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Abstract 

Background: Physical activity greatly influences human health, and obtaining a physically 
active lifestyle decreases the risks of developing numerous non-communicable diseases as well 
as having a positive effect on societal costs and personal wellbeing. Physical activity in 
childhood seems to track into adulthood, emphasizing the importance of establishing healthy 
habits early in life. Both self-efficacy and enjoyment have been associated with physical activity 
behaviour in children, and are thought of as important predictors of future physical activity 
engagement. Aim: The aim of the study was to investigate if a visit to the Experimentarium’s 
PULSE exhibit, would affect children’s relationship to physical activity and test if the exhibit 
succeeded in activating children during their visit. To examine PULSE’s effect on children’s 
physical activity, we used reported self-efficacy and enjoyment of physical activity, as well as 
heart rate observations during their visit. Methods: Families were included through 
convenience sampling and visited PULSE in early 2016. Heart rate, self-efficacy and enjoyment 
of physical activity were tracked for 53 children (age = 8,9, std. dev. = 2,2) before, during and 
after (35 days on average) a visit to PULSE. Heart rate was measured with Polar® RCX3 
watches and H3 heart rate sensors. Self-efficacy was measured through one question for each of 
the eight activities in PULSE, administered three times. Enjoyment was measured with PACES, 
and administered two times. Results: Children’s heart rates increased during their time in 
PULSE. Eleven children (all girls) experienced vigorous activity. Self-efficacy increased for 
some activities, but decreased for others. Overall, average self-efficacy remained unchanged, 
but girls’ self-efficacy increased while boys’ self-efficacy decreased. Average reported 
enjoyment remained unchanged for both genders. Neither self-efficacy nor enjoyment were 
dependent on age. Individual changes in self-efficacy and enjoyment were positively correlated 
(r (36) =  0,51, p < 0,01). The most and least popular activities were The Balance Kitchen and 
The Bike Shed respectively. Conclusion: Our heart rate measurements indicate that the PULSE 
exhibit succeeds in activating children during their visit, but we did not establish an association 
between heart rate and self-efficacy or enjoyment. It would seem that the PULSE exhibit is 
more advantageous in increasing the self-efficacy of girls than of boys, who actually decreased 
one month after the visit. We did not see any changes in reported enjoyment of physical activity, 
and no differences between age and gender were found. The positive correlation between self-
efficacy and enjoyment indicate that these variables are connected, and since causality is not 
determined here, we recommend that neither should be neglected if the PULSE exhibit wishes 
to support and motivate a child’s development of physical activity. Experimentarium and other 
museum developers should focus on providing opportunities for raising both self-efficacy and 
enjoyment when designing exhibits such as PULSE, which promote health through physical 
activity. 
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1 Preface 

This thesis was written at The Department of Science Education, The University of Copenhagen 

and is a collaboration between the two undersigned students. The study centres on what happens 

when a family visits the PULSE exhibition at Experimentarium. The exhibition is designed to 

have a positive effect on visitors by highlighting health through physical activity. The variables 

investigated in this thesis are self-efficacy, enjoyment and heart rate. 

During the summer of 2016, the exhibition will be redesigned and moved to the newly 

constructed Experimentarium in Hellerup. The thesis at hand will play a role in the general 

evaluation of the exhibit, and on the 31th of May 2016 we presented our results to the exhibit 

developers at Experimentarium. They have also received a copy of the thesis, making it part of 

their exhibit evaluation. 

 In order to inform the families that participated in our research about the outcome of 

their participation, we have sent them an abstract with the results of the study. 

 We would like to send a thank you to a few people who have helped with this work. 

First and foremost to Robert “Bob” Evans, associate professor at The Department of Science 

Education and our tutor throughout this project. Then all the people who helped us along the 

way: Maria Zachariassen and Rikke Magnussen from Experimentarium for initial dialogue and 

assistance when needed; all the employees “on site” for good spirits and a helping hand; 

Catharina Thiel Sandholdt for establishing initial contact with Experimentarium; Sasha Kjeldsen 

and William James Anderson for back translating the PACES instrument and the students from 

the Advanced Course in Science Teaching for letting us test our ideas on them. Also a thanks to 

the Master’s Thesis office for long lunch breaks in the sun, off-topic conversations, cake and 

fun times. Finally a big thank you to all the families who took their time to volunteer for this 

project. 

 

Enjoy reading 

Anders Tørring Kolding & Jonas Tarp Jørgensen 
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2 Background 

In the background section, we will go through the underlying theory of physical activity and the 

describe the site for our data collection. The theory about physical activity includes the 

relevance of being physically active in general and in children. Essential physiologic parameters 

in health and disease, will be described as well. 

