcome 

might occur, for example, when students remove the activPAL3 before the scheduled 

date. Using logistic regression, if there were demographical variables related to the 

missing outcome data, these variables were added to the corresponding models to 

satisfy the MAR assumption of the model. As gender and body mass index (BMI) tend 

to covary with SB and PA [42,43,44,45,46], these variables were controlled for within 

each model. Fixed parts of the models contained day of the week (categorical) and class 

duration (numerical), where an unstructured covariance type was selected for the 

repeated measures within a student. To assess whether the association between class 

duration and the outcome depended on day of the week, a two-way interaction between 

day of the week and class duration was included in the model, together with the main 

effects. The likelihood ratio tests (based on maximum likelihood (ML) estimation) were 

used as the main check for whether these interactions improved model-fit. The Akaike’s 

Information (AIC) and Schwarz’s Bayesian Criteria (BIC) based on ML estimation were 

used to check the results. The AIC and BIC are goodness-of-fit measures, correcting for 

the number of parameters included in the model. The BIC is a more conservative version, 

used for large sample sizes. Smaller values of AIC and BIC indicate better-fitting models 

[47]. In case the interaction was not significant, it was removed from the model and 

main effects were reported. If the interaction was significant, the class duration effect 

was reported for each day of the week separately. For cycling and seated transportation, 

marginal models were assessed in the same way as for the models described before, 

except that class duration was dichotomized to the binary variables of days having 

classes and days having no classes. The results of the final models were reported, i.e., 

estimated coefficients of the explanatory variables with their corresponding 95% 

confidence intervals (CI) and p-values based on restricted maximum likelihood (REML) 

estimation. If there was a main effect of the weekday, pairwise comparisons of 

weekdays that were significantly different from each other were reported, with Cohen’s 

d calculated based on paired data, that is, mean of difference scores divided by standard 

deviation of difference scores. For comparison reasons, the absolute value of Cohen’s d 

was presented. 
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3. Results 

3.1. Descriptive Statistics 

Of the 335 participants’ data, three were excluded due to technical errors, eight were 

excluded because they were not first-year students, and seven were excluded due to 

incomplete demographic questionnaires. The final sample consisted of 317 participants. 

Each day, three to nine participants temporarily removed the activPAL3, resulting in 

non-wear duration. When non-wear duration accumulated to four continuous hours or 

more, the CREA algorithm classified this as a non-valid day for that student, resulting 

in three non-valid Fridays. The daily diaries did not serve as a good check for non-wear 

duration and non-valid days as compliancy for logging into the daily diary was very 

low, with 201 students having incomplete diaries. Non-wear duration and non-valid 

days were not significantly related to any of the demographical variables (p’s > 0.05). 

The participants had a mean age of 19.6 years (SD = 1.4), mean height of 1.73 m (SD 

= 0.09), and mean weight of 65.5 kg (SD = 10.3). Using the World Health Organization’s 

classification of body mass index (BMI) [48], 6.3% of the participants were underweight, 

83.9% were in the healthy range, and 9.8% were either overweight or obese. Detailed 

self-reported demographical characteristics of the sample can be found in Table 2.1. 
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Table 2.1. Sample characteristics (n = 317). 
 M SD 

Age 19.6 1.4 

Height (m) 1.73 0.09 

Weight (kg) 65.5 10.3 

Body mass index (BMI; kg/m2) 21.9 2.7 

Travel duration to university (min) 18.6 21.7 

Self-reported sleep duration (hours) 7.5 3.7 
 Frequency Percentage (%) 

Gender   

Female 220 69.4 

Male 95 30.0 

Gender Variant/Non-conforming 1 0.3 

Prefer not to answer 1 0.3 

BMI (kg/m2) [48]    

Underweight (< 18.5) 20 6.3 

Healthy (18.5–24.9) 266 83.9 

Overweight (25–29.9) 27 8.5 

Obese (≥ 30) 4 1.3 

Commuting to class by foot or bike 303 95.6 

Having part-time job(s) 73 23.0 

Residential Area [49]    

Urban 263 83.0 

Rural 18 5.6 

Not applicable/Living outside the Netherlands 36 11.4 

Faculties   

Health, Medicine and Life Sciences 154 48.6 

School of Business and Economics 61 19.2 

Science and Engineering 48 15.1 

Law 31 9.8 

Psychology and Neuroscience 16 5.1 

Arts and Social Sciences 7 2.2 

Living Situation   

Alone 89 28.1 

Parents 49 15.5 

Siblings (without parents) 3 0.9 

Friends 169 53.3 

Partners 7 2.2 

Parent Education Attainment   

Not applicable 8 2.5 

Secondary education 40 12.6 

Tertiary education and above 269 84.9 
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Table 2.1. Continued. 

 

Table 2.2 summarizes the behavioral characteristics of the sample. The correlations 

between the four activities that make up a 24-h day (i.e., SB, LPA, MVPA, and time in 

bed) are presented in the Appendix 2A Table 2A1. As these activities are constrained 

within the 24-h day, they do correlate with one another, albeit weakly (r < 0.05). Only 

time in bed correlated strongly with SB (ranging from r = −0.63 to −0.73, p < 0.001). 

 

  

 Frequency Percentage (%) 

Gym/Sports Club Membership   

No 94 29.7 

Yes, but inactive 31 9.7 

Yes 192 60.6 

Smoking Status   

Never 237 74.8 

Stopped >6 months 19 6.0 

Stopped <6 months 14 4.4 

Yes 47 14.8 

Alcohol consumption   

Never 34 10.7 

Special occasions 91 28.7 

Weekends 69 21.8 

Once a week 72 22.7 

3–5 times a week 49 15.5 

Everyday 2 0.6 
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Table 2.2. Students’ class duration, physical activity behavior, and type of transportation for 

each weekday. 
  Mon Tue Wed Thu Fri 

Class duration (hours:minutes) 

M 2:53 2:16 2:05 2:33 1:35 

SD 1:37 1:41 1:36 1:24 1:19 

n 317 317 317 317 314 

SB (hours:minutes) 

M 8:47 8:47 8:58 8:40 8:20 

SD 2:21 2:22 2:18 2:39 2:25 

n 317 317 317 317 314 

Active SB ratio 

M 0.437 0.438 0.434 0.448 0.486 

SD 0.196 0.194 0.189 0.206 0.203 

n 317 317 317 317 314 

LPA (hours:minutes) 

M 4:14 4:18 4:30 4:33 4:52 

SD 1:42 1:42 1:44 1:55 2:04 

n 317 317 317 317 314 

MVPA (hours:minutes) 

M 0:28 0:26 0:28 0:28 0:30 

SD 0:25 0:25 0:23 0:25 0:26 

n 317 317 317 317 314 

Time in bed (hours:minutes) 

M 10:28 10:23 10:02 10:16 10:12 

SD 2:33 2:26 2:25 2:49 2:39 

n 317 317 317 317 314 

Cycling (hours:minutes) 

M 0:17 0:18 0:19 0:17 0:16 

SD 0:21 0:19 0:20 0:18 0:20 

n 317 317 317 317 314 

Seated transportation (hours:minutes) 

M 0:24 0:21 0:25 0:25 0:36 

SD 0:52 0:54 0:49 0:52 1:00 

n 317 317 317 317 314 

Note. M = mean. SD = standard deviation. n = Sample size. 

The students had 1.5 to 3.0 h of classes per day on average, amounting to between 

8.0 and 14.0 h per week for most students (Figure 2.1a), with approximately 60% of the 

students having less than five class days per week (Figure 2.1b). The average SB/day 

spanned from 8 h 20 min to 8 h 58 min, with approximately half of the total SB duration 

spent in bouts of less than 30 min. The students spent on average 4 to 5 h/day in LPA, 

and approximately 30 min/day in MVPA. Time in bed (consisting of both primary and 

secondary lying time) lasted approximately 10 h/day, which contrasted with the 

students’ self-reported average (primary) sleep time of 7.5 h (SD = 3.7). In terms of daily 

commuting, the activPAL3 detected that the students spent an average of 16 to 19 min 

cycling and 21 to 36 min in seated transportation per day. Although there may be other 

purposes for commuting, the students self-reported that they travel for an average of 

18.6 min (SD = 21.7) to attend classes at university, with 95.6% of the sample (303 

students) reporting that they commute to university by bike or by foot. 
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(a) (b) 

Figure 2.1. (a) Number of students across the total duration of classes (hours) scheduled 

across the week; (b) Number of students across the total number of class days scheduled 

across the week. Class duration (hours) was rounded up. For example, 1.5 h is rounded up 

to 2.0 h for illustrative purposes. 

3.2. Association between Academic Schedule and Students’ Activity Levels 

The likelihood ratio tests showed that the two-way interaction between weekdays and 

class duration did not improve the models significantly, which was confirmed by the 

lowest AIC and BIC produced for all models without any interactions (SB, χ2 (4) = 0.65; 

active SB ratio, (χ2 (4) = 3.74; LPA, χ2 (4) = 2.52; MVPA, χ2 (4) = 3.73; time in bed, χ2 (4) 

= 2.27; cycling, χ2 (4) = 2.67; seated transportation, χ2 (4) = 2.52; all p’s > 0.05; see 

Appendix 2A Table 2A2 for AIC and BIC values). Therefore, the models without any 

interactions were used, based on REML estimation, when interpreting the relationship 

between class duration and each activity across weekdays. 

The marginal models, summarized in Table 2.3, revealed a significant main effect of 

class duration on SB (p < 0.001), active SB ratio (p < 0.001), MVPA (p = 0.010), and time 

in bed (p < 0.001). Each hour of class was associated with 9.0 additional minutes of SB 

(95% CI [4.9, 13.1]) and 54 additional seconds (0.9 min in Table 2.3; 95% CI [0.2, 1.6]) of 

MVPA, with 12.2 min less time in bed (95% CI [−16.6, −7.8]). Active SB ratio saw a drop 

by 0.011 (95% CI [−0.016, −0.006]) with each scheduled class hour. Time spent in LPA 

(95% CI [−1.6, 4.0], p = 0.413) was not significantly associated with class duration. 
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Table 2.3. Association between class duration and students’ activity levels. A. 
 Class Duration (Hour) 

Outcome Model Coefficients 95% CI p-value 

SB (min) 9.0 4.9, 13.1 < 0.001 

Active SB ratio −0.011 −0.016, −0.006 < 0.001 

LPA (min) 1.2 −1.6, 4.0 0.413 

MVPA (min) 0.9 0.2, 1.6 0.010 

Time in bed (min) −12.2 −16.6, −7.8 < 0.001 

Note. SB = sedentary behavior. LPA = light physical activity. MVPA = moderate-to-

vigorous physical activity. 95% CI = 95% confidence interval. Min = minutes. A 

Effects of potential covariates gender and body mass index (BMI) were controlled 

for within each model. As one participant reported being gender non-conforming, 

and one other participant preferred not to report their gender, these two 

participants were removed from the analyses to control for the effects of gender. 

As shown in Table 2.4, on days with scheduled classes, students spent on average 4.0 

min more on cycling (95% CI [1.9, 6.0], p < 0.001) compared to days with no classes. 

Duration of seated transportation was not significantly related to whether or not the 

students had classes (95% CI [−3.8, 7.1], p = 0.549). 

Table 2.4. Association between days with classes and students’ method of transportation. A. 

 Days with Class(es) B 

Outcome Model Coefficients 95% CI p-value 

Cycling time (min) 4.0 1.9, 6.0 <b0.001 

Seated transportation 

(min) 
1.7 −3.8, 7.1 0.549 

Note. 95% CI = 95% confidence interval. Min = minutes. A Effects of potential covariates 

gender and body mass index (BMI) were controlled for within each model. As one 

participant reported being gender non-conforming, and one other participant preferred 

not to report their gender, these two participants were removed from the analyses to 

control for the effects of gender; B Compared against days with no classes. 

3.3. Day-to-Day Variations of Students’ Activity Levels 

There was also a significant main effect of weekdays on SB (p = 0.045), active SB ratio 

(p = 0.004), LPA (p < 0.001), and time in bed (p = 0.007), showing significant day-to-day 

changes in these activities. Table 2A3, Table 2A4, Table 2A5 and Table 2A6 in 

the Appendix 2A display the pairwise comparisons between weekdays. 

After controlling for the effects of class duration, the students were most sedentary 

on Wednesdays (21.5 min more than Thursdays (95% CI [1.5, 41.6], p = 0.036, d = 0.10) 

and 29.3 min more than Fridays (95% CI [9.8, 48.7], p = 0.003, d = 0.21). They had the 

highest active SB ratio on Fridays (0.029 to 0.048 more compared to all weekdays, all p’s 

< 0.05, Cohen’s d ranging from 0.15 to 0.23). Furthermore, the students spent most time 
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on LPA on Fridays (20.9 to 33.5 min more compared to Tuesdays, Wednesdays, and 

Thursdays, all p’s < 0.05, Cohen’s d ranging from 0.13–0.24), with the least amount of 

time on LPA on Mondays (17.1 to 40.2 min less than Wednesday, Thursdays, and 

Fridays, all p’s < 0.05, Cohen’s d ranging from 0.15 to 0.30). The students spent the most 

time in bed on Mondays (32.5 min more than Wednesdays (95% CI [13.0, 52.1], p = 

0.001, d = 0.15) and 32.4 min more than Fridays (95% CI [9.7, 55.1], p = 0.005, d = 0.08)) 

and Tuesdays (23.4 min more than Wednesdays (95% CI [4.3, 42.6], p = 0.017, d = 0.12), 

and 23.3 min more than Fridays (95% CI [2.2, 44.3], p = 0.031, d = 0.06)). 

Controlling for the effects of classes, the students’ cycling duration did not differ 

significantly between weekdays (p = 0.748). Duration of seated transportation differed 

significantly between weekdays (p = 0.001). Pairwise comparisons are shown in Table 

2A7 of the Appendix 2A. Students spent 12.3 to 15.6 min more in seated transportation 

on Fridays compared to other weekdays, all p’s < 0.05, Cohen’s d ranging from 0.17 to 

0.21. 

4. Discussion 

The current study explored the relationship between the academic schedule and day-

to-day activity patterns of first-year undergraduate students at Maastricht University. 

Class duration was found to have a significant positive relationship with SB and MVPA, 

a significant negative relationship with active SB ratio and time in bed, but no significant 

relationship with LPA. On weekdays when classes were scheduled, the students spent 

more time cycling compared to weekdays without scheduled classes. 

Overall, first-year students spent close to nine hours per day being sedentary during 

the weekdays. Using the activPAL3, the current study revealed that the students were 

more sedentary than the median of five to six hours reported in previous studies 

employing self-reported measures [50], which is not unusual considering the tendency 

to underestimate one’s SB duration [51]. Importantly, every additional hour of class was 

found to be associated with nine more minutes of SB. With students attending 1.5 to 3.0 

h of classes per day, the students are expected to engage in 14 to 27 additional minutes 

of SB on days with classes compared to days without classes. With class duration going 

up to eight hours per day, the students can accumulate up to 72 additional minutes of 

SB. The additional minutes of SB take away time that could have been spent on more 

active behaviors, such as participating in sports. However, when no classes were 

scheduled, the students were also rather sedentary. At the university where recruitment 

took place, students were expected to spend a considerable part of the week self-

studying in preparation for their tutorial discussions (see Maastricht University’s 

problem-based learning educational model [52]), which may have contributed to their 

SB outside the classrooms. Similarly, students in another study report that at university, 

they engaged in more studying and internet use while being sedentary, while having 
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less time to engage in sports or any sports clubs [19]. In the current study, approximately 

30% of students report not engaging in any gym or sports clubs while 10% report having 

an inactive membership. To summarize, students spend close to nine hours per day 

being sedentary, with SB increasing further with class duration. This necessitates both 

the educational institution and the individual student to find ways of balancing 

education with an active, less sedentary lifestyle. 

The results also show that class duration was negatively related to active SB ratio. 

This was expected, as an average class took one to two hours. This also suggests that 

outside of classrooms, students tend to engage in a higher frequency of short SB bouts, 

relative to their overall SB duration. The beneficial effects of taking frequent breaks from 

SB have been demonstrated in numerous experimental studies [53]. Educational 

institutions could introduce short, active breaks between classes, with LPA breaks as 

short as 10 min being sufficient to reduce the risks of metabolic syndromes [54]. 

Time in bed was rather long, ranging from 10 to almost 12 h per day. Time in bed in 

this study consists of both primary (i.e., nighttime sleep) and secondary lying time (e.g., 

daytime naps). The students reported that they sleep an average of only 7.5 h per night. 

It is important to note that time in bed estimated by limb position does not necessarily 

indicate restorative sleep. Time spend in bed while being awake is also considered SB. 

The blurry line that separates the thresholds of SB and time in bed could explain for the 

strong negative correlation between time in bed and SB in the current study. For 

example, one study found that university students spent an average of 46.6 min per 

night using electronic media in bed before sleep [55]. Considering the possible SB spent 

in bed, the total SB of students could be much higher in reality. 

The positive relationship between class duration and MVPA was unexpected. One 

possible explanation is the commute to or movement around campus carried out by fast 

walking or cycling. Because the methods of detecting MVPA and cycling are different 

(MVPA identified by a cadence of ≥ 100 steps/minute; cycling detected by hip flexion 

angle), we cannot conclusively attribute the MVPA to the students’ cycling to university. 

Nonetheless, days with scheduled classes were positively associated with cycling, with 

students cycling, on average, 4 min more than on days without classes. This is not 

unusual, as cycling is the most common mode of transportation for students in The 

Netherlands [56]. In addition, 95.6% of students in the present study reported that they 

commute either by foot or by bike. One may say that having classes scheduled could 

encourage students to be active because of the way they commute. However, the 54 s of 

MVPA associated with every scheduled class hour is overshadowed by the 9.0 

additional minutes of SB. 

Addressing the longer-than-expected duration spent on SB, there is reason to 

advocate a more active lifestyle in students. One possibility is by changing the physical 
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environment of the university, as suggested by a focus group of university students [29]. 

For example, standing desks have been suggested and implemented within classrooms 

to counteract the prevalence of prolonged SB in students [57]. Theoretically, introducing 

standing classes may flip the results of the current study, with longer class durations 

being associated with less SB, thus proving to be an efficient and effective solution to 

reduce SB. Several pilot studies have found that introducing LPA through the use of 

standing desks is feasible within classrooms [58,59]. Although physically active 

education may reduce the students’ SB duration, further activity monitoring research is 

required to ensure that these active interventions do not result in compensatory 

behaviors such as more SB outside the classroom. 

In the end, after controlling for class effects, there were still significant day-to-day 

differences for SB, active SB ratio, LPA, time in bed, and seated transportation, although 

the effect sizes ranged from small to medium (d = 0.06 to 0.30). The reason for these 

differences can only be speculated on at this point, presenting an interesting avenue for 

future studies. 

The strength of this study comes from the data collection. The large sample spanned 

all faculties of the university, yielding a representative sample of the student population. 

In addition, the data collection was carried out throughout the year, covering the 

students’ year-round pattern of physical behavior. Previous studies have shown that 

seasons and weather tend to affect one’s PA, especially active transportation during 

poor or extreme conditions [60,61]. However, we do not expect any structural 

differences in weather at a day-to-day level that may affect the students’ PA, SB, and 

choice of transportation across the entire year. 

In terms of limitations, the activPAL3 measures limb position, therefore potentially 

overlooking physical activities carried out with seated or lying positions (e.g., rowing, 

swimming, or weight lifting) and overestimating total SB. In the present study, the 

participants were asked to complete an online diary that was meant to serve as a check 

for the students’ activities. This daily diary could have confirmed the students’ actual 

activities, including the possibility that SB was reported as time in bed. However, 

compliancy of logging the daily diary was very low, despite the current study using an 

electronic diary, a solution suggested by Edwardson et al. after observing a similarly 

low compliancy in other studies [31]. Instead of daily diaries, future studies could utilize 

multiple activity monitors on different limbs to minimize the limitations of tracking 

activity from one limb. This multi-unit monitoring method is common in clinical 

settings, but requires further validation work for use in field settings [32]. 

A recommendation that we have for future research is to consider using a 

compositional data analysis of the activity variables that constitute a 24-h day [62]. 

Analyzing each activity separately, as we have done in the current study, does not take 
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into account the interdependence that is inherent in these activities. Importantly, the 

change in one behavior may be accompanied by an asymmetrical change in one or more 

other activities. For example, a one-minute increase in SB may not concur with a 

proportional decrease in the other activities, but may lead to a larger decrease in LPA 

and time in bed, and a smaller decrease in MVPA. The inclusion of all activities that 

make up the 24-h day within one multivariate analysis would better illustrate the fluid 

changes between these activities. 

5. Conclusions 

Attending classes was found to be associated with the students’ day-to-day activity 

patterns. Importantly, students who attend classes for longer durations engaged in 

longer bouts of SB. Addressing the concern that the students were found to be leading 

more sedentary lifestyles than previously expected, actions are required to avoid any 

further increment in SB. Adapting the academic environment, whether by introducing 

physically active education or breaks during education, can potentially promote a more 

active lifestyle. Nevertheless, any intervention requires thorough research to ensure that 

it balances academic endeavors with physical wellbeing. 
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Appendix 2A 

Table 2A1. Pearson correlation between SB, LPA, MVPA, and time in bed across each 

weekday. 

Day Activities LPA MVPA Time in Bed 

Monday SB r = −0.23 ** r = −0.07 r = −0.73 ** 

 LPA  r = 0.14 * r = −0.45 ** 

 MVPA   r = −0.20 ** 

Tuesday SB r = −0.34 ** r = −0.15 ** r = −0.67 ** 

 LPA  r = 0.20 ** r = −0.37 ** 

 MVPA   r = −0.14 * 

Wednesday SB r = −0.34 ** r = −0.08 r = −0.71 ** 

 LPA  r = 0.09 r = −0.39 ** 

 MVPA   r = −0.16 ** 

Thursday SB r = −0.31 ** r = −0.05 r = −0.70 ** 

 LPA  r = 0.01 r = −0.39 ** 

 MVPA   r = −0.10 

Friday SB r = −0.33 ** r = −0.03 r = −0.63 ** 

 LPA  r = 0.11 r = −0.49 ** 

 MVPA   r = −0.21 ** 

Note. SB = sedentary behavior. LPA = light physical activity. MVPA = moderate-to-vigorous 

physical activity. ** Significant at the 0.01 level (2-tailed); * Significant at the 0.05 level (2-tailed). 

 

Table 2A2. AIC and BIC values indicating model goodness-of-fit. 

Activities AIC BIC 

SB   

Model with weekday x class duration interaction 19,736.49 19,880.93 

Model with no interaction 19,729.14 19,852.18 

Active SB ratio   

Model with weekday x class duration interaction −856.02 −711.58 

Model with no interaction −860.29 −737.24 

LPA   

Model with weekday x class duration interaction 18,741.23 18,885.68 

Model with no interaction 18,735.75 18,858.80 

MVPA   

Model with weekday x class duration interaction 14,173.21 14,317.66 

Model with no interaction 14,168.95 14,291.99 

Time in bed   

Model with weekday x class duration interaction 19,958.20 20,102.64 

Model with no interaction 19,952.46 20,075.51 
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Table 2A2. Continued. 

Activities AIC BIC 

Cycling   

Model with weekday x class interaction 13,290.15 13,434.60 

Model with no interaction 13,284.82 13,407.86 

Seated−transportation   

Model with weekday x class interaction 16,373.56 16,518.01 

Model with no interaction 16,368.08 16,491.13 

Note. SB = sedentary behavior. LPA = light physical activity. MVPA = moderate-to-vigorous 

physical activity. AIC = Akaike’s Information. BIC = Schwarz’s Bayesian Criteria. 

 

Table 2A3. Pairwise comparisons of significant estimated mean differences in SB (min) 

between weekdays. A. 

Day (I) Day (J) 
Estimated Mean 

Difference (I-J) 
95% CI p-value Cohen’s d 

Wed Thu 21.5 1.5, 41.6 0.036 0.10 
 Fri 29.3 9.8, 48.7 0.003 0.21 

Note. SB = sedentary behavior. 95% CI = 95% confidence interval. A Estimated mean 

differences were corrected for class duration, gender, and body mass index (BMI). 

 

Table 2A4. Pairwise comparisons of significant estimated mean differences in active SB 

ratio between weekdays. A. 

Day (I) Day (J) 
Estimated Mean 

Difference (I-J) 
95% CI p-value Cohen’s d 

Fri Mon 0.035 0.008, 0.061 0.011 0.22 
 Tue 0.042 0.016, 0.068 0.001 0.21 
 Wed 0.048 0.023, 0.074 < 0.001 0.23 

 Thu 0.029 0.001, 0.056 0.043 0.15 

Note. SB = sedentary behavior. 95% CI = 95% confidence interval. A Estimated mean 

differences were corrected for class duration, gender, and body mass index (BMI). 
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Table 2A5. Pairwise comparisons of significant estimated mean differences in LPA (min) 

between weekdays A. 

Day (I) Day (J) 
Estimated Mean 

Difference (I-J) 
95% CI p-value Cohen’s d 

Mon Wed −17.1 −29.6, −4.5 0.008 0.15 
 Thu −19.4 −32.8, −5.9 0.005 0.16 
 Fri −40.2 −54.7, −25.8 < 0.001 0.30 

Fri Tue 33.5 18.3, 48.6 < 0.001 0.24 
 Wed 23.2 8.4, 38.0 0.002 0.16 
 Thu 20.9 5.0, 36.8 0.010 0.13 

Note. LPA = Light physical activity. 95% CI = 95% confidence interval. A Estimated 

mean differences were corrected for class duration, gender, and body mass index 

(BMI). 

 

Table 2A6. Pairwise comparisons of significant estimated mean differences in time in bed 

(minutes) between weekdays A. 

Day (I) Day (J) 
Estimated Mean 

Difference (I-J) 
95% CI p-value Cohen’s d 

Mon Wed 32.5 13.0, 52.1 0.001 0.15 
 Fri 32.4 9.7, 55.1 0.005 0.08 

Tue Wed 23.4 4.3, 42.6 0.017 0.12 
 Fri 23.3 2.2, 44.3 .031 0.06 

Note. A Estimated mean differences were corrected for class duration, gender, and body 

mass index (BMI). 

 

Table 2A7. Pairwise comparisons of significant estimated mean differences in seated 

transport (minutes) between weekdays A. 

Day (I) Day (J) 
Estimated Mean 

Difference (I-J) 
95% CI p-value Cohen’s d 

Fri Mon 12.5 4.6, 20.5 0.002 0.17 

 Tue 15.6 7.8, 23.4 < 0.001 0.21 

 Wed 12.3 4.8, 19.7 0.001 0.17 
 Thu 13.2 5.9, 20.6 < 0.001 0.17 

Note. A Estimated mean differences were corrected for class effect, gender, and body mass 

index (BMI). 
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Abstract 

Studies on the effects of light physical activity (LPA) interventions on learning in 

adolescents were evaluated. Learning was operationalized as academic 

performance and cognitive processes related to learning. Using PsycINFO, 

PsycARTICLES, Psychology and Behavioural Sciences Collection, ERIC, 

PubMed, Web of Science, and The Cochrane Library, only English-language 

studies published until 24-10-2020 were included, resulting in 49 studies. Using 

the revised Cochrane risk of bias tool for randomized trials (RoB2), 35 studies 

were classified as low risk of bias, covering: executive functions (inhibition, 

updating, and shifting), memory, and academic performance. Despite only 

including low-risk-of-bias studies, the quality of evidence of each outcome 

(assessed using the Grades of Recommendation, Assessment, Development, and 

Evaluation; GRADE) was found to be very low, mainly due to the inconsistencies 

in results between studies. Positive effects of LPA were reported in 16 studies, 

negative effects in four studies, one study reported both positive and negative 

effects, and the remaining 14 studies found null effects. Future studies should 

account for moderators, include sufficiently large samples, and better represent 

the adolescent age range of 10 to 25. Overall, most studies find a positive or null 

effect of LPA interventions on learning, although the quality of evidence is weak. 

 

PROSPERO Registration 

Unique registration number: CRD42018090799; Registration date: March 22, 

2018 

 

Keywords 
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1. Introduction 

The effects of physical activity interventions on learning have been well reviewed 

(Álvarez-Bueno et al., 2017; Biddle et al., 2019; Daly-Smith et al., 2018; Singh et al., 2019; 

Wassenaar et al., 2020). Despite the common conviction that physical activity 

interventions benefit learning, research is far from conclusive, and high-quality 

evidence to prove causality is lacking (Singh et al., 2019). Furthermore, research into the 

effects of physical activity interventions on learning has focused on moderate-to-

vigorous intensities. Clear evidence for the effects of light physical activity (LPA) 

interventions on learning is lacking. 

Recently, LPA interventions have been introduced into classrooms, for example, the 

use of standing- and cycling-desks (Freeze, 2016; Wallace, 2015). These LPA 

interventions aim to interrupt sedentary behavior, as the student-population tend to 

spend long durations being sedentary (Buckworth & Nigg, 2010; Guthold et al., 2010), 

which is detrimental to their health and wellbeing (Rezende et al., 2014; Tremblay et al., 

2011). Participation in more LPA, whether habitual or via interventions, have been 

associated with beneficial effects on physical health (Amagasa et al., 2018; Dempsey et 

al., 2016; Füzéki et al., 2017). Before the mass-introduction of more LPA in classrooms, 

we need to understand how LPA interventions affect learning. Some studies have 

started looking at the effects of standing desks on learning-related measures (Hinckson 

et al., 2016; Minges et al., 2016; Sherry et al., 2016). Larson et al. (2015) took it a step 

further with the use of treadmill desks and reported that the participants’ executive 

functions were not affected by the increase in LPA. However, in a similar study by the 

same group of authors, the participants were found to perform worse on certain 

memory and executive function tests after treadmill desk use (Larson, LeCheminant, 

Hill, et al., 2015). The contrasting results highlight the need to evaluate the LPA effects 

on learning before implementing LPA in classrooms on a wider scale. 

Several explanatory mechanisms have been proposed to support the hypothesis that 

LPA has an effect on learning. For example, changes in cerebral blood flow as a result 

of acute LPA can lead to enhanced oxygenation of brain regions, such as the prefrontal 

cortex (Giles et al., 2014; Holtzer et al., 2011; Timinkul et al., 2008), which are believed 

to be important for cognitive functions (Basso & Suzuki, 2017; Koechlin et al., 2003; 

Royall et al., 2002). Acute LPA has also been reported to increase arousal levels (Byun 

et al., 2014), which then leads to more elaborate information-sharing in groups (Knight 

& Baer, 2014) to support socially constructed learning (Vygotsky, 1965). Some 

researchers have suggested that long term LPA may stimulate neuroplasticity, 

modulated by neurotransmitters (Barenberg et al., 2011). Research is still ongoing to 

uncover how LPA may affect learning. Meanwhile, LPA has already been introduced to 

classrooms. Therefore, in this review, we focus specifically on whether learning itself is 

influenced by LPA interventions. 
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Learning is a broad construct, with various measurement methods and a large 

variety of outcomes. In this review, we focus on learning in formal educational settings. 

Therefore, the overarching term learning outcomes is operationalized to include academic 

performance as well as cognitive processes that are considered precursors or 

prerequisites for learning such as memory (Hassevoort et al., 2016) and executive 

functions (Best et al., 2011; Bull & Scerif, 2001; Diamond, 2013; St Clair-Thompson & 

Gathercole, 2006). Executive functions (also known as cognitive control) are subdivided 

into three related, yet distinct categories: updating, the constant altering of working 

memory content as required by the task at hand; shifting, the ability to switch swiftly 

between mental sets or tasks; and inhibition, the ability to resist irrelevant stimuli, 

memory intrusions, and inappropriate prepotent responses (Friedman & Miyake, 2004; 

Miyake et al., 2000). 

We chose to focus on adolescence (age 10 to 25) for two reasons. First, we want to 

understand the effects of introducing LPA interventions on learning in educational 

institutions. Second, adolescence is a distinct period of brain plasticity, where 

neurocognitive maturation of brain regions, such as the prefrontal cortex (Choudhury 

et al., 2006; Crone & Dahl, 2012), are highly receptive of environmental enrichment 

(Crews et al., 2007), including physical activity (Kobilo et al., 2011). We define the start 

of adolescence as the onset of puberty around age 10, and the end of adolescence with 

the maturation of the prefrontal cortex, which is completed around age 25 (Arain et al., 

2013; Gogtay et al., 2004; Sawyer et al., 2018). 

2. Methods 

2.1. Protocol 

This study’s protocol was registered in PROSPERO (Chim et al., 2018). This review 

followed the guidelines laid down by the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) statement (Moher et al., 2009) and A 

MeaSurement Tool to Assess systematic Reviews 2 (AMSTAR2; Shea et al., 2017). 
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Table 3.1. LPA classification. 

Measure LPA category 

Maximum aerobic power, or maximal oxygen 

uptake (VO₂ max/ VO₂peak)A 

< 40-51% depending on individual’s VO₂ 

max (Day et al., 2003; Howley, 2001; U.S. 

Department of Health and Human 

Services, 2008) 

Maximum power output (Wmax), Peak 

power output (PPO or Wpeak), Peak work 

rate, or maximal workload (EXmax)B 

< 32-45% (Arts & Kuipers, 1994) 

Oxygen uptake reserve (VO₂R)C < 40% (Howley, 2001) 

 

Maximal heart rate (HRmax)D < 64% (Howley, 2001) 

Heart rate reserve (HRR)E < 40% (Howley, 2001) 

One repetition maximum (1RM)F < 50% (Howley, 2001) 

Borg’s 15-partition Rate of Perceived Exertion 

scale (RPE)G 

< 12 (Borg, 1982; Howley, 2001) 

Borg’s 10-partition Category-Ratio (CR-10) 

scaleH 

< 3 (Borg, 1982; Robertson & Noble, 1997) 

Notes.AMaximal oxygen uptake (VO₂max), also known as maximal aerobic power, is the 

highest rate of oxygen consumption achieved during heavy, dynamic exercise (Howley, 

2001). This when an increase in work rate does not result in a further increase in oxygen 

consumption with a plateau observed. When a plateau-like response cannot be achieved 

but the subject has reached their limit, the peak oxygen consumption (VO₂peak) is 

recorded and commonly assumed to be equivalent to VO₂max (Day et al., 2003). BMaximal 

power output (Wmax), also known as peak power output (PPO or Wpeak) and peak work 

rate, is the highest output achieved during a graded exercise to volitional exhaustion on a 

cycle ergometer (Arts & Kuipers, 1994). LPA was calculated based on the following 

equation: % VO₂max = 12.1 + 0.866 %Wmax. COxygen uptake reserve (VO₂R) is the 

difference between resting oxygen consumption and VO₂ max (Howley, 2001). DMaximal 

heart rate (HRmax) is defined as the highest heart rate achieved during maximal 

incremental exercise to volitional exhaustion (Tanaka et al., 2001), with age-predicted 

HRmax calculated by subtracting one’s current age from 220 beats per minute (bpm). 
EHeart rate reserve (HRR) is the difference between resting heart rate and maximal heart 

rate (Howley, 2001). FOne repetition maximum (1RM) is the heaviest weight that can be 

lifted once with good form (Howley, 2001). GBorg’s 15-partition Rate of Perceived Exertion 

scale (RPE) is a self-reported scale from 6 to 20, narratively ranging from ‘very, very light’ 

to ‘very, very hard’ (Borg, 1982). HBorg’s 10-partition Category-Ratio (CR-10) scale is a 

revised version of the RPE scale. The CR-10 scale is used for self-reporting perceived 

workload, ranging from 0, being ‘nothing at all’, to 10, denoting ‘very, very strong’ (Borg, 

1982). 
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2.2. Inclusion and exclusion criteria 

Studies that reported the effects of LPA interventions on learning were included. 

Intensity was categorized in two ways: absolute and relative intensity. In terms of 

absolute intensity (without adjustment for interindividual differences), LPA 

encompasses all activities between sedentary behavior and moderate-to-vigorous PA 

(Ainsworth et al., 1993; Tremblay et al., 2017), defined as the range between 1.6 and 2.9 

metabolic equivalents (METs). The Compendium of Physical Activities (Ainsworth et 

al., 1993, 2000, 2011) was used if activities were narratively described. When relative 

intensities were provided, we referred to Table 3.1. LPA interventions that were 

contaminated with other intensity levels, or entailed other intervention components 

(e.g., balancing, diet, or cognitive demands) were excluded. In all studies, LPA 

interventions were compared with a baseline, rest, and/or seated condition. 

In this review, learning is measured through academic performance and cognitive 

processes associated with learning (e.g., memory and executive functions). Although 

distinct from each other, inhibition, updating, and shifting, make up the executive 

functions (also known as cognitive control), which correlate moderately with each other 

(r =.42 -.63; Miyake et al., 2000). Therefore, tests that measure one executive function 

may correlate with other executive functions. Nonetheless, inhibition, updating, and 

shifting were categorized based on the test’s focus or the study’s aim. 

Studies that recruited physically and mentally healthy adolescents (i.e., without a 

clinical diagnosis) were included in this study. For a study to qualify for inclusion, at 

least 84% of their sample had to be within the age range of 10 to 25 years. 

2.3. Search strategy and study selection 

A systematic literature search was carried out using the electronic databases PsycINFO, 

PsycARTICLES, Psychology and Behavioural Sciences Collection, ERIC, PubMed, Web 

of Science, The Cochrane Library (Cochrane Database of Systematic Reviews (CDSR), 

Cochrane Central Register of Controlled Trials (CENTRAL), and Cochrane Clinical 

Answers (CCAs). English language articles published until 24-10-2020 were included. 

Using the PubMed Medical Subject Headings database, the search string, reported in 

Appendix 3A, was used to search articles by title. Additionally, references in relevant 

studies were manually screened. 

As we could not predict the type or number of studies that answered our research 

question, we placed no restrictions on the study design initially, as reported in our 

protocol. However, we decided to include only intervention studies because in contrast 

to the 13 observational studies found, we expected the large number of 49 intervention 

studies to provide a more focused review on the causal effects of LPA interventions. 
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2.4. Data extraction 

In total, 6,357 non-duplicated records were found (see Figure 3.1). Two authors 

independently screened 500 studies – first screening the information in the title and 

abstract, then evaluating the full paper – achieving more than 80% agreement on the 

included studies. The remaining 5,857 studies were divided between the two authors 

(i.e., 50% each). The type of data to be extracted (i.e., sample size, sex, age, type of LPA 

intervention, intensity classification, duration of LPA, study design, outcome measure, 

type of test, measurement timing, and result direction) from the included studies was 

determined a priori with consensus from all authors. 

Figure 3.1. PRISMA 2009 flow diagram (Moher et al., 2009). 
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2.5. Quality assessment 

The critical assessment of included studies was carried out independently by two 

authors using the revised Cochrane risk of bias tool for randomized trials (RoB2) (Sterne 

et al., 2019). The RoB2 assesses the biases that may affect the intervention outcomes: the 

randomization process, deviations from original protocol, missing data, measurement 

of outcome, and selective reporting. The overall judgement for the outcome can be rated 

as high risk of bias, some concerns, or low risk of bias, with the proposed ratings 

allowed to be overridden by the authors (Sterne et al., 2019). We overrode the RoB2 

ratings for three situations. Firstly, for crossover studies that used counterbalancing, the 

randomization of allocation sequence would not influence the studies’ outcome, 

because we do not expect for participants or the experimenters to favor one condition 

over the other (i.e., the intervention or control). Secondly, concealment of allocation 

sequence is unnecessary because it is impossible to conceal the physical experience of 

LPA. Thirdly, although we recognize the importance of a published pre-specified plan, 

most papers in the current field have yet to adhere to this relatively new requirement. 

Therefore, we do not flag the studies as risky based solely on this criterion, if the study’s 

methods and reported results are aligned with the study's aim. Any discrepancies 

between the two authors were discussed among all authors and resolved through 

consensus. Only studies with a low risk of bias were extracted for further analysis to 

strengthen the argumentation of evidence. 

The quality of evidence for each outcome, from only low risk of bias studies was 

assessed independently by two authors using the Grades of Recommendation, 

Assessment, Development, and Evaluation (GRADE; Guyatt et al., 2011). GRADE 

provides guidelines to rate the quality of evidence per outcome level, ranging from high 

to moderate, low, and very low quality. The assessment rating was based on five 

criteria: inconsistency, indirectness, imprecision, publication bias, and risk of bias. 

Inconsistency describes the heterogeneity of results. Indirectness indicates how well the 

evidence answers the research question. Imprecision informs on whether the 95% 

confidence interval around the absolute effect is sufficiently narrow to avoid random 

errors. Publication bias indicates whether selective publication of studies have been 

detected.  

3. Results and discussion 

This review included 49 studies (see Appendix 3B for individual study characteristics). 

The PRISMA flow diagram in Figure 3.1 provides more information on the number of 

records identified and screened, and full-text assessed, with excluded articles listed per 

reason in Appendix 3C. 
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3.1. Critical assessment of individual studies 

Using the RoB2, several included studies posed risks to the current review’s aim of 

studying the effects of LPA interventions on learning, reported in detail in Appendix 

3D. Eleven studies were rated as high-risk (Akazawa et al., 2019; Brisswalter et al., 1997; 

Del Giorno et al., 2010; Haynes et al., 2019; Lindheimer et al., 2017; Lo Bue-Estes et al., 

2008; Lowe et al., 2016; Martins et al., 2013; Tsukamoto et al., 2017; Williams et al., 1985; 

Yamazaki et al., 2017), due to potential bias from the randomization process, deviations 

from the intended intervention, or missing outcome data. Three studies were rated with 

some concerns (Hasegawa et al., 2001; Schramke & Bauer, 1997; Wick et al., 2018), 

because of potential bias from the randomization process or deviations from the 

intended intervention. Notably, although some studies were well-designed, their 

research aim was not congruent with the current review’s aim (e.g., the lack of 

counterbalancing may not be a risk within the individual studies, but poses a risk to the 

current review). We decided to analyze the learning outcomes based solely on the 35 

remaining studies with a low risk of bias. 

3.2. Study characteristics 

Of the 35 studies with low risk of bias, 20 focused purely on LPA interventions. Five 

studies aimed to measure moderate physical activity but their resulting intensities fall 

within the current review’s definition of LPA (Cuttler et al., 2018; Harveson et al., 2019; 

Joyce et al., 2009; Loprinzi, Koehler, et al., 2019; Soga et al., 2015). The remaining 10 

studies studied the effects of various physical activity intensities, from which we only 

extracted the effects of LPA (Brush et al., 2016; Budde et al., 2010; Endo et al., 2013; 

Hötting et al., 2016; Kamijo et al., 2009; Loprinzi, Day, et al., 2019; Loprinzi & Kane, 2015; 

Olson et al., 2016; Wang et al., 2013; Zuniga et al., 2019). 

Within-groups design was utilized in 19 studies, between-groups design in 10 

studies, and mixed design in six studies. The included studies comprised of 1,670 

participants, with sample sizes ranging between 10 and 117. The participants’ mean age 

per study ranged between 11 and 23 years. No individual study sampled the full age 

range of 10 to 25 years. Only one study explicitly focused on early-adolescence (mean 

age 11). All other studies focused on mid- to late-adolescence (mean age 14 to 23 years). 

All studies utilized acute interventions, except for three studies that used chronic 

interventions: using ergometers for approximately 11 minutes/week across eight weeks 

(Liu et al., 2017), ergometers with desks for at least 120 minutes/week across 10 weeks 

(Pilcher et al., 2017), and stand-biased desks that provide the option to stand or sit across 

28 weeks (Mehta et al., 2015). 
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3.3. Evidence synthesis 

Table 3.2. Summary of quality of evidence according to GRADE. 

Learning outcome No. of studies Quality of evidence 

Inhibition 16 Very low 

Updating 10 Very low 

Shifting 6 Very low 

Memory 6 Very low 

Academic performance 10 Very low 

The learning outcomes were categorized into inhibition, updating, shifting, memory, 

and academic performance. Based on the GRADE assessment, the quality of evidence 

for each outcome was rated as ‘very low’, because of three main reasons. First, the effects 

found were inconsistent: with positive, null, and negative effects found for all outcomes 

(except for shifting, with positive and null effects only). Second, the aggregated sample 

size for updating, shifting, and memory was small, leading to issues of imprecision, 

according to GRADE. Third, the studies did not directly measure the full age range 

targeted in this review. The quality of evidence is summarized in Table 3.2, with 

detailed assessment for each outcome listed in Tables 3.3 to 3.7. Across Tables 3.3 to 3.7, 

16 studies reported positive effects, four studies reported negative effects, one study 

reported positive and negative effects, with the remaining 14 studies finding no 

significant effects. Nonetheless, the ‘very low’ quality of evidence indicates no clear 

effects of LPA interventions on learning among adolescents. 
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Table 3.3 Effects of LPA interventions on inhibition 

16 studies (n = 618)  

[1] Alderman et al. (2014), n = 66 

[2] Brush et al. (2016), n = 28 

[3] Byun et al. (2014), n = 25 

[4] (Ellemberg & St-Louis-Deschênes, 

2010), n = 36 

[5] Endo et al. (2013), n = 13 

[6] Harveson et al. (2019), n = 63 

[7] Harveson et al. (2016), n = 94 

[8] Joyce et al. (2009), n = 10 

[9] Kamijo et al. (2009), n = 12 

[10] Larson, LeCheminant, Carbine, et 

al. (2015), n = 69 

[11] Loprinzi & Kane (2015), n = 43 

[12] Mehta et al. (2015), n = 27 

[13] O’Leary et al. (2011), n = 36 

[14] Olson et al. (2016), n = 27 

[15] Pontifex & Hillman (2007), n = 41 

[16] Soga et al. (2015), n = 28 

 

 

Flanker task 

Congruent reaction time: 

• No significant difference [1, 9, 10, 12, 13, 

14, 15, 16] 

 

Incongruent reaction time: 

• No significant difference [1, 9, 10, 12, 13, 

14, 15, 16] 

 

Interference score (reaction time): 

• Significant improvement from LPA [13] 

 

Congruent Accuracy: 

• No significant difference [1, 9, 10, 12, 13, 

14, 15, 16] 

 

Incongruent Accuracy: 

• No significant difference [1, 9, 10, 12, 13, 

16] 

• Significant deterioration from LPA [14, 15] 

 

Stroop Test 

Unspecified condition reaction time and 

accuracy: 

• Significant improvement from LPA [12] 

 

Congruent reaction time: 

• Significant improvement from LPA [7] 

• No significant difference [1, 2] 

 

Incongruent reaction time: 

• Significant improvement from LPA [5a, 6] 

• No significant difference [1, 2, 5a] 

 

Quality Assessment 

Risk of bias No 

Inconsistency Very serious (-2)1 

Indirectness Serious (-1)2 

Imprecision No 

Publication bias Undetected 

Other Undetected 

  

Quality of evidence Very Low 
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Table 3.3. Continued. 

  Incongruent reduction in reaction time from pre- to 

post-test: 

• Significant improvement from LPA [5a] 

• No significant difference [5a] 

 

Congruent accuracy: 

• No significant difference [1,2, 3] 

 

Incongruent accuracy: 

• No significant difference [1, 2, 3, 5] 

 

Interference: 

• Significant improvement from LPA [3] 

• No significant difference [2] 

 

Victoria version: 

• Significant improvement from LPA [6 b] 

• No significant difference [6 b] 

 

Simon task 

Congruent and incongruent for reaction time and 

accuracy 

• No significant difference [2] 

 

Choice Response 

Reaction time 

• Significant improvement from LPA [4] 

 

Accuracy 

• No significant difference [4] 

 

Stop-Signal task 

Go: Reaction time 

• Significant improvement from LPA [8c] 

• No significant difference [8c] 

 

Stop: Reaction time 

• Significant improvement from LPA [8] 

 

Go: Accuracy 

• No significant difference [8, 10] 
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Table 3.3. Continued. 

  Stop: Accuracy 

• No significant difference [8, 10] 

 

Feature Match 

• No significant difference [11] 

 

Polygon 

• No significant difference [11] 

 

Note. Alphabetic superscripts denote that results were found in multiple directions due to 

the multiple measures presented in one study, detailed in Appendix 3B; 1Effects pointed 

at all directions (positive, no significant differences, and negative); 2The studies covered 

mean ages of 10 and 14 - 23, with gaps showing a poor representation of the full 10 – 25 

age range. 

 

Table 3.4. Effects of LPA interventions on updating. 

10 studies (n = 368)  

[1] Brush et al. (2016), n = 28 

[2] Budde et al. (2010), n = 39 

[3] Burgess & Hokanson (1964), n = 40 

[4] Delli Paoli et al. (2017), n = 48 

[5] Grubaugh & Rhea (2014), n = 16 

[6] Larson, LeCheminant, Hill, et al. 

(2015), n = 75 

[7] Loprinzi, Day, et al. (2019), n = 24 

[8] Loprinzi & Kane (2015), n = 43 

[9] Mehta et al. (2015), n = 27 

[10] Soga et al. (2015), n = 28 

 

Verbal Running Span task 

Accuracy for Short List and Long List 

• No significant difference [1] 

 

Digit Span 

• Significant improvement from LPA [2c, 

3d] 

• No significant difference [2c, 3d] 

 

n-back task 

Reaction time 

• No significant difference [10a] 

• Significant deterioration from LPA [10 a] 

 

Accuracy 

• Significant improvement from LPA [4b] 

• No significant difference [1, 4b, 10] 

Quality Assessment 

Risk of bias No 

Inconsistency Very serious (-2)1 

Indirectness Serious (-1)2 

Imprecision Serious (-1)3 

Publication bias Undetected 

Other Undetected 

  

Quality of evidence Very low 
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Table 3.4. Continued. 

  Aospan task 

Absolute, Partial, Speed error, Accuracy, 

Math error 

• No significant difference [5] 

 

modified-Paced Auditory Serial Addition 

Test 

Total correct responses 

• Significant deterioration from LPA [6] 

 

Brown-Peterson Task 

Total number of letters correctly recalled 

• No significant difference [7] 

 

Spatial Search 

• No significant difference [8] 

 

Spatial Slider 

• No significant difference [8] 

 

Memory span task 

• No significant difference [9] 

 

Note. Alphabetic superscripts denote that results were found in multiple directions due to 

the multiple measures presented in one study, detailed in Appendix 3B; 1Effects pointed 

at all directions (positive, no significant differences, and negative); 2Total sample size is 

smaller than 400; 3The studies covered mean ages of 14-16 and 18-24, with gaps showing 

a poor representation of the full 10 – 25 age range. 
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Table 3.5. Effects of LPA interventions on shifting. 

6 studies (n = 316)  

[1] Brush et al. (2016), n = 28 

[2] Harveson et al. (2016), n = 94 

[3] Jaffery et al. (2018), n = 44 

[4] Loprinzi & Kane (2015), n = 43 

[5] Mehta et al. (2015), n = 27 

[6] Wang et al. (2013), n = 80 

 

Dimension-Switching and Plus-Minus task 

Reaction time and accuracy for simple and mixed 

blocks 

• No significant difference [1] 

 

 

Trail Making Test 

Trail Making Test-A 

• No significant difference [2, 4] 

 

Trail Making Test-B 

• Significant improvement from LPA [2a, 3b] 

• No significant difference [2a, 3b, 4] 

 

Trail Making Test-B – Trail Making Test-A 

• No significant difference [2] 

 

General Trail Making Test 

• Significant improvement from LPA [5c] 

• No significant difference [5c] 

 

Wisconsin Card Sorting Test 

• Significant improvement from LPA [5] 

• No significant difference [6] 

 

Quality Assessment 

Risk of bias No 

Inconsistency Serious (-1)1 

Indirectness Serious (-1)2 

Imprecision Serious (-1)3 

Publication bias Undetected 

Other Undetected 

  

Quality of evidence Very low 

Note. Alphabetic superscripts denote that results were found in multiple directions due to 

the multiple measures presented in one study, detailed in Appendix 3B; 1Effects pointed at 

two directions (positive and null); 2Total sample size is smaller than 400; 3The studies 

covered mean ages of 14-16 and 21-22, with gaps showing a poor representation of the full 

10 – 25 age range. 
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Table 3.6. Effects of LPA interventions on memory. 

6 studies (n = 341)  

[1] Abou Khalil et al. (2020), n = 18 

[2] Cuttler et al. (2018), n = 80 

[3] Larson, LeCheminant, Hill, et al. 

(2015), n = 75 

[4] Loprinzi & Kane (2015), n = 43 

[5] Loprinzi, Koehler, et al. (2019), n = 38 

[6] Zuniga et al. (2019), n = 87 

 

 

Free recall 

Rate and number of correctly recalled words 

• Significant improvement from LPA [1a] 

• No significant difference [1a] 

 

Delayed recall 

Rate and number of correctly recalled words 

• Significant improvement from LPA [1a] 

• No significant difference [1a] 

 

 

Viral Video Prospective Memory Test 

• No significant difference [2] 

 

Reminder Prospective Memory Test 

• Significant improvement from LPA [2]  

 

Red Pen Prospective Memory Test 

• No significant difference [2] 

 

California Verbal Learning Test II 

Number recalled and number retained 

• No significant difference [2] 

 

Brief Visuospatial Memory Test-Revised 

Number recalled and number retained 

• No significant difference [2] 

 

Quality Assessment 

Risk of bias No 

Inconsistency Very serious 

(-2)1 

Indirectness Serious (-1)2 

Imprecision Serious (-1)3 

Publication bias Undetected 

Other Undetected 

  

Quality of evidence Very low 
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Table 3.6. Continued. 

  Rey Auditory Verbal Learning Test 

Short- and long-delay recall 

• No significant difference [3b] 

 

Total learning 

• Significant deterioration from LPA [3b] 

 

Spatial Span 

• No significant difference [4] 

 

Paired Associates 

• No significant difference [4] 

 

Logical Memory Task 

• No significant difference [5]  

 

Free recall 

Proportion of words correctly recalled 

• Significant improvement from LPA [6]  

 

Judgement of learning magnitude 

• No significant difference [6]  

 

Metacognitive accuracy 

Calibration, resolution 

• No significant difference [6]  

 

Note.Alphabetic superscripts denote that results were found in multiple directions due to 

the multiple measures presented in one study, detailed in Appendix 3B; 1Effects pointed 

at all directions (positive, no significant differences, and negative); 2Total sample size is 

smaller than 400; 3The studies covered mean ages of 20 - 21, with gaps showing a poor 

representation of the full 10 – 25 age range. 
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Table 3.7. Effects of LPA interventions on academic performance. 

10 studies (n = 566)  

[1] Abou Khalil et al. (2020), n = 18 

[2] Alderman et al. (2014), n = 66 

[3] Finch et al. (2017), n = 96 

[4] Harveson et al. (2019), n = 63 

[5] Hötting et al. (2016), n = 55 

[6] Isip (2014), n = 24 

[7] Liu et al. (2017), n = 40 

[8] Pilcher & Baker (2016), n = 38 

[9] Pilcher et al. (2017), n = 117 

[10] Schmidt-Kassow et al. (2014), n = 49 

 

 

Reading 

• No significant difference [2, 3, 6] 

 

Mathematics/Mental arithmetic 

• Significant improvement from LPA [4a, 6] 

• No significant difference [1b, 4a] 

• Significant deterioration from LPA [1b] 

 

Word-Picture Verification 

Reaction time 

• Significant improvement from LPA [7] 

 

Accuracy 

• Significant improvement from LPA [7c] 

• No significant difference [7c] 

 

Semantic Judgment Task 

Reaction time 

• Significant improvement from LPA [7] 

 

Accuracy 

• Significant improvement from LPA [7] 

 

Reasoning 

• No significant difference [8] 

 

Introductory Psychology exam 

• No significant difference [9] 

 

Polish-German vocabulary 

• Significant improvement from LPA [10] 

• No significant difference [5] 

 

Quality Assessment 

Risk of bias No 

Inconsistency Very serious 

(-2)1 

Imprecision No 

Indirectness Serious (-1)2 

Publication bias Undetected 

Other Undetected 

  

Quality of evidence Very low 

Note.1Effects pointed at all directions (positive, no significant differences, and negative; 
2The studies covered mean ages of 14 and 18 - 23, with gaps showing a poor representation 

of the full 10 – 25 age range. 
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3.4 Intervention characteristics 

3.4.1. Timing of LPA intervention 

Timing of LPA intervention refers to whether the LPA was administered before or during 

the learning phase, and whether the LPA was administered before or during the 

measurement of learning outcomes. The timing of LPA interventions may play a 

moderating role, possibly explaining some of the inconsistencies between the studies. 

 

Table 3.8. Timing of LPA intervention with respect to the learning phase. 

Study Timing of LPA intervention Results 

Hötting et al. (2016) Learning, seated → LPA → 

Testing, seated 

No significant difference for 

academic performance: Polish-

German vocabulary 

Schmidt-Kassow et al. 

(2014) 

Learning during LPA → 

Testing, seated 

Significant improvement for 

academic performance: Polish-

German vocabulary 

Liu et al. (2017) Learning during LPA → 

Testing, seated 

Significant improvement for 

academic performance: English 

(second language) vocabulary 

Pilcher et al. (2017) Learning during LPA → 

Testing, seated 

No significant difference for 

academic performance: 

Introductory Psychology exam 

Larson, LeCheminant, 

Hill, et al. (2015) 

Learning during LPA → 

Testing during LPA 

Significant deterioration for 

Memory: Rey Auditory Verbal 

Learning Test (native language) 

Zuniga et al. (2019) 

 

LPA → Learning and testing 

seated 

Significant improvement for 

memory: Logical memory task 

Loprinzi, Koehler, et 

al. (2019) 

 

LPA → Learning and testing 

seated 

No significant difference for 

memory: Free recall 

A learning phase was incorporated within seven studies (listed in Table 3.8), where 

the participants were given material to learn before a test. The timing of LPA differed 

between studies, with some administering LPA before or after the learning phase. 

Comparing the studies by Hötting et al. (2016) and Schmidt-Kassow et al. (2014), the 

participants had to translate newly learnt Polish vocabulary into the German language. 

Both groups of researchers administered LPA interventions that elicited similar heart 

rates (around 100 beats per minute) and measured similar outcomes 24 hours later. 

Hötting and colleagues did not find a significant effect, whereas Schmidt-Kassow’s 

group reported that their LPA intervention boosted the learning of Polish-German 

words. The main difference is that, in Hötting et al.’s study, the participants learnt the 
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Polish-German words while seated, then participated in the LPA intervention; whereas 

Schmidt-Kassow et al.’s participants learnt the Polish-German words during the LPA 

intervention. This finding that LPA during learning may lead to better performance is 

supported by Liu et al. (2017), whose participants learnt a second-language while 

carrying out the LPA intervention, also finding improved performance. 

Although there seems to be a pattern that LPA during learning improves language-

learning performance, this finding was not replicated for an Introductory Psychology 

exam (Pilcher et al., 2017), where participants who cycled while studying did not do any 

better than their sedentary peers. Furthermore, verbal memory appears to be affected 

differently, when compared to language-learning. In a verbal memory study, 

participants who memorized lists of words in their native language while walking, 

hence having LPA during their learning, recalled less items than the group that was 

seated (Larson, LeCheminant, Hill, et al., 2015). Notably, Larson and colleagues’ 

intervention differed from the aforementioned studies (Schmidt-Kassow et al., 2014) 

and Liu et al. (2017) who found that LPA during learning enhanced performance) 

because both the learning and the testing phase were done while walking, suggesting 

that the timing of the LPA intervention, relative to the learning measurement, 

moderates its effects as well. 

With respect to the measurement of learning outcomes, negative effects were only 

found when LPA was administered during the measurement of learning outcomes 

(Abou Khalil et al., 2020; Larson, LeCheminant, Hill, et al., 2015; Olson et al., 2016; 

Pontifex & Hillman, 2007; Soga et al., 2015), whereas positive effects were mostly found 

when the LPA intervention was administered before measuring the learning outcomes 

(Budde et al., 2010; Burgess & Hokanson, 1964; Byun et al., 2014; Cuttler et al., 2018; 

Ellemberg & St-Louis-Deschênes, 2010; Endo et al., 2013; Harveson et al., 2016, 2019; 

Jaffery et al., 2018; Joyce et al., 2009; Liu et al., 2017; O’Leary et al., 2011; Schmidt-Kassow 

et al., 2014; Zuniga et al., 2019). There were four exceptions: Abou Khalil et al. (2020; 

mental arithmetic), Isip (2014; mathematics), and Mehta et al. (2015; inhibition and 

shifting) found positive effects during the LPA intervention, and Joyce et al. (2009; 

inhibition) found positive effects when LPA was administered before and during the 

measurement of their learning outcome. 

Overall, it appears that administering LPA during the learning phase can lead to 

better performance, especially in language-learning (Liu et al., 2017; Schmidt-Kassow et 

al., 2014), although this effect was not consistently seen in other outcomes (Larson, 

LeCheminant, Hill, et al., 2015; Pilcher et al., 2017). Administering LPA before the 

measurement of learning may lead to boosted performance, while administering LPA 

during the measurement may lead to a drop in performance. Therefore, the timing of 

LPA, in relation to the learning and testing phase, appears to moderate the effects of 

LPA interventions on learning. 
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3.4.2. Timing of delayed testing 

Related to the timing of the LPA intervention, nine studies measured their learning 

outcomes after a delay. With 5-minute to 40-minute delays, positive effects were found 

for inhibition (Endo et al., 2013; Harveson et al., 2016; Joyce et al., 2009; O’Leary et al., 

2011), shifting (Harveson et al., 2016; Jaffery et al., 2018), and mathematics (Harveson et 

al., 2019). 

Although Endo et al. (2013) found positive effects for inhibition 5 minutes after the 

LPA intervention, this effect was not replicated just 20 minutes later. Another 

contradictory finding was by Harveson et al. (2016). Although positive effects were 

found for mathematics with a delay of 5-20 minutes, no significant effect was found for 

inhibition. Likewise, no significant effects were found for inhibition, updating, and 

shifting (Brush et al., 2016), for learning Polish-German vocabulary (Hötting et al. 2016), 

and for memory (Loprinzi, Koehler, et al., 2019) 15 and 25 minutes after their respective 

LPA interventions. Brush et al. (2016) also measured inhibition, updating, and shifting 

after a 3-hour delay, and similarly did not find any significant effect from the LPA 

intervention. 

Longer delays include a 24-hour and one-month temporal gap. After a 24-hour delay, 

Schmidt-Kassow et al. (2014) found positive effects on learning Polish-German words, 

but Hötting et al. (2016) did not find any significant effect. As discussed in the previous 

section, the timing of LPA is suspected to play a moderating role. Only one study 

measured learning after a one-month delay (Liu et al., 2017), and found positive effects 

despite the long delay. 

Overall, when delayed testing was used, studies tend to report a positive effect from 

the LPA intervention. However, inconsistencies in results were found around a delay 

of 15 to 25 minutes. 

3.4.3. Duration, type, intensity, and frequency of LPA intervention 

Across the included studies, LPA interventions lasted from 30 seconds to 240 minutes. 

Inconsistency remains a problem, as studies that administered the same duration of LPA 

find conflicting results. For example, when inhibition was measured after 30 minutes of 

LPA, positive effects (Ellemberg & St-Louis-Deschenes, 2010; Harveson et al., 2016; 

Joyce et al., 2009), negative effects (Olson et al., 2016), and null effects (Alderman et al., 

2014; Loprinzi & Kane, 2015) were reported. 

The type of LPA intervention could have a moderating effect. Elaborating further on 

the previous 30-minute example, Alderman et al. (2014) and Olson et al. (2016) tested 

inhibition during LPA. Alderman et al. did not find that their LPA intervention had an 
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effect, whereas Olson et al. found a deterioration in accuracy when performing the same 

inhibition test. The only difference is that participants walked in Alderman et al.’s study, 

while Olson et al.’s participants cycled on an ergometer. Therefore, the type of LPA 

appears to influence the effects found. Another example is the comparison of two 

studies by Harveson et al. (2016, 2019). Shifting was found to improve from aerobic LPA 

(Harveson et al., 2016), whereas mathematics and inhibition improved only from 

resistance LPA (Harveson et al., 2019). One final example on how different types of LPA 

may lead to different results is provided by Abou Khalil et al. (2020). In their study, 

immediate and delayed free recall of words were better during a bout of walking 

compared to sitting, but no significant differences were found between standing and 

sitting. Also, for mental arithmetic, walking (but not standing) led to a lower 

performance on the rate of correct answers, while standing (but not walking) led to a 

lower performance on the reaction time of correct answers. These patterns suggest that 

the different types of LPA may differentially affect learning. 

In this review, only one included study manipulated the intensity of LPA. Within the 

same group of participants, Endo et al. (2013) found that light cycling at 40% maximal 

workload boosted performance on inhibition, whereas very light cycling at 20% 

maximal workload did not show any significant performance changes. With only one 

study reporting on this finding, more studies are needed to check whether intensity, 

even at the light end of the spectrum, may moderate the effects of LPA interventions on 

learning. 

There were no studies that manipulated the frequency of LPA administration, for 

example, by changing how many times per week the participants were exposed to the 

LPA interventions. Of the three longitudinal studies that did administer frequent LPA, 

all three studies were very different in their outcome measure and overall design 

(detailed in Appendix 3B). Once again, the LPA interventions were found to have 

inconsistent results, with no effects on a Psychology exam (Pilcher et al., 2017), and 

positive effects on shifting, inhibition (Mehta et al., 2015), and language-learning (Liu et 

al., 2017). The effects of the LPA intervention on learning may vary according to how 

frequent the participants experience the LPA intervention. For example, interviewed 

participants explained that similar to starting a new exercise program, the novel 

experience of using standing desks is different from long-term use, as time is needed 

for familiarization (Wilkerson et al., 2019). Furthermore, the LPA interventions 

introduced within classrooms, such as standing and cycling desks, are not meant for 

one-time use. Therefore, further research is needed to explore the dose-response 

relationship between frequent LPA and its effect on learning. 

Overall, the duration, type, intensity, and frequency of LPA remains understudied. 

From the included studies, it appears that the type and intensity of the LPA intervention 
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may moderate the effects found for learning. Further dose-response manipulation is 

required to check if these variables do have moderating effects. 

3.4.4. Individual differences 

Physically fit individuals may have better capabilities to cope with the demands of a 

physical activity intervention, and thus perform better in learning tasks than 

individuals who are less fit. Burgess and Hokanson (1964) found that performance on 

an updating task only improved post-LPA within the fitter group with a lower resting 

heart rate, but not in the less fit group with a higher resting heart rate. This result is 

supported by studies of higher intensity showing that fit individuals, compared to their 

unfit counterparts, show better cognitive performance during (Delignières et al., 1994) 

and after a bout of physical activity (Sjöberg, 1980). Still, one study in the current review 

did not find differences between low-fit and high-fit participants on memory 

performance, with both groups benefiting from a bout of treadmill walking (Zuniga et 

al., 2019). Nonetheless, it is important that future studies account for their participants’ 

fitness levels when studying the effects of LPA interventions on learning. 

Arguably, those who perform better at baseline probably continue to perform better 

in a follow-up test. Budde et al. (2010) compared between those who did well and those 

who did less well during their baseline updating performance. Surprisingly, only those 

who performed worse at baseline showed improvements in their updating performance 

after LPA. Budde and colleagues ruled out ceiling effects for the higher performing 

group as no participant was able to complete the entire Letter Digit Span task of 

updating. Previous studies that used moderate-to-vigorous physical activity 

interventions align well with Budde and colleague’s study, with those who performed 

less well at baseline benefiting more during measures of updating (Sibley & Beilock, 

2007) and classroom on-task behavior (Mahar et al., 2006). Due to the low number of 

studies that have accounted for individual differences, we cannot yet conclude which 

individual differences influence the effect of LPA interventions on learning and how 

these differences influence the effects. 

3.4.5. Type of test used 

The observable effects of LPA interventions differed when different types of tests were 

used, even if the different tests were supposed to measure the same outcome. For 

example, when testing for inhibition, Mehta et al. (2015) found improvements from LPA 

interventions on Stroop test, but not on Flanker Task performance. In terms of 

prospective memory, Cuttler et al. (2018) found that LPA interventions produced 

positive effects when tested with the Reminder Prospective Memory Test, but null 

effects when tested with the Red Pen Prospective Memory Test. Furthermore, even 

within the same tests, different dimensions (e.g., accuracy and reaction time) may 
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present different results (Abou Khalil et al., 2020; Byun et al., 2014; Ellemberg & St-

Louis-Deschênes, 2010; Endo et al., 2013; Joyce et al., 2009; Liu et al., 2017; Mehta et al., 

2015; O’Leary et al., 2011; Olson et al., 2016; Pontifex & Hillman, 2007; Soga et al., 2015). 

Assuming the tests used are valid and reliable, the effect of any intervention comes into 

question when different results are found with different types of tests assuming to 

measure the same construct. 

For future studies, we recommend for researchers to select outcome measures based 

on clear theoretical rationales. Taking executive functions for example, with over 128 

different tests available to measure executive functions (Etnier & Chang, 2009), the 

selection of the type of test should also be based on empirical evidence showing that the 

test is sensitive to the effects of LPA interventions on adolescents. 

4. General discussion and conclusion 

The aim of this paper was to systematically review the effects of LPA interventions on 

learning in healthy adolescents aged 10 to 25 years. A total of 49 studies was found, of 

which only 35 were judged to have low risk of bias. From these 35 studies, positive 

effects were found in 16 studies, negative effects in four studies, one study reported 

both positive and negative effects, and the remaining 14 studies reported null effect. The 

learning outcomes were grouped into five categories: (1) inhibition, (2) updating, (3) 

shifting, (4) memory, and (5) academic performance. The quality of evidence was very 

low, indicating no clear effects of LPA interventions on learning. 

To improve the quality of evidence, we recommend that researchers designing future 

studies make careful choices with regards to: timing of LPA, timing of delayed testing, 

duration, type, intensity, and frequency of the LPA intervention, and type of test used. 

Furthermore, individual differences such as fitness levels and baseline performance on 

learning outcomes should be accounted for. With the various protocols currently 

utilized, it is difficult to make a direct comparison of the results. Therefore, we 

encourage for more dose-response studies to explain the inconsistencies in results 

currently found. 

To our knowledge, this is the first systematic review to focus exclusively on LPA and 

its effects on learning in adolescents. Previous systematic reviews tend to focus on 

general physical activity, usually of moderate-to-vigorous intensities (Álvarez-Bueno et 

al., 2017; Biddle et al., 2019; Daly-Smith et al., 2018; Singh et al., 2019; Wassenaar et al., 

2020). These moderate-to-vigorous physical activity reviews present similar findings as 

the current LPA review. Mainly, the majority of studies on physical activity 

interventions pointed towards either positive or null effects on cognitive and academic 

performance, yet the inconsistent effects lead to inconclusive evidence. Similarly, these 

reviews also highlight the high heterogeneity in the intervention design and 
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measurement of outcomes, with a lack of studies attempting to clarify the dose-response 

effects of various potential moderators. 

To reduce the potential inconsistencies between future studies, one solution would 

be to include the potentially moderating variables, identified in the current review, as 

covariates in the analyses of future studies – a recommendation that has been strongly 

advocated before (Brisswalter et al., 2002; Tomporowski & Ellis, 1986). Considering the 

numerous potential moderators that we have identified, the inclusion of too many 

covariates may result in overfitting (Zhang, 2014). Therefore, we advise to recruit 

sufficiently large samples (other solutions to overfitting are discussed by Babyak (2004) 

and Hawkins (2004)), which would also narrow the margin of error, improving the 

overall quality of evidence. In terms of recruitment, we also implore for a more even 

representation of the age range of 10 to 25 years, as early adolescence (10 to 13 years) is 

currently understudied in literature. 

Despite the inconsistencies between studies, we can still derive some practical 

implications from this review. Of the included studies, 16 studies reported a positive 

effect, while 14 studies reported null effects. Apart from the focus on learning, other 

researchers have found LPA to be beneficial for physical health (Chastin et al., 2019; 

Füzéki et al., 2017), counteracting the negative risks of prolonged sedentary behavior 

(Rezende et al., 2014; Tremblay et al., 2011). Thus, adolescents should not be held back 

from the health benefits of LPA, considering the probable null or positive effects that 

LPA has on learning. However, we do not discount the negative effects found from four 

studies (Larson, LeCheminant, Hill, et al., 2015; Olson et al., 2016; Pontifex & Hillman, 

2007; Soga et al., 2015) and one study that reported both positive a and negative effects 

(Abou Khalil et al., 2020). Within these studies, learning outcomes were measured 

during the LPA intervention. Therefore, the practical recommendation would be to not 

administer LPA during exams (despite one study finding boosted performance on a 

mathematics exam when the students were standing (Isip, 2014)). Instead, we encourage 

education institutions to provide students with the option to perform LPA during their 

learning phase, especially during language-learning, or to provide LPA breaks in-

between classes. 

The limitation of this review is that during data extraction, only one author screened 

the majority of studies. For the first 500 studies that were screened by two authors, a 

high interrater agreement (> 80%) was achieved, therefore the remaining studies were 

screened by only one author for efficiency. Still, human error may have led to the 

overlooking of relevant articles that could have been included in this review. The 

strengths of this review include the thorough and independent assessment of each 

study by two authors. The RoB2 was used to assess the risk of bias from each study, 

then the quality of evidence at the outcome level was further evaluated using GRADE. 

Basing our analysis on only low-risk-of-bias studies also serves as a strength of this 
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review, as the conclusions drawn would be less susceptible to methodological errors in 

trial design, conduct, or reporting. 

Hitherto, there is a lack of high-quality evidence to substantiate the effects of LPA 

interventions on learning among adolescents. This review found 16 studies reporting 

positive effects, four studies reporting negative effects, one study reporting both 

positive and negative effects, while the remaining 14 studies reporting null effects. 

Future studies are needed to elucidate potential moderators and replicate current 

studies to ascertain the reliability of results. Apart from learning, LPA has various 

benefits for physical health (Chastin et al., 2019; Füzéki et al., 2017), with a high 

feasibility and acceptance in classrooms (Benzo et al., 2016; Sherry et al., 2016). Thus, 

there is no reason to refrain from introducing LPA interventions among adolescents. 
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Appendix 3A 

Table 3A1 Search string. 

October 24, 2020 ("low intensity physical activity" OR "light intensity physical activity" OR 

"mild intensity physical activity" OR "low physical activity" OR "light 

physical activity" OR "mild physical activity" OR walk OR walking OR 

stand OR standing OR intensity OR exerci* OR “physical activity” OR 

sedentary) AND (cogniti* OR “executive function*” OR “executive 

performance” OR “executive process*" OR “executive control” OR 

“processing speed” OR memory OR grade OR "test scores" OR exam OR 

"academic performance" OR "academic achievement" OR "school 

achievement" OR "school performance" OR learn* OR "student 

performance" OR "student achievement" OR "study performance" OR 

"study achievement" OR studying OR “academic outcome*”) 
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Appendix 3B 

 

Table 3B1. Individual study characteristics. 

Study 

N (M/F) 

Mean 

Age±SD 

 

Type, 

Intensity, 

& Duration 

Design Outcome: Type of Test 

(Condition: measure) 

Test 

Time 

Result 

1. Abou 

Khalil et 

al. (2020) 

 

18 (9/9) 

23.1 ± 1.7 

Standing, 

approximat

ely for 5 

min 

Within 

(CB) 

Memory: Free recall (Rate 

and number of correctly 

recalled words) 

During ? 

Memory: Delayed recall (Rate 

and number of correctly 

recalled words) 

? 

Academic performance: 

Mental arithmetic (rate of 

correct answers) 

? 

Academic performance: 

Mental arithmetic (Reaction 

time of correct answers) 

- 

Walking at 

self-

selected 

speed, 

approximat

ely for 5 

min 

Memory: Free recall (Rate 

and number of correctly 

recalled words) 

+ 

Memory: Delayed recall (Rate 

and number of correctly 

recalled words) 

+ 

Academic performance: 

Mental arithmetic (rate of 

correct answers) 

- 

Academic performance: 

Mental arithmetic (Reaction 

time of correct answers) 

? 

2. 

Akazawa 

et al. 

(2019) 

 

12 (0/12) 

20 ± 0.3 

Cycling: 

30% HRR, 8 

min 

Within 

(CB) 

Executive function: 

Inhibition: Stroop (Simple: 

Reaction time) 

During 

(5 min 

into 

LPA) 

+ 

Executive function: 

Inhibition: Stroop 

(Incongruent: Reaction time) 

? 

3. 

Alderman 

et al. 

(2014) 

 

Treadmill 

walking, 

self-

selected 

speed, 

mean ± SD: 

Within 

(CB) 

Executive function: 

Inhibition: Flanker Task 

(Congruent: Reaction time) 

During ? 