In addition, the background section will provide information on self-efficacy and 

physical activity enjoyment, both thought of as key factors in obtaining and maintaining a 

physically active lifestyle. The background section will also contain information on the 

underlying mechanisms of changes in heart rate, an essential measure in our study. Finally, the 

PULSE exhibition at Experimentarium, where the data collection took place, will be described. 

2.1 Theory behind physical activity 

2.1.1 Introduction 

Changing rooted habits can serve as a lifelong struggle. Even if you are able to be more 

physically active, how much is enough? What intensity is needed to obtain health benefits? And 

at what age is it optimal to start being physically active? In this introduction section, we will go 

through some of the overall problems with not meeting general physical activity 

recommendations, but the main focus will be on the importance of obtaining a physical active 

lifestyle early in life. In the end, we will briefly mention the complexities of measuring physical 

activity in children. 

2.1.1.1 Why is physical activity important? 

It is well established, that insufficient physical activity greatly influences human health and 

greatly increases the risk of developing non-communicable diseases like cardiovascular disease, 

musculoskeletal problems and type 2 diabetes (Lee & Skerret, 2001; Mokdad et al., 2004, 

Manley et al., 2014; Ribeiro, Luz & Aquino, 2015, Strong et al., 2005). According to the World 

Health Organization (WHO, 2015), inadequate physical activity is one of the ten leading risk 

factors for death worldwide, and Kohl et al. (2012) even recognized it as the fourth leading 

cause of global mortality. Besides decreasing the quality of life on an individual level, low 

activity levels are a huge economic cost for society due to sick leave, early retirement, treatment 

and premature death (Moran et al., 2010; Bloom et al., 2011). In Denmark alone, insufficient 

physical activity annually results in approximately 100.000 hospital admissions, 3,1 million 
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extra days of sick leave, 1200 cases of early retirement and costs society around 3,5 billion 

DKK (Sundhedsstyrelsen, 2015). 

The physical activity level of an individual at any point of his/her life, reflects a 

complicated interaction of both biological, psychological and sociological factors (Livingstone, 

Robson & Totton, 2003). Physical activity has proven to be beneficial to physiological and 

psychological health in children (Sothern et al., 1999; Janssen & LeBlanc, 2010), and even 

though it is hard to conclude whether children are more or less active today than they were 

years/decades before, active transport like e.g. travelling to and from school, has decreased 

(Livingstone et al., 2003). 

In general, the more physical activity, the greater the health benefits (Janssen & 

LeBlanc 2010), but even modest amounts of physical activity seems to have enormous benefits 

on cardiovascular health in high-risk children and adolescents (Janssen & LeBlanc, 2010) and 

psychological well-being (Ussher et al., 2007; Lees & Hopkins, 2013). Helping children to be 

more physically active, independent of risk group, would therefore seem beneficial to society 

and for the wellbeing of the child. 

2.1.1.2 Relevance of physical activity in children 

The direct association between higher levels of physical activity and reduced disease 

development in adults has been well established for decades, whereas this relationship in 

children has been a less significant area of research (Crocker et al., 1997). This could be due to 

the fact that negative health outcomes of inactivity in children, with obesity and type 2 diabetes 

as exceptions, are less prevalent during childhood (Biddle, Gorely & Stensel, 2004), due to the 

time it takes for unhealthy behaviours to influence chronic disease (Welk et al., 2000). But why 

then, is it important to focus on physical activity in childhood? 

Even though some studies only show weak correlations (Powell & Dsyinger, 1987; 

Malina, 1996), the benefits of physical activity, and its importance in healthy child development 

and prevention of disease, are well documented (Botey et al., 2016; Crocker, Eklund & 

Kowalski, 2010; Telama et al., 1997; Telama et al., 2005; Tammelin et al., 2003) and we know 

that physical activity plays a key role in bone maturation, development of psychomotor skills 

and obesity prevention (Dubern, 2014; McCullough, Muldoo & Dempster, 2009). 

2.1.1.3 Physical activity in childhood tracks into adulthood 

Childhood is an essential period of life, where significant physiological changes takes place 

(Ortega et al., 2008), and during these years, healthy and unhealthy behaviors are established 

that can greatly influence adult behavior and health status (Ortega et al., 2008). 
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Individuals who are physically active during early childhood tend to be more active 

throughout their adult lives (Mikkila et al., 2005; Janz,Burns & Levy, 2005), while sedentary 

behaviors can be reinforcing and lead to a habitually inactive lifestyle in later years (Epstein et 

al., 1999). At the same time, it is thought that early exposure to physical activity interventions 

may be more effective at promoting long term maintenance of healthy habits (von Kries et al., 

2012). We generally see a decline in physical activity from childhood to adolescence (Voskuil 

& Robbins, 2015; Yli-Piipari et al., 2012) and onto adulthood (Livingstone et al., 2003) but a 

longitudinal study by Lopes et al. (2011) showed that children with high motor control at six 

years of age show stable levels of physical activity over a 3 year period, whereas children with 

low levels of motor coordination decline the most over the 3 years. These findings could be the 

result of limited motor coordination, leading to unpleasant experiences and decreased 

involvement in movement activities, contrary to children with high motor skill competence 

(Lopes et al., 2011), and would further emphasize the importance of physical activity during 

childhood. 