Executive function: 

Inhibition: Flanker Task 

(incongruent: Reaction time) 

? 
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66 (27/39) 

21.1 ± 1.6 

1.6±0.4 

mph, 

range: 0.8 – 

2.5 mph, 30 

min 

Executive function: 

Inhibition: Stroop (Congruent: 

Reaction time) 

? 

Executive function: 

Inhibition: Stroop 

(Incongruent Reaction time) 

? 

Academic performance: 

Reading Comprehension 

(Reaction time) 

? 

Executive function: 

Inhibition: Flanker Task 

(Congruent: Accuracy) 

? 

Executive function: 

Inhibition: Flanker Task 

(incongruent: Accuracy) 

? 

Executive function: 

Inhibition: Stroop (Congruent: 

Accuracy) 

? 

Executive function: 

Inhibition: Stroop 

(Incongruent Accuracy) 

? 

Academic performance: 

Reading Comprehension 

(Accuracy) 

 

? 

4. 

Brisswalte

r et al. 

(1997) 

 

10 (10/0) 

High fit: 

23.3 ± 1.5 

 

Cycling, 

20% Pmax, 

10 min 

Within 

(PP) 

Simple reaction time: Reaction 

time task 

During - 

Cycling, 

40% Pmax, 

10 min 

Within 

(PP) 

- 

Cycling, 

20% Pmax, 

10 min 

Within 

(PP) 

Simple reaction time: Reaction 

time task (error %) 

? 

Cycling, 

40% Pmax, 

10 min 

Within 

(PP) 

? 

10 (10/0) 

Low fit: 

23.7 ± 1.8 

 

Cycling, 

20% Pmax, 

10 min 

Within 

(PP) 

Simple reaction time: Reaction 

time task 

- 

Cycling, 

40% Pmax, 

10 min 

Within 

(PP) 

- 

Cycling, 

20% Pmax, 

10 min 

Within 

(PP) 

Simple reaction time: Reaction 

time task (error %) 

? 
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Cycling, 

40% Pmax, 

10 min 

Within 

(PP) 

? 

5. Brush et 

al. (2016) 

 

28 (14/14) 

20.5 ± 2.1 

Resistance 

exercise, 

40% 10RM; 

HR Mean ± 

SD: 105.9 ± 

11.7 bpm; 

RPE Mean 

± SD: 7.4 ± 

1.3, 45 min 

Within 

(CB) 

Executive function: 

Inhibition: Stroop (Congruent: 

Reaction time) 

Post-15 

min 

? 

Post-180 

min 

? 

Executive function: 

Inhibition: Stroop 

(Incongruent: Reaction time) 

Post-15 

min 

? 

Post-180 

min 

? 

Executive function: 

Inhibition: Stroop (Congruent: 

Accuracy) 

Post-15 

min 

? 

Post-180 

min 

? 

Executive function: 

Inhibition: Stroop 

(Incongruent: Accuracy) 

Post-15 

min 

? 

? 

Post-180 

min 

Executive function: 

Inhibition: Stroop (Reaction 

time interference scores) 

Post-15 

min 

? 

Post-180 

min 

? 

Executive function: 

Inhibition: Simon Task 

(Congruent: Reaction time) 

Post-15 

min 

? 

Post-180 

min 

? 

Executive function: 

Inhibition: Simon Task 

(Incongruent: Reaction time) 

Post-15 

min 

? 

Post-180 

min 

? 

Executive function: 

Inhibition: Simon Task 

(Congruent: Accuracy) 

Post-15 

min 

? 

Post-180 

min 

? 

Executive function: 

Inhibition: Simon Task 

(Incongruent: Accuracy) 

Post-15 

min 

? 

Post-180 

min 

? 

Executive function: Updating: 

2-Back Task (Target: 

Accuracy) 

Post-15 

min 

? 

Post-180 

min 

? 

Post-15 

min 

? 
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Executive function: Updating: 

2-Back Task (Non-target: 

Accuracy) 

Post-180 

min 

? 

Executive function: Updating: 

Verbal Running Span Task 

(Short List: Accuracy) 

Post-15 

min 

? 

Post-180 

min 

? 

Executive function: Updating: 

Verbal Running Span Task 

(Long List: Accuracy) 

Post-15 

min 

? 

Post-180 

min 

? 

Executive function: Shifting: 

Dimension-Switching Task 

(Simple blocks: Accuracy) 

Post-15 

min 

? 

Post-180 

min 

? 

Executive function: Shifting: 

Dimension-Switching Task: 

Mixed blocks Accuracy 

Post-15 

min 

? 

Post-180 

min 

? 

Executive function: Shifting: 

Dimension-Switching Task: 

Simple blocks Reaction time 

Post-15 

min 

? 

Post-180 

min 

? 

Executive function: Shifting: 

Dimension-Switching Task: 

Mixed blocks Reaction time 

Post-15 

min 

? 

Post-180 

min 

? 

Executive function: Shifting: 

Plus-Minus Task: Simple 

blocks Accuracy 

Post-15 

min 

? 

Post-180 

min 

? 

Executive function: Shifting: 

Plus-Minus Task: Mixed 

blocks Accuracy 

 

Post-15 

min 

? 

Post-180 

min 

? 

Executive function: Shifting: 

Plus-Minus Task: Simple 

blocks Reaction time 

Post-15 

min 

? 

Post-180 

min 

? 

Executive function: Shifting: 

Plus-Minus Task: Mixed 

blocks Reaction time 

Post-15 

min 

? 

Post-180 

min 

? 

6. Budde 

et al. 

(2010) 

Running, 

50-65% 

Betwee

n (R) 

Executive function: Updating: 

Letter Digit Span 

Post 

 

? 
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IG: 18 

(9/9) 14.4 ± 

0.5 

CG: 21 

(13/8) 14.5 

± 0.5 

HRmax, 12 

min 

Within 

(PP) 

+ 

Betwee

n (R) - 

within 

(PP) 

interac

tion 

? 

18 (9/9) 

14.4 ± 0.5 

Within 

(PP) 

+ 

10 (5/5) 

14.7 ± 0.5 

Low-

performer

s on pre-

test 

+ 

8 (4/4) 

14.0 ± 0.0 

High-

performer

s on pre-

test 

 

? 

7. Burgess 

& 

Hokanson 

(1964) 

 

Low 

drive: 20 

(8/12) 

Range: 18 

– 24 

Physical 

exertion, 

HR mean 

<108 bpm, 

30 sec (F), 

45 sec (M) 

Betwee

n (R) 

Executive function: Updating: 

Digit Span (Improvement) 

Post + 

High 

drive: 20 

(8/12) 

Range 18 – 

24 

 

? 

8. Byun et 

al. (2014) 

 

25 (13/12) 

20.6 ± 1.0 

Cycling, 

30% 

VO2 max, 

10 min 

Within 

(CB) 

Executive function: 

Inhibition: Stroop (Reaction 

time interference) 

Post 

 

+ 

Within 

(CB) 

Executive function: 

Inhibition: Stroop (Congruent: 

Accuracy) 

? 
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Within 

(CB) 

Executive function: 

Inhibition: Stroop 

(Incongruent: Accuracy) 

? 

9. Cuttler 

et al. 

(2018) 

 

80 (35/45) 

IG: 20.2 ± 

0.3; CG: 

19.5 ± 0.3 

Resistance 

exercise, 

HR Mean ± 

SD: 121.7 ± 

2.0 bpm, 30 

min 

Betwee

n (R) 

Memory: Prospective 

memory: Viral Video 

Prospective Memory Test 

During ? 

Memory: Prospective 

memory: Reminder Prospective 

Memory Test 

Post 

 

+ 

Memory: Prospective 

memory: Red Pen Prospective 

Memory Test 

? 

Memory: Retrospective 

memory: CVLT-II (Number 

recalled) 

? 

Memory: Retrospective 

memory: CVLT-II (Number 

retained) 

Memory: Retrospective 

memory: Brief Visuospatial 

Memory Test-Revised (Number 

recalled) 

? 

Memory: Retrospective 

memory: Brief Visuospatial 

Memory Test-Revised (Number 

retained) 

 

10. Del 

Giorno et 

al. (2010) 

 

30 (17/13) 

20.2 ± 1.1 

Cycling, 

HR Mean ± 

SD: 125.7 ± 

8.3 bpm, 

RPE Mean 

± SD: 11.5 ± 

1.5, 25 min 

Within 

(PP) 

Executive function: 

Inhibition: Contingent 

Continuous Performance Task 

(False Alarm) 

During - 

Post ? 

Post-20 

min 

? 

Executive function: Shifting: 

m-Wisconsin Card Sorting Test 

(Total Errors) 

During ? 

Post ? 

Post-20 

min 

? 

Executive function: Shifting: 

m-Wisconsin Card Sorting Test 

(Perseverative Errors) 

During ? 

Post ? 

Post-20 

min 

? 

Executive function: Shifting: 

m-Wisconsin Card Sorting Test: 

Unique Errors 

During - 

Post ? 

Post-20 

min 

? 

Treadmill 

walking, 

Within 

(PP) 

Post 

 

? 
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11. Delli 

Paoli et al. 

(2017) 

 

 

48 (0/48) 

19.2 ± 0.8 

 

60% 

HRmax, 

HR Mean ± 

SD: 126.5 ± 

5.4 bpm, 15 

min 

Betwee

n (R) 

Executive function: Updating: 

1-Back Task (Accuracy: d 

prime) 

? 

Betwee

n (R) - 

within 

(PP) 

interac

tion 

? 

Within 

(PP) 

Executive function: Updating: 

2-Back Task (Accuracy: d 

prime) 

? 

Betwee

n (R) 

? 

Betwee

n (R) - 

within 

(PP) 

interac

tion 

? 

12. 

Ellemberg 

& St-

Louis-

Deschene

s (2010) 

 

36 (36/0) 

10.6, 

Range: 

10.0 

Cycling, 

HR Mean ± 

SD: 132 

bpm, 63% 

HRmax, 30 

min 

Within 

(PP) 

Executive function: 

Inhibition: Choice Response 

time 

 

Post 

 

+ 

Betwee

n (R) 

+ 

Betwee

n (R) - 

within 

(PP) 

interac

tion 

+ 

Within 

(PP) 

Executive function: 

Inhibition: Choice Response 

(Accuracy) 

? 

Betwee

n (R) 

? 

Betwee

n (R) - 

within 

(PP) 

interac

tion 

? 

13. Endo 

et al. 

(2013)  

 

13 (5/8) 

23.0 ± 1.0 

Cycling, 

20%-

EXmax, HR 

Mean ± SD: 

90 ± 8 bpm, 

RPE Mean 

Within 

(PP) 

Executive function: 

Inhibition: m-Stroop 

(Incongruent: Reaction time) 

Post-5 

min 

? 

Executive function: 

Inhibition: m-Stroop 

(Incongruent: Accuracy) 

? 
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± SD: 10 ± 1, 

15 min 

Within 

(CB) 

Executive function: 

Inhibition: m-Stroop 

(Incongruent: Reaction time) 

? 

Cycling, 

40%-

EXmax, HR 

Mean ± SD: 

109 ± 5 

bpm, RPE 

Mean ± SD: 

12 ± 0, 15 

min 

Within 

(PP) 

Executive function: 

Inhibition: m-Stroop 

(Incongruent: Reaction time) 

+ 

Executive function: 

Inhibition: m-Stroop 

(Incongruent: Accuracy) 

? 

Within 

(CB) 

Executive function: 

Inhibition: m-Stroop 

(Incongruent: Reaction time) 

? 

N = 7 Within 

(PP) 

Executive function: 

Inhibition: m-Stroop 

(Incongruent: Reaction time) 

Post-20 

min 

 

? 

Executive function: 

Inhibition: m-Stroop 

(Incongruent: Accuracy) 

? 

N = 9 Cycling, 

40%-

EXmax, HR 

Mean ± SD: 

109 ± 5 

bpm, RPE 

Mean ± SD: 

12 ± 0, 5 

min 

 

Within 

(PP) 

Executive function: 

Inhibition: m-Stroop 

(Incongruent: Reaction time) 

Post-5 

min 

? 

Executive function: 

Inhibition: m-Stroop 

(Incongruent: Accuracy) 

? 

14. Finch 

et al. 

(2017) 

 

96 (19/77) 

20.9 ± 3.0 

Standing, 

15 min 

Within 

(CB) 

Reading comprehension: 

Proportion correct 

During ? 

15. 

Grubaugh 

& Rhea 

(2014) 

 

16 (3/13) 

20.3 ± 1.7 

Treadmill 

walking, 

self-

selected, 

comfortable 

speed, 10 – 

15 min 

Within 

(CB) 

Executive function: Updating: 

Aospan task (Absolute) 

During ? 

Executive function: Updating: 

Aospan task (Partial) 

? 

Executive function: Updating: 

Aospan task (Speed error) 

? 

Executive function: Updating: 

Aospan task (Accuracy) 

? 

Executive function: Updating: 

Aospan task (Math error) 

 

? 
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16. 

Harveson 

et al. 

(2016) 

 

94 (48/46) 

M: 16.0 ± 

0.7; F: 16.1 

± 0.9 

Aerobic 

walking/jog

ging: 50-

60% 

HRmax, 

HR Mean ± 

SD: 108.5 ± 

6.05 bpm, 

RPE Mean 

± SD: 8.8 ± 

1.5), 30 

min; 

Within 

(CB) 

 

Executive function: 

Inhibition: Stroop 

(SDT/Congruent: Reaction 

time) 

Post (5-

40 min) 

+ 

Executive function: 

Inhibition: Stroop 

(SWT/Congruent: Reaction 

time) 

+ 

Executive function: 

Inhibition: Stroop 

(SCT/Incongruent: Reaction 

time) 

+ 

Executive function: Shifting: 

Trail Making Task-A 

? 

Executive function: Shifting: 

Trail Making Task-B 

+ 

Executive function: Shifting: 

Trail Making Task-B – Trail 

Making Task-A 

? 

Resistance 

Exercise: 

HR Mean ± 

SD: 115.4 ± 

2.6 bpm, 

RPE Mean 

± SD: 12.0 ± 

0.5, 30 min 

Executive function: 

Inhibition: Stroop 

(SDT/Congruent: Reaction 

time) 

+ 

Executive function: 

Inhibition: Stroop 

(SWT/Congruent: Reaction 

time) 

+ 

Executive function: 

Inhibition: Stroop 

(SCT/Incongruent: Reaction 

time) 

+ 

Executive function: Shifting: 

Trail Making Task-A 

? 

Executive function: Shifting: 

Trail Making Task-B 

? 

Executive function: Shifting: 

Trail Making Task-B – Trail 

Making Task-A 

 

? 

17. 

Harveson 

et al. 

(2019) 

 

63 (57/6) 

13.7 ± 0.5 

Aerobic 

jogging: 50 

– 60% 

HRmax, 

HR Mean ± 

SD: 108.5 ± 

6.05 bpm, 

Within 

(CB) 

Academic performance: 

Mathematics 

Post (5-

20 min) 

? 

Executive function: 

Inhibition: Stroop Victoria 

version 

? 
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RPE Mean 

± SD: 8.8 ± 

1.5), 20 

min; 

Resistance 

Exercise: 

RPE-

matching 

50-60% 

HRmax, 20 

min 

Within 

(CB) 

Academic performance: 

Mathematics 

+ 

Executive function: 

Inhibition: Stroop Victoria 

version 

+ 

18. 

Hasegawa 

et al. 

(2001) 

 

8 (8/0) 

Range: 21 

– 25; 

Standing, 

60 min 

Within 

(CB) 

 

Academic performance: 

Multiplication of 1-digit 

numbers (Error rate) 

During 

 

? 

Academic performance and 

intelligence: Multiplication of 

1-digit numbers (Miss rate) 

 

? 

8 (8/0) 

Range 19 – 

25 

Standing, 

90 min 

Academic performance: 

Multiplication of 1-digit 

numbers (Error rate) 

? 

Academic performance: 

Multiplication of 1-digit 

numbers (Miss rate) 

 

? 

19. 

Haynes et 

al. (2019) 

 

24 (8/16) 

20.9 ± 1.9 

 

 

Treadmill 

walking, 

self-

selected 

speed 

during 

learning 

phase; 

15min 

Within 

(CB) 

Memory: Retrospective 

memory: Rey Auditory Verbal 

Learning Test (immediate 

recall of Trials 1 to 5) 

During n.a. 

Memory: Retrospective 

memory: Rey Auditory Verbal 

Learning Test (recall after 

interference, Trial 6) 

n.a. 

Memory: Retrospective 

memory: Rey Auditory Verbal 

Learning Test 

Post-20 

min 

n.a. 

Memory: Retrospective 

memory: Rey Auditory Verbal 

Learning Test (attribution) 

Post-24 

hours 

n.a. 

Memory: Retrospective 

memory: Rey Auditory Verbal 

Learning Test (recognition) 

n.a. 

Prospective memory n.a. 

Treadmill 

walking, 

Memory: Retrospective 

memory: Rey Auditory Verbal 

Post n.a. 
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self-

selected 

speed after 

learning 

phase; 

15min 

Learning Test (immediate 

recall of Trials 1 to 5) 

Memory: Retrospective 

memory: Rey Auditory Verbal 

Learning Test (recall after 

interference, Trial 6) 

n.a. 

Memory: Retrospective 

memory: Rey Auditory Verbal 

Learning Test 

Post-20 

min 

n.a. 

Memory: Retrospective 

memory: Rey Auditory Verbal 

Learning Test (attribution) 

Post-24 

hours 

n.a. 

Memory: Retrospective 

memory: Rey Auditory Verbal 

Learning Test (recognition) 

n.a. 

Prospective memory n.a. 

20. 

Hötting et 

al. (2016) 

 

55 (28/27) 

IG: 21.6 ± 

2.1; CG: 

22.5 ± 2.2 

 

Cycling, 

<57% 

HRmax, 30 

min 

Betwee

n (R) 

Memory: Memory 

consolidation: vocabulary 

recall 

Post-20 

min 

? 

Memory: Memory 

consolidation: vocabulary 

recall 

Post-24 

hours 

? 

Memory: Memory 

consolidation: vocabulary 

retention 

Post-24 

hours 

? 

21. Isip 

(2014) 

 

24 (10/14) 

M: 18.2 ± 

1.6; F: 17.6 

± 1.7 

 

N = 12 

 

Standing, 

120 min 

 

Betwee

n (R) 

Academic performance: 

Mathematical analysis 

During 

 

+ 

Academic performance: 

Reading comprehension 

? 

N = 12 Standing, 

240 min 

Academic performance: 

Mathematical analysis 

+ 

Academic performance: 

Reading comprehension 

? 

22. Jaffery 

et al. 

(2018)  

 

88 (25/63) 
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44(10/34) 

IG: 21.5 ± 

0.5; CG: 

21.3 ± 0.4; 

Treadmill 

walking, 

self-

selected 

speed, 

mean ± SD: 

3.6 ± 0.07 

mph, 5 

min;  

Within 

(PP) 

 

Executive function: Shifting: 

Trail Making Task-B 

Post-5 

min 

+ 

Betwee

n (R) 

Executive function: Shifting: 

Trail Making Task-B 

+ 

44(14/30) 

IG: 22.0 ± 

0.3; CG: 

21.6 ± 0.4 

Treadmill 

walking, 

self-

selected 

speed, 

mean ± SD: 

3.5 ± 0.1 

mph, 5 min 

 

Betwee

n (R) 

Executive function: Shifting: 

Trail Making Task-B 

? 

23. Joyce 

et al. 

(2009) 

 

10 (7/3) 

23.0 ± 2.0 

Cycling, 

40% MAP, 

30 min 

Within 

(CB) 

Executive function: 

Inhibition: Stop-Signal Task 

(Go: Reaction time) 

During + 

Executive function: 

Inhibition: Stop-Signal Task 

(Stop: Reaction time) 

+ 

Executive function: 

Inhibition: Stop-Signal Task 

(Error %) 

? 

Executive function: 

Inhibition: Stop-Signal Task 

(Successful inhibition %) 

? 

Executive function: 

Inhibition: Stop-Signal Task 

(Go: Reaction time) 

Post ? 

Executive function: 

Inhibition: Stop-Signal Task 

(Stop: Reaction time) 

+ 

Executive function: 

Inhibition: Stop-Signal Task 

(Error %) 

? 

Executive function: 

Inhibition: Stop-Signal Task 

(Successful inhibition %) 

? 

Executive function: 

Inhibition: Stop-Signal Task 

(Go: Reaction time) 

Post-30 

min 

+ 
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Executive function: 

Inhibition: Stop-Signal Task 

(Stop Reaction time) 

+ 

Executive function: 

Inhibition: Stop-Signal Task 

(Error %) 

? 

Executive function: 

Inhibition: Stop-Signal Task 

(Successful inhibition %) 

 

? 

24. 

Kamijo et 

al. (2009) 

 

12 (n.a.) 

21.8 ± 0.6 

Cycling, 

30% 

VO2 max, 

20 min 

Within 

(CB) 

Executive function: 

Inhibition: m-Flanker Task 

(Congruent: Reaction time) 

Post ? 

Executive function: 

Inhibition: m-Flanker Task 

(Incongruent: Reaction time) 

? 

Executive function: 

Inhibition: m-Flanker Task 

(Congruent: Accuracy) 

? 

Executive function: 

Inhibition: m-Flanker Task 

(Incongruent: Accuracy) 

 

? 

25. 

Larson, 

LeChemin

ant, 

Carbine, 

et al. 

(2015) 

 

69 (33/36) 

IG: 20.9 ± 

2.4; CG: 

20.7 ± 2.1 

Treadmill 

walking, 

mean 1.5 

mph, n.a. 

Betwee

n (R) 

Executive function: 

Inhibition: m-Flanker Task 

(Congruent: Reaction time) 

During ? 

Executive function: 

Inhibition: m-Flanker Task 

(Incongruent: Reaction time) 

? 

Executive function: 

Inhibition: m-Flanker Task 

(Congruent: Accuracy) 

? 

Executive function: 

Inhibition: m-Flanker Task 

(Incongruent: Accuracy) 

? 

Executive function: 

Inhibition: Stop-Signal Task 

(Go: Accuracy)  

? 

Executive function: 

Inhibition: Stop-Signal Task 

(No-Go: Accuracy) 

 

? 

26. 

Larson, 

LeChemin

Treadmill 

walking, 

mean 1.5 

Betwee

n (R) 

Memory: Rey Auditory Verbal 

Learning Test (Total learning) 

 

During - 
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ant, Hill, 

et al. 

(2015) 

 

75 (35/40) 

IG: 20.8 

(2.4); CG: 

20.7 (2.1) 

mph, 0% 

grade, ± 45 

min 

Memory: Rey Auditory Verbal 

Learning Test (Short-delay 

recall) 

? 

Memory: Rey Auditory Verbal 

Learning Test (Long-delay 

recall) 

? 

Executive function: Updating: 

m-Paced Auditory Serial 

Addition Test (Total correct 

responses) 

 

- 

27. 

Lindheim

er et al. 

(2017) 

 

15 (1/14) 

20.0 ± 1.5 

 

Cycling, 

35% VO2R; 

RPE <11; 

<120 bpm, 

30 min 

Within 

(PP) 

 

Executive function: Updating: 

2-back (Reaction time) 

Post 

 

? 

Executive function: Updating: 

2-back (Accuracy) 

? 

Executive function: Updating: 

3-back (Reaction time) 

? 

Executive function: Updating: 

3-back (Accuracy) 

? 

15 (5/10) 

20.9 ± 1.4 

Passive 

cycling, 

RPE < 7; 

<180 bpm, 

30 min 

Executive function: Updating: 

2-back (Reaction time) 

? 

Executive function: Updating: 

2-back (Accuracy) 

? 

Executive function: Updating: 

3-back (Reaction time) 

? 

Executive function: Updating: 

3-back (Accuracy) 

 

? 

28. Liu et 

al. (2017) 

 

40 (21/19) 

IG (M 19.7 

± 1.0, F 

20.3 ± 1.3); 

CG (M 

20.3 ± 0.7 

F 20.2 ± 

1.0) 

Cycling, 

60% 

HRmax, 

approximat

ely 11 

min/week 

for 8 weeks 

Betwee

n (R) 

Academic performance: 

Vocabulary: Word-Picture 

Verification (Reaction time) 

Post (8 

tests) 

+ 

Post-

one 

month 

+ 

Academic performance: 

Vocabulary: Word-Picture 

Verification (Accuracy) 

Post (8 

tests) 

+ 

Post-

one 

month 

? 

Academic performance: 

Semantic Judgment Task 

(Reaction time; difference 

between IC & CG grew 

stronger over tests) 

Post (8 

tests) 

+ 

Academic performance: 

Semantic Judgment Task 

(Reaction time) 

Post-

one 

month 

+ 
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Academic performance: 

Semantic Judgment Task 

(Accuracy) 

Post (8 

tests) 

+ 

Post-

one 

month 

+ 

29. Lo 

Bue-Estes 

et al. 

(2008) 

 

9 (0/9) 

Active: 

20.8 ± 0.9 

 

Treadmill 

exercise, 

25% 

VO2 max, 1 

min 

Within 

(PP) 

Executive function: Updating: 

Automated Neuropsychological 

Assessment Metrics 

During - 

Treadmill 

exercise, 

50% 

VO2 max, 1 

min 

- 

9 (0/9) 

Sedentary: 

20.6 ± 1.6 

 

Treadmill 

exercise, 

25% 

VO2 max, 1 

min 

- 

Treadmill 

exercise, 

50% 

VO2 max, 1 

min 

- 

17 (0/17) 

Active: 

20.8 ± 0.9; 

CG 21.1 ± 

2.2 

Treadmill 

exercise, 

25% 

VO2 max, 1 

min 

Betwee

n (pre-

selecte

d 

based 

on 

habitu

al 

activity 

levels) 

? 

Treadmill 

exercise, 

50% 

VO2 max, 1 

min 

? 

17 (0/17) 

Sedentary: 

20.6 ± 1.6; 

CG 21.1 ± 

2.2 

Treadmill 

exercise, 

25% 

VO2 max, 1 

min 

? 

Treadmill 

exercise, 

50% 

VO2 max, 1 

min 

? 

30. 

Loprinzi, 

Treadmill 

walking, 

Within 

(CB) 

Executive function: Updating 

(working memory): Brown-

During 

(10 min 

? 
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Day, et al. 

(2019) 

 

24 (7/17) 

20.9 ± 1.1 

30% HRR; 

HR Mean ± 

SD: 110.6 – 

111.6 ± 9.2 – 

7.6 bpm; > 

10 min 

Peterson Task (Total number 

of letters correctly recalled) 

into 

LPA) 

31. 

Loprinzi 

& Kane 

(2015) 

 

 

43 (23/20) 

21.2, 

Range: 

20.4 – 22.2 

Treadmill 

exercise, 

40-50% 

HRmax, 30 

min 

Within 

(CB) 

Memory: Spatial Span Post ? 

Betwee

n (R) 

? 

Within 

(CB) 

Memory: Paired Associates ? 

Betwee

n (R) 

? 

Within 

(CB) 

Academic performance: 

Reasoning: Grammatical 

Reasoning 

? 

Betwee

n (R) 

? 

Within 

(CB) 

Academic performance: 

Reasoning: Odd One Out 

? 

Betwee

n (R) 

? 

Within 

(CB) 

Executive function: 

Inhibition: Feature Match 

? 

Betwee

n (R) 

? 

Within 

(CB) 

Executive function: 

Inhibition: Polygon 

? 

Betwee

n (R) 

? 

Within 

(CB) 

Executive function: Updating: 

Spatial Search 

? 

Betwee

n (R) 

? 

Within 

(CB) 

Executive function: Updating: 

Spatial Slider 

? 

Betwee

n (R) 

? 

Within 

(CB) 

Executive function: Shifting: 

Trail Making Task-A 

? 

Betwee

n (R) 

? 

Within 

(CB) 

Executive function: Shifting: 

Trail Making Task- B 

? 

Betwee

n (R) 

? 



98 

 

32. 

Loprinzi, 

Koehler, 

et al. 

(2019) 

 

IG: 19 

(9/10) 21.0 

± 1.3; CG: 

19 (4/15) 

20.8 ± 1.0 

 

Treadmill 

walking, 

HR Mean ± 

SD: 120.5 – 

125.4 ± 17.2 

– 17.7 bpm, 

15 min 

Betwee

n (R) 

Memory: Logical Memory 

Task 

Post ? 

Post-25 

min 

? 

33. Lowe 

et al. 

(2016)  

 

51 (0/51) 

19.1 ± 1.7 

 

Treadmill 

walking, 

≤2.0 mph, 

20 min 

Within 

(CB) 

Executive function: 

Inhibition: Stroop (Accuracy) 

Post ? 

Executive function: 

Inhibition: Stroop (Reaction 

time interference) 

? 

34. 

Martins et 

al. (2013) 

 

40 (18/22) 

19.6 ± 0.8 

 

Cycling, 41 

± 7% 

HRmax, 2 

min;  

Within 

(PP) 

Executive function: Updating: 

Sternberg Task 

During ? 

 

35. Mehta 

et al. 

(2015) 

 

27 (9/18) 

14.3 ± 0.61 

Continued 

exposure to 

stand-

biased 

desks, 27.6 

(1.6) weeks 

Within 

(PP) 

Executive function: Shifting: 

Wisconsin Card Sorting Test 

(correct responses: median 

Reaction time) 

During 

(althoug

h pre-

test was 

done 

during 

LPA 

too) 

+ 

Executive function: Shifting: 

Wisconsin Card Sorting Test 

(incorrect responses) 

+ 

Executive function: Shifting: 

Wisconsin Card Sorting Test (% 

correct responses) 

+ 

Executive function: 

Inhibition: Flanker Task 

(Congruent: Reaction time) 

? 

 

Executive function: 

Inhibition: Flanker Task 

(Incongruent: Reaction time) 

? 

Executive function: 

Inhibition: Flanker Task 

(Congruent: Accuracy) 

? 
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Executive function: 

Inhibition: Flanker Task 

(Incongruent: Accuracy) 

? 

Executive function: Updating: 

Memory span task 

? 

 

Executive function: Shifting: 

Trail Making Task (% correct 

responses) 

? 

Executive function: Shifting: 

Trail Making Task (Total time 

letters) 

+ 

Executive function: Shifting: 

Trail Making Task (Total time 

number & letters) 

+ 

Executive function: 

Inhibition: Stroop SCWT 

(Reaction time) 

+ 

Executive function: 

Inhibition: Stroop SCWT 

(Accuracy) 

? 

36. 

O’Leary et 

al. (2011) 

 

36(18/18) 

21.2 ± 1.5 

Treadmill 

Walking, 

HR Mean ± 

SD: 117.1 ± 

1.5 bpm, 20 

min 

Within 

(CB) 

Executive function: 

Inhibition: Flanker Task 

(Congruent: Reaction time) 

Post 

(22.2±0.

6 min) 

? 

Executive function: 

Inhibition: Flanker Task 

(Incongruent: Reaction time) 

? 

Executive function: 

Inhibition: Flanker Task 

(Incongruent: Reaction time 

Interference) 

+ 

Executive function: 

Inhibition: Flanker Task 

(Congruent: Accuracy) 

? 

Executive function: 

Inhibition: Flanker Task 

(Incongruent: Accuracy) 

? 

Wii Fit™, 

HR Mean ± 

SD: 115.3 ± 

2.2 bpm, 20 

min 

Executive function: 

Inhibition: Flanker Task 

(Congruent: Reaction time) 

? 

Executive function: 

Inhibition: Flanker Task 

(Incongruent: Reaction time) 

? 

Executive function: 

Inhibition: Flanker Task 

(Congruent: Accuracy) 

? 
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Executive function: 

Inhibition: Flanker Task 

(Incongruent: Accuracy) 

? 

MarioKart, 

HR Mean ± 

SD: 82.0 

±1.6 bpm, 

20 min 

Executive function: 

Inhibition: Flanker Task 

(Congruent: Reaction time) 

? 

Executive function: 

Inhibition: Flanker Task 

(Incongruent: Reaction time) 

? 

Executive function: 

Inhibition: Flanker Task 

(Congruent: Accuracy) 

? 

Executive function: 

Inhibition: Flanker Task 

(Incongruent: Accuracy) 

? 

37. Olson 

et al. 

(2016) 

 

27 (16/11) 

20.4 ± 2.0 

Cycling, 

40% 

VO2 max, 

±30 min 

Within 

(CB) 

Executive function: 

Inhibition: Flanker Task 

(Congruent: Reaction time) 

During ? 

Executive function: 

Inhibition: Flanker Task 

(Incongruent: Reaction time) 

? 

Executive function: 

Inhibition: Flanker Task 

(Congruent: Accuracy) 

? 

Executive function: 

Inhibition: Flanker Task 

(Incongruent: Accuracy) 

 

- 

38. Pilcher 

& Baker 

(2016) 

 

38 (11/27) 

19.6 ± 1.1 

FitDesk 

(self-

selected 

cycle speed 

similar to 

regular 

walking 

exertion), 

35 min 

Within 

(CB) 

Academic performance: 

Verbal logical reasoning: Law 

School Admission Test 

During ? 

Academic performance: 

Nonverbal reasoning: Raven’s 

Standard Progressive Matrices 

? 

39. Pilcher 

et al. 

(2017) 

 

117 (42/75) 

18.4 ± 0.9 

 

FitDesk 

(self-

selected 

cycle speed 

similar to 

regular 

walking 

exertion), 

120 

min/week 

Betwee

n (R) 

Academic performance: 

Grade of Introductory 

Psychology class 

Post 

(IG 

studied 

with 

interven

tion, but 

took 

measure

ment 

sitting) 

? 
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for 10 

weeks 

40. 

Pontifex 

& 

Hillman 

(2007) 

 

41 (15/26) 

20.2 ± 1.6 

Cycling, 

60% 

HRmax, 6.5 

min 

Within 

(CB) 

Executive function: 

Inhibition: Flanker Task 

(Congruent: Reaction time) 

During ? 

Executive function: 

Inhibition: Flanker Task 

(Incongruent: Reaction time) 

Executive function: 

Inhibition: Flanker Task 

(Congruent: Accuracy) 

? 

Executive function: 

Inhibition: Flanker Task 

(Incongruent: Accuracy) 

 

- 

41. 

Schmidt-

Kassow et 

al. (2014) 

 

18 (9/9) 

22.8 ± 2.6 

 

Treadmill 

walking, 

self-

selected 

speed, 30 

min 

Within 

(CB) 

Academic performance: 

Vocabulary 

Post-24 

hours 

+ 

31 (15/16) 

21.7 ± 2.7 

Treadmill 

walking, 

self-

selected 

speed, 30 

min 

Within 

(CB) 

Academic performance: 

Vocabulary 

+ 

42. 

Schramke 

& Bauer 

(1997) 

 

48 (n.a.) 

19-

20±0.95-

2.80 

 

Walking at 

self-

selected 

speed, (5 – 

7 min)*2 

Betwee

n (R) 

Memory: California Verbal 

Learning Test 

 

Post ? 

43. Soga 

et al. 

(2015) 

 

28 (24/4) 

15.6 ± 0.5 

Treadmill 

walking, 

60% 

HRmax, 8 

min 

Within 

(PP) 

Executive function: 

Inhibition: Flanker Task 

(Congruent: Reaction time) 

During ? 

Within 

(CB) 

During ? 

Within 

(PP 

Post ? 
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and 

CB) 

Within 

(PP) 

Executive function: 

Inhibition: Flanker Task 

(Incongruent: Reaction time) 

During ? 

Within 

(CB) 

During ? 

Within 

(PP 

and 

CB) 

Post ? 

Within 

(PP) 

Executive function: 

Inhibition: Flanker Task 

(Congruent: Accuracy) 

 

During ? 

Within 

(CB) 

During ? 

Within 

(PP 

and 

CB) 

Post ? 

Within 

(PP) 

Executive function: 

Inhibition: Flanker Task 

(Incongruent: Accuracy) 

During ? 

Within 

(CB) 

During ? 

Within 

(PP 

and 

CB) 

Post ? 

Within 

(PP) 

Executive function: Updating: 

n-back task (Reaction time) 

During ? 

Within 

(CB) 

During - 

Within 

(PP 

and 

CB) 

Post ? 

Within 

(PP) 

Executive function: Updating: 

n-back task (Accuracy) 

 

During ? 

Within 

(CB) 

During ? 

Within 

(PP 

and 

CB) 

Post ? 

44. 

Tsukamot

Cycling, 

30% of 

Within 

(PP) 

Executive function: 

Inhibition: Stroop (Reaction 

time Interference) 

Post + 

Post-10 

min 

? 
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o et al. 

(2017) 

 

12 (12/0) 

23.2 ± 0.5 

VO2 peak, 

20 min 

Post-20 

min 

+ 

Post-30 

min 

? 

Cycling, 

30% of 

VO2 peak, 

40 min 

 

Post + 

Post-10 

min 

+ 

Post-20 

min 

+ 

Post-30 

min 

? 

45. Wang 

et al. 

(2013) 

 

80 (49/31) 

20.5 ± 2.0 

Cycling, 

30% of 

HRR, 40 

min 

Betwee

n (R) 

Executive function: Shifting: 

Wisconsin Card Sorting Test 

(Perseverative Responses) 

During ? 

Executive function: Shifting: 

Wisconsin Card Sorting Test 

(Conceptual-level Responses) 

During ? 

Executive function: Shifting: 

Wisconsin Card Sorting Test 

(Number of categories 

completed) 

During ? 

Executive function: Shifting: 

Wisconsin Card Sorting Test 

(Failure to maintain) 

 

During ? 

46. Wick 

et al. 

(2018) 

 

38 (21/16) 

IG: 10.8 ± 

0.7; CG: 

10.8 ± 0.8 

Standing 

≥10 min, 60 

min/day, 11 

weeks 

Within 

(PP) 

Executive function: Updating: 

Forward Digit Span (correct 

trials) 

Post ? 

Betwee

n (R) 

? 

Betwee

n (R) - 

within 

(PP) 

interac

tion 

? 

Within 

(PP) 

Executive function: Updating: 

Forward Digit Span 

(Maximum sequence length) 

? 

Betwee

n (R) 

? 

Betwee

n (R) - 

within 

(PP) 

interac

tion 

? 
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Within 

(PP) 

Executive function: Updating: 

Backward Digit Span (correct 

trials) 

 

 

 

? 

Betwee

n (R) 

? 

Betwee

n (R) - 

within 

(PP) 

interac

tion 

? 

Within 

(PP) 

Executive function: Updating: 

Backward Digit Span 

(Maximum sequence length) 

? 

Betwee

n (R) 

? 

Betwee

n (R) - 

within 

(PP) 

interac

tion 

? 

Within 

(PP) 

Executive function: 

Inhibition: Flanker Task 

(Congruent: Reaction time) 

+ 

Betwee

n (R) 

? 

Betwee

n (R) - 

within 

(PP) 

interac

tion 

? 

Within 

(PP) 

Executive function: 

Inhibition: Flanker Task 

(Incongruent: Reaction time) 

? 

Betwee

n (R) 

? 

Betwee

n (R) - 

within 

(PP) 

interac

tion 

? 

Within 

(PP) 

Executive function: 

Inhibition: Flanker Task 

(Congruent: Accuracy) 

+ 

Betwee

n (R) 

? 

Betwee

n (R) - 

? 
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within 

(PP) 

interac

tion 

Within 

(PP) 

Executive function: 

Inhibition: Flanker Task 

(Incongruent: Accuracy) 

? 

Betwee

n (R) 

? 

Betwee

n (R) - 

within 

(PP) 

interac

tion 

 

? 

47. 

Williams 

et al. 

(1985) 

 

60 (60/0) 

20.9 ± 1.9 

 

Arm 

ergometer, 

110 – 125 

bpm, 5 min 

Within 

(PP) 

Simple reaction time Post ? 

Betwee

n (R) 

? 

Within 

(PP) 

Simple reaction time: 

Movement speed 

? 

Betwee

n (R) 

? 

48. 

Yamazaki 

et al. 

(2017) 

 

14 (n.a.) 

22.0 ± 0.6 

 

Cycling, 

30% 

VO2 max, 

10 min 

Within 

(PP)  

Executive function: Updating: 

1-dot (Reaction time) 

Post-5 

min 

+ 

Post-30 

min 

? 

Executive function: Updating: 

3-dot (Reaction time) 

Post-5 

min 

? 

Post-30 

min 

? 

49. Zuniga 

et al. 

(2019) 

 

30 (10/20) 

20.4 ± 1.8 

Treadmill 

walking, 

55% 

HRmax; 

HR Mean ± 

SD: 106 ± 5; 

Speed: 2.1 ± 

1.1 mph; 10 

min (+ 3 

min warm-

up) 

Within 

(CB) 

Memory: Free recall 

(proportion of words 

correctly recalled) 

Post + 

Judgement of learning 

magnitude 

? 

Metacognitive accuracy 

(calibration: bias scores) 

? 

Metacognitive accuracy 

(resolution: Goodman-

Kruskal Gamma correlations) 

? 

Low-fit 

group: 28 

Treadmill 

walking at 

55% 

Within 

(CB) 

Memory: Free recall 

(proportion of words 

correctly recalled) 

Post + 
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(8/20) 

20.6 ± 4.1 

High-fit 

group: 29 

(18/11) 

19.4 ± 1.6 

HRmax; 

Low-fit 

group HR 

Mean ± SD: 

108 ± 6 

bpm; High-

fit group 

HR Mean ± 

SD: 106 ± 6 

bpm; Low-

fit group 

speed: 2.4 ± 

0.7 mph; 

Hight-fit 

group 

speed: 3.1 ± 

0.5; 10 min 

(+ 3 min 

warm-up) 

Judgement of learning 

magnitude 

? 

Metacognitive accuracy 

(calibration: bias scores) 

? 

Metacognitive accuracy 

(resolution: Goodman-

Kruskal Gamma correlations) 

? 

Note. All randomized (R) design studies compared intervention groups against a control 

that was either seated or rested. All pre-post (PP) design studies compared the 

intervention against a baseline measure that was carried out while seated or rested. 

+ LPA intervention significantly improved learning 

? No effect of LPA intervention 

- LPA intervention significantly worsened learning 

Bpm – beats per minute 

CB – Counterbalanced 

CG – Control group (Rest) 

CLVT II – California Verbal Learning 

Test II 

EXmax – maximal voluntary exercise 

F – Female 

HR – Heart rate 

HRmax – Maximal heart rate 

HRR – Heart rate reserve 

IG – Intervention group (LPA) 

LPA – Light intensity physical activity 

M – Male 

“m-” – modified 

MAP – Maximal aerobic power 

Min – Minute(s) 

Mph – Miles per hour 

n.a. – Not available 

Pmax – Maximum power output 

PP – Pre-Post 

R – Randomized 

RM – Repetition maximum 

RPE – Borg’s 15-partition Rate of Perceived 

Exertion scale 

Sec – Second(s) 

VO2 max – Maximal oxygen uptake/aerobic 

capacity 

VO2 R – Oxygen uptake reserve 
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Appendix 3C 

Total excluded articles (n = 378) 

Excluded because of age: less than 84% of these studies’ sample were within the age 

range of 10-25 years (n = 89): 

1. Aadland, K. N., Aadland, E., Andersen, J. R., Lervåg, A., Moe, V. F., Resaland, G. K., & 

Ommundsen, Y. (2018). Executive function, behavioral self-regulation, and school related 

well-being did not mediate the effect of school-based physical activity on academic 

performance in numeracy in 10-year-old children. The active smarter kids (ASK) 

study. Frontiers in psychology, 9, 245. 

2. Aadland, K. N., Ommundsen, Y., Anderssen, S. A., Brønnick, K. S., Moe, V. F., Resaland, 

G. K., ... & Aadland, E. (2019). Effects of the Active Smarter Kids (ASK) physical activity 

school-based intervention on executive functions: a cluster-randomized controlled 

trial. Scandinavian Journal of Educational Research, 63(2), 214-228. 

3. Adam, J. J., Teeken, J. C., Ypelaar, P. J., Verstappen, F. T., & Paas, F. G. (1997). Exercise-

induced arousal and information processing. International Journal of Sport Psychology. 

4. Aggio, D., Smith, L., Fisher, A., & Hamer, M. (2016). Context-specific associations of 

physical activity and sedentary behavior with cognition in children. American journal of 

epidemiology, 183(12), 1075-1082.  

5. Aks, D. J. (1998). Influence of exercise on visual search: implications for mediating 

cognitive mechanisms. Perceptual and Motor Skills, 87(3), 771-783. 

6. Ando, S., Kokubu, M., Yamada, Y., & Kimura, M. (2011). Does cerebral oxygenation affect 

cognitive function during exercise?. European journal of applied physiology, 111(9), 1973-1982. 

7. Ando, S., Kimura, T., Hamada, T., Kokubu, M., Moritani, T., & Oda, S. (2005). Increase in 

reaction time for the peripheral visual field during exercise above the ventilatory 

threshold. European journal of applied physiology, 94(4), 461-467.  

8. Ando, S., Yamada, Y., & Kokubu, M. (2010). Reaction time to peripheral visual stimuli 

during exercise under hypoxia. Journal of Applied Physiology, 108(5), 1210-1216. 

9. Baker, R., Coenen, P., Howie, E., Lee, J., Williamson, A., & Straker, L. (2018). 

Musculoskeletal and cognitive effects of a movement intervention during prolonged 

standing for office work. Human Factors, 60(7), 947-961.  

10. Bantoft, C., Summers, M. J., Tranent, P. J., Palmer, M. A., Cooley, P. D., & Pedersen, S. J. 

(2016). Effect of standing or walking at a workstation on cognitive function: a randomized 

counterbalanced trial. Human factors, 58(1), 140-149.  

11. Benzing, V., Chang, Y. K., & Schmidt, M. (2018). Acute physical activity enhances 

executive functions in children with ADHD. Scientific reports, 8(1), 1-10. 

12. Blackwood, S. K., MacHale, S. M., Power, M. J., Goodwin, G. M., & Lawrie, S. M. (1998). 

Effects of exercise on cognitive and motor function in chronic fatigue syndrome and 

depression.  

13. Blackwood, S. K., MacHale, S. M., Power, M. J., Goodwin, G. M., & Lawrie, S. M. (1998). 

Effects of exercise on cognitive and motor function in chronic fatigue syndrome and 

depression. Journal of Neurology, Neurosurgery & Psychiatry, 65(4), 541-546.  
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14. Boucard, G. K., Albinet, C. T., Bugaiska, A., Bouquet, C. A., Clarys, D., & Audiffren, M. 

(2012). Impact of physical activity on executive functions in aging: a selective effect on 

inhibition among old adults. Journal of Sport and Exercise Psychology, 34(6), 808-827. 

15. Bugg, J. M., DeLosh, E. L., & Clegg, B. A. (2006). Physical activity moderates time-of-day 

differences in older adults' working memory performance. Experimental aging 

research, 32(4), 431-446.  

16. Chang, Y. K., Etnier, J. L., & Barella, L. A. (2009). Exploring the relationship between 

exercise-induced arousal and cognition using fractionated response time. Research quarterly 

for exercise and sport, 80(1), 78-86.  

17. Chang, Y. K., & Etnier, J. L. (2009). Exploring the dose-response relationship between 

resistance exercise intensity and cognitive function. Journal of Sport and Exercise 

Psychology, 31(5), 640-656. 

18. Chang, Y. K., Tsai, Y. J., Chen, T. T., & Hung, T. M. (2013). The impacts of coordinative 

exercise on executive function in kindergarten children: an ERP study. Experimental Brain 

Research, 225(2), 187-196.  

19. Commissaris, D. A., Könemann, R., Hiemstra-van Mastrigt, S., Burford, E. M., Botter, J., 

Douwes, M., & Ellegast, R. P. (2014). Effects of a standing and three dynamic workstations 

on computer task performance and cognitive function tests. Applied ergonomics, 45(6), 1570-

1578. 

20. Cook, D. B., Nagelkirk, P. R., Peckerman, A., Poluri, A., Mores, J., & Natelson, B. H. (2005). 

Exercise and cognitive performance in chronic fatigue syndrome. Medicine & Science in 

Sports & Exercise, 37(9), 1460-1467. 

21. Davranche, K., & Audiffren, M. (2004). Facilitating effects of exercise on information 

processing. Journal of Sports Sciences, 22(5), 419-428. 

22. Delignières, D., Brisswalter, J., & Legros, P. (1994). Influence of physical exercise on choice 

reaction time in sports experts: the mediating role of resource allocation. Journal of Human 

Movement Studies, 27(4), 173-188.  

23. Dodwell, G., Müller, H. J., & Töllner, T. (2019). Electroencephalographic evidence for 

improved visual working memory performance during standing and exercise. British 

Journal of Psychology, 110(2), 400-427.  

24. Dornhecker, M., Blake, J. J., Benden, M., Zhao, H., & Wendel, M. (2015). The effect of 

stand-biased desks on academic engagement: An exploratory study. International journal of 

health promotion and education, 53(5), 271-280.  

25. Drollette, E. S., Shishido, T., Pontifex, M. B., & Hillman, C. H. (2012). Maintenance of 

cognitive control during and after walking in preadolescent children. Medicine & Science in 

Sports & Exercise, 44(10), 2017-2024. 

26. Dubost, V., Annweiler, C., Aminian, K., Najafi, B., Herrmann, F. R., & Beauchet, O. (2008). 

Stride-to-stride variability while enumerating animal names among healthy young adults: 

result of stride velocity or effect of attention-demanding task?. Gait & posture, 27(1), 138-

143. 

27. Ebara, T., Kubo, T., Inoue, T., Murasaki, G. I., Takeyama, H., Sato, T., ... & Itani, T. (2008). 

Effects of adjustable sit-stand VDT workstations on workers' musculoskeletal discomfort, 

alertness and performance. Industrial health, 46(5), 497-505. 

28. Erwin, H., Fedewa, A., & Ahn, S. (2017). Student academic performance outcomes of a 

classroom physical activity ıntervention: A pilot study. International Electronic Journal of 

Elementary Education, 4(3), 473-487  
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29. Faulkner, J., Stoner, L., Grigg, R., Fryer, S., Stone, K., & Lambrick, D. (2017). Acute effects 

of exercise posture on executive function in transient ischemic attack 

patients. Psychophysiology, 54(8), 1239-1248. 

30. Funk, R. E., Taylor, M. L., Creekmur, C. C., Ohlinger, C. M., Cox, R. H., & Berg, W. P. 

(2012). Effect of walking speed on typing performance using an active 

workstation. Perceptual and motor skills, 115(1), 309-318. 

31. Gall, S., Adams, L., Joubert, N., Ludyga, S., Müller, I., Nqweniso, S., ... & Steinmann, P. 

(2018). Effect of a 20-week physical activity intervention on selective attention and 

academic performance in children living in disadvantaged neighborhoods: A cluster 
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Appendix 3D 

Table 3D1. Reasoning for studies assessed as high-risk or having some concerns. 

Studies with high 

risk of bias 

Reasoning 

Akazawa et al. (2019) 

 

Domain 2: Risk of bias due to deviations from the intended 

interventions 

Testing appears to be done on the same day without a washout 

period, without any information about counterbalancing. 

 

Brisswalter et al. 

(1997) 

Domain 2: Risk of bias due to deviations from the intended 

interventions 

The control condition was always carried out before the LPA 

intervention condition. 

 

Del Giorno et al. 

(2010) 

 

Domain 2: Risk of bias due to deviations from the intended 

interventions 

The control condition was always carried out before the LPA 

intervention condition. 

 

Haynes et al. (2019) 

 

Domain 2: Risk of bias due to deviations from the intended 

interventions 

Post-hoc tests were not done to compare between visits. Authors 

reported that one visit was better than the others, without providing 

evidence of analysis. 

 

Lindheimer et al. 

(2017) 

 

Domain 2: Risk of bias due to deviations from the intended 

interventions 

No counterbalancing and LPA intervention was administered after 

control condition without a washout period, allowing for possible 

practice effects. 

 

Lo Bue-Estes et al. 

(2008) 

Domain 1: Risk of bias arising from the randomization process 

The two experimental groups were chosen based on fitness levels. 

The control group were "apparently healthy", but could be different 

from the "active"(higher VO2max) and "sedentary" (lower VO2max) 

experiemntal groups. 

Domain 2: Risk of bias due to deviations from the intended 

interventions 

Seated rest (pre-test, control) always preceded the LPA intervention. 

Practice effects could have resulted during the LPA intervention. 
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Table 3D1. Continued. 

Studies with high 

risk of bias 

Reasoning 

Lowe et al. (2016)  

 

Domain 2: Risk of bias due to deviations from the intended 

interventions 

Intervention was always carried out immediately after the 

control/seated condition. 

 

Martins et al. (2013) 

 

Domain 2: Risk of bias due to deviations from the intended 

interventions 

Intervention was always carried out immediately after the 

control/seated condition. 

 

Tsukamoto et al. 

(2017) 

 

Domain 2: Risk of bias due to deviations from the intended 

interventions 

Control condition was always (almost immediately) before LPA 

intervention condition. 

 

Williams et al. (1985) 

 

Domain 2: Risk of bias due to deviations from the intended 

interventions 

Conditions carried out on different days. However, there was no 

counterbalancing. The researchers apper to expect practice effects 

because trials on second day was a lot less than the first day. 

Therefore, practice effects from the intervention could have carried 

over to the control condition. 

 

Yamazaki et al. 

(2017) 

 

Domain 3: Risk of bias due to missing outcome data 

Data for control condition was not reported. Authors only reported 

pre-post data of intervention group. 

  

Studies with some 

concerns 

Reasoning 

Hasegawa et al. 

(2001) 

 

Domain 2: Risk of bias due to deviations from the intended 

interventions 

No information on how far apart the conditions were. Considering 

there were 6 conditions (of which, 4 were not part of this review), 

either 60 or 90 minutes per condition, and the task induces fatigue, 

the washout period is very important here, but this was not reported. 
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Table 3D1. Continued. 

Studies with some 

concerns 

Reasoning 

Schramke & Bauer 

(1997) 

 

Domain 2: Risk of bias due to deviations from the intended 

interventions 

There were prompting that could have been influenced should trial 

personnel have a bias for a certain condition. However, there is no 

information whether this bias exists or not. 

 

Wick et al. (2018) 

 

Domain 1: Risk of bias arising from the randomization process 

Although the authors report that the two groups had "comparable 

socioeconomic background", this was not statistically tested. 
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Chapter 4 

 

The Effects of Standing Tutorials on 

Learning in Undergraduate 

Students: Study Protocol 
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Abstract 

Standing classrooms could potentially counteract excessive sedentary behavior. This 

paper describes the protocol for an exploratory longitudinal randomized controlled 

trial aimed at studying the effects of standing during tutorials on learning in 

undergraduate students. Learning is operationally defined as the use of interactions 

that are conducive to learning and an improved performance on concept tests. Final 

examination scores are also used as a measure of learning performance. The secondary 

aim is to explore the unintended effects of standing tutorials through the students’ 

subsequent physical activity, tutorial attendance, and affect. Participants were 

randomly recruited to a sitting or standing tutorial for nine weeks. This study 

addresses learning in a real-world setting and reveals insights on the effects of 

standing on learning. 

 

Keywords 

Higher education; Physical activity monitoring; Problem-based learning; Sedentary 

behavior; Academic achievement; Mixed-methods 

 

Highlights 

• Protocol of exploratory longitudinal RCT investigating standing effects on learning. 

• Comparison of learning performance between sitting and standing tutorials. 

• Learning operationalized as discussion quality, concept test scores, and exam grade. 

• Secondary outcomes: change in physical activity patterns, attendance, and affect. 

• The multifaceted learning process in a real-world educational setting is addressed. 
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1. Introduction 

Sedentary behavior (SB) is an umbrella term for all activities that are carried out while 

being awake in a sitting, reclining or lying posture, and expending energy at 1.5 

metabolic equivalents (METs) or less (Tremblay et al., 2017). Excessive SB has been 

associated with increased health risks, e.g., weight gain (Ball, Brown, & Crawford, 2002; 

Brown, Williams, Ford, Ball, & Dobson, 2005; Coakley, Rimm, Colditz, Kawachi, & 

Willett, 1998; Mekary et al., 2009; Oken, Taveras, Popoola, Rich-Edwards, & Gillman, 

2007; Raynor, Phelan, Hill, & Wing, 2006), obesity (Boone, Gordon-Larsen, Adair, & 

Popkin, 2007; Ching et al., 1996; Hu, Li, Colditz, Willett, & Manson, 2003; Landhuis, 

Poulton, Welch, & Hancox, 2008; Meyer et al., 2008), cardiovascular diseases (Manson 

et al., 2002), mental disorders (Sanchez-Villegas et al., 2008) and mortality (Dunstan et 

al., 2010; Katzmarzyk, Church, Craig, & Bouchard, 2009; Patel et al., 2010; Stamatakis, 

Hamer, & Dunstan, 2011; Warren et al., 2010; Wijndaele et al., 2011). With the general 

population spending at least 54.9% of their waking time (or 7.7 hours a day) being 

sedentary (Matthews et al., 2008), various governmental bodies across the globe have 

called for action to reduce SB (Aragonés et al. (2015); Australian Government – 

Department of Health, 2014; Bundesamt für Sport BASPO, 2013; Department of Health, 

2011; Flemish Institute for Health Promotion & Disease Prevention, 2015; Health 

Promotion Board, 2011; Ministry of Health, 2015; Nordic Council of Ministers, 2012; 

Ruetten & Pfeifer, 2016; Titze et al., 2012; World Health Organization & Regional Office 

for the Western Pacific, 2018). To counteract the prevalence of SB, standing desks have 

been suggested and implemented within classrooms (Minges et al., 2016). 

Through reviewing current literature on standing classrooms, Hinckson et al. (2015) 

found that standing desks do effectively reduce SB of students. However, the authors 

warn that there is still inadequate research on the influence of these interventions on 

learning or cognitive functioning. The main concern for standing is that postural control 

is attentionally demanding. For example, both Lajoie, Teasdale, Bard, and Fleury, (1993)) 

and Vuillerme, Isableu, and Nougier, (2006)) found that young adults had slower 

reaction times when standing, compared to when they were sitting. However, a 

longitudinal intervention by Mehta and colleagues (2016) showed both positive and 

neutral influences of standing on cognitive functioning. In their study, high school 

students who used standing desks showed improvements on standardized tests of 

executive functions such as the Wisconsin Card Sorting Test and Stroop Test, although 

there were no significant changes in their performance of the Flanker Test, Memory 

Span, and Trail Making Test (Mehta, Shortz, & Benden, 2016). In a meta-analytical study, 

Chang, Labban, Gapin, and Etnier, (2012)) found that moderators such as exercise 

duration, exercise intensity, participant fitness levels and the type of cognitive 

assessment significantly affected the exercise-cognition relationship, which could 

potentially explain the variety of results present in extant literature. Therefore, when 
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exploring the effects of introducing standing classrooms, the predetermined factors of 

real-life educational settings (e.g., the duration that students are expected to stand in 

their classes and the type of learning specific to the educational model used) have to be 

given explicit attention. 

At Maastricht University, a typical tutorial class lasts for two hours and 

accommodates small groups of 12 students (Maastricht University). Students learn 

through problem-based learning (PBL), an educational model utilized by the university 

(Bouhuijs & Gijselaers, 1993; Hmelo-Silver, 2004; Maastricht University (2019)). With 

PBL, students are guided by a tutor while they solve academically or professionally 

relevant problems as a group. PBL typically starts with a pre-discussion phase, in which 

students are presented with a problem. Within their group discussions, the students 

share their prior knowledge of the problem, brainstorm around what they know and do 

not know, and identify learning goals. The students then disperse to study 

independently based on the learning goals. When they reconvene in their next tutorial, 

they share and discuss their findings during the post-discussion phase. In a study by 

Knight and Baer (2014), standing meetings led to increased information elaboration and 

improved group performance. The authors explained that non-sedentary workspaces 

increase arousal levels and decrease territoriality of ideas, leading to improved 

discussions (see Figure 4.1). With student discussions being the core of PBL, improved 

discussions should theoretically lead to improved PBL (see Figure 4.2). 

 

Figure 4.1. Path analysis on the effects of non-sedentary workspace (Knight & Baer, 2014). 
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Figure 4.2. Logic model built upon Knight and Baer (2014) results. 

The current paper describes a protocol for an exploratory longitudinal randomized 

controlled trial (RCT). The aim of this study is to explore the effects of standing tutorial 

classes on learning in undergraduate students at Maastricht University. Due to the 

multifaceted nature of learning, a mixed-methods approach was used to measure 

learning within this study. Learning is operationally defined as the students’ use of 

interactions that are conducive to learning in their tutorial discussions and an improved 

performance on the concept tests. The final examination on the course will also be used 

as a measure of learning performance. It is hypothesized that standing tutorials will 

result in more student discussions that are conducive to learning (H1), leading to 

improved learning of academic concepts (H2), and resulting in better exam grades (H3) 

compared to sitting tutorials. The secondary aim of this study is to explore unintended 

effects of standing tutorials through the students’ subsequent physical activity levels, 

tutorial attendance, and positive and negative affect. The introduction of standing 

tutorials is hypothesized to be a feasible solution in that it counteracts excessive SB, 

without influencing the students’ subsequent physical activity, attendance and affect 

(H4). 

2. Methods 

2.1. Participants 

According to the Special Eurobarometer 412 report, populations reporting the highest 

sitting time within the European Union include, but are not limited to students, those 

aged between 18 and 24 years, and those from the Netherlands and Denmark (Loyen, 

van der Ploeg, Bauman, Brug, & Lakerveld, 2016). Considering that the adolescent brain 

– specifically the prefrontal cortex which is essential for learning (Fuster, 2002) – only 

accomplishes maturation around the age of 25 (Arain et al., 2013), the target population 

for this exploratory RCT was Maastricht University’s students with an age range of 18-

25. As the measurement of learning needs to be tailored to a specific PBL course, first-
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year Biomedical Sciences (BMS) bachelor students of Maastricht University were invited 

to take part in this exploratory RCT. An announcement containing the details of the 

study was posted through the BMS online student portal to invite interested students 

to participate voluntarily in this exploratory RCT. 

An a-priori power analysis indicated that a minimal sample size of 56 total 

participants is required to compare the main quantitative outcome (i.e., concept test 

performance across time) between sitting and standing tutorials (α = .05, Cohen’s f 

=.2,’statistical power of 0.95, G*Power: Statistical Power Analyses for Windows, version 

3.1.9.2; (Faul, Erdfelder, Lang, & Buchner, 2007). In total, 135 students expressed their 

interest to participate in this exploratory RCT. Each tutorial classroom at Maastricht 

University is able to accommodate 12 students, i.e., a typical PBL classroom size. 

Furthermore, a typical tutorial within the BMS course was scheduled at either 8:30 or 

11:00 in the morning. Therefore, the final sample size required multiples of 48 (12 

students * 2 conditions (sit or stand) * 2 schedules). The faculty’s administrative 

coordinator randomly recruited and randomly allocated 96 students (resulting in 36 

male and 60 female students) from the pool of interested students to a sitting or standing 

tutorial, with both conditions equally distributed across the earlier and later schedules. 

2.2. Design 

This study received ethical approval by the Netherlands Association for Medical 

Education (NVMO), with NVMO Ethical Review Board (NERB) dossier number: 1030. 

This study is registered with Clinical Trials, with identifier number: NCT03493659. 

This exploratory RCT has a longitudinal, field experimental design. Of the eight 

participating tutorial groups, four were Standing Groups, i.e., the students stood during 

the tutorial sessions. The other four were Sitting Groups, i.e., the students sat down in 

a traditional tutorial setting. Both Standing and Sitting Groups maintained their natural 

standing or sitting posture throughout the 2 -h tutorial sessions, twice a week, across 

the 9-week course. Two Standing Groups and two Sitting Groups took place from 8:30-

10:30, while the remaining groups took place later at 11:00-13:00. All tutorial sessions 

were scheduled on Tuesdays and Fridays, and were part of the Human Genetics, 

Reproduction and Prenatal Development course that lasted across April 2018-June 2018. 

A repeated-measures, mixed-method design was used to study the effects of 

standing tutorials on the multifaceted concept of learning. Learning was measured 

through the students’ final exam grades on the course, the quality of tutorial discussions 

and the administration of concept tests (see section 2.4 Measures and Materials). 

Method triangulation was used to raise the validity of the learning measure. 
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Concept tests and various questionnaires were administered after the regular tutorial 

sessions. As shown in Table 4.1, Standing Groups 2 and 6 were instructed to sit down 

when answering the concept tests and questionnaires. For Sitting Groups 4 and 8, the 

students were instructed to stand up for the concept tests and questionnaires. This 

postural change aimed to test potential carry-over and/or acute effects of standing. 

Table 4.1. Stand/Sit Allocation of Tutorial Groups. 

08:30 – 10:30 
Standing 

Group 1 

Standing 

Group 2 

Sitting 

Group 3 

Sitting 

Group 4 

Regular tutorial: Stand Stand Sit Sit 

Concept Tests & Questionnaires: Stand Sit Sit Stand 

11:00 – 13:00 
Standing 

Group 5 

Standing 

Group 6 

Sitting 

Group 7 

Sitting 

Group 8 

Regular tutorial: Stand Stand Sit Sit 

Concept Tests & Questionnaires: Stand Sit Sit Stand 

2.3. Classroom setting 

The tutorial classrooms were equipped with five electronic desks, which accommodated 

for 12 students. Each desk had a dimension of 160 × 80 cm with an adjustable height 

ranging from 70 to 130 cm. Prior to the start of each tutorial, the desks used in the Sitting 

Group were adjusted to a height of 70 cm, and those in the Standing Group to a height 

of 110 cm. Nevertheless, students were informed and constantly reminded to adjust the 

height of the desks so that they were at an ergonomically comfortable height for their 

posture, i.e., with elbows approximately at a 90-degree angle (see Figure 4.1, Figure 4.2). 

The desks were arranged such that all students could face each other, to stimulate face-

to-face discussions. 

The four classrooms were situated adjacent to each other. Each classroom was 

equipped with a computer, a projector, a screen, a notice board, and a whiteboard with 

markers. The classroom setting was standardized with the exception of the chairs: when 

students were not using the chairs in standing tutorials, the chairs were pushed 

underneath the standing desks (see Figure 4.3 (a) and Figure 4.3 (b)). 
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   a      b 

Figure 4.3. (a) Example of a sitting classroom, and (b) a standing classroom 

2.4. Measures and materials 

2.4.1. Learning: tutorial discussions, concept tests, and exam grades 

Learning was measured around two pre-defined and well-established PBL topics 

within the course: (1) Early embryonic development until blastocyst, and gene regulation and 

(2) Limb development and apoptosis in development. As discussions are an integral part of 

the PBL process, the pre- and post-discussions of these two topics were recorded with 

a Philips DVT6010 audio recorder. The researcher was not present during the audio 

recording to encourage a natural tutorial setting. 

In a meta-analysis by Gijbels, Dochy, Van den Bossche, and Segers, (2005)), the 

authors posit that a valid assessment of learning in PBL has to measure both the 

understanding of academic concepts and how these concepts are linked to one another. 

Therefore, concept tests comprising of free recall and concept mapping were 

administered to the students. Free recall was used to measure the students’ learning of 

singular concepts, and concept mapping was used to measure how well the students 

were able to link the singular concepts. 

The measurements took place around the PBL structure as described in section 1. 

Introduction. As shown in Figure 4.5, one week prior to the pre-discussion phases of 

both PBL topics, a pre-test concept test was administered to the students to measure 

their prior knowledge of the PBL topics. The one-week washout period was intended to 

minimize any testing effects that may influence the learning during the actual tutorials. 

Next, three post-test concept tests were administered to measure the students’ learning 

of the PBL topics. The first post-test was administered after the pre-discussion phase. 

The second post-test was administered after the post-discussion phase. The third post-

test was administered two weeks after the post-discussion phase to measure how much 

of the students’ learning was retained. 
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Figure 4.5. Administration of concept tests and audio-recording. 

Furthermore, the students’ anonymized exam grades of the course were acquired 

after their final examination through the Board of Examiners. The exam grades will be 

used to compare between the sitting and standing tutorial groups. 

2.4.2. Exploration of unintended effects: subsequent activity levels, attendance 

and affect 

2.4.2.1. Subsequent activity levels 

As the current study introduced a physical activity intervention, the students’ 

subsequent activity levels were measured in the fourth and eighth week to capture any 

changes in activity levels that resulted from the intervention. To obtain a complete 

measurement of both physical activity and SB (Atkin et al., 2012), the activPAL triaxial 

physical activity logger was attached to the middle-anterior of the students’ thigh (PAL 

Technologies Ltd. et al., 2010). During the first measurement, the activPAL was attached 

on the students’ right thigh. During the second measurement, the left thigh was used to 

avoid the unlikely risk of irritating the skin of the right thigh. In their pilot study, Van 

Dijk, De Groot, Savelberg, Van Acker, and Kirschner, (2014)) found no recording 

differences between using the right and left thigh for the activPAL measurement. Each 

time, the students were asked to wear the activPAL for seven continuous days to 

measure their activity levels across the week (Edwardson et al., 2017). The activPALs 

were waterproofed by inserting the devices into a nitrile sleeve and wrapping them with 

a medical grade adhesive dressing, i.e., the 3M™ Tegaderm™ transparent film, to make 

continuous wear possible. 

The students were given sufficient attachment materials to allow them to change the 

dressings if needed. Six pieces of 10 × 10 cm 3M™ Tegaderm™ films were provided for 

attachment. Six compression bandages (5 × 5 cm) were provided to place between the 
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activPAL and the skin, as the compression bandages provide a gentler contact to the 

skin. 

To minimize the effects of extraneous variables, all students were instructed to attach 

the activPAL on the day of receiving the activPAL package. All the activPALs were 

programmed to start measuring activity at the stroke of midnight post-attachment. Two 

steps were taken to accommodate for the large sample size: First, the students were 

given both written and video instructions alongside the activPAL and attachment 

materials, to attach the activPAL accelerometer on their own at home. Kringen, Healy, 

Winkler, and Clark, (2016)) found that students were able to self-attach their activPALs 

with acceptable accuracy under such instructions. Secondly, two models of activPALs 

were used – the activPAL3 with 35 × 53 × 7 mm, weighing 15 g (PAL Technologies Ltd, 

2010) and the activPAL3micro, which is 40% smaller, weighing 9 g (Pal Technologies 

Ltd, 2018). Using the Intelligent Activity Classification™, both activPAL models 

objectively measure sit-to-stand transitions, step counts, and the time spent sedentary, 

standing and walking. 

Furthermore, when wearing the activPAL accelerometer, the students were 

instructed to complete a daily diary, designed based on the International Physical 

Activity Questionnaire (IPAQ; Craig et al., 2003). The students were instructed to 

complete the questionnaire as close to bedtime as possible. The daily diary served as a 

supplementary check for wear compliance of the activPAL. 

2.4.2.2. Attendance 

Throughout the nine-week course, there were 13 tutorial sessions in total. With the 

permission of the students, the attendance lists were obtained from the tutors at the end 

of the course. The reason for this is twofold: first, to check whether there is a difference 

in attendance rate because of the intervention; second, to check whether the tutorial 

group discussions were affected by the level of attendance. 

2.4.2.3. Modified positive and negative affect schedule (PANAS) questionnaire 

The modified PANAS questionnaire is a reliable and valid instrument consisting of 10 

items to measure positive affect and 10 items to measure negative affect (Watson, Clark, 

& Tellegen, 1988). This questionnaire was administered at the end of the course to assess 

the students’ feelings across the course. The students were asked to self-report each item 

on a 5-point scale, ranging from 1 (not at all) to 5 (very much). In terms of positive affect, 

a high score indicates high levels of energy, concentration and pleasant engagement, 

while a low score suggests that one feels sad and lethargic. For negative affect, high 

scores point to distress and unpleasant engagement, whereas low scores point to 

feelings of calmness and serenity. Instead of asking the students how they “feel on the 
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average” (as in the original questionnaire), this study asked them how they “feel 

throughout the tutorial course”. 

2.4.3. Further questionnaires 

Due to the exploratory nature of this study, further questionnaires were administered 

in order to study potential confounding variables: 

1. Questionnaire for Search, Preparing and Reporting Phase: This questionnaire was given 

to students after the audio-recorded post-discussions to measure the extent of the 

students’ individual study and their perceptions of the post-discussions (van den Hurk, 

Dolmans, Wolfhagen, Muijtjens, & van der Vleuten, 1999). The questionnaire consists 

of five factors with reasonable construct (van den Hurk et al., 1999). The five factors 

span across 23 items with a five-point Likert scale, ranging from 1 (totally disagree) to 

5 (totally agree): 

• five items on the learning issue driven searching – high scores suggest that the 

students had used the learning goals when seeking out literature to study from 

• four items on extensiveness of searching – high scores suggest that the students had 

sought and compared a high number of resources from various literature sources 

• six items on the explanation-oriented preparing phase – high scores suggest that the 

students studied in a manner that is conducive for their subsequent discussions 

• four items on the breadth of the discussion (upon reconvening) – high scores 

suggest that the discussion consists of various findings from various resources 

• four items on the depth of the discussion (upon reconvening) – high scores suggest 

a high application and integration of the newly learned information during the 

discussion 

2. Learning-oriented Interactions Questionnaire: The tutors were asked to complete this 

validated questionnaire (Visschers-Pleijers, Dolmans, Wolfhagen, & van der Vleuten, 

2005) after the audio-recorded pre- and post-discussions to measure their perception on 

the quality of the discussions. The questionnaire consists of 11 items on a five-point 

Likert scale, ranging from 1 (completely disagree) to 5 (completely agree): four items 

cover exploratory questions; four items cover cumulative reasoning; and three items 

cover handling conflicts about knowledge. These three learning-oriented interaction 

themes are described in detail under the 2.7 Analysis section. 

3. Tutor Evaluation Questionnaire: The students were asked to evaluate their tutor at the 

end of the course with a short Tutor Evaluation Questionnaire, loosely based on a 

validated questionnaire by Dolmans and Ginns (2005). This questionnaire was part of 

the course, and not specifically designed for this study. With the permission of the 

students and tutors, the results of this evaluation were obtained from the university’s 
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department of Educational Development and Research. The questionnaire consisted of 

seven questions with a five-point Likert scale, ranging from 1 (strongly disagree) to 5 

(strongly agree). The seven questions include questions on the productivity of the 

tutorial group, the overall performance of the tutor, the quality of the tutor’s feedback, 

and the extent to which the tutor stimulated cumulative, self-directed, contextual, and 

collaborative learning. The higher the score, the better the tutor performance, problem-

solving performance, and/or group productivity. 

2.5. Procedure 

Five volunteer research assistants were given training on the procedure prior to the start 

of this study. These five research assistants were given written material and practical 

training (including mock presentations) to guide the students through the study. 

Although there were only four tutorials running at each point in time, five research 

assistants were trained to prepare for unforeseen circumstances (e.g., illness). 

On February 5, 2018, two months prior to the start of this study, all tutors in the 

course were sent an e-mail containing the details of the study and details on how to sign 

up for the study. Four tutors were recruited to each lead two of the tutorial groups 

included in the current study. The tutorial allocation was randomized and 

counterbalanced so that each tutor led one Sitting Group and one Standing Group, and 

all four tutors were involved in one early morning and one late morning tutorial session. 

The tutors continued tutoring the same assigned groups throughout the course. Prior to 

the start of the course, each tutor was briefed in detail and asked to sign their informed 

consent. Due to the study being part of a real educational schedule, no parties were 

blinded. 

Prior to the start of the study, the 96 students were given detailed information 

through their e-mail accounts. A face-to-face briefing was carried out at the start of the 

study. The students were given the opportunity to ask questions at any time during the 

study. Concerning the participation of this study, written and verbal consent were 

obtained from each participant. The students were reminded that their involvement in 

this study is voluntary, and that they had the right to withdraw from the study without 

penalty and without needing to give a reason. Should a participant request to withdraw 

from the study, he/she would be allocated to a non-participating tutorial group, 

arranged by the faculty’s administrative coordinator. 

Two sets of measurements were carried out throughout the nine-week course. Each 

set of measurement revolved around one PBL topic (structure shown in Figure 4.5). The 

first set started on April 10, 2018, and the second set started on May 8, 2018 (see Table 

4.2). 
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Table 4.2. Schedule across April – June 2018. 

Monday Tuesday Wednesday Thursday Friday 

April 9 April 10 

Set 1: Session 1 

 

April 11 April 12 April 13 

April 16 April 17 

Set 1: Session 2 

(pre-discussion) 

April 18 April 19 April 20 

Set 1: Session 3 

(post-discussion) 

April 23 April 24 

 

 

April 25 April 26 April 27 

April 30 May 1 

Set 1: Activity 

Monitoring 

May 2 May 3 May 4 

Set 1: Session 4 

May 7 May 8 

Set 2: Session 1 

 

May 9 May 10 May 11 

May 14 May 15 

Set 2: Session 2 

(pre-discussion) 

May 16 May 17 May 18 

Set 2: Session 3 

(post-discussion) 

May 21 May 22 

 

 

May 23 May 24 May 25 

May 28 May 29 May 30 May 31 June 1 

Set 2: Session 4 

and Activity 

Monitoring 

June 4 June 5 

 

 

June 6 June 7 June 8 

Note. Grayed out dates do not have tutorial classes scheduled. 