2.1.1.4 Segregating sedentary behavior and physical inactivity 

Physical activity is often defined as “Any bodily movement produced by skeletal muscle that 

results in energy expenditure” (Sirard & Pate, 2001; Caspersen, Powell & Christenson, 1985; 

Jaakkola et al., 2016). Physical inactivity on the other hand is by Diets (1996) described as “a 

state or behavior for which energy expenditure approximates resting metabolic rate”. Physical 

inactivity is often used interchangeably with sedentary behavior, but the associated health 

impacts are thought to be more diverse (Herman et al., 2014).  

To our knowledge, the most used definition of sedentary behaviour is: “any waking 

behavior characterized by low energy expenditure while in a sitting or reclining posture” (Owen 

et al., 2010; Pate, O’Neill & Lobelo, 2008; Sedentary Behaviour Research Network, 2012). 

Where physical inactivity is often used as a measure of an individual’s failure to reach the 

recommended time spent in physical activity (Tremblay et al., 2011), sedentary behavior is 

often considered as a specific behavior while inactive, like e.g. use of motorized transportation, 

playing passive video games and watching television (Tremblay et al., 2011), and is often 

associated with eating, potentially augmenting the obesity epidemic (Blundell, King & Bryant, 

2005; Hills, King & Armstrong, 2007). Sedentary behavior and physical inactivity should 

therefore be looked at separately in relation to physical activity (Ribeiro et al., 2015). 

Physical inactivity results in insufficient levels of physical activity to gain the 

recommended health benefits (Hallal et al., 2012), but there are emerging evidence to suggest 

that sedentary behaviours have negative effects on health outcomes, independent of the benefits 



 

Page 13 of 144 

 

gained by meeting physical activity guidelines (Muhajarine et al., 2015; Herman et al., 2014). 

Children can be highly active and highly sedentary on the same day, spending hours playing 

sports, and then spends the rest of the day in front of a screen (Muhajarine et al., 2015). This 

could serve a problem, with some children being classified as “active”, while at the same time 

being highly sedentary (Tremblay et al., 2011). It is however important to notice, that there is a 

huge variation in negative health outcomes, depending on the kind of sedentary behavior 

(Sisson et al., 2011; Gopinath et al., 2012) 

Even though we recognize the potential importance of investigating sedentary behavior 

in children, it is our belief that monitoring and analyzing sedentary behavior would go far 

beyond the limits of this master thesis. Instead, the main focus of this study is physical activity, 

which is considered an essential element in both cognitive (Ploughman, 2008; Sluijs et al., 

2013) and motoric (Dubern, 2014) development, a key mediator in prevention of e.g. 

cardiovascular diseases and type 2 diabetes (Manley et al., 2014), and an important influence on 

both physical and psychological well-being (Sluijs et al., 2013; Janssen & LeBlanc, 2010) 

2.1.1.5 Measuring physical activity 

Assessing physical activity in children is complex (O’Connor et al., 2003), and several 

techniques have been used to measure physical activity; e.g. questionnaires, activity diaries and 

activity monitors (Rowlands, Ingledew & Eston, 2000). According to Welk, Corbin & Dale 

(2000), there seems to be a consistent overestimation of physical activity when using self-report 

instruments in children. Especially diaries and recalls that rely on memory are considered 

inconsistent in reliability and validity (Livingstone et al., 2003). One of the problems can be that 

it is difficult for children to understand; for example indicating they were active during a sports 

game, while having only been moving for a short time (Welk et al., 2000).  

In this master thesis we investigate both the current level of children’s physical activity, 

and their relationship towards physical activity. There are several reasons for this prioritizing; 

firstly, measurements of physical activity are thought to be subject to considerable uncertainty 

(Crocker et al., 1997; Keim, Blanton & Kretsch, 2004; Livingstone et al., 2003; Trost, 2007; 

Thompson et al., 2015) and secondly, there is significant evidence that children’s relation to 

physical activity is an important parameter for future habitual changes towards a more physical 

active lifestyle (Basterfield et al., 2011; Strong et al., 2005; Telama et al., 2014). We will look at 

both self-efficacy and enjoyment as markers of specific and everyday physical activity 

respectively, while using heart rate data during children’s visit to the PULSE exhibit as a 

measure of how active they are during their visit. This will be considered in depth later in this 

Background section.  
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The rest of the theory section will be divided into two major sections; Effects of 

physical activity on physical fitness and health in children, and essential factors in determining 

habitual changes in childrens’ level of physical activity. In habitual changes, we will focus on 

motivational aspects of physical activity engagement from a social cognitive point of view - 

with specific focus on Bandura’s theory on self-efficacy (1997) - as well as the hedonic 

motivation of enjoyment. 

2.1.2 Physical fitness 

 Physical fitness can be thought of as a measure of functionality of body systems such as 

skeletomuscular, cardiorespiratory, hematocirculatory and psychoneural, implicated in the 

performance of daily physical activity (Ortega et al., 2008), and is considered one of the key 

markers of health (Myers et al., 2002; Mora et al., 2003; Metter et al., 2002). Physical fitness is 

partly determined by genetic factors, but physical activity is thought to be one of the main 

determinants (Ortega et al., 2008). Even though physical fitness and physical activity are 

sometimes used interchangeably in the literature (Castillo-Garzón, Ortega & Ruiz, 2005; 

Castillo-Garzón et al., 2006), we use the definition by Ortega et al. (2008) stating that “physical 

fitness is the capacity to perform physical activity, and makes reference to a full range of 

physiological and psychological qualities” - which to our knowledge, is the most prevalent 

definition in the literature. 

Cardiorespiratory/aerobic fitness is often considered the most essential part of physical 

fitness, serving as key marker of health in all age groups, including children (Steene-

Johannessen et al., 2013). Seeing that Cardiorespiratory fitness is greatly influenced by physical 

activity in children (Andersen, 2011), and reliable tests are easy to use (Ayán et al., 2015), it is 

not surprising that many interventions focus on increasing cardiorespiratory fitness (e.g. 

Eisenmann, Laurson & Welk, 2011; Ribeiro et al., 2015; Ortega et al., 2008). 

2.1.2.1 Cardiorespiratory fitness 

There is a broad consensus in science that habitually more active children show higher levels of 

cardiorespiratory fitness, compared to their less active counterparts (Rowlands, Eston & 

Ingledew, 1999; Falgairette et al., 1996; Gray & Smith, 2003; Jenner, Vandongen & Beilin, 

1992; Katzmarzyk, Malina & Bouchard, 1999), and cardiorespiratory fitness have received 

considerable attention as a marker of cardiovascular disease risks (Boreham & Riddoch, 2001; 

Eisenmann, 2004); having a big impact on cardiovascular disease and metabolic diseases 

(Steene-Johannessen et al., 2013). In addition, cardiorespiratory fitness is known to track into 
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adulthood (Malina, 1996), and it is therefore not surprising, that many physical activity 

intervention studies have focused on increasing cardiorespiratory fitness (Ortega et al., 2008). 

Cardiorespiratory fitness is a measure of maximal oxygen uptake (VO2max) 

(Eisenmann et al., 2011), and gives an estimate of the overall capacity of the cardiovascular and 

respiratory system in carrying out prolonged strenuous exercise (Ortega et al., 2008). A low 

cardiorespiratory fitness is associated with the development of cardiovascular disease 

(Thompson, 2003) and metabolic risk factors such as obesity and insulin resistance (Andersen, 

2006). In addition, cardiorespiratory fitness also seems to be associated with cognitive function 

(Åberg et al., 2009, Ploughman, 2008), improving both academic performance and 

psychological well-being (Kâll et al., 2015). To our knowledge, the direct causality between 

physical activity, cardiorespiratory fitness and cognitive function has not been established, but it 

is hypothesized that hippocampal neurogenesis can explain this link, because a reduction in 

hippocampal size and impaired neurogenesis are associated with reduced ability to learn 

(Nilsson et al., 1999). Increased oxygen saturation (Kramer et al., 1999), angiogenesis (Kleim, 

Cooper & VandenBerg, 2002) and neutrophins supporting neuronal survival (Schinder & Poo, 

2000) in association to physical activity, have also been hypothesized to cause the cognitive 

benefits. A combination of this, and the fact that using more time on physical education in 

schools does not seem to negatively affect academic results (Kâll et al., 2015), could also be one 

of the main reasons for schools now demanding on average 45 minutes of physical activity 

during a normal school day (Ministry for Children, Education and Gender Equality, 2015). 

  When generally thinking of children, physical activity and cardiorespiratory fitness, not 

many would probably think of cardiovascular diseases as the primary area of concern. Instead, 

the focus could be more on the above mentioned learning, and establishment of both cognitive 

and motor skills. But what role does cardiorespiratory fitness and physical activity play in 

regards of cardiovascular disease development/prevention? Is cardiovascular disease an 

important parameter in regards of physical activity in childhood, or should this focus be saved 

for adulthood?  