2.6. Data management 

The audio recordings will be transcribed verbatim; information containing individual 

identities will be removed. The audio recordings will be stored according to the 

requirements of data protection legislation. After transcription, the audio recordings 

will be destroyed to protect the students’ and tutors’ privacy. The students and tutors 

will be given the opportunity to review their group’s transcripts to verify their accuracy 

and withdraw any content that they deem inappropriate for the public domain. All data 

collected on paper will be scanned and saved electronically. Both electronic and paper 

data will be stored securely and only the primary researcher will have access (via 

password and key) to the data. The researcher will encrypt all personal information 

with a code, to which only she will have the key. The encrypted data will be stored 
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separately from the main study data. After the data collection phase, all data will be 

anonymized completely. 

All collected data will be kept in a secure storage for a period of 15 years after the 

completion of this study, as mentioned in the students’ informed consent form. As this 

study was non-invasive, with a consenting, non-blinded adult population, no data 

monitoring committee will be set up. Furthermore, the students’ gatekeepers, i.e., the 

course coordinator and tutors, were present to ensure that the students’ wellbeing and 

privacy were always prioritized. 

Upon completion of data analysis, the results of this exploratory RCT will be further 

disseminated to the public through academic publications and presentations at 

conferences. 

2.7. Analysis 

The analysis and reporting of the results of this study will follow the Consolidated 

Standards for Reporting Trials (CONSORT) 2010 checklist for randomized trials (Schulz, 

Altman, Moher, & Group, 2010). 

2.7.1. Thematic analysis of audio recordings/tutorial discussions 

Visschers-Pleijers, Dolmans, de Leng, Wolfhagen, and van der Vleuten, 2006; 2005) 

identified three types of learning-oriented interactions within PBL tutorials (adopted 

from Mercer, 1995 model). The first one is exploratory questioning, consisting of open 

questions, critical questions, verification questions, and possible alternative arguments, 

which points to the critical and constructive engagement with ideas presented by group 

members. The second type of interaction is cumulative reasoning, referring to the 

construction of common understanding by building upon each other’s knowledge. The 

third type would be handling conflicts about knowledge, which is the 

acknowledgement and discussion of disagreements. The use of these learning-oriented 

interactions signals that learning is occurring, in contrast to the other interaction types 

such as procedural or irrelevant interactions (Visschers-Pleijers et al., 2006). The coding 

scheme generated by Visschers-Pleijers et al. (2006) will be used to identify the types of 

interactions that had occurred in the tutorial groups. 

As for dissecting the transcription into single units for coding, this study will refer 

to Visschers-Pleijers et al. (2006) definition of units of analysis: each unit of analysis is 

expressed by one student, dealing with one topic, with one communicative function 

(e.g., question, argument or evaluation). The length of each unit can vary from one word 

to several sentences. Three raters (HQC, PWMVG, and HHCMS) will independently 

code an hour’s worth of tutorial discussion. Interrater agreement will be measured and 
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reported. Should interrater agreement be high (> 75%), then the primary researcher will 

code the remaining transcriptions. 

2.7.2. Text analysis 

The usage of specific word categories represents the various psychological processes 

occurring within the tutorial discussions (Tausczik & Pennebaker, 2010). For example, 

causal words and insight words point to the active process of reappraisal within the 

discussions. Differentiation and conjunction words show cognitive complexity within 

the discussions. A high number of analytic words indicate formal, logical, and 

hierarchical thinking, while a low number suggests a narrative style of thinking. The 

Linguistic Inquiry and Word Count 2015 (LIWC2015) program is a text analysis 

application developed to study the emotional, cognitive, and structural aspects of verbal 

speech (Pennebaker, Booth, Boyd, & Francis, 2015; Pennebaker, Boyd, Jordan, & 

Blackburn, 2015), with acceptable external (Kahn, Tobin, Massey, & Anderson, 2007), 

convergent and divergent validity (Bantum & Owen, 2009). Using this program, the 

frequency of different word categories used will be compared between tutorials. 

The transcription produced from the tutorial audio-recordings will be analyzed 

word-by-word, processed to match words from LIWC2015 program’s dictionary and 

categorized. The LIWC2015 produces 90 output variables for each transcription file, 

including word count, summary language variables (e.g., analytical thinking), linguistic 

dimensions (e.g., pronouns), psychological processes (e.g., affect), personal concerns 

(e.g., money), informal language (e.g., fillers), and punctuation categories (e.g., question 

marks) (Tausczik & Pennebaker, 2010). 

Following the LIWC2015 Operator’s Manual (Pennebaker, Booth, Boyd, & Francis, 

2015), careful measures will be taken when transcribing the verbal exchanges. 

Nonfluency words, such as stutters, “err” and “uh-huh” will be transcribed to the 

standard forms that are part of the dictionary (e.g., “hm”, “um”, “uh”, “no” and “yes”). 

Filler words, such as “you know”, “I mean”, “I don’t know”, “like” and “well”, will be 

transcribed to “youknow”, “imean”, “idontknow”, “rrlike” and “rrwell” to indicate that 

these are filler words, and do not employ their literal meanings. Transcribers’ remarks 

such as [laughter] and [inaudible] will be removed from the transcription before being 

processed with the LIWC2015. 

2.7.3. Concept tests 

The keywords produced at each concept test will be given a score ranging from 0 to 3, 

with 0 being not relevant or important to the topic, to 3 being very relevant or important 

to the topic. The relationships between the keywords in the concept map will be given 

a correct or incorrect score. Two expert raters will be brought in to carry out the scoring 
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independently. Interrater agreement will be measured and reported. The total score will 

be counted to give an estimation of the students’ learning. 

2.7.4. Activity monitoring 

The activity data recorded on the activPAL will be downloaded using the PAL Software 

(Version 7.2.38). The generated data (.PAL) file will be processed in MATLAB 

(Mathworks, Inc.) using the Maastricht Study’s activPAL algorithm to identify waking 

time and sleeping time in order to give a more valid measure of the various activity 

levels (van der Berg et al., 2016). This sleep-wake algorithm imposes certain 

requirements to identify non-valid days when participant error (e.g., not attaching or 

removing the activPAL) is suspected. These requirements include: no change in posture 

for more than 12 hours, being sedentary for more than seven hours between 8:00 h and 

18:00 h, or more than seven hours of dynamic or standing activity starting from 0:00 h 

to 06:00 h. The modified IPAQ will be used to verify non-valid days that are potentially 

identified by the sleep-wake algorithm. 

2.7.5. Statistical analyses 

Other than the primary measures of learning and activity monitoring, the data gathered 

from the students’ final grades on the course, positive and negative affect, attendance, 

extent of studying, tutor’s perception on group discussion, and tutor evaluation will be 

used to compare and test for significance between the sitting and standing tutorials and 

across time points. Due to the design of this study needing to compare the outcome 

measures between-subject across time, a mixed ANOVA will be used to analyze the 

data. Statistical analysis will be performed using the IBM SPSS Statistics for Windows 

(version 25.0, Armonk, NY, US). 

3. Discussion 

The aim of this exploratory RCT is to compare learning among undergraduate students 

between standing tutorial classes and the traditional sitting tutorial classes. Learning 

was measured, and will be analyzed, through the students’ tutorial discussions, their 

performance on concept tests, and their final exam grades. A secondary aim to this 

study is to explore the unintended effects of introducing standing tutorials, observed 

through the students’ subsequent physical activity, attendance and affect. The purpose 

of drawing up a protocol paper is to detail the rationale and steps taken within this 

mixed methods, exploratory and longitudinal RCT. 

The strength of this study is that it is embedded within real tutorials. This study takes 

into account the instructional format employed within the institution, i.e., the PBL 

educational model in this case. PBL recognizes that learning starts with the students’ 
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preexisting cognitive schema, i.e., their prior knowledge. The students continue to 

update their schema while they learn, aligning with Bartlett’s classical schema theory of 

learning (Bartlett, 1932). This study takes advantage of the social-constructive structure 

that PBL has built within Maastricht University’s tutorials by measuring the students’ 

prior knowledge and their subsequent schemas throughout their process of learning. 

Another strength of this exploratory study is the use of method triangulation to 

measure learning: first, learning was measured with concept tests to detect the changes 

in the students’ cognitive schema; second, exam grades were collected for comparison; 

and third, the tutorial discussions were audio recorded for analysis. Additionally, the 

tutors answered a questionnaire, giving their judgment on the learning-oriented 

interactions that occurred within their tutorial discussions. Learning will thus be 

analyzed through whether or not the discussions were conducive to learning, the 

underlying psychological processes during the discussions, and the length of the 

discussions carried out. Unlike previous studies, this study did not measure specific 

cognitive abilities that are assumed to be a proxy for learning. Instead, this study 

acknowledges the multifaceted nature of learning and attempts to study learning in 

depth. 

One limitation within this study is that individual speakers will not be identified 

within the tutorial discussions. In a pilot study, the authors tested the usage of video 

recording to identify the speakers. However, the students reported feeling very 

uncomfortable with the video recording. Therefore, a small audio recorder was used in 

this study to encourage a more natural discussion setting. Nevertheless, PBL is a 

constructive learning model, where the students learn by building upon each other’s 

discussions (Yew, Chng, & Schmidt, 2011). Therefore, there is no need for individual 

speakers to be identified. However, the tutors’ contributions to the discussion may have 

affected the quality and length of the discussion. To minimize the influence of the tutor 

on the results, the tutors each taught a sitting and a standing tutorial. Furthermore, the 

Tutor Evaluation Questionnaire serves as a measure of whether the tutor’s performance 

potentially impacted the tutorial discussions. 

As the current study utilized a field setting, where real tutorials are kept as 

naturalistic as possible, individual differences were not explored and assumed to be 

minimized through the randomized-controlled design of this study. However, it is 

recommended for future studies to explore the influence of individual differences 

among students, for example students’ fitness levels, activity levels, and arousal levels 

(including sleep duration and quality, caffeine and alcohol consumption, and so on), 

and how these may moderate or mediate the effects of standing during learning. 

Nonetheless, this exploratory study has several practical implications. First, it carves 

out a clearer pathway, to inform the design of future definitive RCTs. Second, should 
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these studies find that learning while standing improves learning performance, then 

educational institutions and policies will be recommended to introduce standing desks 

within classrooms. If the studies find that standing is no different than sitting, then 

adjustable standing desks will still be recommended to counteract the health risks of 

excessive SB. However, should detrimental effects be found from standing education, 

then educators and policy makers will be asked to weigh the physical health benefits of 

introducing standing desks against the importance of learning within educational 

institutions. 
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Abstract 

This study explored the effects of using standing desks in tutorial meetings on the 

physical activity behavior (PAB) of undergraduate students. Standing desks have been 

introduced to minimize the detrimental health effects of prolonged sedentary behavior 

(SB). The effectiveness of using standing desks has not been explored among 

undergraduate students – a population showing high SB. Ninety-six undergraduate 

students were randomly assigned to a sitting or standing tutorial group that ran for nine 

weeks, and their PAB was monitored using the activPAL3™ triaxial activity monitor. 

To check for potential compensatory or other covarying behaviors, the students’ PAB 

was monitored on tutorial and non-tutorial days. PAB monitoring was conducted in 

week 4-5, and a follow-up measurement was conducted in week 9 to examine longer-

term effects. In week 4-5, the stand group (n = 41) showed less SB (β = -0.092, SE = 0.044, 

95% CI: -0.179, -0.006) and more moderate-to-vigorous physical activity (β = 0.320, SE = 

0.160, 95% CI: 0.004, 0.635) compared to the sit group (n = 36). On tutorial days, the stand 

group showed more light physical activity (LPA) than the sit group (p < .001, d = 1.04). 

In week 9, there was an exam on the last day of that week. Nonetheless, the stand group 

(n = 37) showed less SB (p < .001, d = 0.378) and more LPA (p = .008, d = 0.725), while 

breaking up prolonged SB more frequently (p = .007, d = 0.696) on the tutorial day 

compared to the sit group (n = 32). Overall, undergraduates attending standing tutorial 

meetings showed less SB and more LPA than those attending conventional, seated 

tutorial meetings. Standing tutorial meetings can contribute to a more active lifestyle 

for undergraduates. 

 

Trial registration 

Clinical Trials ID: NCT03493659; Date of registration: April 10, 2018 

 

Keywords 

Sedentary behavior; physical activity; activity monitoring; education; lifestyle 

 

Highlights 

• Students sat (Sit group) or stood (Stand group) in tutorial meetings for nine weeks 

• Activity monitoring was conducted with the activPAL3™ in week 4-5 and week 9 

• Stand group had less sedentary behavior and more physical activity on both weeks 

• Standing tutorial meetings can contribute to a more active lifestyle for students 
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1. Introduction  

Sedentary behavior (SB) is the act of sitting, reclining, or lying, while being awake and 

expending energy at 1.5 metabolic equivalents (METs) or less [1]. A large body of 

evidence has shown that prolonged SB leads to an increased risk of cardiometabolic 

diseases, all-cause mortality, depression, anxiety, and stress [2,3]. In an effort to reduce 

SB, standing desks have been introduced to schools [4–6] and workplaces [7,8]. Despite 

high acceptability and feasibility of using standing desks in university environments 

[9], the effectiveness of standing desk interventions at reducing SB has yet to be explored 

among, for instance, undergraduates. Endeavors to reduce SB are especially important 

for this population as they are among those with the highest amount of SB [10]. In the 

current study, we aim to investigate the effects of a standing desk intervention on the 

physical activity behavior (PAB) of undergraduates, specifically by introducing 

standing tutorial meetings. 

Standing desk interventions have generally been effective at reducing SB in other 

contexts. Reported in a meta-analysis, SB in office workers can be reduced up to 77 min 

per 8-hour workday [8]. Although systematic reviews of standing desk interventions in 

school environments show inconsistent results, trends can be discerned that standing 

desk interventions decrease SB and increase standing time [4,6]. Addressing the 

inconsistency in results, Sherry and colleagues’ highlight in their review that many 

studies carry out activity monitoring within a specific timeframe of the school day, 

which may not reflect the students’ PAB outside of school [6]. This caveat is important, 

as there may be significant behavioral changes outside the intervention environment 

(i.e., the school or classroom). For example, the activity-stat hypothesis states that with 

any changes in physical activity, there will be compensatory behaviors to maintain the 

overall level of energy expenditure around a set point over time [11]. Some studies find 

support for this hypothesis, reporting that overweight and obese adults who underwent 

moderate physical activity training compensate by being less active outside the training 

[12,13]. Others did not find support for this hypothesis, observing no compensatory 

behaviors in obese [14,15] and lean adults [16]. With regards to standing desk 

interventions, Mansoubi and colleagues found support for the activity-stat hypothesis, 

where despite an overall reduction in SB and increment of standing and stepping time, 

office workers compensated by being more sedentary during nonworking hours [17]. 

Changes in physical activity can also lead to co-variation, where a positive change in one 

behavior leads to improvements in another behavior [18]. Interestingly, co-variation 

was observed by Mansoubi and colleagues as well, as moderate-to-vigorous physical 

activity increased during working hours in the early weeks of the intervention [17]. 

Considering the possibilities of compensatory or covarying behaviors, it is important 

to take a holistic activity monitoring approach when studying the effectiveness of 

introducing standing desks to undergraduates. In the current study, undergraduates 
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were randomly assigned to either a sitting or standing tutorial group that ran for nine 

weeks. Chaput et al. advise that all movement behaviors in a 24-hour day should be 

monitored [19]. Therefore, in this study, all PAB that would constitute a 24-day was 

monitored using the activPAL3 (PAL Technologies Ltd., Glasgow, UK) triaxial activity 

monitor. Gomersall et al. further advise that, to detect possible compensatory behaviors, 

activity monitoring should last longer than a day, with measurements taken at least four 

weeks after the introduction of an intervention [20]. In this study, the participants’ 

week-long PAB was monitored at week 4-5 and week 9 from the start of the 

intervention. Between-group comparisons of PAB were made on each type of day 

(tutorial days and non-tutorial days). We expected that on tutorial days, the participants 

attending the standing tutorial meetings would have less SB and more LPA because of 

the imposed standing intervention. On non-tutorial days, PAB was monitored for 

possible compensatory or covarying behaviors. 

2. Methods 

2.1 Participants  

From 135 first-year Biomedical Sciences undergraduates who expressed interest to 

participate, 96 were randomly recruited and allocated to either a sitting or stand group 

(48 in each) by an independent administrative staff member. As this study is part of a 

larger study to explore the effects of standing tutorial meetings on learning, the sample 

size of 96 was determined based on an a-priori power analysis of another measure [22]. 

Each tutorial group consisted of 12 participants, leading to four sitting and four 

standing tutorial groups. After detailed briefing, written and verbal consent was 

obtained from each participant. Participant attrition is reported in Figure 5.1. Ethical 

approval was obtained from the Netherlands Association for Medical Education 

(NVMO) Ethical Review Board, file number: 1030. 
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2.2 Design and setting 

In this exploratory randomized controlled trial, we compared the PAB between 

participants attending either sitting or standing tutorial meetings. The tutorial meetings 

were part of the course Human Genetics, Reproduction and Prenatal Development 

(course code: BBS1005) within the first-year Bachelor of Biomedical Sciences at 

Maastricht University. The study ran from April 10 to June 8 of 2018 (9 weeks), with 13 

tutorial meetings held on Tuesday and Friday mornings, at 8:30-10:30 or 11:00-13:00. 

Both time slots had an equal number of sitting and standing tutorial groups. PAB 

Figure 5.1. Flow diagram depicting progress of participants through the study [21]. 
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measurements were performed during one week in week 4-5 (starting from May 2, after 

attending six tutorial meetings) and week 9 (starting from June 2, after attending 12 

tutorial meetings). It was not possible to conduct a pretest because before the start of 

the study, the participants had to attend exams for a previous course. Therefore, a 

posttest-only design was applied. 

The four tutorial classrooms were adjacent to one another, with standardized 

classroom settings. The only difference was the sitting/standing arrangements. Each 

classroom had five 160 × 80 cm desks that were electronically adjustable to a height of 

70 to 130 cm (see Figure 5.2. (a) and (b)). 

 

  
   a      b 

Figure 5.2. (a) Example of a sitting classroom, and (b) a standing classroom 

For week 4-5, a 2 x 2 factorial design was used, with group (sitting/standing) as the 

between-groups independent variable and type of day (tutorial/non-tutorial days) as 

the within-groups (repeated-measures) independent variable. Week 4-5 was a regular 

week where the participants attended two 2-hour tutorial meetings, beside other 

educational commitments (a 2-hour skills training, a 1-hour lecture on Tuesday, and a 

2.5-hour lecture on Friday). 

For week 9, the academic schedule appeared very different from week 4-5 because 

an exam was scheduled on the last day of the week. Therefore, a 2 x 4 factorial design 

was used, with group (sitting/standing) and type of day (regular day, tutorial day, pre-

exam days, and exam day) as the independent variables. In week 9, the participants 

attended one 2-hour tutorial meeting on Tuesday. Other educational commitments 

included a 2-hour lecture on Monday (regular day) and Tuesday (tutorial day). There 

were no other contact hours on Wednesday and Thursday (pre-exam days). A 3-hour 

exam (instead of their regular tutorial) was scheduled on Friday. All participants were 

seated during the lectures and exam. 

2.3. Materials 
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The activPAL3 (PAL Technologies Ltd., Glasgow, UK) triaxial activity monitor was 

used to identify limb position and acceleration to classify lying, sitting, standing, and 

stepping [23]. The activPAL3 is a valid and reliable device for measuring PAB in adults 

[24], recommended for field-based monitoring of free-living activities [25], without 

affecting one’s daily behavior [26,27]. As a supplementary check for the activPAL3 data, 

the participants were also requested to complete a daily diary, based on the short format 

of the International Physical Activity Questionnaire [28]. At the start of the study, the 

participants were given a demographics questionnaire covering age, height, weight, 

sex, and self-rated health and fitness on a scale of 1 to 5, with 1 being very poor and 5 

being very good. 
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2.4. Procedure 

At the start of the course, the participants were briefed, and each gave their informed 

consent and completed the demographics questionnaire. Before starting each tutorial 

meeting, the participants adjusted the desks’ height for an ergonomically comfortable 

posture, with their elbows approximately 90° to the desk. On May 1 and June 1, the 

participants were requested to attach the waterproofed activPAL3 on the middle-

anterior of their thighs, with the activPAL3 programmed to activate at midnight (May 

2 and June 2). During both weeks, the participants wore the activPAL3 for seven 

continuous 24-hour days. To simultaneously measure the PAB of all participants, the 

participants were given written and video instructions to attach the activPAL3 on their 

own. A previous study reported acceptable accuracy from self-attachment under such 

instructions [29]. 

2.5. Physical activity behavior (PAB) variables 

PALbatch (Version 8.10.9.43) was used to download and process the activPAL3 data 

[23]. Although we report in our protocol [22] that we would use the Maastricht Study’s 

activPAL algorithm to identify wake and sleep time, we decided to use activPAL3’s 

proprietary CREA algorithm that was released in 2019 [30]. Similar to activPAL3’s 

default data-processing algorithm, the CREA algorithm classifies events (PAB) based 

on limb position and acceleration. The added feature is that the CREA algorithm is able 

to identify lying, transportation, non-wear, and upright correction. Recording for each 

day started at midnight, with a valid day defined by the PALbatch software as having 

at most only four continuous hours of zero movement (non-wear). Non-valid days were 

automatically removed from the dataset. 

The following variables were of interest: 

• Sedentary behavior (SB) – represented by the “sitting” variable extracted by the 

algorithm 

• Moderate-to-vigorous intensity physical activity (MVPA) – defined as activity that 

expends 3.0 METs or more [31]. MVPA is represented by steps of ≥ 100 steps/minute, 

calibrated based on ≥ 3.0 METs [32]. 

• Light intensity physical activity (LPA) - operationally defined as the activities 

between the thresholds of SB and MVPA, comprising of standing and steps of < 100 

steps/minute. 

• Lying - consisting of primary (e.g., nighttime sleep) and secondary lying (e.g., 

daytime naps) time on each calendar day. 

• Active SB ratio - a gauge of how often the participants engaged in continuous bouts 

of SB lasting 30 min or less over the entire duration of their SB. The active SB ratio 
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is shown in equation (2.1). Detrimental effects of overall SB are expected to be lower 

with higher active SB ratios. 

Active SB ratio = 
𝑡𝑜𝑡𝑎𝑙 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑆𝐵 𝑏𝑜𝑢𝑡𝑠 𝑙𝑎𝑠𝑡𝑖𝑛𝑔 ≤ 30 𝑚𝑖𝑛𝑢𝑡𝑒𝑠

𝑡𝑜𝑡𝑎𝑙 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑆𝐵
 (2.1) 

2.6. Data analysis 

Statistical analyses were performed using IBM SPSS Statistics for Windows (version 

25.0, Armonk, NY, US). The demographical information of the sample was summarized 

using means (M), standard deviations (SD), and sample size (n). The PAB variables are 

expressed as hours:minutes (hh:mm). Two-sided p-values ≤.05 were considered 

statistically significant. Demographical information was compared between groups 

using Mann-Whitney U tests for continuous variables (age, height, weight, and body 

mass index) and chi-square tests for categorical variables (timing of tutorial meeting, 

sex, perceived health, and perceived fitness). 

In a preliminary analysis, the lying time of those in the earlier (8:30 to 10:30) tutorial 

meetings were compared against those in the later (11:00 to 13:00) tutorial meetings. 

When a significant difference was found, meaning that participants with different 

tutorial times had different waking hours to perform the various other PAB, then lying 

duration was added to the models as a covariate. 

Furthermore, previous research found that PAB during weekends was significantly 

different compared to weekdays, thereby potentially confounding the effects of the 

standing tutorial meetings [33]. In the current study, Friedman’s ANOVA was used to 

check whether PAB during weekends was significantly different from weekdays across 

both groups; when this was found to be the case, weekends were excluded from further 

analyses to separate the weekend effects from the effects of the standing tutorial 

meetings. The results of these preliminary analyses have been reported in the Appendix 

5A. 

PAB was analyzed separately in week 4-5 and week 9 due to the differences in 

academic schedule. For week 4-5, a 2 (sitting/stand group) x 2 (tutorial/non-tutorial day) 

factorial design was used. Tutorial days were averaged across Tuesday and Friday, 

while non-tutorial days were averaged across Monday, Wednesday, and Thursday. In 

week 9, a 2 (sitting/stand group) x 4 (type of day) factorial design was used. The type of 

days was regular day (Monday), tutorial day (Tuesday), pre-exam days (averaged 

across Wednesday and Thursday), and exam day (Friday). Because of the unique 

academic schedule (pre-exam days that had no contact hours and exam day that had a 

3-hour exam), we expect for PAB to be different across the days. This difference has 

been reported in the Appendix 5A, where PAB on pre-exam days and exam day were 
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each found to be different than the regular day and tutorial day for both stand and sit 

groups. Therefore, unlike week 4-5, four types of days were used for week 9. 

As PAB-output was confined to a 24-hour day, PAB duration was quantified as 

counts (1 min = 1 count). To compare the duration of SB, LPA, MVPA, and lying between 

groups and type of day, generalized linear mixed models (GLMM) with Poisson 

distribution and log link functions were used to account for the repeated-measures and 

count data. For active SB ratio, which is a continuous variable, a marginal model was 

used instead. For all five PAB variables, the fixed part of models contained the main 

effects of group (standing or sitting; categorical) and type of day (categorical), plus their 

interactions. An unstructured covariance type was selected for the repeated measures 

within a participant. No other random effects or random intercepts were included in 

the models. Estimated means, standard error, and p-values of the F-ratio test were 

reported for each model. Significant interactions were followed up using simple-effect 

analyses, with Bonferroni correction. For the purpose of comparison, the absolute value 

of Cohen’s d was calculated using the mean of difference scores divided by the standard 

deviation of difference scores. 

3. Results 

3.1. Participant characteristics 

No significant differences were found between groups for age, height, weight, body 

mass index, timing of tutorial meeting, sex, self-rated physical health, and self-rated 

physical fitness (all p’s >.05). Overall, the participants appeared to be healthy, with body 

mass index corresponding to a normal range [34], and a generally positive self-rating of 

physical health and fitness (detailed in Table 5.1). 

According to the Royal Netherlands Meteorological Institute [35], week 4-5 (first 

week of May 2018) started out cool, with an average temperature ranging 11.6 °C -12.5 

°C. In the second half of the week the average temperature rose to 18.1 °C-20.7 °C. Week 

4-5 was sunny, with no precipitation. Week 9 (first week of June 2018) started with 23 

mm of rain on the first day. However, the rest of the week remained dry, except for June 

8, when there was 2 mm of rain. Week 9 saw average temperatures ranging from 16.7 

°C to 21.1 °C. 
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Table 5.1. Self-reported participant characteristics assuming full attendance (n = 87). 

 Sit group,  

M ± SD 

Stand group,  

M ± SD 

Overall,  

M ± SD 

Age 19.9 ± 1.4 19.9 ± 1.4 19.9 ± 1.4 

Height (m) 1.7 ± 0.1 1.7 ± 0.1 1.7 ± 0.1 

Weight (kg) 67.8 ± 12.3 66.3 ± 13.5 67.1 ± 12.9 

Body mass index 22.3 ± 2.7 22.0 ± 3.0 22.2 ± 2.8 

    

 Sit group (n) Stand group (n) Total (n) 

Timing of tutorial meeting    

8:30-10:30 22 22 44 

11:00-13:00 22 21 43 

    

Sex    

Women 27 26 53 

Men 17 17 34 

    

Self-rated physical health    

Very poor 0 0 0 

Poor 1 1 2 

Average 17 13 30 

Good 23 23 46 

Very good 3 6 9 

    

Self-rated physical fitness    

Very poor 1 1 2 

Poor 5 2 7 

Average 23 17 40 

Good 11 18 29 

Very good 4 5 9 

Note. M = mean; SD = standard deviation; n = sample size. 

 

  



 

170 

 

3.2. PAB in week 4-5 

 

Figure 5.3. Bar graph with 95% CI error bars showing the PABs of the sit and stand groups 

in week 4-5. Note. 1Predicted values from models that were adjusted for lying time; *p < .05; 

**p < .001 

By the start of week 4-5, the participants had attended a total of six tutorial meetings (12 

h). Throughout week 4-5, the participants attended two more tutorial meetings (i.e., four 

more hours). As detailed by the F-ratio tests in Table 5.2, the standing tutorial meetings 

had a significant effect on SB and MVPA. The stand group showed significantly less SB 

(β = -0.092, SE = 0.044, 95% CI: -0.179, -0.006) and more MVPA (β = 0.320, SE = 0.160, 95% 

CI: 0.004, 0.635) than the sit group. As shown in Figure 5.3, this effect was significant for 

both tutorial and non-tutorial days. 
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Table 5.2. For week 4-5, the estimated means (standard error) for each PAB 

 SB1 (hh:mm) Active SB 

ratio1 

LPA1 

(hh:mm) 

MVPA1 

(hh:mm) 

Lying 

(hh:mm) 

Sit group      

Tutorial day 08:12 (00:17) .481 (.026) 04:51 (00:14) 00:29 (00:03) 09:56 (00:26) 

Non-tutorial 

day 

08:04 (00:15) .489 (.024) 04:56 (00:13) 00:24 (00:03) 10:02 (00:30) 

      

Stand group      

Tutorial day 07:17 (00:15) .531 (.024) 06:20 (00:15) 00:39 (00:04) 08:50 (00:23) 

Non-tutorial 

day 

07:22 (00:13) .507 (.023) 05:21 (00:13) 00:33 (00:03) 09:35 (00:27) 

Note. 1Lying effects were controlled for. SB = sedentary behavior; LPA: light physical 

activity; MVPA = moderate-to-vigorous physical activity; hh:mm = hours:minutes; PAB = 

physical activity behavior. 

The standing tutorial meetings had an effect on LPA as well. For LPA, there was a 

significant interaction between the group and type of day (β = 0.186, SE = 0.061, 95% CI: 

0.066, 0.307). Simple-effect analyses reveal that the stand group showed significantly 

more LPA than the sit group on tutorial days only (p < .001, d = 1.04), due to the standing 

desk intervention imposed onto them. This LPA difference between the stand and sit 

group on tutorial days was only approximately 1.5 h despite the 2-hour standing 

tutorial meeting, suggesting that the stand group did compensate by performing less 

LPA outside of the standing tutorial meetings. On non-tutorial days, both groups 

performed similar amounts of LPA (p = .133, d = 0.35). 

3.3. PAB in week 9 

By the start of week 9, the participants had attended a total of 12 tutorial meetings (24 

h); they attended one final 2-hour tutorial meeting in week 9. During week 9, the 

standing desk intervention’s effect was not immediately clear, as main effects of group 

were not significant for all PAB (all p’s > .05, shown in Table 5.3). However, there were 

significant interactions between group and the type of day for SB, active SB ratio, LPA, 

and MVPA. Simple-effect analyses showed that the groups differed in SB, active SB 

ratio, and LPA on their tutorial day, with the stand group showing significantly less SB 

(p < .001, d = 0.378), a higher active SB ratio meaning that they broke up their SB more 

frequently (p = .007, d = 0.696), and more LPA (p = .008, d = 0.725). Although there was a 

significant interaction between group and type of day for MVPA, the groups did not 

differ when MVPA was compared per day (all p’s > .05). 
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Table 5.3. For week 9, the estimated means (standard error) for each PAB 

 SB1 

(hh:mm) 

Active SB 

ratio1 

LPA1 

(hh:mm) 

MVPA1 

(hh:mm) 

Lying 

(hh:mm) 

Sit group      

Regular day 08:29 (00:20) .465 (.031) 04:00 (00:18) 00:33 (00:06) 10:39 (00:36) 

Tutorial 09:08 (00:20) .341 (.030) 03:34 (00:15) 00:22 (00:03) 10:24 (00:37) 

Pre-exam (2 

days) 

09:14 (00:20) .454 (.034) 03:08 (00:14) 00:16 (00:03) 12:02 (00:38) 

Exam 07:11 (00:23) .431 (.034) 03:59 (00:17) 00:47 (00:06) 10:21 (00:31) 

      

Stand 

group 

     

Regular 

contact 

08:36 (00:19) .402 (.029) 03:56 (00:17) 00:25 (00:05) 10:14 (00:33) 

Tutorial 07:32 (00:17) .458 (.029) 04:31 (00:16) 00:28 (00:03) 09:35 (00:34) 

Pre-exam (2 

days) 

09:02 (00:18) .444 (.033) 03:16 (00:14) 00:12 (00:02) 11:05 (00:35) 

Exam 07:57 (00:22) .462 (.031) 04:19 (00:16) 00:45 (00:05) 09:42 (00:28) 

Note. 1Lying effects were controlled for within the model. SB = sedentary behavior; LPA: 

light physical activity; MVPA = moderate-to-vigorous physical activity; hh:mm = 

hours:minutes; PAB = physical activity behavior. 

4. Discussion 

This study explored the effects of standing tutorial meetings (13 tutorial meetings, two 

hours each, across nine weeks) on undergraduates’ PAB. Standing tutorial meetings 

were found to be effective at reducing SB and increasing LPA. In week 4-5, the standing 

tutorial meetings had a significant effect on the undergraduates’ PAB, with the stand 

group showing significantly less SB and more MVPA than the sit group, both on tutorial 

and non-tutorial days. The interaction between group and type of day was significant 

for LPA, showing that the stand group showed more LPA than the sit group on tutorial 

days only. In week 9, there were several significant interactions between the groups and 

the type of day. On tutorial days, the stand group showed less SB, higher active SB ratio, 

and more LPA compared to the sit group. 

On tutorial days of week 4–5, the stand group showed approximately 55 min less SB 

and 1.5 h more LPA than the sit group. This finding is encouraging because extant 

literature has shown that replacing just 30 min of SB with 30 min of LPA per day is 

associated with 14% reduced risk of mortality [36]. With tutorial meetings scheduled for 

two hours, one may argue that there was partial support for the activity-stat hypothesis 

[11], as the PAB changes (55 min less SB and 1.5 h more LPA) suggest that outside the 

tutorial meetings, there were modest compensatory behaviors. Yet, the activity-stat 

hypothesis was not fully supported for two reasons. First, the 2-hour standing 
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intervention was not fully replaced by two hours more of SB and two hours less of LPA 

outside the tutorial meetings. These modest signs of compensation are outweighed by 

the overall lower SB and higher LPA across the entire tutorial day. Second, on non-

tutorial days in week 4–5, no compensatory behaviors were found for the stand group. 

No group differences were found for LPA, illustrating that the stand group showed just 

as much LPA as the sit group on non-tutorial days, without compensating for their 

higher LPA from tutorial days. Interestingly, the stand group still showed less SB 

compared to the sit group on non-tutorial days, suggesting that there were carry-over 

effects of the standing intervention that encouraged the undergraduates to be less 

sedentary even when standing was not imposed onto them. The stand group showed 

approximately 55 min less SB on tutorial days, and 42 min less SB on non-tutorial days, 

compared to the sit group. These findings are clinically relevant when compared to 

previous meta-analyses that report SB-reducing interventions produced clinically 

significant reductions of 42 to 91 min less SB per day [37,38]. Furthermore, the current 

study showed that the effects of standing tutorial meetings carries over to non-tutorial 

days, while previous studies have shown that SB-reducing interventions have the 

potential to last up to 12 months [38]. Therefore, introducing standing tutorial meetings 

can be a worthwhile investment for universities to effectively reduce SB among 

undergraduates. 

Moreover, in week 4–5, the stand group had approximately 9 min more MVPA than 

the sit group – both on days with and without tutorial meetings. We suspect that by 

introducing LPA or reducing SB, the undergraduates were activated to engage in more 

MVPA, showing co-variation that is deemed desirable in the research field of Multiple 

Health Behavior [18]. However, MVPA was not different between the sit and stand 

groups in week 9. This finding resonates with previous studies that reported an increase 

of MVPA in office workers at the start of their standing desk intervention [17], and a 

higher step count in elementary school children [39]; yet, these co-variation effects 

disappear with time, signaling at the possibility of novelty effects. Similar to these two 

studies, the effects of standing tutorial meetings may have had novelty effects, leading 

MVPA to covary with lower SB and the higher LPA brought about by the standing 

tutorial meetings. 

In week 9, the stand group showed 96 min less SB, 57 min more LPA, and a higher 

active SB ratio compared to the sit group on the tutorial day. Unlike week 4–5, there 

were no significant group differences on non-tutorial days, suggesting that the 

carryover effects from the standing tutorial meetings seen in week 4–5 had dissipated 

by week 9. A second explanation may be that the exam scheduled on the last day of 

week 9 may have diluted the effects of the standing tutorial meetings. Although not the 

primary intervention of this study, the exam appears to have an effect on the 

undergraduates’ PAB. Two days before the exam, the undergraduates in both groups 
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spent more time lying down compared to their tutorial and exam days, shown in Table 

3. During these two days, the undergraduates’ LPA and MVPA also dropped in both 

groups, similar to the findings by Wunsch et al., who reported that students' physical 

activity drops as exams approach [40]. Considering the effectiveness of standing tutorial 

meetings at reducing SB and increasing LPA shown in week 4–5, plus previous studies 

showing that being more active is positively related to academic achievement [41] and 

negatively related to academic stress during the exam period [40], we suggest for 

undergraduates to adopt the use of standing desks during the pre-exam days, whether 

in their private environments or in a public studying space. 

The first limitation of this study is that there may have been self-selection bias in the 

sample. With 90% of the sampled students rating their physical fitness as average to 

very good, the current study may have attracted students whose normal level of 

physical activity was above average. Therefore, the results may not be generalizable to 

the whole student population. The current study is also limited by the practical 

obstacles that are inherent in field settings. Seeing that the stand group showed less SB 

both on tutorial and non-tutorial days, there is a possibility that, by chance, the stand 

group consisted of less sedentary participants from the onset. Ideally, we would have 

taken baseline measurements of the participants’ PAB before the start of the course. 