2.1.2.2 Cardiovascular disease (CVD) in children 

Though cardiovascular disease events primarily occur during or after 50 years of age, precursors 

of cardiovascular disease already originate in childhood and adolescence (Berenson et al., 

1998). It can be difficult to isolate the specific effects of regular physical activity on fitness and 

health status from changes due to growth and development during childhood (Hills et al., 2007), 

but there is still a broad consensus in science, that physical activity in children have positive 

effects on risk factors of cardiovascular diseases (Andersen et al., 2011).  
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Some of the most examined biological health outcomes of physical activity, have been 

hypertension, cholesterol  and obesity (Janssen & LeBlanc, 2010). We know that these markers 

are primary risk factors for the most influential non-communicable diseases, type 2 diabetes and 

cardiovascular disease (Redón et al., 2008; Thompson et al., 2013; Torpy et al., 2010; Biddle et 

al., 2004; Gronde et al., 2016; Kriska et al., 2013), and it has also been established, that these 

key risk factors track from childhood into adulthood (Biddle et al., 2004). Even though these 

parameters, to our knowledge, have not been investigated directly in the PULSE project and in 

our study, they are still important connected parameters in both. This connectivity is established 

by the fact that all of these parameters have been shown to be responsive to physical activity 

(Colella et al., 2008; Gagliardi et al., 2015; Garn et al., 2016), making them relevant to our 

project, and to PULSE. 

2.1.2.3 Hypertension in children 

The prevalence of hypertension is increasing in children, and is thought to persist into adulthood 

(Thompson et al. 2013). If left untreated, it can severely damage brain, blood vessel, heart and 

other organs (Torpy, Lynn & Glass, 2010), and has been estimated to be the cause of 9,4 million 

deaths in 2010 (Campbell et al., 2014). 

Blood pressure is a normally distributed variable, and children with values found at the 

higher end of the distribution are considered hypertensive (Poulter et al. 2015). A systolic blood 

pressure lower than 120 mmHg and diastolic pressure below 88 mmHg are considered normal 

(Torpy et al. 2010), and hypertension is defined as present, if systolic blood pressure averages 

140 mmHg or higher, or diastolic blood pressure 90 mmHg or higher (Torpy et al., 2010; James, 

Dolan & O’Brien, 2014) 

The arbitrary scale defining hypertension, is based on measures that seem to have a 

relation across its whole range with the risk of various cardiovascular diseases (Lewington et al., 

2002), but according to Lawes et al. (2006) around 50% of the disease burden due to high blood 

pressure, is related to values below this arbitrary cutoff. 

2.1.2.4 Effect of physical activity on hypertension in children 

Even though hypertension is a heritable trait, with an estimated 30% of variance in blood 

pressure related to genetic factors (Poulter, Prabhakaran & Caulifield, 2015), there is a broad 

consensus in the literature that physical activity is an effective way of preventing hypertension 

and related diseases (Cornelissen & Fagard, 2005; Diaz & Shimbo 2013; Leitzmann et al. 

2007).  

Physical activity is considered a key component in lifestyle therapy prevention and 

management of hypertension, and the positive effects of physical activity have been well 
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documented (Nyberg, Gliemann & Hellsten, 2015; Diaz & Shimbo, 2013; Carlson et al., 2014). 

Still, the underlying protective mechanisms are not well understood (Hedge & Solomon, 2015). 

Hamer (2006) considered reductions in sympathetic nerve activity and an increase in arterial 

lumen diameters as essential changes, while Nyberg et al. (2015) suggest that regular physical 

activity improves vascular function by shifting the balance between vasodilator and 

vasoconstrictor systems. Other suggested mechanisms for the reduction in blood pressure could 

be changes in the endothelial function, parasympathetic activity, oxidative stress and/or arterial 

compliance (Diaz & Shimbo, 2013). Getting a better knowledge of the different mechanisms 

and responses to different frequencies and intensities of physical activity, could potentially help 

to improve future interventions in children. Directly measuring and investigating these factors 

would, however, go far beyond the measures of our master thesis. 

Besides reducing both systolic and diastolic blood pressure (Diaz & Shimbo., 2013; 

Pescatello et al., 2004), regular physical activity also seems to have acute effects (Hedge & 

Solomon, 2015), causing significant reductions in the systolic blood pressure immediately after 

physical activity. This acute effect can persist for up to 24 hours (Hedge et al., 2015), which 

could perhaps give relevance to the PULSE exhibit, even if habitual changes were absent. 