However, this was not possible as the participants had to attend exams for a former 

course in the week prior to the start of this study. Considering that the demographical 

variables, especially the participants’ self-rated health and fitness, did not differ 

between groups, we assume that the random recruitment and group-allocation was 

sufficient to ensure homogeneity between groups. Yet, the naturalistic setting is also the 

main strength of this study. Measurements were carried out in the undergraduates’ 

usual tutorial meetings and real-life conditions outside the tutorial interventions, 

allowing the results to be more generalizable to the undergraduate population than 

measurements obtained from a laboratory setting. Furthermore, compared to subjective 

questionnaires that may be influenced by social desirability, this study utilized the non-

invasive, triaxial activity monitor, activPAL3, which provided a more objective and 

valid measure of PAB [25]. 

Considering the success of the current study’s intervention at reducing SB, our 

recommendation for future research is to explore the dose-response effect of standing 

interventions and the underlying motivational factors to minimize compensatory 

behaviors while maximizing the effectiveness and lasting effects of the SB-reducing 

intervention. Referring to the diluted results found in week 9, we highlight the 

importance of taking into account the undergraduates’ academic schedule, which has 

been reported in a previous study to be associated with their PAB [42]. In the current 

study, we only focused on PAB, in other words, the energy output. It is also possible 

that compensatory behaviors show at the level of the energy input, by changing one’s 
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food intake [20,43]; this presents another interesting avenue for future research. Finally, 

further research is needed to explain the short-term co-variation effect of standing desk 

interventions on MVPA, which may have important societal implications for health 

promotion. 

5. Conclusions 

Standing tutorial meetings are effective at reducing SB and increasing LPA in 

undergraduates. Although there were modest compensatory behaviors, there was also 

a carry-over effect where the stand group showed less SB on non-tutorial days. 

Although these findings were diluted during the exam week (i.e., no carry-over effects), 

the stand group still showed less SB, broke up their SB more frequently, and showed 

more LPA on the tutorial day. The findings of this study, coupled with students 

reporting that they prefer the option to stand in class [44], call for educational 

institutions and policy makers to provide students with the option to engage in LPA 

during class hours. We conclude that standing tutorial meetings can contribute to a 

more active lifestyle for undergraduates. 
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Appendix 5A. Preliminary Analyses 

Across all participants in week 4-5, there were significant differences between each day 

for: 

• Active SB ratio, χ2(6) = 21.4, p = .002. Pairwise comparisons show that active SB ratio 

was higher on Saturday compared to Tuesday (p = .012) and Wednesday (p = .014) 

• LPA, χ2(6) = 20.1, p = .003. Pairwise comparisons show that the participants had 

more LPA on Sunday compared to Friday (Bonferroni corrected p = .002) 

• MVPA, χ2(6) = 15.7, p = .016. Pairwise comparisons show that the participants had 

more MVPA on Sunday compared to Friday (Bonferroni corrected p = .018) 

• Lying, χ2(6) = 21.5, p = .001. Pairwise comparisons show that the participants lied 

down more on Sunday compared to Tuesday (Bonferroni corrected p = .005) and 

Friday (Bonferroni corrected p = .020) 

Across all participants in week 9, there were significant differences between each day 

for: 

• SB, χ2(6) = 23.4, p = .001. Pairwise comparisons show that participants had more SB 

on Sunday (compared to Monday, Bonferroni corrected p = .026, Tuesday, 

Bonferroni corrected p = .050, Wednesday, Bonferroni corrected p = .004, and 

Thursday Bonferroni corrected p = .003) 

• LPA, χ2(6) = 50.9, p < .001. Pairwise comparisons show that participants had more 

LPA on Saturday (compared to Wednesday, Bonferroni corrected p = .004 and 

Thursday, Bonferroni corrected p = .026) 

• MVPA, χ2(6) = 96.9, p < .001. Pairwise comparisons show that participants had more 

SB on Saturday (compared to Tuesday, Bonferroni corrected p = .022 and Friday, 

Bonferroni corrected p < .001) and Sunday (compared to Friday, Bonferroni 

corrected p < .001) 

• Lying, χ2(6) = 19.0, p = .004. Pairwise comparisons show that participants lied down 

more on Sunday (compared to Friday, Bonferroni corrected p < .001) 

Significant PAB differences between days always involved a weekend day, 

suggesting that activities during weekends were very different from activities on 

weekdays. Therefore, weekend days were removed from further analyses. The only 

remaining PAB differences between days were in week 9. The participants had less LPA 

and MVPA on Wednesday and Thursday (compared to Monday and Tuesday), 

supporting the clustering of these two days into one type of day, that is “pre-exam 

days”. Furthermore, the participants had more MVPA on Friday (compared to Monday, 

Wednesday, and Thursday). The participants also had more MVPA on Friday compared 

to Wednesday, but less compared to Thursday. This also support the classification of 

Friday as one type of day, that is the “exam day”. 
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Participants who were in the earlier (8:30 to 10:30) tutorials spent significantly less 

time lying on a tutorial day, (Friday of Week 4-5, approximately 88 min less, t (71) = 

2.167, p = .033) than those in the later (11:00 to 13:00) tutorials. This meant that the 

waking hours were different for participants in earlier and later tutorials. Therefore, 

lying time was added to the GLMM analyses as a covariate. 

The daily diaries were meant as a check for the activPAL3 data. However, this 

purpose was not met as 49 (63%) and 57 (83%) participants in week 4-5 and week 9, 

respectively, had incomplete diaries. 
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Chapter 6 

 

The Effects of Standing in Tutorial 

Group Meetings on Learning: A 

Randomized Controlled Trial 
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Abstract 

Standing desks have been brought into the education environment to reduce sedentary 

behavior among students. The current study explored the effects of standing in tutorial 

group meetings on learning among undergraduate students. Ninety-six participants 

were randomly allocated to a Sit or Stand group, with 2-hour tutorial group meetings 

scheduled, once or twice per week, for nine weeks. Learning was analyzed using exam 

grades, concept maps, and tutorial interactions. Standing in tutorial group meetings 

neither enhanced nor compromised learning. Both groups had similar exam and 

concept map performance. Additionally, the use of learning-oriented interactions 

during tutorial group meetings appeared to be similar in both groups. Considering the 

health risks associated with prolonged sedentary behavior, offering standing tutorial 

group meetings to undergraduate students is a recommended solution to break up 

prolonged sedentary behavior and encourage more physical activity, while maintaining 

the learning performance of students. 

 

Trial registration 

Clinical Trials ID: NCT03493659; Registration date: April 10, 2018 

 

Keywords 

Physical activity; Sedentary behavior; Problem-based learning; Education; Academic 

performance. 

 

Highlights 

• Students sat or stood in tutorial group meetings for nine weeks 

• Exam grades were similar in both Sit and Stand groups  

• No group differences were found for concept map performance 

• Tutorial interactions had similar patterns in both groups 

• Standing in tutorial group meetings does not compromise learning 
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1. Introduction 

Standing desks have been brought into the education environment [1–3] to combat the 

detrimental effects of sedentary behavior on physical [4,5] and mental health [6,7]. Thus 

far, students have welcomed the introduction of these standing desks [8]. However, as 

Minges et al. [9] point out in their systematic review, there is insufficient research into 

the impact of using standing desks on learning in the academic setting. In this study, 

we explored the effects of standing during tutorial group meetings, focusing specifically 

on how learning is affected in undergraduate students. 

Research into the underlying mechanisms that explain the effects of light physical 

activity, such as standing, on learning is still ongoing. Several studies that used 

functional near-infrared spectroscopy found that light physical activity increased 

oxygenation in brain regions that are important for cognitive functions related to 

learning [10–13]. In fact, dual-tasking (i.e., walking and reciting alternate alphabets) led 

to higher oxygenation levels in the prefrontal cortex compared to just performing the 

light physical activity [12]. Other than an increased cortical activation as shown by the 

increased oxygenation, Byun et al. [13] also reported that a short bout of light cycling 

led to better cognitive performance on a test of executive function (i.e., Stroop task) and 

increased arousal levels as measured with the two-dimensional mood scale. Repeated 

bouts or chronic light physical activity has also been proposed to increase the release of 

neurotrophic factors that support neuroplasticity as learning occurs [14,15]. However, 

there are also theories that point to the possibility that learning may actually be 

negatively influenced by light physical activity. The transient hypofrontality hypothesis 

[16], the capacity sharing model [17], and the central capacity sharing model [18] argue 

that the brain has limited metabolic resources to process sensory stimuli, sustain body 

posture and movement, and maintain autonomic functions. Accordingly, the sharing of 

metabolic resources between light physical activity and learning should negatively 

affect learning as there are fewer resources to sustain learning. 

When translated into the actual measurement of learning, the few existing studies 

reported contrasting results. For the subject of mathematics, Hasegawa et al. found no 

significant changes [19], while Isip reported an improved performance when using 

standing desks [20]. The same inconsistent results hold for cognitive control functions – 

Wick et al. reported no significant effects from using standing desks [21], while Mehta 

et al. and Rosenbaum et al. reported enhanced cognitive control [22,23]. In the current 

study, we introduced standing desks to tutorial group meetings that were part of a 

bachelor’s course and used the course exam as our first measure of learning. 

Considering the possible positive effects found from the studies that measured learning, 

we hypothesized that standing in tutorial group meetings leads to better exam 

performance (H1). 
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It is important to note that exams only provide an indirect measure of the actual 

process of learning. It is common for students to study intensely prior to their exam, 

motivated primarily by the desire to obtain good grades [24]. Exam grades may 

therefore reflect rote learning to score better exam grades, with the memorized 

information easily forgotten in the long term [25]. As Knight puts it: “The degree to 

which what is learned may be transferable … depends very much on the learning 

processes, about which grades and degree classes are usually silent” [26]. Therefore, we 

studied the learning process in more detail. From a cognitive perspective, learning is 

the formation, transformation, and/or activation of one’s cognitive representations as a 

result of external information [27]. Jean Piaget pioneered the constructivist-based 

approach to learning, positing that information from the environment interacts with the 

student’s prior knowledge, shaping their cognitive structure of the concept being learnt 

[28]. Meaningful learning is said to have occurred when students integrate novel 

concepts with their prior knowledge to alter their pre-existing cognitive structures [25]. 

With regards to the effects of light physical activity, Liu and colleagues [29] found that 

participants who were learning a second language while lightly cycling performed 

better than their sedentary counterparts, showing enhanced vocabulary-learning from 

the onset of the longitudinal intervention. This enhanced learning carried over to the 

un-trained comprehension of sentences that improved exponentially with time, 

suggesting that the cognitive structures of these participants were changing with time, 

while being positively influenced by light physical activity. For the current study, we 

needed a method that would capture the changes of the cognitive structures as the 

students’ learning progresses – and concept maps have been proposed as a powerful 

tool to visually display these changes [30,31]. Measured using concept maps, we 

hypothesized that standing during tutorial group meetings leads to better learning of 

academic concepts (H2). 

Expanding on the constructivist approach, Lev Vygotsky argued that learning is 

socially constructed and develops through human interaction [32]. In an education 

environment, knowledge is socially constructed when the students engage in group 

discussions, such as those occurring in tutorial meetings. Learning in groups allows the 

students to share their knowledge and learn from others [33]. The students may 

challenge each other’s ideas, either resulting in the justification of their ideas and 

building confidence with respect to the learnt material, or resulting in the students 

realizing that their idea was invalid, therefore providing them with the opportunity to 

learn from other students’ point of view [34]. One education model that applies social-

constructivism as one of its core principles is problem-based learning (PBL). At 

Maastricht University [35], tutorial group meetings are based on PBL, where students 

are provided with academic problems in tutorial groups, and try to solve these 

problems in order to learn in a meaningful way. Briefly, PBL tutorial group meetings 

begin with the pre-discussion, where students are given a new case. In their group, 
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students share their prior knowledge on the case, brainstorm about ideas, and identify 

learning goals. Using these learning goals, the students disperse to research and study 

on their own. In the next meeting, the students conduct a post-discussion to discuss their 

findings [36]. Therefore, group interactions play a prominent role in the students’ 

learning, in line with Vygotsky’s social-constructivist approach to learning. 

Within the PBL tutorial group meetings, Visschers-Pleijers and colleagues identified 

three types of learning-oriented interactions [37]. These are exploratory questioning, 

cumulative reasoning, and handling conflicts about knowledge. According to Visschers-

Pleijers et al., the learning-oriented interactions are indicative of deep learning, as 

opposed to non-learning-oriented interactions, which are procedural or off-task. In 

relation to the use of standing desks, Knight and Baer argue that standing increases 

arousal levels and encourage people to share their ideas, leading to improved 

information elaboration, and consequently enhanced group performance [38]. 

Therefore, there are grounds to expect that in standing tutorial group meetings, students 

are stimulated to share more information and elaborate more on their thoughts by 

asking exploratory questions, building on each other’s reasoning, and handling 

intellectual conflicts when they arise. This leads to our final hypothesis that the use of 

standing desks during tutorial group meetings improves group interactions, shown by 

the increased usage of learning-oriented interactions (H3). 

To summarize, in the current study we measured the effects of using standing desks 

during tutorial group meetings on different aspects of learning among undergraduate 

students. We hypothesized that standing in tutorial group meetings improves learning 

performance, as measured by the students’ exam grades (H1), their performance on the 

concept maps (H2), and the use of learning-oriented interactions in the tutorial group 

meetings (H3). 

 

2. Methods 

2.1. Design, setting, and participants 

This study used an exploratory, longitudinal, and randomized controlled design, 

embedded in tutorial group meetings that were part of the Human Genetics, 

Reproduction, and Prenatal Development course (course code: BBS1005) in the first year of 

the Biomedical Sciences bachelor at Maastricht University. The PBL educational model 

is utilized within these tutorial group meetings. The tutorial group meetings ran for 

nine weeks, amounting to 13 scheduled meetings in the months of April – June 2018. All 

educational activities were in the English language. A detailed protocol of this study is 

reported elsewhere [39]. 
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First-year students enrolled for the BBS1005 course, who had no chronic 

musculoskeletal complaints, were invited to participate. From 135 undergraduate 

students who expressed interest to participate, an independent administrative 

coordinator randomly recruited and proportionally allocated 96 students into a Sit or 

Stand group. The sample size of 96 was selected for practical reasons, as only four 

classrooms were allocated for this study. With each classroom accommodating a 

maximum of 12 students, the 96 participants were divided into four Sit tutorial groups 

and four Stand tutorial groups. Two Sit tutorial groups and two Stand tutorial groups 

were scheduled for an 8:30-10:30 session, and the other four tutorial groups attended an 

11:00-13:00 session. All tutorial group meetings were held on Tuesday and Friday 

mornings. This study utilized field settings – except for the administered intervention, 

the tutorial group meetings were scheduled and conducted as typical tutorial meetings. 

Four tutors volunteered to participate in the study. All four tutors led one 8:30-10:30 

tutorial group and one 11:00-13:00 tutorial group. For the tutors, if they had a Sit tutorial 

group at 8:30-10:30, then their next tutorial group was a Stand group, and vice versa. 

All four tutors were committed to their allocated tutorial group throughout the nine 

weeks. 

After detailed briefing about the study, written and verbal consent was obtained 

from all participating students and tutors. From this point onward, we use the term 

“participant(s)” to refer to the participating students. Ethical approval was obtained 

from the Netherlands Association for Medical Education (NVMO) Ethical Review 

Board (file number 1030). 

The classroom setting was similar for each group, except that the Stand groups had 

standing desks with chairs hidden underneath the desks, while the Sit groups were 

sitting on the chairs (see Figure 6.1). At the start of every tutorial group meeting, the 

desks’ height was adjusted for an ergonomically comfortable posture. 

 

  
   a      b 

Figure 6.1. (a) Example of a sitting classroom, and (b) a standing classroom 
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2.2. Materials 

Learning was measured using three outcomes: exam grades, concept maps, and the use 

of learning-oriented interactions in tutorial group meetings. The latter two measures 

(i.e., concept map and the use of learning-oriented interactions) were applied to two 

PBL cases that were well-established and used every year in this course. Case 1 was on 

early embryonic development until blastocyst and gene regulation, while Case 2 was on limb 

development and apoptosis in development. These two cases were provided in different 

weeks of the course. 

2.2.1. Exam grades 

All participants were seated during the 3-hour course exam that was scheduled on the 

last weekday of the nine-week course. The course exam was constructed independent 

of the current study and included questions concerning the entire course content. With 

the participants’ permission, their exam grades were provided by the Board of 

Examiners at Maastricht University after the course was concluded. 

2.2.2. Concept map 

With regards to the concept maps, participants were first asked to freely recall keywords 

on both Case 1 and Case 2 and link the keywords related to one another. An example of 

a resulting concept map can be found in Figure 6.2. The concept maps were 

administered at four time points per case, with the first measuring prior knowledge, the 

second measuring learning from the pre-discussion, the third measuring learning from 

the post-discussion, and the fourth measuring information retained two weeks after the 

post-discussion. The answers from all participants, without participant information, 

were collected onto a separate document, and scored independently scored by two field 

experts, co-authors UVR and JLVB. By separating the scoring from individual 

responses, the experts were blinded to the participant information and group allocation. 

The scores of both experts were averaged per student. Each keyword was scored on a 

scale of 0 to 3, with 0 being not relevant/important to the case and 3 being very 

relevant/important. The scores for the keywords were aggregated per student and the 

number of relationships that correctly linked the keywords were also counted for each 

student. The keyword scores and number of correct relationships were then compared 

between groups and across time points (prior knowledge, pre-discussion, post-

discussion, and information retained). 

Follow-up subgroup analyses were planned for the concept maps. The Sit and Stand 

groups were further split into four subgroups: Sit-Sit, Sit-Stand, Stand-Stand, and Stand-

Sit. The first posture depicts the learning context during the tutorial group meetings, 

and the second posture depicts the posture taken when answering the concept maps. 
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This arrangement was consistent for every concept map throughout the entire study. 

This arrangement was made for two reasons: One, to check for acute and/or carryover 

effects. And two, to control for the effects of context-dependent memory [40,48], where 

participants are expected to perform better on the concept map if the context during 

learning (i.e., their tutorial group meeting) and recall (during the concept map) are the 

same. For the concept maps, by having half the groups switched to a posture that was 

opposite to the posture taken during the tutorial group meeting, this arrangement was 

expected to even out the effects of context-dependent memory, which we checked with 

subgroup analyses. 

2.2.3. Tutorial interactions 

Finally, learning was also measured with the use of learning-oriented interactions 

during the tutorial group meetings. The learning-oriented interactions were exploratory 

questioning, cumulative reasoning, and handling conflicts about knowledge [37]. Non-

learning-oriented interactions were procedural, off-task interactions, silence, and 

miscellaneous. These interaction types are defined in Table 6.1. In a pilot study, 

participants reported feeling uncomfortable with video recording, therefore audio 

recording with the Philips DVT6010 (Speech Processing Solutions GmbH, Vienna) was 

used to collect data on the use of these interactions. Researchers were not present in the 

classroom during the recordings to allow the tutorial group meetings to be conducted 

as naturally as possible. 

The tutorial recordings were transcribed verbatim by an independent transcribing 

company, with any information on the participants’ identities deleted. Group allocation 

for each transcription was encrypted prior to analysis to blind the researchers during 

the analysis process. Following Visschers-Pleijers et al.’s analysis of PBL tutorial group 

interactions [37], the transcriptions were broken down into units of analysis, defined as 

an expression from one participant on one topic while using one communicative 

function. The units of analysis were then coded according to the definitions in Table 6.1. 

Three raters (HQC, PWMVG, and HHCMS) independently coded a randomly selected 

transcription of one hour achieving interrater agreement of 83.2%. The rest of the 

tutorial interactions were then coded by HQC. As individual speakers were not 

distinguishable from the audio recording, each tutorial group ended up being 

represented as one participant or observation. 
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Figure 6.2. Example of filled-out concept map. 
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Table 6.1. Definitions for the different types of interactions [37]. 

Learning-oriented interactions 

1. Exploratory 

questioning 

Questions used to build critically and constructively upon each other’s 

arguments. Examples include open questions, critical questions that 

questions another’s comment, verification questions to check one’s 

own understanding, and questions on a previously given argument. 

2. Cumulative 

reasoning 

Arguments used for co-constructing knowledge in a positive manner. 

Examples include statements, active reasoning, confirmation or 

acceptance of a previous utterance, or a disjunctive question that 

requests for a short answer. 

3. Handling 

conflicts about 

knowledge 

Dealing with contradictory information. Examples include active 

reasoning that contradict a previous comment, evaluation of one’s 

understanding of the problem, and disagreement or negation of a 

previous utterance. 

Non-learning-oriented interactions 

1. Procedural Not a learning-oriented interaction. Used to organize the PBL topic, 

for example, appointment of chairperson for the discussions or 

reporting of learning goals. 

2. Off-task Not a learning-oriented interaction. These interactions are irrelevant 

the PBL topic. 

3. Silence Although Visschers-Pleijers et al. classified silence as off-task, we 

decided to put silence into a category of its own. This is because 

although we do agree that silence could be off-task, another 

interpretation of silence is quiet contemplation or reading, which do 

reflect learning. However, because we cannot be confident that we 

have captured all silences (e.g., silences that are less than a second), 

we do not include silence in the interpretation of results. 

4. Miscellaneous When an utterance is unintelligible, either because it is audibly 

unclear or incomprehensible within the context of the utterance, then 

it is labelled as miscellaneous. Miscellaneous interactions are deemed 

random errors, not included in the interpretation of results. 
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2.3. Procedure 

Recruitment and online briefing started two months prior to the study. During the first 

tutorial group meeting of the course, the students were briefed and gave their informed 

consent to participate. The participants then provided information on their 

demographical background and completed the first concept map for Case 1. After one 

week (when Case 1 was scheduled for the course), the tutorial pre-discussion of Case 1 

was audio-recorded. The participants completed a second concept map after the pre-

discussion. Three days later, the participants reconvened in their next tutorial group 

meeting, during which their post-discussion of Case 1 was audio-recorded. A third 

concept map was administered after this post-discussion. Two weeks after the post-

discussion, a fourth concept map was administered to measure information retained. 

This procedure is detailed in Figure 6.3, and was repeated for Case 2, which was 

scheduled four weeks after Case 1. On the last Friday of the nine-week course, the 

participants attended the 3-hour course exam. 

 

Figure 6.3. Procedure for Case 1, repeated for Case 2 four weeks after the start of Case 1. 

2.4. Analysis 

IBM SPSS Statistics for Windows (version 25.0, Armonk, NY, US) was used to perform 

statistical analyses, with statistical significance achieved with two-sided p values ≤.05. 

Bonferroni correction was used in cases of multiple testing. The demographical 

information of the sample was summarized using means (M), standard deviations (SD), 

and sample size (n). Group comparisons were made using the Mann-Whitney U test for 

age, one-way analysis of variance (ANOVA) for body mass index, and the chi-square 

First tutorial group meeting
- First concept map

Pre-discussion of Case 1
- Audio-recording
- Second concept map

Post-discussion of Case 1
- Audio-recording
- Third concept map

Information retained
- Fourth concept map

One week 

Three days 

Two weeks 
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(χ2) test for the categorical variables of timing of tutorial group meetings, sex, first 

language, nationality, self-rated health, and self-rated fitness. 

For exam grades, the Mann-Whitney U test (with effect size estimate, r) was used to 

compare exam grades between the groups. The exam grades were also dichotomized 

into pass (coded as 1) and fail (0), and compared between the Stand and Sit groups using 

the chi-square test, with odds ratio calculated based on the odds of passing to failing in 

the Stand group against the odds of passing to failing in the Sit group. 

For the concept maps, the keyword scores and the number of correct relationships 

were compared between groups and across time for each case. We expected a linear 

increase in performance from prior knowledge until the post-discussion, followed by a 

drop in performance when concept maps were administered two weeks after the case 

to measure information retained. In order to satisfy the linearity assumption of the 

linear models, Case 1 and Case 2 were analyzed separately, with the fourth concept map 

(information retained) analyzed separately from the first three concept maps (prior 

knowledge, pre-discussion, and post-discussion). Linearity for each model was checked 

using scatterplots. When non-normality was spotted using QQ-plots, square root 

transformation was used. Marginal models were used for the first three concept maps 

of each case (prior knowledge, pre-discussion, and post-discussion) to account for the 

correlations between repeated measures and the missing outcome data due to absence 

in class. An unstructured covariance type was selected for the repeated measures, as the 

temporal gaps between each time point were not linear. Using restricted maximum 

likelihood (REML) estimation, the fixed effects were derived from the groups, without 

any further random effects added to the model. If there were significant interactions 

between the groups and time points, post-hoc simple-effect analyses were used to 

compare between groups at each time point, with Cohen’s d reported. As for the fourth 

concept map of each case, factorial ANOVAs (effect sizes reported with partial eta 

squared, η2) were used to compare the concept map performance between the four 

groups. 

Covariates were controlled for in the statistical models of the concept maps. Using 

Spearman’s correlation, demographical variables that correlated significantly with the 

outcome variables (keyword scores and number of correct relationships) were added to 

the respective models. If demographical variables were related to any missing outcome 

data as revealed by logistic regression, then these demographical variables were added 

to the respective models as well. Self-rated physical health correlated strongly with self-

rated physical fitness (r =.607, p < .001). Therefore, these two variables were combined 

as “self-rated physical health and fitness” to prevent multicollinearity. Follow-up 

subgroup analyses were carried out using the same statistical models (marginal models 

for the first three time points and ANOVA for the fourth), with the only change being 
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that the groups were split into Sit-Sit, Sit-Stand, Stand-Stand, and Stand-Sit, as described 

in Section 2.2.2. Concept map. 

With regard to the tutorial interactions, individual speakers were not distinguishable 

from the audio-recordings. Therefore, each tutorial group ended up representing one 

participant or observation. Using G*Power: Statistical Power Analyses for Windows, 

version 3.1.9.2 [41], a post hoc power calculation was conducted (α = .05, Cohen’s f = 

0.20). The resulting statistical power (1 - β) of 0.20 was determined to be weak. Hence, 

the tutorial interactions for each tutorial group were reported narratively. The four Sit 

groups were labelled Sit 1, Sit 2, Sit 3, and Sit 4, while the four Stand groups were 

labelled Stand 1, Stand 2, Stand 3, and Stand 4. 

3. Results 

3.1. Participant characteristics 

As this intervention was part of the participating students’ real tutorial meetings, class 

attendance varied across the measurement time points. Furthermore, four participants 

from the Sit group and three participants from the Stand group dropped out due to 

various reasons not related to the intervention. In addition, two participants from the 

Stand group dropped out from the study, and were transferred to other concurrent 

tutorial groups that were not part of the study. As a consequence, the number of valid 

data points varied between 34 and 43 per group per time point (refer to Figure 6.4). 

The final sample consisted of 87 participants, who were 20 years old on average, with 

body mass index within a healthy range [42]. Furthermore, most participants self-rated 

themselves as having average to above average health and fitness. There were more 

women than men participating in this study. With a majority of the participants being 

international students, most did not have English as their first language. The groups did 

not differ significantly with respect to their demographics (all p’s >.05, see Table 6.2). 
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Allocation 

Assessed for eligibility (n = 135) 

Excluded (n = 39) 

 Limited by classroom size, 96 

students were randomly 

recruited 

Enrollment 

Randomly assigned to groups (n = 96) 

Follow-up and 

analysis 

Stand group (n = 48) 

 Full participation (n = 43) 

 Dropped out (n = 5) 

Sit group (n = 48) 

 Full participation (n = 44) 

 Dropped out (n = 4) 

Attendance: 

Case 1 prior-knowledge (n = 43) 

Case 1 pre-discussion (n = 35) 

Case 1 post-discussion (n = 38) 

Case 1 information retained (n = 37) 

Case 2 prior-knowledge (n = 37) 

Case 2 pre-discussion (n = 38) 

Case 2 post-discussion (n = 40) 

Case 2 information retained (n = 36) 

Exam (n = 43) 

Attendance: 

Case 1 prior-knowledge (n = 43) 

Case 1pre-discussion (n = 33) 

Case 1 post-discussion (n = 41) 

Case 1 information retained (n = 36) 

Case 2 prior-knowledge (n = 34) 

Case 2 pre-discussion (n = 36) 

Case 2 post-discussion (n = 42) 

Case 2 information retained (n = 39) 

Exam (n = 43) 

Figure 6.4. Participant attendance and attrition throughout the study [55]. Note: 

the four participating tutors were not included in this flow diagram. Concept 

maps were given at four time points per case: prior knowledge, pre-discussion, 

post-discussion, and information retained. 
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Table 6.2. Self-reported characteristics of the final sample (n = 87), with group differences tested 

with Mann-Whitney U test (U), F-ratio test (F), or chi-square test (χ2). 

 Total, 

M ± SD 

Sit group, 

M ± SD 

Stand group, 

M ± SD 

Group differences 

Sample size, n 87 44 43  

Age 19.9 ± 1.4 19.9 ± 1.4 19.9 ± 1.4 U = 937.0, z = -0.08, p 

= .939 

Body mass index 22.2 ± 2.8 22.3 ± 2.7 22.0 ± 3.0 F (1, 85) = 0.19, p = .668 

     

 Total, n Sit, n Stand, n Group differences 

Tutorial meeting timing χ2(1) = 0.01, p = .914 

8:30-10:30 44 22 22 

11:00-13:00 43 22 21 

     

Sex    χ2(1) = 0.01, p = .932 

Women 53 27 26 

Men 34 17 17 

     

First language    χ2(1) = 0.44, p = .506 

English 12 5 7 

Non-English 75 39 36 

     

Nationality    χ2(1) = 0.28, p = .599 

Local (Dutch) 34 16 18 

International 53 28 25 

     

Self-rated physical health   χ2(3) = 1.52, p = .677 

Very poor 0 0 0 

Poor 2 1 1 

Average 30 17 13 

Good 46 23 23 

Very good 9 3 6 

     

Self-rated physical fitness   χ2(4) = 3.98, p = .409 

Very poor 2 1 1 

Poor 7 5 2 

Average 40 23 17 

Good 29 11 18 

Very good 9 4 5 

3.2. Exam grade 

As reported in Table 6.3, the average exam grade of the Stand group (6.5 ± 1.6, on a 10-

point scale) was higher than that of the Sit group (5.8 ± 1.6), but the difference between 

these scores only approached significance, U = 1130.0, z = 1.80, p = .071, r =.20. Similarly 
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for passing grades (grades > 5.5), although the odds of passing to failing was 2.05 times 

higher in the Stand group than in the Sit group, statistical significance was not 

achieved, χ2 (1) = 2.47, p = .177. 

 

Table 6.3. Exam grade (mean ± standard deviation) and number of participants passing and 

failing the exam. 

 Sit group Stand group Overall 

Grade 5.8 ± 1.6 6.5 ± 1.6 6.1 ± 1.6 

Pass n = 24 n = 31 n = 55 

Fail n = 19 n = 12 n = 31 

    

3.3. Concept map performance 

When completing the concept maps, the participants freely recalled relevant keywords 

to the case, and then linked the keywords that had a relationship with one another. For 

the first three time points of Case 1 (i.e., prior knowledge, pre-discussion, and post-

discussion), there were significant interactions between group and time point for the 

keyword-scores (F (2, 69) = 3.44, p = .038,) and number of correct relationships (F (2, 72) 

= 4.39, p = .016). However, post-hoc simple effects analyses at each of the three time 

points showed no significant group differences (all p’s >.05, Bonferroni-corrected). As 

for the information retained two weeks after Case 1’s post-discussion (analyzed 

separately, as explained in Section 2.4 Analysis), there were no significant group effects 

for the keyword-scores (F (1, 59) = 2.78, p = .101, η2 =.045). However, there was a 

significant group effect for the number of correct relationships (F (1, 64) = 5.42, p = .023, 

η2 =.078), showing that the Stand group had listed significantly more correct 

relationships compared to the Sit group. 

As for the first three time points of Case 2, the keyword-scores had a significant 

interaction between the main effects of group and time point (F (2, 77) = 3.24, p = .044). 

Simple effect analyses show that the Sit group had more prior knowledge than the Stand 

group for Case 2 (p = .019, d = 0.60). No other group differences were found at other time 

points (all p’s >.05, Bonferroni-corrected). For the number of correct relationships of 

Case 2, the group and time point interaction was not significant (p > .05). The group 

effect on its own was marginally significant (F (1, 77) = 4.02, p = .048), but simple effect 

analyses did not find significant group differences at any of the first three time points 

(all p’s >.05, Bonferroni-corrected). For the final time point, that is, two weeks after Case 

2’s post-discussion, no significant group differences were found for keyword-scores (F 

(1, 72) = 0.01, p = .920, η2 <.01) and the number of correct relationships (F (1, 72) = 0.26, p 

= .611, η2 =.004). 
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Follow-up subgroup analyses were carried out to check for acute and/or carryover 

effects and the effects of context-dependent memory, with the Sit group split into Sit-Sit 

and Sit-Stand, while the Stand group split into Stand-Stand and Stand-Sit, as described 

in section 2.2.2. Concept map. The findings are illustrated in Figure 6.5, showing no 

group differences at most time points (p’s >.05), except for three instances in Case 1, 

which did not provide consistent support for acute and/or carryover effects, nor for 

context-dependent memory. No significant group differences were found in Case 2. 

 

Figure 6.5. Bar graph with 95% confidence interval error bars 

showing the learning progress of each group as illustrated by 

the keyword score and number of correct relationships in 

Case 1 and 2. Note. * p < .05; ** p < .01. 
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3.4. Tutorial interactions 

The interactions of each individual tutorial group (four tutorial groups of the Sit group 

and four tutorial groups of the Stand group) are illustrated in Figure 6.6. The Sit groups 

and the Stand groups do not appear to differ in their use of learning-oriented 

interactions, nor in their use of non-learning-oriented interactions. Some individual 

tutorial groups do show a distinct pattern (i.e., Sit 2 and Sit 4 tend to take more time 

during the post-discussions). Nonetheless, when the Sit and Stand groups were 

compared against each other, there were no obvious patterns to show that standing in 

tutorial group meetings lead to differences in tutorial interaction patterns. In the end, 

as statistical analyses on these visually-detected patterns were not possible, the 

interpretation of the tutorial interactions have to be taken carefully. 

4. Discussion 

The aim of this study was to explore the effects of standing during tutorial group 

meetings on learning in undergraduate students. The participants attended 2-hour 

tutorial group meetings across nine weeks. Overall, we did not find support for the 

hypothesis that standing leads to enhanced learning, measured using exam grades, 

concept maps, and tutorial group interactions. Students who stood in their tutorial 

group meetings performed similar to their peers who sat in their tutorial group 

meetings. On average, the Stand group scored 6.5 on their exam (on a 10-point scale), 

while the Sit group scored 5.8, but the difference between these scores only approached 

significance (p = .071). Both groups had an overall similar performance in the concept 

maps. Finally, the interactions within the tutorial groups were similar. Using activity 

monitoring, we report elsewhere that the Stand group ended up spending less time per 

day being sedentary and more time being physically active [43]. While being more 

active, the current study reports that students in the standing tutorial group meetings 

were able to maintain a learning performance that was just as well as their peers who 

were sedentary. 

Despite previous studies finding that light physical activity provides cognitive 

boosts [22,23] and physiological changes that can be beneficial for learning [10–

15,38,44,45], standing in tutorial meetings did not have a consistent effect on learning as 

measured using exam grades, concept map performance, and interactions used in the 

tutorial group meetings. Similarly, the current study does not provide support for the 

theories that suggest that there are fewer resources to sustain learning when the brain’s 

limited resources are shared with the function of standing [16–18]. Although at some 

time points there were group differences found on the performance of the concept maps 

(e.g., number of correct relationships listed two weeks after the post-discussion of Case 

1), these findings were not replicated at other time points, suggesting a spurious effect. 

Reported in our protocol [39], an a-priori power analysis was conducted (α = .05, 
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Cohen’s f =.2, statistical power of 0.95) to recruit a sufficiently large sample for 

comparing the groups on their concept map performance. Therefore, we do not expect 

for Type II error to explain for the concept map’s overall lack of group differences. 

In this study, we do not find support for any acute and/or carryover effects, nor 

context-dependent effects. Despite previous studies reporting reliable context-

dependent memory effects [40,48], the Sit-Sit and Stand-Stand groups who completed 

their concept maps in the same context as their learning did not consistently show better 

performance than the Sit-Stand and Stand-Sit groups, respectively. Hammond and 

colleagues [49] who studied the effects of standing and walking on memory 

performance also found no support for context-dependent memory, leading the authors 

to suggest that context-dependent memory is determined by the external environment, 

and not the internal, physiological changes induced by physical activity. According to 

this explanation, the students in the current study who stand while learning in tutorial 

group meetings should perform just as well in a seated exam as the students who sat 

while learning – a result that we indeed find in the current study. 

An explanation for overall the lack of group difference is that the existence of various 

other factors that could have played a moderating role. For example, measuring 

learning during or after standing may influence the effects found [46,47], with positive 

effects generally found when testing is conducted after the light physical activity and 

negative effects generally found when testing is made during the light physical activity. 

Other potential moderators include the duration, type, intensity, and frequency of the 

light physical activity, individual differences, and type of outcome measure, which 

could all play a role in the strength and direction of effects found. It could be that the 

specific learning outcomes measured in the current study were not influenced by 

increased light physical activity. Instead, outcomes that may have a more cognitive 

component (e.g., mathematical performance [20] and cognitive control [22] that have 

been reported to be enhanced by standing) may be more sensitive to the intervention. 

Another possible explanation for the lack of effect on learning is that the current 

intervention may not have induced the same physiological changes reported in other 

studies, some of which involved slightly higher-intensity physical activity interventions 

(e.g., light walking [12] and light cycling [10,13]). As the current study was not designed 

to disentangle the effects of these potential moderators, future studies may embark on 

such an endeavor. What we can reasonably conclude from the finding of the current 

study is that standing during tutorial meetings does not negatively affect the students’ 

learning. 

There are a few limitations to this study that need to be considered. First, we did not 

control for whether the students sat or stood during their own time outside of the 

tutorial classroom. Using accelerometry, we did measure the physical activity behavior 

of these students [43]. Although we did find that the Stand group ended up spending 
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less time being sedentary and more time being physically active, we do not know 

specifically whether the students sat or stood during their self-studying, in preparation 

for the tutorial meetings. It is likely that all the students were sitting during their self-

studying phase, diluting the effect of the standing tutorial meeting. A suggestion for 

future studies would be to account for the studying phase, for example, asking the 

students to note down their physical activity behavior (type and duration) while self-

studying. A second limitation is that, sampling bias is a possibility, limiting the 

generalizability of this study. Considering that the participants voluntarily signed up 

for this study, the participants in this study may be more inclined to participate in light 

physical activity, or they may be more motivated as students. Furthermore, the repeated 

administration of concept maps may have induced a learning effect [50,51], leading to 

exam grades that may differ from the rest of the non-participating cohort. Without the 

repeated administration of concept maps, the participants may have performed 

differently in their final exam. Therefore, the results of this study must be interpretated 

with caution, as the effect of the intervention may be different for the non-participating 

students. A final limitation is that, considering that the groups did perform differently 

in the first concept test of each case that measured prior knowledge, a pre-test on the 

students’ baseline knowledge could have been used to adjust the exam grades 

accordingly. 

The current study aimed to explore and generate an understanding of learning while 

standing in tutorial group meetings. A strength of this study is that the entire study was 

conducted within field settings over a period of nine weeks. This provided a realistic 

backdrop and enhanced ecological validity. Another strength is that various measures 

of learning were used (i.e., exam grades, concept maps, and tutorial group interactions) 

to examine learning as comprehensively as possible. Previous studies on the effects of 

standing in the education environment have primarily focused on behavioral changes 

[2,3], with the only study related to learning reporting no effects of standing on 

behaviors of academic engagement, such as active participation in class and attention 

[54]. The current study adds to the body of literature, providing a more comprehensive 

and direct insight on the learning process and its outcomes. 

To conclude, the results of this paper suggest that undergraduate students who stand 

in tutorial group meetings learn just as well as their peers who sit in tutorial group 

meetings. We did not find support for the hypothesis that standing leads to enhanced 

learning. Reported elsewhere, we did find that the current intervention led to the Stand 

group adopting a more active and less sedentary lifestyle [43]. While being more active, 

students who stood in their tutorial group meetings achieved similar exam grades, 

similar concept map performance, and similar patterns in their tutorial group 

interactions, compared to their more sedentary peers in the sitting tutorial group 

meetings. Therefore, we do encourage educational institutions, policy makers, and 
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funding agencies to provide students with the option of a more physically active 

education. Standing tutorial group meetings are a recommended solution to reduce the 

risks of prolonged sedentary behavior while maintaining the students’ performance on 

learning. 
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In this dissertation, I questioned the sedentary nature of learning environments for 

university students. I was curious about the impact that a university setting has on the 

students’ physical activity behavior and learning performance, and I wondered what 

would happen if we were to change that setting. This led to the overarching aim of this 

dissertation – to explore the effects of light physical activity and sedentary behavior on 

learning in university students. The students’ academic schedule at Maastricht 

University was found to be associated with their physical activity behavior. By 

introducing standing desks, students were found to be more physically active and less 

sedentary during tutorial meetings without their learning being affected. Therefore, the 

university setting does influence students’ physical activity behavior. If students have 

a learning performance that stays the same, whether they are lightly active or sedentary, 

then it is reasonable to promote a learning environment that facilitates light physical 

activity. University executive boards, policy makers, and all other stakeholders in 

higher education should consider the health risks of prolonged sedentary behavior and 

provide a learning environment that keeps both the students’ mind and body active. 

7.1. Physical activity behavior in university students 

When students attend university, it is the current norm and expectation for them to sit 

down throughout their classes. It comes as no surprise that the students’ physical 

activity behavior can be shaped by the university’s environment. The findings of the 

observational study in Chapter 2 indicate that the duration that first-year Maastricht 

University undergraduate students spend being sedentary is related to the number of 

scheduled class hours. Specifically, each hour of class is associated with nine more 

minutes of sedentary behavior per day. With 8 to 14 hours of classes scheduled per week, 

students likely spend two additional hours per week being sedentary, compared to 

when no classes were scheduled. 

From the findings of the observational study, should we then encourage fewer hours 

of class each day? My answer to that is no, because when no classes were scheduled, the 

students still spent a lot of time being sedentary. Instead, modifying the university 

setting is needed to effectively target sedentary behavior when the students are at 

university. From previous focus group discussions [1], students have indicated that 

their environment can influence their sedentary behavior. In a 2018 systematic review 

on the variables that correlate with sedentary behavior duration, Castro et al. [2] 

highlighted that there is a lack of high-quality research on variables such as the physical 

environment, which the authors hypothesized would influence university students’ 

sedentary behavior. By introducing standing desks (Chapters 4 to 6), thus changing the 

student’s physical environment, we found support for Castro et al.’s hypothesis, as the 

students’ overall sedentary behavior duration did appear to be effectively reduced. 
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From the standing desk intervention introduced in Chapters 4 to 6, we found that on 

tutorial days, the Stand group showed 11% (55 minutes) less sedentary behavior and 

31% (89 minutes) more light physical activity than the Sit group. On non-tutorial days, 

the Stand group also showed 9% (42 minutes) less sedentary behavior than the Sit group. 

This 42 to 55 minutes per day drop in sedentary behavior falls within the range (of 42 

to 91 minutes reduction) found in other intervention studies that aimed at reducing 

sedentary behavior [3,4]. Importantly, reallocating just 30 minutes per day of sedentary 

behavior to light physical activity is already associated with improved levels for various 

biomarkers of cardiovascular diseases and metabolic syndrome (e.g., triglycerides and 

insulin levels) [5,6]. Additionally, there is a hint of a carryover effect coming from the 

finding that the Stand group still exhibited less sedentary behavior on non-tutorial days, 

when the standing desk intervention was not imposed on them. Students have 

previously expressed preferring the option to stand and liking standing desks [7]. After 

experiencing the unnecessity of being sedentary during our intervention, the Stand 

group may have come to like being non-sedentary and decided not to sit down as much 

on their own accord.  

Altogether, our findings from the observational and intervention study point at the 

university setting playing a role in the students’ physical activity behavior. In a setting 

that encourages sitting, having more class hours scheduled was associated with longer 

sedentary duration. This sedentary duration can effectively be reduced in a setting that 

encourages light physical activity, as shown by our standing desk intervention. 

7.2. Physical activity behavior and learning 

In this dissertation, I compared the effects of light physical activity (standing), relative 

to sedentary behavior (sitting), on learning. From the findings of a systematic review 

(Chapter 3) and an intervention study (Chapter 6), there is a lack of evidence to argue 

that there is a difference between sedentary behavior and light physical activity with 

regards to their effects on learning. 

Learning, as we have discussed in the general introduction, is a multifaceted process. 

It involves the construction, deconstruction, and reconstruction of one’s cognitive 

structure, as the students integrate new information from the external environment with 

their prior knowledge [8,9]. Furthermore, learning can be socially constructed, through 

the interactions with others [10,11], a process that is expected to occur during the group 

discussion of a tutorial meeting. During our systematic review, we used a search string 

that covered a wide range of terms, including cognition-related terms, learning-related 

terms, studying, and student performance. Despite using such general terms, the 

outcomes that we compiled only covered executive functions (also known as cognitive 

control functions, encompassing response inhibition, updating working memory, and 

task shifting), memory, and academic performance (including tests on mathematics, 
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language, introductory psychology, and reasoning). The executive functions are 

important for learning. The abilities to regularly update one’s working memory content 

as learning occurs (i.e., updating), to quickly switch between tasks (i.e., shifting), and to 

resist irrelevant stimuli and prepotent responses (i.e., inhibition), are commonly termed 

executive functions [12,13]. Yet, they only describe some of the cognitive processes that 

underlie learning. On the other hand, memory, especially the storage of knowledge into 

long-term memory, can be seen as the result of learning [14]. Similarly, academic 

performance, often measured with subject-related standardized tests, such as 

mathematics and languages, also represents a result of learning, but not learning in its 

entirety. Therefore, the current state of literature has a focus on the underlying cognitive 

processes of learning and the result of learning, with a neglect for the constructive and 

social-constructive process of learning. 

From the learning-related outcomes gathered in our systematic review, we found 

inconclusive evidence that either light physical activity or sedentary behavior is better 

for learning. This weak evidence was mainly attributable to the inconsistencies of results 

found among the studies. Comparing light physical activity against sedentary behavior 

in 35 studies, positive effects from light physical activity were found in 16 studies, 

negative effects in four studies, one study reported both positive and negative effects, 

and the remaining 14 studies reported no significant differences between light physical 

activity and sedentary behavior on learning. One pattern did emerge from the results 

across the studies: that negative effects of light physical activity were only found if the 

learning outcomes were tested during light physical activity [15–19], whereas positive 

and null effects were found both during and after light physical activity. This suggests 

that tests of learning should not be conducted during light physical activity, as there is 

a chance that the performance on the test may suffer. However, the process of learning 

itself can still be conducted during light physical activity. Two studies, both 

incorporating a learning phase and a test of learning at a later stage, reported that 

learning during light physical activity can lead to boosted language learning [20,21]. 

Interestingly, both studies had a testing phase that was conducted in a seated position. 

Therefore, being lightly active while learning can lead to better learning performance, 

while the testing of learning may preferably be done in a seated position. Further 

research is needed to provide support for this pattern and to elucidate the underlying 

physiological mechanisms. 

In our own attempt to compare the effects of light physical activity and sedentary 

behavior on learning over a period of nine weeks, we did not find evidence that the 

students’ learning was any different after standing or sitting in tutorial group meetings. 

The Stand group performed just as well as the Sit group, on all measures of learning 

that we utilized. With regards to the exam grades, the Stand group scored 6.5 on average 

(on a 10-point scale), while the Sit group scored 5.8, but the difference between these 
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scores only approached statistical significance (p = .071). With respect to the 

constructivist’s approach to learning, we utilized concept maps to capture the changes 

in cognitive structure across time. Still, we did not find any consistent effects to suggest 

that one posture is better than the other for learning. With respect to the social 

constructivist approach to learning, we also analyzed interactions in tutorial group 

meetings. One previous study reported that standing meetings tend to be shorter [22], 

while another reported that standing groups tend to elaborate more on the subject 

matter during their meetings [23]. In our study, we did not find the duration or 

frequency of exchanges to be any different between the Sit and Stand groups. 

Furthermore, we compared the use of learning-oriented interactions (exploratory 

questioning, cumulative reasoning, and handling conflicts about knowledge) and non-

learning-oriented interactions (procedural and off-task interactions) between the Sit and 

Stand groups, but again, did not find any differences. 

There were secondary measures taken in the intervention study, which strengthened 

our argument that the Sit and Stand group did not differ from each other. After the post-

discussions, we administered a questionnaire [24], which asked the students about their 

self-directed learning, such as whether the students shaped their studying based on 

their learning goals, the extensiveness of their search, and whether the students studied 

to prepare for their post-discussion. The breadth and depth of the post-discussion were 

also rated by the students. No significant differences were found between groups, 

suggesting equal preparation during the self-directed learning phase and equal 

performance on the post-discussion. We also administered a questionnaire to the tutors 

after the post-discussions [25] to rate the quality of the discussions on a Likert scale, 

specifically addressing the learning-oriented interactions [26]. Again, no differences 

were found between the sitting and standing groups, which is in line with our own 

analysis of the tutorial interactions. At the end of the study, we received the anonymized 

tutor evaluations, and did not find the tutors’ performance to affect the interpretation 

of our results. Attendance was also similar in both groups. Finally, a positive and 

negative affect questionnaire (PANAS [27], modified for assessment of the tutorial 

course) was administered towards the end of the course, showing that students did not 

feel any different between the two groups with regards to positive affect (e.g., 

attentiveness, enthusiasm, determination, inspiration, and interest) and negative affect 

(e.g., hostility, irritation, distress, upset, and nervousness). Overall, the groups did not 

differ on these additional measures, which corroborates our main findings. 

A direct comparison of our intervention against the studies included in the 

systematic review of Chapter 3 is difficult due to the differences in design and outcome 

measures. After narrowing the studies down to those with a low risk of bias and those 

that used standing as an intervention, only one study had a comparable design. Mehta 

and colleagues [28] introduced a longitudinal intervention within real classrooms as 
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well and found an improvement of executive functions, specifically inhibition and 

shifting. Apart from differences in outcome measures, there are other factors that may 

explain why we did not find a significant difference between the effects of standing and 

sitting on learning, whereas Mehta et al. did. First, there was a difference in the target 

age group. The high school students (mean age of 14) in Mehta et al.’s study were 

probably more susceptible to environmental enrichment, as they were in the early stages 

of their neurocognitive maturation process, compared to the university students, who 

were approaching the end of this maturation process [29,30]. The second difference is 

that Mehta et al.’s intervention was much longer, lasting 28 weeks, in comparison to our 

intervention, which only lasted nine weeks. A longer time frame could have given the 

participants more time to adapt to the intervention. Considering that learning was not 

found to be influenced by standing in our intervention study, the next step could be to 

examine the potential effects of the standing intervention across a longer time frame. A 

third difference is that Mehta et al. gave the students the option to stand or sit 

throughout the entire school day, which is very different from the 2-hour intervention 

(once or twice per week) that was imposed on the students in our study. 

One way to move forward from the inconsistencies in the literature, is to take a more 

applicable approach, by measuring the effects of sitting and standing directly within the 

real, germane educational context. Our intervention study provides this value, by 

thoroughly measuring the learning of real, academic material as it occurs in real tutorial 

group meetings. Through our intervention study, we have provided evidence that the 

students can learn just as well, whether they were lightly active or sedentary in their 

tutorial group meetings. In the end, our intervention study adds to the mounting number 

of studies, as reviewed in Chapter 3, which point to the need for more high-quality 

research that control for the identified potential moderators, in order to draw more 

definitive conclusions. Considering the health risks associated with prolonged sedentary 

behavior, there is no reason to maintain a sedentary learning environment for university 

students. 

7.3. Physical activity behavior and the different learning phases of problem-based 

learning (PBL) at Maastricht University 

In the systematic review of Chapter 3, we highlighted various factors that could play a 

moderating role with regards to the effects of light physical activity on learning. There 

is one more factor that needs to be considered – each phase of learning within the 

problem-based learning (PBL) model could be differentially affected by light physical 

activity as well. 

From practice and from the literature [31,32], we know that there are distinct phases 

throughout the cyclical PBL process. At Maastricht University, the tutorial meetings are 

split into a pre- and post-discussion phase. Also, there are self-directed learning phases 
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for independent study (before and after the post-discussion, and during exam 

preparation). During the pre-discussions, the students dig into the given problem by 

clarifying the issue, defining the problem, and brainstorming on the basis of their prior 

knowledge. The pre-discussion is adjourned after the students have identified their 

learning objectives. Then, there is a self-directed learning phase, where the students 

search for resources and study on their own. The students reconvene in their next 

tutorial meeting to conduct a post-discussion phase, to share and discuss their findings 

with their peers. 

The thought that each learning phase may be differentially affected by light physical 

activity stems from studies showing that exercise-induced arousal affects different 

cognitive outcomes to a different extent. It is generally thought that a change in arousal 

levels (e.g., light physical activity elevates arousal levels [33,34]) may affect one’s 

attentional focus and subsequent storage and retrieval of information [35]. Furthermore, 

different arousal levels are thought to have different effects on the storage of 

information, and different effects on the retrieval of information [35–38]. Other than the 

storage or retrieval of information, learning can also be differentiated based on task 

complexity, for example, whether it involves more top-down or bottom-up cognitive 

processes. In a previous meta-analysis, exercise-induced arousal was found to have a 

weak to non-existing effect on higher-level, top-down cognitive processes (e.g., 

executive functions), compared to a stronger effect found on simpler, bottom-up 

processes (e.g., visual search) [39]. This may explain the absence of an effect from light 

physical activity on more complex tasks, such as Case 2 being more complex than Case 

1 in the intervention study (Chapter 6). 

In this dissertation, concept maps were intended to measure the students’ prior 

knowledge, learning from the pre-discussion, learning from the post-discussion, and 

knowledge retained after a temporal (2-week) gap. Currently, each phase of learning is 

assumed to be contextually similar, and learning develops in a more-or-less linear 

fashion (although sometimes the students may realize that they are on the wrong track, 

then it may not be a linear process). Yet, it is entirely possible that the pre- and post-

discussions are so dissimilar that they deserve to be analyzed separately. The pre-

discussion may be a more analytical phase as the students try to understand the given 

problem, it may be a more creative phase as the students brainstorm solutions to the 

problem, and it may require recall of information from a further moment in time. The 

post-discussion may involve a recall of more recent material, after just having engaged 

in self-studying. The post-discussion may also involve the need to process and store 

more complex information, as the students dive into the details of the problem. Another 

phase is the knowledge retained two weeks after the post-discussion, which is assumed 

to be knowledge consolidated within the students’ long-term memory. When 

answering the concept map at this stage, the cognitive functions involved may be 
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different from those used in the pre- and post-discussions. Within the intervention 

study, we assumed that each phase of learning throughout the PBL process is similar, 

but in reality, each phase may be differentially affected by light physical activity, 

deserving a separate analysis. 

A learning phase that did not receive due attention in this dissertation is the self-

directed learning phase, that occurs for example, between the pre- and post-discussions, 

after the post-discussions, and before the exam. We did not manipulate the students’ 

posture during their self-directed learning, nor did we measure the students’ 

performance on concept maps after each self-directed learning phase. Although we did 

not find group differences on the questionnaire that addressed how the students 

studied between the pre- and post-discussion [24], it leaves one to wonder, if the Stand 

group were requested to stand during their self-directed learning, would that have 

affected their performance on the concept maps, tutorial interactions, and exam? 

Although we did find that the Stand group showed less sedentary behavior on non-

tutorial days, the exact allocation of sedentary behavior throughout the day is still 

unknown. Thus, it is possible that the Stand group sat through their self-directed 

learning phases, possibly diluting the effects of the standing intervention. 

In this section, I highlighted that learning is not a homogeneous process. It is 

composed of distinct phases that may be differentially affected by light physical activity 

and sedentary behavior. The studies in this dissertation were not designed to unravel 

such complexities, presenting opportunities for future research. 

7.4. Methodological weaknesses and strengths 

After having discussed the weaknesses and strengths of each individual paper in 

Chapters 2 to 6, here I highlight commonalities and important takeaways. The first 

weakness of this dissertation relates to generalizability of the findings. There is inherent 

sampling bias in our studies. All 431 students that participated in the studies did so on 

a voluntary basis. With every study attracting a certain selection of people, the sampled 

students may not be representative of the entire population. Further generalizability 

issues come from the data that were collected from first-year university students at 

Maastricht University. Maastricht University employs the PBL education model, relying 

heavily on tutorial interactions as a means of learning. In more traditional, lecture-based 

education settings, there may be differences in how the academic schedule relates to 

physical activity behavior (Chapter 2) or how standing during lectures may affect 

learning (Chapter 6). 

When systematically reviewing existing studies, we assessed the risk of bias inherent 

in each study. Applying the same criteria to our intervention study, I would judge our 

intervention study as either having a low risk of bias or having some concerns. The 
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reason for why I am not entirely confident that our study poses a low risk of bias, is 

because of participant attrition. Although dropouts were similar in both groups, with 

most participants dropping out for reasons not related to the intervention (e.g., 

switching bachelor’s program), there were two participants who dropped out from the 

Stand group without providing a reason. I cannot assume that the reason is not related 

to the assigned intervention. According to the revised Cochrane risk of bias tool for 

randomized trials (RoB2) [40], having 95% or more data in a study with parallel design 

is sufficient, thus posing a low risk. If we consider the two participants from the total of 

96 participating students, then our study poses a low risk of bias. If we compare it 

against the total of 89 (96 minus 7 students that dropped out for reasons not related to 

the intervention), our study can still be classified as low risk. But if we compare the 7 

plus 2 students that dropped out, against the total of 96, then we have less than 95% 

data available, leading to the assessment that our study has some concerns and may 

pose a risk of bias. This exercise highlights the subjectivity that exists when assessing 

the risk of bias of each study. Therefore, I would need a second independent assessor to 

concur, or discuss this further until consensus is reached. 

The strength of this dissertation is that data were collected in field-based settings. 

The measurements in Chapters 2 and 4 to 6 were carried out in the students’ real life, 

allowing the results to be more realistic and ecologically valid compared to a controlled, 

laboratory experiment. The field-based measurements were backed up with the use of 

the activPAL3 activity monitor, providing a non-invasive measure of physical activity 

behavior that is more objective than self-reported questionnaires [41]. Another strength 

is that both physical activity behavior and learning were measured comprehensively. 

Previously, research has focused on moderate-to-vigorous physical activity, largely 

ignoring the health effects from the other physical activity behaviors. Furthermore, any 

change in one behavior will inevitably lead to a change in one or more other behaviors, 

making the myopic focus on one behavior inadequate. With respect to learning, 

previous studies have focused on exam grades [42] or cognitive functions related to 

academic performance [28,43]. In the studies of this dissertation, we took into account 

that when learning occurs, the students’ cognitive structure changes across time and 

across social interactions. While introducing non-conventional measures of learning, we 

also took exam grades into account. This full spectrum of measures targeting both 

physical activity behavior and learning provided a better understanding of the potential 

impact of light physical activity and sedentary behavior on students’ learning. 

7.5. Recommendations for future studies 

In the intervention study of this dissertation, a 2-hour standing intervention was 

imposed on the Stand group, without the flexibility to adjust the standing duration. In 

an unpublished study that explored perceptions of standing tutorial meetings at 

Maastricht University [44], the students expressed a general liking for standing tutorial 
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meetings, but approximately half of the students (50 out of 108) indicated that a duration 

of two hours was too long. In our intervention study, we neither measured nor 

accounted for any discomfort. Therefore, a first recommendation for future studies 

would be to account for discomfort, as discomfort could have influenced the effect of 

standing on learning. A second recommendation is to explore the optimal dosage of 

standing in tutorial meetings to find the balance between comfort and effectively 

breaking up prolonged sedentary behavior, without compromising learning. The 

starting point of finding this balance could be derived from the students’ suggestion of 

having 34.3% of their total academic schedule allocated to standing tutorial meetings – 

an average value suggested in the aforementioned study that explored students’ 

perception [44]. Perhaps, we could also learn from Mehta and colleagues [28] by 

providing the option to sit or stand, allowing the students to adjust their behavior based 

on their needs, instead of taking a one-size-fits-all approach. This manner of 

encouraging less sedentary behavior is promising, as a recent study showed that 

university students indeed stand more, even though they are not required to do so [45]. 

The next recommendation has a focus on the social-constructivist’s approach to 

learning. As mentioned before, one way that students learn is through their social 

interactions with others, as posited by Lev Vygotsky [10]. Through the interactions with 

others, students may realize that their views are congruent or incongruent with others, 

which then leads to the affirmation or adjustment of their cognitive structure [11]. 

Previous studies have found a difference between sedentary group meetings and 

standing group meetings. For example, one study found that standing group meetings 

tend to be shorter [46], and another study found that when standing, information is 

elaborated further, leading to better group performance [34]. These studies hint at group 

dynamics, although learning itself has yet to be addressed. Although we compared 

group interactions, we were not able to determine a statistically significant difference 

between the two conditions (Sit vs. Stand). This was because each group was treated as 

one data point, which limited the sample size and, thus, the statistical power. Thus, 

sufficiently large sample sizes are needed in future studies to enable proper statistical 

analyses. Another manner of comparison is to conduct pattern analyses of the social 

interactions. This can be done by monitoring whether there are any significant, 

recurrent patterns in the interactions [47,48], such as whether meaningful answers 

repeatedly follow meaningful questions within the tutorial group meetings. Another 

way of studying learning is through social interactions, having a more fine-grained 

measure of group dynamics and collaboration, by investigating for example, non-verbal 

communication (mirroring, the use of congruent postures, etc.) [49]. With non-

sedentary group meetings possibly altering group dynamics, this remains an exciting 

avenue for future studies. 
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One final recommendation is to look at how various other health promotion 

initiatives can be incorporated into the educational environment. Previous studies have 

found that students moving from high school to university tend to pick up unhealthy 

behaviors, such as less physical activity, spending more time being sedentary while 

studying, having a less nutritious diet, and increasing their alcohol intake [50,51]. In 

contrast, maintaining a healthy lifestyle, such as being physically fit [52–57], keeping a 

nutritious diet [58–60], and having adequate and good quality sleep [61–63] have been 

associated with better academic performance, cognitive performance, and mental well-

being. From the findings of this dissertation, I learnt that we are able to encourage a 

more active lifestyle in students by changing their physical environment (with standing 

desks). Similarly, other health promotion initiatives should have the structural support 

of the university, making it easier and more accessible to maintain a healthy lifestyle. 

For example, to encourage regular moderate-to-vigorous physical activity, universities 

can incorporate physical exercise into the students’ schedule, offer physical education, 

and provide facilities that are accessible in terms of location and cost. To encourage a 

nutritious diet among students, the university can make healthy eating the norm by 

having nutritious food available around the university at a price that is affordable for 

all students. Inspired by the Healthy Primary School of the Future (HPSF), a Dutch 

initiative to integrate health and well-being into primary schools [64], health promotion 

initiatives can be introduced by taking the whole-university approach, involving 

students, university staff, and other stakeholders to bring about educational, 

organizational, and policy changes. Going the extra mile, these health promotion 

initiatives can involve student co-creation, to improve the design and implementation 

of the initiatives, resulting in deliverables that are appealing to the students and 

sustainable in the long run. Learning from the findings of this dissertation and learning 

from the HPSF, the university can take an active role and provide an environment that 

is conducive to both the health and education of its students.  

7.6. Conclusions 

From the findings reported in this dissertation, I posit that the learning environment 

plays a role in the physical activity behavior of students. When more class hours were 

scheduled, students showed more sedentary behavior. By using standing desks in 2-

hour tutorial group meetings, which were held once or twice a week, the students 

showed less sedentary behavior and more physical activity. Neither sitting nor standing 

in tutorial group meetings had a positive or negative effect on learning. Future research 

on the effects of light physical activity on learning needs to account for the possible 

moderating variables, such as the timing of the light physical activity intervention. 

Overall, standing tutorial group meetings can benefit students’ physical activity 

behavior, while maintaining their learning performance. I encourage students, teachers, 

university boards, university associations, governmental bodies, and policy makers to 
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stand for the students’ right to a standard of living that is adequate for their health and 

well-being. Students should be given the option to stand in educational (tutorial group) 

meetings at universities. 

 

  



 

218 

 

7.7. References 

1. T. Deliens, B. Deforche, I. De Bourdeaudhuij, P. Clarys, Determinants of physical activity 

and sedentary behaviour in university students: A qualitative study using focus group 

discussions, BMC Public Health. 15 (2015). 

2. O. Castro, J. Bennie, I. Vergeer, G. Bosselut, S.J.H. Biddle, Correlates of sedentary behaviour 

in university students: A systematic review, Prev. Med. (Baltim). 116 (2018) 194–202. 

https://doi.org/10.1016/j.ypmed.2018.09.016. 

3. S.A. Prince, T.J. Saunders, K. Gresty, R.D. Reid, A comparison of the effectiveness of 

physical activity and sedentary behaviour interventions in reducing sedentary time in 

adults: a systematic review and meta-analysis of controlled trials, Obes. Rev. 15 (2014) 905–

919. https://doi.org/10.1111/obr.12215. 

4. A. Martin, C. Fitzsimons, R. Jepson, D.H. Saunders, H.P. Van Der Ploeg, P.J. Teixeira, C.M. 

Gray, N. Mutrie, Interventions with potential to reduce sedentary time in adults: systematic 

review and meta-analysis, Br. J. Sports Med. 49 (2015) 1056–1063. 

5. M.P. Buman, E.A.H. Winkler, J.M. Kurka, E.B. Hekler, C.M. Baldwin, N. Owen, B.E. 

Ainsworth, G.N. Healy, P.A. Gardiner, Reallocating time to sleep, sedentary behaviors, or 

active behaviors: Associations with cardiovascular disease risk biomarkers, NHANES 2005-

2006, Am. J. Epidemiol. 179 (2014) 323–334. 

6. J. Robson, I. Janssen, Intensity of bouted and sporadic physical activity and the metabolic 

syndrome in adults, PeerJ. 2015 (2015) e1437. 

7. R.M. Benzo, A.L. Gremaud, M. Jerome, L.J. Carr, Learning to stand: The acceptability and 

feasibility of introducing standing desks into college classrooms, Int. J. Environ. Res. Public 

Health. 13 (2016). https://doi.org/10.3390/ijerph13080823. 

8. J. Piaget, The origin of intelligence in the child, Routledge & Kogan Paul, London, 1953. 

9. D.P. Ausubel, The psychology of meaningful verbal learning, Grune and Stratton, New York, 

1963. 

10. L.S. Vygotsky, Thought and Language, MIT PRESS, Cambridge, Mass, 1965. 

11. K. Weber, C. Maher, A. Powell, H.S. Lee, Learning opportunities from group discussions: 

Warrants become the objects of debate, Educ. Stud. Math. 68 (2008) 247–261. 

12. A. Miyake, N.P. Friedman, M.J. Emerson, A.H. Witzki, A. Howerter, T.D. Wager, The Unity 

and Diversity of Executive Functions and Their Contributions to Complex “Frontal Lobe” 

Tasks: A Latent Variable Analysis, Cogn. Psychol. (2000). 

13. N.P. Friedman, A. Miyake, The Relations Among Inhibition and Interference Control 

Functions: A Latent-Variable Analysis, J. Exp. Psychol. Gen. 133 (2004) 101–135.  

14. A.E. Kazdin, Encyclopedia of Psychology: 8 Volume Set, American Psychological Association, 

Washington, D.C; Oxford [Oxfordshire]; New York, 2000. 

15. M.J. Larson, J.D. LeCheminant, K. Hill, K. Carbine, T. Masterson, E. Christenson, Cognitive 

and typing outcomes measured simultaneously with slow treadmill walking or sitting: 

Implications for treadmill desks., PLoS One. 10 (2015). 

16. R.L. Olson, Y.-K. Chang, C.J. Brush, A.N. Kwok, V.X. Gordon, B.L. Alderman, 

Neurophysiological and behavioral correlates of cognitive control during low and 

moderate intensity exercise., Neuroimage. 131 (2016) 171–180. 

17. M.B. Pontifex, C.H. Hillman, Neuroelectric and behavioral indices of interference control 

during acute cycling., Clin. Neurophysiol. 118 (2007) 570–580. 

18. K. Soga, T. Shishido, R. Nagatomi, Executive function during and after acute moderate 



 

219 

 

aerobic exercise in adolescents, Psychol. Sport Exerc. 16 (2015) 7–17.  

19. G. Abou Khalil, K. Dore-Mazars, P. Senot, D.P. Wang, A. Legrand, Is it better to sit down, 

stand up or walk when performing memory and arithmetic activities?, Exp. Brain Res. 238 

(2020) 2487–2496. https://doi.org/10.1007/s00221-020-05858-z. 

20. M. Schmidt-Kassow, N. Zink, J. Mock, C. Thiel, L. Vogt, C. Abel, J. Kaiser, Treadmill 

walking during vocabulary encoding improves verbal long-term memory., Behav. Brain 

Funct. 10 (2014). 

21. F. Liu, S. Sulpizio, S. Kornpetpanee, R. Job, It takes biking to learn: Physical activity 

improves learning a second language., PLoS One. 12 (2017) e0177624.  

22. A.C. Bluedorn, D.B. Turban, M.S. Love, The effects of stand-up and sit-down meeting 

formats on meeting outcomes., J. Appl. Psychol. 84 (1999) 277–285.  

23. A.P. Knight, M. Baer, Get Up, Stand Up: The effects of a non-sedentary workspace on 

information elaboration and group performance, Soc. Psychol. Personal. Sci. 5 (2014) 910–917. 

https://doi.org/10.1177/1948550614538463. 

24. M.M. Van den Hurk, D.H.J.M. Dolmans, I.H.A.P. Wolfhagen, A.M.M. Muijtjens, C.P.M. 

Van der Vleuten, Impact of Individual Study on Tutorial Group Discussion, Teach. Learn. 

Med. 11 (1999) 196–201. https://doi.org/10.1207/S15328015TLM110403. 

25. A.J.S.F. Visschers-Pleijers, D.H.J.M. Dolmans, I.H.A.P. Wolfhagen, C.P.M. van der Vleuten, 

Development and validation of a questionnaire to identify learning-oriented group 

interactions in PBL, Med. Teach. 27 (2005) 375–381. 

26. A.J.S.F. Visschers-Pleijers, D.H.J.M. Dolmans, B.A. Leng, I.H.A.P. Wolfhagen, C.P.M. 

Vleuten, Analysis of verbal interactions in tutorial groups: a process study, Med. Educ. 40 

(2006) 129–137. https://doi.org/10.1111/j.1365-2929.2005.02368.x. 

27. D. Watson, L.A. Clark, A. Tellegen, Development and Validation of Brief Measures of 

Positive and Negative Affect: The PANAS Scales, Journal of personality and social 

psychology 54.6 (1988): 1063. 

28. R.K. Mehta, A.E. Shortz, M.E. Benden, Standing Up for Learning: A Pilot Investigation on 

the Neurocognitive Benefits of Stand-Biased School Desks, Int. J. Environ. Res. Public Health. 

13 (2015) 59. https://doi.org/10.3390/ijerph13010059. 

29. F. Crews, J. He, C. Hodge, Adolescent cortical development: A critical period of 

vulnerability for addiction, Pharmacol. Biochem. Behav. 86 (2007) 189–199. 

30. T. Kobilo, Q.-R. Liu, K. Gandhi, M. Mughal, Y. Shaham, H. Van Praag, Running is the 

neurogenic and neurotrophic stimulus in environmental enrichment, Learn. Mem. 18 (2011) 

605–609. https://doi.org/10.1101/lm.2283011. 

31. D.F. Wood, Problem based learning, BMJ. 326 (2003) 328.  

32. C.E. Hmelo-Silver, Problem-based learning: What and how do students learn?, Educ. 

Psychol. Rev. 16 (2004) 235–266. https://doi.org/10.1023/B:EDPR.0000034022.16470.f3. 

33. K. Byun, K. Hyodo, K. Suwabe, G. Ochi, Y. Sakairi, M. Kato, I. Dan, H. Soya, Positive effect 

of acute mild exercise on executive function via arousal-related prefrontal activations: An 

fNIRS study, Neuroimage. 98 (2014) 336–345. 

34. A.P. Knight, M. Baer, Get Up, Stand Up: The effects of a non-sedentary workspace on 

information elaboration and group performance, Soc. Psychol. Personal. Sci. 5 (2014) 910–917. 

https://doi.org/10.1177/1948550614538463. 

35. M.W. Eysenck, Arousal, learning, and memory, Psychol. Bull. 83 (1976) 389–404. 

36. L.J. Kleinsmith, S. Kaplan, Paired-associate learning as a function of arousal and 

interpolated interval., J. Exp. Psychol. 65 (1963) 190–193. 



 

220 

 

37. S. Kaplan, R. Kaplan, J.R. Sampson, Encoding and arousal factors in free recall of verbal and 

visual material, Psychon. Sci. 12 (1968) 73–74. https://doi.org/10.3758/BF03331199. 

38. J.A. Quas, H.C. Lench, Arousal at encoding, arousal at retrieval, interviewer support, and 

children’s memory for a mild stressor, Appl. Cogn. Psychol. 21 (2007) 289–305. 

39. K. Lambourne, P. Tomporowski, The effect of exercise-induced arousal on cognitive task 

performance: A meta-regression analysis, Brain Res. 1341 (2010) 12–24. 

40. J.A.C. Sterne, J. Savović, M.J. Page, R.G. Elbers, N.S. Blencowe, I. Boutron, C.J. Cates, H.Y. 

Cheng, M.S. Corbett, S.M. Eldridge, M.A. Hernán, S. Hopewell, A. Hróbjartsson, D.R. 

Junqueira, P. Jüni, J.J. Kirkham, T. Lasserson, T. Li, A. McAleenan, B.C. Reeves, S. 

Shepperd, I. Shrier, L.A. Stewart, K. Tilling, I.R. White, P.F. Whiting, J.P.T. Higgins, RoB 2: a 

revised tool for assessing risk of bias in randomised trials., BMJ. 366 (2019) I4898. 

41. A.J. Atkin, T. Gorely, S.A. Clemes, T. Yates, C. Edwardson, S. Brage, J. Salmon, S.J. 

Marshall, S. Jh Biddle, Methods of Measurement in epidemiology: Sedentary Behaviour, 

Int. J. Epidemiol. 41 (2012) 1460–1471. https://doi.org/10.1093/ije/dys118. 

42. A.S. Singh, E. Saliasi, V. Van Den Berg, L. Uijtdewilligen, R.H.M.M. de Groot, J. Jolles, L.B. 

Andersen, R. Bailey, Y.-K.K. Chang, A. Diamond, I. Ericsson, J.L.J.L. Etnier, A.L. Fedewa, 

C.H. Hillman, T. Mcmorris, C. Pesce, U. Pühse, P.D. Tomporowski, M.J.M.M. Chinapaw, 

Effects of physical activity interventions on cognitive and academic performance in 

children and adolescents: a novel combination of a systematic review and 

recommendations from an expert panel, Br. J. Sports Med. 53 (2019).  

43. D. Rosenbaum, Y. Mama, D. Algom, Stand by Your Stroop: Standing Up Enhances Selective 

Attention and Cognitive Control., Psychol. Sci. 28 (2017) 1864–1867. 

44. R.H.J. Erkens, H.Q. Chim, S. Wasenitz, H.H.C.M. Savelberg, Student perceptions of 

standing tutorial groups at three different university-degree programmes, Manuscript in 

prepatation. (2021). 

45. M. Jerome, K.F. Janz, B. Baquero, L.J. Carr, Introducing sit-stand desks increases classroom 

standing time among university students, Prev. Med. Reports. 8 (2017) 232–237. 

https://doi.org/10.1016/j.pmedr.2017.10.019. 

46. A.C. Bluedorn, D.B. Turban, M.S. Love, The effects of stand-up and sit-down meeting 

formats on meeting outcomes, J. Appl. Psychol. 84 (1999) 277–285.  

47. M. Mascareño, C.E. Snow, M.I. Deunk, R.J. Bosker, Language complexity during read-

alouds and kindergartners’ vocabulary and symbolic understanding, J. Appl. Dev. Psychol. 

44 (2016) 39–51. https://doi.org/10.1016/j.appdev.2016.02.001. 

48. M.S. Magnusson, Why search for hidden repeated temporal behavior patterns: T-pattern 

analysis with Theme, Int. J. Clin. Pharmacol. Pharmacother. 2 (2017). 

49. M. Lafrance, M. Broadbent, Group Rapport: Posture Sharing as a Nonverbal Indicator, Gr. 

Organ. Stud. 1 (1976) 328–333. 

50. E.M. Winpenny, M. Smith, T. Penney, C. Foubister, J.M. Guagliano, R. Love, C. Clifford 

Astbury, E.M.F. Sluijs, K. Corder, Changes in physical activity, diet, and body weight across 

the education and employment transitions of early adulthood: A systematic review and 

meta‐analysis, Obes. Rev. 21 (2020). https://doi.org/10.1111/obr.12962. 