2.1.2.5 Childhood interventions to reduce hypertension and sequelae in adulthood. 

Insulin resistance, adiposity and an unfavorable lipid profile develops at an increased rate in 

prehypertensive and hypertensive children compared with normotensive children (Srinivasan, 

Myers & Berenson, 2006; Rademacher et al., 2009; Sun et al., 2007), and it would seem that a 

shift in management of hypertension to younger age groups could potentially reduce future 

cardiovascular disease risk in adults (Thompson et al., 2013) 

Generally, the benefits of physical activity in children have been less documented than 

in adults (Sallis, Prochaska & Taylor, 2000) and although it seems that neither age, sex nor 

ethnicity change the blood pressure response to physical activity, it is important to mention that 

most studies of hypertension have been focusing on middle-aged men of European descent 

(Ash, Eicherm & Pescatello, 2013). Still it would seem that interventions initiated earlier in 

childhood, could potentially decrease the rate of progression of hypertension from childhood to 

adulthood - reducing the consequences of hypertension later in life (Sun et al., 2007). 

 

2.1.2.6 Cholesterol in children 

Besides hypertension, one the most prevalent cardiovascular disease risks is blood cholesterol 

profile (Nayor & Vasan, 2016), with low-density lipoprotein cholesterol (LDL-C) and high-

density lipoprotein cholesterol (HDL-C) being the most influential parameters (Ortega et al., 
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2008; Rosales et al., 2016). There is evidence that physical activity has a beneficial effect on 

both total HDL-C and LDL-C (Kotani, 2015; Andersen et al., 2011), and that these effects seem 

to track into adulthood (Raitakari et al., 2003; Andersen et al., 2004). 

Despite the fact that LDL-C is essential in supplying cells with cholesterol, it is often 

thought of as “bad” cholesterol (Nordestgaard & Varbo, 2014), because relatively high plasma 

levels, are associated with increased deposition of cholesterol in the arterial walls and a higher 

incidence of cardiovascular diseases (Marounek et al., 2013; Yokoyama et al., 2011). This 

stands in contrast to HDL-C, which primary function is to remove LDL-C from the bloodstream 

and tissue (Zong et al., 2012; Ban et al., 2012), and with high levels of HDL-C compared to 

LDL-C inversely related to cardiovascular disease (Rader & Hovingh, 2014; Ban et al., 2012; 

Gunnes & Gidley, 2010). These unfavorable lipid and lipoprotein levels are associated with 

atherosclerosis in childhood (Freedman et al., 2010), and adversity in lipid levels among 

children have been found to track into adolescence and adulthood (Bao et al., 1996). Newer 

research however, indicates that the amount of HDL-C is not as essential as the HDL-C quality, 

with CVD patients’ HDL-C being a poorer acceptor of cellular cholesterol, compared with 

healthy controls (Rosales et al., 2016). However, to our knowledge of the literature, decreasing 

the levels of LDL-C is still thought of as beneficial to populations in many countries (Gronde et 

al., 2016) 

Even though there is evidence for cardiorespiratory fitness being associated with lipid 

profile (Nassis, Psarra & Sidossis, 2005; Poortvliet et al., 2003), several school-based 

interventions have not succeeded in improving lipid and lipoprotein levels (Andersen et al., 

2011). Many of these studies have however also failed at increasing the cardiorespiratory fitness 

or amount of physical activity (Luepker et al., 1996; Manios et al., 1999; Bayne-Smith et al., 

2004; Resaland et al., 2010; Kriemler et al., 2010; Eliakom et al., 2000; Stoedefalke et al., 2000; 

Cohen, McMillan & Samuelson, 1991; Donnelly et al., 1996). Despite the ambiguities of how 

cardiorespiratory fitness affects lipid profile, physical activity in children have been shown to be 

beneficial for hypertension, lipid profile and body fatness (Strong et al., 2005), which are key 

determinants of atherosclerosis (Trigona et al., 2010). 

  



 

Page 19 of 144 

 

2.1.2.7 Childhood obesity 

The prevalence of overweight/obesity in children have been increasing worldwide during the 

last decade (Cesa et al., 2014), and with the increasing incidents of childhood obesity are 

becoming a serious health issue (Harron et al., 2011; Jin et al., 2011; Li et al., 2008; Yan et al., 

2012), physical activity seems to be especially important in preventing obesity (Pratt, Macera & 

Blanton, 1999). 

Physical activity is negatively associated with body mass index (BMI) (Manley et al., 

2014; Efrat, 2011; Harrison et al., 2006), and unhealthy weight and childhood obesity 

conditions are known to track into later childhood and adulthood (Must, 2003; Singh et al., 

2008). In addition to the more long term health risks of obesity, the immediate risks of obesity 

for physical health are also well established in children (McCullough et al., 2009). For instance, 

obesity is the most prominent risk factor for hypertension in children, with studies showing that 

overweight and obese children have a two- to threefold increased risk of hypertension (Rosner 

et al., 2009; Sorof et al., 2004; Falkner et al., 2006). In addition, obesity is strongly related to 

type 2 diabetes (Mokdad et al., 2001; Chen et al., 2014; Boyle et al., 2001), one of the most 

prominent non-communicable diseases in modern society (Holloszy, 2009) 

2.1.2.8 Obesity as marker of type 2 diabetes in children 

The increasing events of obesity are thought to be driving the high prevalence of type 2 diabetes 

in children (Liese et al., 2006), because a majority of the individuals that develop the disease are 

obese (Poss & Jezewski, 2002). Even subclinical states of type 2 diabetes (impaired fasting 

glucose or impaired glucose tolerance) tracks into adulthood, resulting in future diabetes and 

cardiovascular diseases (Guerrero-Romero, Ciolante & Rodriguez-Moran, 2009; Nguyen, 

Srinivasan & Xu, 2010). Studies of type 2 diabetes have primarily been done in adults, but it is 

thought that the biological advantages of physical activity promotion in children and adults are 

comparable, because they share the same mechanisms of disease (Balk et al., 2015). Children 

who develop type 2 diabetes, usually have a lower cardiorespiratory fitness than similarly aged 

obese children, which might be due to type 2 diabetics’ poor activity patterns with only very 

little time spent in light and moderate to vigorous activities (Kriska et al., 2013).  

2.1.2.9 Obesity leads to lack of engagement in physical activity 

As mentioned, the direct physical causes of disease risk resulting from obesity in children, are 

well understood (McCullough et al., 2009). However, childhood obesity also seem to have a 

negative impact on psychological well-being (Wardle & Cooke, 2005) and decreases the 

likelihood of children engaging in physical activity (Cliff et al., 2011); with overweight children 

having a lower physical self-perception (Franklin et al., 2006) and poorer motor proficiency 
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(Okely, Booth & Chey, 2004). This may result in children lacking the psychological resources, 

essential to engagement in health-promoting behavior aimed at reducing obesity, and improving 

wellbeing (Phillips & Hill, 1998). In addition, obese children can experience social stigma and 

rejections as a result of their weight (McCullough et al., 2009), potentially making it even more 

difficult to engage in physical activity. This relationship between obesity and self-perception 

seems be more decisive in girls than in boys (Medved & Oatley, 2000). 

Given the strong evidence for the effectiveness of physical activity interventions during 

childhood (Waters et al., 2011), and the fact that once present, obesity is extremely hard to 

overcome, it is not surprising that children are now the primary target group for interventions of 

obesity prevention (de Silva-Sanigorski et al., 2010). 

2.1.2.10 Type of activity matters 

Both activity type- and intensity in regard to health benefits have been an area of discussion 

(Sallis et al., 2000), and physical activity can have different effects on physical fitness 

depending on intensity (Ortega et al., 2008). But what types of physical activity are most 

effective at increasing physical fitness in children? and what health factors should be the main 

focus of interventions? 

Many of the health outcomes examined, particularly obesity and the cardiometabolic 

health measures, responded almost exclusively to aerobic exercise interventions (Janssen & 

LeBlanc, 2010) and except for bone health, aerobic-based activities that stress the 

cardiovascular and respiratory systems have the greatest health benefits (Janssen & LeBlanc, 

2010). Especially increasing the amount of vigorous physical activity has proven beneficial 

(Ruiz et al., 2006; Ribeiro et al., 2015) 

Earlier intervention studies that have proven successful in improving cardiorespiratory 

fitness in children, have generally involved vigorous activity (~ 77% of maximal heart rate 

(Sundhedsstyrelsen, 2016)) for more than 30 minutes, 3 days a week (Morrow & Freedson, 

1994; Payne & Morrow, 1993). Besides, activities with a duration, frequency and intensity 

sufficient to improve cardiorespiratory fitness, have been shown to reduce blood pressure in 

children with mild hypertension (Strong et al., 2005). In addition, the harmful consequences 

ascribed to a high fat-percentage could perhaps be prevented by a high level of cardiorespiratory 

fitness (Ortega et al., 2008) - further emphasizing the need for more vigorous physical activity 

in children. 

Despite the well-recognized health benefits of cardiorespiratory fitness, improving 

skeletal health early in life should not be neglected. The buildup of bone mass during childhood 

and adolescence, are thought to account for more than 50% of the variation in bone mass with 



 

Page 21 of 144 

 

age (Hui, Slemenda & Johnson Jr., 1990), and improvements in bone mass during maturation 

and growth could be essential for obtaining a high peak bone mass, to prevent osteoporosis later 

in adulthood (Ortega et al., 2008). Aerobic-based activities does not, necessarily, improve 

skeletal health. Instead, high-impact weight bearing activities (like e.g. football, basketball or 

other activities including jumping and direction change) are required (Janssen & LeBlanc, 

2010). 