51. B. Deforche, D. Van Dyck, T. Deliens, I. De Bourdeaudhuij, Changes in weight, physical 

activity, sedentary behaviour and dietary intake during the transition to higher education: 

A prospective study, Int. J. Behav. Nutr. Phys. Act. 12 (2015) 1–10. 

52. C.C.A. Santana, L.B. Azevedo, M.T. Cattuzzo, J.O. Hill, L.P. Andrade, W.L. Prado, Physical 

fitness and academic performance in youth: A systematic review, Scand. J. Med. Sci. Sports. 



 

221 

 

27 (2017) 579–603. https://doi.org/10.1111/sms.12773. 

53. J.E. Donnelly, C.H. Hillman, D. Castelli, J.L. Etnier, S. Lee, P. Tomporowski, K. Lambourne, 

A.N. Szabo-Reed, Physical activity, fitness, cognitive function, and academic achievement 

in children: A systematic review, Med. Sci. Sports Exerc. 48 (2016) 1197–1222. 

https://doi.org/10.1249/MSS.0000000000000901. 

54. A. Ruiz-Ariza, A. Grao-Cruces, N.E.M. de Loureiro, E.J. Martínez-López, Influence of 

physical fitness on cognitive and academic performance in adolescents: A systematic 

review from 2005–2015, Int. Rev. Sport Exerc. Psychol. 10 (2017) 108–133. 

55. A. Marques, D.A. Santos, C.H. Hillman, L.B. Sardinha, How does academic achievement 

relate to cardiorespiratory fitness, self-reported physical activity and objectively reported 

physical activity: A systematic review in children and adolescents aged 6-18 years, Br. J. 

Sports Med. 52 (2018) 1039. 

56. E.A. Haapala, Cardiorespiratory fitness and motor skills in relation to cognition and 

academic performance in children - A review, J. Hum. Kinet. 36 (2013) 55–68. 

57. J.L. Etnier, W. Salazar, D.M. Landers, S.J. Petruzzello, M. Han, P. Nowell, The influence of 

physical fitness and exercise upon cognitive functioning: A meta-analysis, J. Sport Exerc. 

Psychol. 19 (1997) 249–277. 

58. J.F.W. Cohen, M.T. Gorski, S.A. Gruber, L.B.F. Kurdziel, E.B. Rimm, The effect of healthy 

dietary consumption on executive cognitive functioning in children and adolescents: A 

systematic review, Br. J. Nutr. 116 (2016) 989–1000. 

59. M.D. Florence, M. Asbridge, P.J. Veugelers, Diet quality and academic performance: 

Research article, J. Sch. Health. 78 (2008) 209–215. 

60. P. Correa-Burrows, R. Burrows, E. Blanco, M. Reyes, S. Gahagan, Qualité nutritionnelle de 

l’alimentation et résultats scolaires des lycéens chiliens, Bull. World Health Organ. 94 (2016) 

185–192. https://doi.org/10.2471/BLT.15.161315. 

61. R.A. Singleton, A.R. Wolfson, Alcohol consumption, sleep, and academic performance 

among college students, J. Stud. Alcohol Drugs. 70 (2009) 355–363. 

62. S.P. Gilbert, C.C. Weaver, Sleep Quality and Academic Performance in University Students: 

A Wake-Up Call for College Psychologists, J. College Stud. Psychother. 24 (2010) 295–306. 

https://doi.org/10.1080/87568225.2010.509245. 

63. A.S. Bahammam, A.M. Alaseem, A.A. Alzakri, A.S. Almeneessier, M.M. Sharif, The 

relationship between sleep and wake habits and academic performance in medical 

students: A cross-sectional study, BMC Med. Educ. 12 (2012) 61.  

64. M. Willeboordse, M.W. Jansen, S.N. Van Den Heijkant, A. Simons, B. Winkens, R.H.M. De 

Groot, N. Bartelink, S.P. Kremers, P. Van Assema, H.H. Savelberg, E. De Neubourg, L. 

Borghans, T. Schils, K.M. Coppens, R. Dietvorst, R. Ten Hoopen, F. Coomans, S. Klosse, 

M.H.J. Conjaerts, M. Oosterhoff, M.A. Joore, I. Ferreira, P. Muris, H. Bosma, H.L. 

Toppenberg, C.P. Van Schayck, The Healthy Primary School of the Future: Study protocol 

of a quasi-experimental study, BMC Public Health. 16 (2016) 1–13.  

65. H. Yu, A. Schwingel, Associations between sedentary behavior, physical activity, and out-

of-pocket health care expenditure: Evidence from Chinese older adults, J. Aging Phys. Act. 

27 (2019) 108–115. https://doi.org/10.1123/japa.2017-0206. 

66. L. Heron, C. O’Neill, H. McAneney, F. Kee, M.A. Tully, Direct healthcare costs of sedentary 

behaviour in the UK, J. Epidemiol. Community Health. 73 (2019) 625–629. 

 

  



 

222 

 

Impact  
Upon entering any classroom at university, students are expected to sit until class has 

ended. Research has shown that sitting for long hours is linked to various health risks. 

So why are students expected to sit throughout their classes? It may only be justified to 

put the students’ health at risk if sitting is beneficial for learning. In this dissertation, I 

did not find any evidence to suggest that there is a difference between sitting and being 

lightly active with regards to their effects on learning. Therefore, I encourage for all 

stakeholders of higher education to promote a learning environment that facilitates light 

physical activity. Although the intervention study within this dissertation focused on 

learning within tutorial group meetings at Maastricht University, the findings and 

recommendations can be informational for other types of education, including primary, 

secondary, and vocational education, where sitting in class is also the norm. 

When the learning environment is designed such that it is normal to sit, then the 

students will sit. Currently, it takes a bit of courage for a student to insist on standing 

up in class. By doing so, they are likely to be asked: “why are you standing up?” But no 

one asks a student who is sitting in class: “why are you sitting down?” Humans are 

social creatures after all, and it is convenient to adhere to socially acceptable norms. A 

simple analogy would be to perceive standing as taking the stairs and sitting as taking 

the elevator. Taking the stairs is a normal behavior and encouraged to boost one’s 

physical health; we take the elevator when it is necessary. Similarly, breaking up sitting 

with standing in class should be seen as normal behavior, and encouraged for one’s 

physical health, whereas sitting should serve its function of recuperation. To make it 

socially acceptable to stand in class, one step would be to incorporate this message into 

teacher trainings, for teachers to encourage students to break up sitting time by standing 

up, and for teachers to lead by example. Eventually, when the students decide to stand 

during their classes, it should be seen as a natural, everyday occurrence that does not 

need questioning. 

Knowledge dissemination organizations, such as the Kenniscentrum Sport & 

Bewegen and the Mulier Institute, could assist with sharing this practice-focused and 

policy-relevant message: that a physically active learning environment should be 

perceived as normal and encouraged within society. Other than reaching the teachers 

and students, governmental bodies should be informed that sitting for long hours is bad 

for health, whereas standing during education does not compromise the students’ 

learning. Investing in the students’ health now minimizes the future burden on 

healthcare and the economy. A 2019 study found that most Chinese citizens spend an 

equivalent of 256.47 EUR to 1,282.27 EUR per person per year on healthcare, with each 

hour spent sitting down associated with an equivalent of 31.55 EUR increase in personal, 
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annual healthcare expenditure [65]. Another British study estimated that in 2016-2017, 

an equivalent of 0.78 billion EUR spent by the National Health Service (NHS) on adults 

was attributable to prolonged sitting [66]. Therefore, governmental ministries, 

especially the ministries of health and education, should be informed of the health risks 

and economic burden that comes with the current norm of sitting in universities and 

other educational institutions. Instead, a physically active learning environment should 

be perceived as normal. Thus, there should not be any hesitation to allocate sufficient 

budget to universities and other educational institutions to encourage a physically 

active lifestyle among their students. 

Currently, monetary budget is used to provide each student with a chair and low 

desks in every classroom, making it appear like sitting is the only option. Imagine a 

classroom with desks that can be used for sitting and standing. This makes it possible to 

normalize standing in class. Undoubtedly, there are investment costs involved in 

purchasing standing desks. Just as how the Vereniging van Universiteiten (VSNU; 

Association of Universities in the Netherlands) negotiated prices for publishing in open-

access with academic publishers, I request for the VSNU and other university 

associations to negotiate a reasonable price for standing desks with the suppliers, to 

promote standing as a norm within higher education. A cost-free option would be to 

simply make standing a normal behavior in class. A desk is only needed for note-taking, 

whereas the sharing of content, brainstorming of ideas, and intellectual debate can all 

be done while simply standing on one’s two feet. 

According to Article 25 of the United Nations’ Universal Declaration of Human 

Rights, “Everyone has the right to a standard of living adequate for the health and well-

being of himself”. Students have the right, and should be given the option, to lead a 

healthy and active lifestyle. It is the collective responsibility of all stakeholders involved 

(researchers, teachers, knowledge dissemination organizations, governmental bodies, 

university associations, and most importantly the students themselves) to provide a 

physically active learning environment for the students. Students should also play a role 

in making it normal to be physically active during their classes. I urge for students to 

fight for the right to be physically active and request the option to stand in class. Then, 

when the environment is conducive for physical activity, I ask for the students to 

embrace and make use of this opportunity to break up their sitting with standing in 

class. 

Before wrapping up, I would like to clear up some potential misunderstandings. 

When I recommend providing students with the option to stand in class, I do not mean 

to stand in a rigid and static manner. While standing, it is common to move and take 

some steps. Furthermore, I do not mean to encourage standing throughout the day. I 

also do not mean to force students to stand up in class. Rather, I recommend allowing 

the students to make an informed decision as to when they would like to sit or stand. In 



 

224 

 

this dissertation, we did impose a 2-hour standing intervention on the students who 

volunteered to participate. This duration was selected to match the real tutorial 

meetings that occur at Maastricht University, and to provide a controlled condition for 

easy comparison. Further research is needed to explore the optimal duration of standing 

that would balance learning, an active lifestyle, and comfort while standing. 

As it stands, there is no reason for universities to continue enforcing a learning 

environment where sitting is the only option. There is no evidence to argue that sitting 

is any better than being lightly active when it comes to learning. Instead, spending long 

hours sitting down leads to higher risks of various diseases, resulting in high healthcare 

costs, which impact us all as a society. The university’s learning environment should be 

one that encourages an active lifestyle. I recommend for the investment in standing 

desks within the university environment, in order to provide the students with the 

option of having a healthier and more physically active lifestyle, while maintaining their 

performance on learning. I call for teachers, knowledge dissemination organizations, 

governmental bodies, university associations, and all stakeholders, including the 

students themselves, to stand up for the students’ right to live a healthy life.  
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Summary  
In Chapter 1, I describe how at most universities, it is currently the norm for students 

to spend long hours being sedentary, despite the associated health risks. Unless being 

sedentary is beneficial for learning, there is no reason to continue enforcing such a norm. 

In this introductory chapter, I propose replacing prolonged sedentary behavior with 

light physical activity within the university. I introduce learning, taking the constructive 

and social-constructive approaches. Addressing extant literature, I argue that more 

research is needed to elucidate the effects of replacing sedentary behavior with light 

physical activity within the university environment. Therefore, with this dissertation, I 

aimed to explore the effects of light physical activity versus sedentary behavior on 

learning in students, especially within higher education. This aim was broken down 

into a series of studies, which I summarize in the subsequent paragraphs. 

With the observational study presented in Chapter 2, first-year university students 

were found to spend an average of nine hours per day being sedentary, of which more 

than 50% was spent in bouts of more than 30 minutes. On average, the students engaged 

in light physical activity for four to five hours per day and up to 30 minutes per day in 

moderate-to-vigorous physical activity. The average sleep duration was 10 to 10.5 hours 

a day. Overall, despite meeting the WHO recommendations, the students spent much 

of their time being sedentary. Longer class durations were found to be associated with 

more time spent on sedentary behavior, with each hour of class being associated with 

nine more minutes of sedentary behavior. The students were scheduled for an average 

of 1.5 to 3.0 hours of classes a day. Compared to days without classes, the students spent 

an extra 13.5 to 27 minutes being sedentary on days with classes scheduled. This finding 

does not discount the fact that, when no classes were scheduled, the students were still 

rather sedentary. The long duration spent sedentary necessitates a change, for example, 

with an intervention aimed at replacing sedentary behavior with light physical activity 

during class. 

In Chapter 3, we conducted a systematic review of studies that compared the effects 

of light physical activity against sedentary behavior on learning in adolescents. A 

critical appraisal of the available literature led to the inclusion of 49 studies. After 

assessing the risk of bias (including biases arising from the randomization process, 

deviation from intended intervention, missing outcome data, measurement of the 

outcome, and selection of the reported results), 35 studies were judged to pose a low 

risk of bias. These 35 studies reported on the effects of light physical activity on 

executive functions (response inhibition, updating working memory, and task shifting), 

memory, and academic performance. Compared to sitting, the effect of light physical 

activity on learning was positive in 16 studies, negative in four studies, both positive 
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and negative in one study, and non-significant in the remaining 14 studies. Due to these 

inconsistent results, the overall quality of evidence from the reviewed studies was very 

low. For a greater consistency of results, we recommend future studies to account for 

potential moderators (such as the timing of the light physical activity), include 

sufficiently large samples, and better represent the adolescent age range. 

In Chapter 4, I describe the protocol of our intervention study, where the 

methodologies are detailed. We designed an intervention to replace sedentary behavior 

during class hours with light physical activity among undergraduate students. Ninety-

six first-year undergraduate students were randomly assigned to a Sit or Stand group 

for all their tutorial group meetings. These 2-hour tutorial group meetings were part of 

an actual bachelor’s course. The tutorial group meetings were conducted once or twice 

a week for a period of nine weeks. Physical activity behavior was measured using 

accelerometers. Learning was operationalized by comparing the students’ performance 

on their exams and by analyzing how learning develops across time with the use of 

concept maps. Additionally, we studied the process of learning as it occurs through 

student interactions during tutorial group meetings. The results of this intervention 

study are reported in Chapters 5 and 6. 

In Chapter 5, we report on the effectiveness of standing tutorial meetings at replacing 

sedentary behavior with light physical activity. Although there were modest 

compensatory behaviors (as shown by only 55 minutes less sedentary behavior on days 

where the 2-hour standing tutorial meetings were scheduled), the students who 

attended the standing tutorial meetings showed less sedentary behavior overall, 

implying that the standing tutorial meetings were fit for purpose. Furthermore, also on 

days without tutorial meetings, the students from the Stand group showed less 

sedentary behavior, suggesting that the effects of the effects of standing tutorial 

meetings extend to non-tutorial days. In the end, we did find support for the hypothesis 

that standing tutorial meetings can be effective at improving the students’ physical 

activity behavior. This was done by replacing sedentary behavior with light physical 

activity, potentially reducing the health risks that are associated with sedentary 

behavior.  

After finding out that standing tutorial meetings can be beneficial for the students’ 

physical activity behavior, we explored their effects on learning in Chapter 6. We did 

not find evidence that standing in tutorial meetings affects learning: Sit and Stand 

groups showed a similar performance on the exam. The groups also performed 

similarly on the concept maps that were administered at multiple time points. Finally, 

interactions among students during tutorial group meetings did not appear to be 

different between the Sit and Stand groups. Overall, while being more active, the Stand 

group performed just as well as the Sit group regarding learning performance. 
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In Chapter 7, I present a general discussion of the studies I performed during my PhD 

project. From observing the students’ day-to-day physical activity behavior and from 

the standing-desk intervention, I conclude that the university setting can play a crucial 

role in the students’ physical activity behavior: The university can encourage either a 

sedentary or an active lifestyle among students. Comparing learning in a sedentary 

environment against learning in an environment where the students can be lightly 

active, I conclude that neither of these options was better than the other. I recommend 

that future studies explore the optimal dosage of light physical activity as well as a 

deeper analysis of student interactions while engaging in collaborative learning. 

Considering the field-based setting of this dissertation, as well as the thorough 

measurements of physical activity behavior and learning, I stand by the argument that 

being sedentary is no better than being lightly active for learning of university students. 

Therefore, I implore universities to provide students with the option of having a more 

physically active lifestyle, with standing desks in tutorial classrooms being a 

recommended solution.  
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Samenvatting 

In Hoofdstuk 1 beschreef ik hoe het op de meeste universiteiten momenteel de norm is 

dat studenten lange uren zittend doorbrengen, ondanks de bijbehorende 

gezondheidsrisico's. Tenzij sedentair zitten bevorderlijk is voor het leren, is er geen 

reden om zo'n norm te blijven opleggen. In dit inleidende hoofdstuk stel ik voor om 

binnen de universiteit langdurig sedentair gedrag te vervangen door lichte lichamelijke 

activiteit. Ik introduceer leren, waarbij ik de constructieve en sociaal-constructieve 

benaderingen gebruik. Uitgaande van de bestaande literatuur stel ik dat er meer 

onderzoek nodig is om de effecten van het vervangen van sedentair gedrag door lichte 

fysieke activiteit binnen de universitaire omgeving te verhelderen. Daarom heb ik met 

dit proefschrift getracht de effecten van lichte lichamelijke activiteit versus sedentair 

gedrag op het leren van studenten te onderzoeken, in het bijzonder binnen het hoger 

onderwijs. Dit doel werd opgesplitst in een reeks studies, die ik in de volgende 

paragrafen samenvat. 

Uit de observationele studie die in Hoofdstuk 2 wordt beschreven, bleek dat 

eerstejaarsstudenten gemiddeld negen uur per dag zitten, waarvan meer dan 50% in 

periodes langer dan 30 minuten. De studenten waren gemiddeld vier tot vijf uur per 

dag licht fysiek actief en tot 30 minuten per dag matig tot zwaar fysiek actief. De 

gemiddelde slaaptijd van de studenten was 10 tot 10,5 uur per dag. Over het geheel 

genomen brachten studenten, ondanks het feit dat ze aan de aanbevelingen van de 

WHO voldeden, veel van hun tijd zittend door. De duur van de 

onderwijsbijeenkomsten bleek samen te hangen met de hoeveelheid sedentair gedrag 

per dag; één uur onderwijstijd was geassocieerd met negen minuten meer sedentair 

gedrag. De onderwijsduur voor deze studenten was gemiddeld 1,5 tot 3,0 uur per dag. 

Tijdens onderwijsdagen zaten studenten 13,5 tot 27 minuten langer dan op dagen 

zonder onderwijs. Deze bevinding doet niet af aan het feit dat, op dagen waarop geen 

onderwijs was ingepland, de studenten ook veel zaten. De grote hoeveelheid zittijd pleit 

voor onderzoek naar de effecten van interventies gericht op het bevorderen van lichte 

lichamelijke activiteit tijdens het onderwijs.  

In Hoofdstuk 3 presenteren we een literatuuroverzicht van studies waarin de 

invloed van lichte fysieke activiteit op het leren van adolescenten werd onderzocht. Een 

kritische eerste beoordeling van de beschikbare literatuur leidde tot een selectie van 49 

studies. Na beoordeling van het risico op bias (inclusief bias als gevolg van het 

randomisatieproces, afwijking van de beoogde interventie, ontbrekende 

uitkomstgegevens, meting van de uitkomst, en selectie van de gerapporteerde 

resultaten), werden 35 studies beoordeeld met een laag risico op bias. Deze 35 studies 

rapporteerden executieve functies (responsonderdrukking, werkgeheugen-updating en 
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cognitieve flexibiliteit), geheugen en academische prestaties. De effecten van lichte 

lichamelijke activiteit op leren was positief in 16 studies, negatief in vier studies, zowel 

positief als negatief in één studie, en niet significant in de overige 14 studies. Door de 

inconsistenties in de resultaten tussen de verschillende studies is de gezamenlijk 

bewijskracht zeer laag. We raden aan om in toekomstige studies rekening te houden 

met potentiële moderatoren (zoals de timing van de lichte lichamelijke activiteit), 

voldoende grote steekproeven te nemen en steekproeven te nemen die voldoende 

representatief zijn voor de adolescente leeftijdsgroep. 

In Hoofdstuk 4 beschrijf ik het protocol van onze interventiestudie. We ontwierpen 

een interventie om sedentair gedrag tijdens onderwijsbijeenkomsten te vervangen door 

lichte fysieke activiteit. Zesennegentig eerstejaars bachelorstudenten werden 

willekeurig toegewezen aan een zittende of staande onderwijsgroep. De groepen 

stonden of zaten tijdens onderwijsgroepsbijeenkomsten van 2 uur, 1 of 2 keer per week 

gedurende een blok van 9 weken. De mate van fysieke activiteit werd gemeten met 

behulp van versnellingsmeters. Leren werd op drie manieren geoperationaliseerd, door 

de prestaties van de studenten op hun examens te vergelijken, door ontwikkelt met 

behulp van concept maps te analyseren hoe het leren zich in de loop van de tijd en door 

de groepsinteracties tijdens onderwijsgroepsbijeenkomsten te analyseren. De resultaten 

van deze interventiestudie worden gerapporteerd in de Hoofdstukken 5 en 6. 

In Hoofdstuk 5 vergeleken we de dagelijkse lichamelijke activiteit van studenten die 

stonden met die van studenten die zaten tijdens onderwijsgroepsbijeenkomsten. 

Hoewel sprake was van enig compensatiegedrag (blijkend uit het feit dat slechts 55 

minuten minder sedentair gedrag vertoond werd op de dagen waarop de twee uur 

durende staande onderwijsgroepsbijeenkomsten waren ingepland), lieten de studenten 

die de staande sessies bijwoonden over het algemeen minder sedentair gedrag zien, wat 

impliceert dat de staande onderwijsgroepsbijeenkomsten effectief waren. Bovendien 

vertoonden de studenten uit de staande groepen op dagen zonder 

onderwijsgroepsbijeenkomsten minder zitgedrag, wat suggereert dat de interventie ook 

effect heeft op de dagen zonder onderwijsgroepsbijeenkomsten. Al met al vonden we 

steun voor de hypothese dat staande onderwijsgroepen effectief kunnen zijn in het 

verhogen van de mate van fysieke activiteit van studenten. Dit werd bereikt door 

sedentair gedrag te vervangen door lichte fysieke activiteit, waardoor de 

gezondheidsrisico’s die gepaard gaan met sedentair gedrag mogelijk verminderen. 

Nadat we hadden gevonden dat staande bijeenkomsten een gunstig effect kunnen 

hebben op de mate van fysieke activiteit van studenten, zijn we in Hoofdstuk 6 verder 

gegaan met het onderzoeken van de effecten van staande 

onderwijsgroepsbijeenkomsten op het leren. Staande bijeenkomsten bleken geen 

invloed te hebben op het leren van studenten. De zittende en staande onderwijsgroepen 

hadden vergelijkbare toetscijfers. Ook verschilden de groepen niet met betrekking tot 
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de inhoud en complexiteit van de concept maps die op verschillende momenten voor en 

na een casus gemaakt werden. Evenmin gaf de analyse van de groepsinteracties tijdens 

de onderwijsgroepsbijeenkomsten aanleiding te veronderstellen dat er verschillen zijn 

tussen de zittende en staande groepen. Over het geheel genomen was de conclusie dat, 

terwijl de staande groep fysiek actiever was dan de zittende groep, de leerprestaties van 

beide groepen vergelijkbaar waren. 

In Hoofdstuk 7 presenteer ik een algemene discussie van de studies. Uit het observeren 

van het alledaags beweeggedrag van studenten en de interventiestudie met staand 

onderwijs stel ik vast dat de universitaire onderwijssetting een cruciale rol speelt in het 

beweeggedrag van studenten. De universiteit heeft de keuze om een zittende levensstijl 

of een actieve levensstijl aan te moedigen bij studenten. Ons onderzoek toont aan dat 

het leren even goed gaat in een sedentaire omgeving als in een omgeving waar 

studenten licht actief kunnen zijn. Bij het kritisch beoordelen van de 

onderzoeksresultaten die ik in dit proefschrift naar voren breng, heb ik de nadruk 

gelegd op kwesties die betrekking hebben op de generaliseerbaarheid van deze 

resultaten en het risico op bias. Gegeven deze kwesties, raad ik aan om in toekomstige 

studies de optimale dosis statijd voor studenten te onderzoeken en een diepere analyse 

van studentinteracties tijdens collaboratief leren uit te voeren. Omdat dit proefschrift is 

gebaseerd op veldstudies  en grondige metingen van beweeggedrag en leren, ben ik van 

mening dat licht fysieke activiteit geen negatief effect heeft op het leren van 

universiteitsstudenten. Daarom dring ik er bij universiteiten op aan studenten de 

mogelijkheid te bieden zich een gezondere, meer fysiek actieve levensstijl aan te meten, 

waarbij ik het gebruik van stabureaus in de onderwijsgroepsruimten nadrukkelijk 

aanbeveel.  
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• Mentoring and organizing educational events for Bondfire Malaysia, assisting high 

school students of a developing country in planning their personal and professional 

development. 

 

Presentations and invited talks 

• Physical activity behavior and learning in higher education. Presentation at Lunch & 

Learn lecture for the Department of Educational Development and Research at 

Maastricht University, 2021 

• Breaking up sedentary behavior in education (provisional title). Presentation at the 

International Society of Behavioral Nutrition and Physical Activity XChange 

Initiative conference, 2021 

• How to Analyze Learning? Standing vs. Sitting Tutorials. Presentation at EARLI 

Emerging Field Group (EFG) Meeting of the Potential of Biophysiology for 

Understanding Learning and Teaching Experiences (BioL&T) – Cortisol Stress 

Measures in Education – Jyväskylä, Finland, 2020 
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• The Effects of Standing Tutorials on Learning in Undergraduate Students. Presentation 

at EARLI Emerging Field Group (EFG) Meeting of the Potential of Biophysiology 

for Understanding Learning and Teaching Experiences (BioL&T) – Heart rate, 

Electrodermal Activity and Stress – Utrecht, the Netherlands, 2019 

• Measuring Learning in Sitting and Standing Tutorials. Wetenschapsdag, Maastricht 

UMC+ - Maastricht, the Netherlands, 2018 

• Daily Activity Levels of Undergraduate First-Year Students: An Observational Study. 

Presentation at the 6th International Conference on Ambulatory Monitoring of 

Physical Activity and Movement – Maastricht, the Netherlands, 2018 

• Leidt Bewegend Leren tot Beter Presteren in het Onderwijs? Presentation at Symposium 

of Dag van het Sportonderzoek – The Hague, the Netherlands, 2018. 

 

Event Organization: Panel, Conference, Debate, and Workshops 

• Organizer and moderator for Bondfire Malaysia Panel: Crafting Your Identity, 2020. 

o Designed panel to guide students and young professionals from a developing 

country, to navigate the changing social, economic, and political setting of 2020 

o Moderated panel discussion between 3 professionals from 3 countries 

o Advertised and marketed event to draw in an audience of 245 viewers 

• Organizing Committee of the 4th biannual SHE (School of Health Professions 

Education) Academy, March 2019. 

o Designed events tailored to PhD students of all stages in their trajectory. 

o Organize the debate session and 6 workshops. I invited the Expert Speakers, 

designed the schedule in collaboration with the Expert Speakers, produced 

information booklets for each workshop, tested each workshop in a pilot 

simulation, and then requested for participation feedback after the workshop. 

o Assisted with the organization of the registration, Special Interest Group 

meetings, Round Tables, Debate Session, and various social and networking 

events. 

 

Teaching Activities 

• Teacher in Critical Appraisal of Biomedical Publication – BSc Biomedical Sciences 

• Assessor of Systematic Reviews course 

• Tutor for the courses: 

• Systematic Review (online course) – MSc Human Movement Sciences 

• Work-related Stress and Burnout – BSc European Public Health 

• Action (Functional Neuroanatomy) – BSc Psychology 

• Brain, Behavior, and Movement – BSc Biomedical Sciences 
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Coaching Activities 

• Mentor for Bondfire Malaysia, assisting high school students of a developing 

country in planning their personal and professional development. 

• Coach and Mentor for Master’s students of PREMIUM, Maastricht University’s 

Honours programme for high-performing, motivated Master’s students. 

 

Training and Certificates 

• University Teaching Qualification (Basiskwalificatie Onderwijs), Maastricht 

University 

• Introduction to R Online Course by Dr. Wolfgang Viechtbauer 

• Programming in MATLAB Basic Course, Maastricht University 

• Analyzing Classroom Interactions, University of Groningen 

• Multilevel Analysis of Longitudinal Data, Maastricht University 

• Multilevel Analysis, Interuniversity Centre for Educational Sciences (ICO), Utrecht 

University 

• ICO National Spring School, Vrije Universiteit Amsterdam 

• Introduction to Statistics (refresher course), Maastricht University 

• Regression Analysis (refresher course), Maastricht University 

• Dutch language courses (A1 and A2), Maastricht University 

 

Personal Interests 

• Reading non-fiction 

• Running while listening to podcasts 

• Videography  

 

Languages 

• English 

• Mandarin 

• Malay 

• Indonesian 

• Cantonese (intermediate) 

• Dutch (elementary) 

 

Student Testimonials 

• “HQ, you were amazing! In the three years that I have been studying at Maastricht 

University I have never encountered such a passionate and caring tutor.” 

• “I know this won’t be very useful for you in the form of constructive criticism but i 

think that in my 4 years here you have in this last action period been the absolute 

best tutor that i have had, by a long way. I really appreciated your enthusiasm 

and consideration and involvement on the tasks and the care you put into our 

tutorial group. thank you once again” 

• “The best tutor that i have ever had in the entire bachelors, really fantastic 

supportive, patient and lead us in the right direction excellently 

Fantastic Tutor” 



 

243 

 

• “You made the difference in this group. You were able to keep us motivated and 

offered full support. Also, you were honest and open to feedback.” 

• “I am sure we can all agree that you were an amazing tutor for this course. 
Always helpful and encouraging, thank you for that!” 

• “I cannot think of anything that could have been done better. In line with the 

course, all the support needed was provided.” 

• “You were a great tutor! Don’t change HQ” 

• “To keep being the great person you are!” 

• “(Keep) Being open and honest, is a key quality of life.” 

• “the quality of the tutoring was excellent.” 

• “Keep giving feedback openly, you really did a great job on that and it was really 

helpful” 

• “Critical assessment and feedback was good so we could learn from it. You were 

clear about duration of online tutor sessions, so everybody was aware of that 

which was helpful (kept us focussed)” 

• “HQ, was a great tutor and person. The one who expresses their passion will 

inspire many.” 

• “The tutor provided constructive feedback for not only the current coursework 

but also for future writing. This was highly valuable and also indicates that the 

tutor is doing a job she likes!” 

• “Thank you for the feedback and the comments last period.” 

• “Liked the way you communicated” 
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SHE Dissertation Series 

The SHE Dissertation Series publishes dissertations of PhD candidates from the School 

of Health Professions Education (SHE) who defended their PhD theses at Maastricht 

University. The most recent ones are listed below. For more information go to: 

https://she.mumc.maastrichtuniversity.nl 

 
• Matsuyama, Y. (05-10-2020) Contextual attributes fostering self-regulated learning in a 

teacher-centered culture: learner’s professional identity formation is a trigger 

• Rovers, S. (16-09-2020) Growing knowledge, supporting students’ self-regulation in 

problem-based learning 

• Bourgeois-Law, G. (03-09-2020) Conceptualizations of remediation for practicing physicians 

• Giuliani, M. (19-05-2020) A Critical Review of Global Curriculum Development, Content 

and Implementation in Oncology 

• Schreurs, S. (20-03-2020) Selection for medical school; the quest for validity 

• Schumacher, D. (19-03-2020) Resident Sensitive Quality Measures: Defining the Future of 

Patient-Focused Assessment 

• Sehlbach, C. (21-02-2020) To be continued…. Supporting physicians’ lifelong learning 

• Kikukawa, M. (17-12-2019) The situated nature of validity: Exploring the cultural 

dependency of evaluating clinical teachers in Japan 

• Kelly, M. (10-12-2019) Body of knowledge. An interpretive inquiry into touch in medical 

education 

• Klein, D. (06-11-2019) The performance of medical record review as an instrument for 

measuring and improving patient safety 

• Bollen, J. (01-11-2019) Organ donation after euthanasia: medical, legal and ethical 

considerations 

• Wagner-Menghin, M. (25-09-2019) Self-regulated learning of history-taking: looking for 

predictive cues 

• Wilby, K. (02-07-2019) When numbers become words: Assessors’ processing of performance 

data within OSCEs 

• Szulewski, A. (20-06-2019) Through the eyes of the physician: Expertise development in 

resuscitation medicine 

• McGill, D. (29-05-2019) Supervisor competence as an assessor of medical trainees; 

Evaluating the validity and quality of supervisor assessments  

• Van Rossum, T. (28-02-2019) Walking the tightrope of training and clinical service; The 

implementation of time variable medical training 
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ICO Dissertation Series 

In the ICO Dissertation Series dissertations are published of graduate students from 

faculties and institutes on educational research within the ICO Partner Universities: 

Eindhoven University of Technology, Leiden University, Maastricht University, Open 

University of the Netherlands, Radboud University Nijmegen, University of 

Amsterdam, University of Antwerp, University of Ghent, University of Groningen, 

University of Twente, Utrecht University, Vrije Universiteit Amsterdam, and 

Wageningen University, and formerly Tilburg University (until 2002). The University 

of Groningen, and the Erasmus University Rotterdam have been ‘ICO ‘Network partner’ 

in 2010 and 2011. From 2012 onwards, these ICO Network partners are full ICO partners, 

and from that period their dissertations will be added to this dissertation series. 

• Dijk, M.L. van (04-09-2015) Physical Activity, Cognitive Performance and Academic 

Achievement in Adolescents Heerlen: Open University of the Netherlands. 

• De Bruijn, A.G.M. (14-11-2019) The brain in motion: Effects of different types of physical activity 

on primary school children’s academic achievement and brain activation. Groningen: University of 

Groningen 

• Bouwmans, M.H.C.F. (12-01-2018) The role of VET colleges in stimulating teachers’ engagement 

in team learning. Wageningen: Wageningen University. 

• Jansma, D.J. (25-01-2018) This is wrong, right? The role of moral components in anti- and 

prosocial behaviour in primary education. Groningen: University of Groningen. 

• Okkinga, M. (02-02-2018) Teaching reading strategies in classrooms- does it work? Enschede: 

University of Twente. 

• Thomsen, M. (09-02-2018) Teachers Trust. Measurement, sources and consequences of teacher’s 

interpersonal trust within schools for vocational education and training. Amsterdam: University 

of Amsterdam. 

• Van der Wurff, I.S.M. (09-02-2018) Fatty acids, Cognition, School Performance and Mental Well-

Being in Children and Adolescents. Heerlen: Open University of the Netherlands. 

• Raaijmakers, S.F. (16-02-2018) Improving self-regulated learning: Effects of training and feedback 

on self-assessment and task-selection accuracy. Utrecht: Utrecht University. 

• Zhao, X. (07-03-2018) Classroom assessment in Chinese primary school mathematics education. 

Utrecht: Utrecht University. 

• Van Rooij, E.C.M. (15-03-2018) Secondary school students' university readiness and their 

transition to university. Groningen: University of Groningen. 

• Vanlommel, K. (26-03-2018) Opening the black box of teacher judgement: the interplay of rational 

and intuitive processes. Antwerp: University of Antwerp. 

• Boevé, A.J. (14-05-2018), Implementing Assessment Innovations in Higher Education. 

Groningen: University of Groningen. 

• Wijsman, L.A. (30-05-2018) Enhancing Performance and Motivation in Lower Secondary 

Education. Leiden: Leiden University. 

• Vereijken, M.W.C. (22-05-2018) Student engagement in research in medical education. Leiden: 

Leiden University. 
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• Stollman, S.H.M. (23-05-2018) Differentiated instruction in practice: A teacher 

perspective. Leiden: Leiden University. 

• Faddar, J. ( 11-06-2018) School self-evaluation: self-perception or self-deception? Studies on the 

validity of school self-evaluation results. Antwerp: University of Antwerp. 

• Geeraerts, K. (25-06-2018) Dood hout of onaangeboorde expertise? Intergenerationale 

kennisstromen in schoolteams. Antwerp: University of Antwerp. 

• Day, I.N.Z. (28-06-2018), Intermediate assessment in higher education (Leiden: Leiden 

University) 

• Huisman, B.A. (12-09-2018) Peer feedback on academic writing. Leiden: Leiden University. 

• Van Berg, M. (17-09-2018) Classroom Formative Assessment. A quest for a practice that 

enhances students’ mathematics performance. Groningen: University of Groningen. 

• Tran, T.T.Q. (19-09-2018) Cultural differences in Vietnam : differences in work-related values 

between Western and Vietnamese culture and cultural awareness at higher education. Leiden: 

Leiden University 

• Boelens, R. (27-09-2018) Studying blended learning designs for hands-on adult learners. Ghent: 

Ghent University. 

• Van Laer, S. (4-10-2018) Supporting learners in control: investigating self-regulated learning in 

blended learning environments. Leuven: KU Leuven. 

• Van der Wilt, F.M. (08-10-18) Being rejected. Amsterdam: Vrije Universiteit Amsterdam. 

• Van Riesen, S.A.N. (26-10-2018) Inquiring the effect of the experiment design tool: whose boat does 

it float? Enschede: University of Twente. 

• Walhout, J.H. (26-10-2018) Learning to organize digital information Heerlen: Open University 

of the Netherlands. 

• Gresnigt, R. (08-11-2018) Integrated curricula: An approach to strengthen Science & Technology 

in primary education. Eindhoven: Eindhoven University of Technology. 

• De Vetten, A.J. (21-11-2018) From sample to population. Amsterdam: Vrije Universiteit 

Amsterdam. 

• Nederhand M.L. (22-11-2018) Improving Calibration Accuracy Through Performance Feedback. 

Rotterdam: Erasmus University Rotterdam. 

• Kippers, W.B. (28-11-2018) Formative data use in schools. Unraveling the process. Enschede: 

University of Twente. 

• Fix, G.M. (20-12-2018) The football stadium as classroom. Exploring a program for at-risk students 

in secondary vocational education. Enschede: University of Twente. 

• Gast, I. (13-12-2018) Team-Based Professional Development – Possibilities and challenges of 

collaborative curriculum design in higher education. Enschede: University of Twente. 

• Wijnen, M. (01-02-2019) Introduction of problem-based learning at the Erasmus School of Law: 

Influences on study processes and outcomes. Rotterdam: Erasmus University Rotterdam 

 