A combined effect of muscular and cardiorespiratory fitness could have accumulative 

effects on improving cardiovascular health in children (Ortega et al., 2008). This, along with the 

wish of preventing osteoporosis, could perhaps call for future interventions combining aerobic 

and weight-bearing training. From our knowledge of the PULSE exhibit, it would seem that the 

different activities could potentially include both aerobic and high-impact weight bearing 

activities. 

2.1.3 Self-efficacy and physical activity in children 

One of the aims with our study, is to investigate the sources of self-efficacy children experience 

during their visit at the PULSE exhibition. There have been used a myriad of conceptual 

definitions and empirical measures to improve the amount of physical activity (Craggs et al., 

2011; Ashford, Edmunds & French, 2010; Perry et al., 2012; Williams & French, 2011), but still 

it seems that physical activity levels are insufficient for health benefits in most populations in 

the world (Vuori, Lavie & Blair, 2013). 

Improving physical activity self-efficacy have been shown to significantly increase the 

amount of physical activity (Hearst et al., 2012) and is associated with higher levels of aerobic 

fitness in children (Manley et al., 2014; Dobbins, 2013; Strauss et al., 2001), which underpins 

the relevance of investigating changes in self-efficacy as an indicator of future physical activity 

engagement. 

One area of concern, regarding physical activity, is the reported continuous decline 

from childhood to adulthood. Dumith et al. (2011) showed a mean decline in physical activity of 

7 percent per year among 10-19 year olds, and other literature have as well found physical 

activity to be related to age and maturity (McManus et al., 2008; Armstrong & Welsman, 2000). 

This decline in physical activity over time, seems to be inhibited by increases in self-efficacy 

(Craggs et al., 2011), which has lead to an increased research concerning the concept of physical 

activity self-efficacy (Voskuil & Robbins, 2015)  
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2.1.3.1 Elements of self-efficacy 

A person’s efficacy belief, or how well a person predicts he/she will do in a given task, is a 

product of past experiences (Bandura, 1997). These experiences are usually divided into four 

different categories; mastery experience, vicarious experience, verbal persuasion and physical 

state, which in combination shape people’s judgement of their abilities to execute a certain 

cause of action (Hu et al., 2016). According to Voskuil & Robbins (2015), the congruency 

between these sources of self-efficacy and the antecedents of physical activity self-efficacy in 

the literature, underpins these sources as factors potentially increasing physical activity self-

efficacy in children. 

 

Mastery experiences: Mastering a perceived difficult task, gives a person new information 

about self-efficacy, potentially raising one’s efficacy (Bandura, 1997) whereas failure to 

succeed in a relatively easy task could have a very negative effect on self-efficacy (Bandura, 

1997). Mastery experiences are considered the most effective way of establishing a strong sense 

of efficacy (Bandura, 1994; Resnick, 2013), and physical activities with mastery experiences 

promotes self-efficacy best, when gained through activities of increasing difficulty (Voskuil & 

Robbins, 2015). In children, mastery experiences are considered an important antecedent of 

physical activity self-efficacy (Voskuil & Robbins, 2015). When investigating self-efficacy 

experiences in children, it is important to notice that both growth, and development, can 

contribute to variability in attainment of mastery experiences (Hills et al., 2007) 

  

Vicarious experiences: A person’s self-efficacy beliefs can also be affected by the abilities of 

others, especially if he/she perceives them as being similarly competent (Bandura, 1997). If 

people observed are seen as very different from oneself, the influences on self-efficacy beliefs 

are usually not much influenced by their results (Bandura, 1997). For instance, a study by 

Murray and Tenenbaum (2010) showed that physical activity self-efficacy in children increased 

when they could observe peers who were competent and had similar abilities. 

Vicarious experiences serve as weaker sources of information than mastery experiences, but are 

particularly considered effective to people that are uncertain about their own abilities, or lack 

prior experience at a given setting (Resnick, 2013). In children, the usual comparable role 

models are friends (Johnson, Kubik & McMorris, 2011; Silva et al., 2012) and family (Shields 

et al., 2008). 

 

Verbal persuasion: Besides mastering or observing, individuals can also attain self-efficacy 

beliefs as a result of verbal or social persuasions (Resnick, 2013), which is also thought of as a 
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key antecedent for physical activity self-efficacy (Pender et al., 2002; Driver, 2006; Lubans & 

Sylva, 2009; Murray & Tenenbaum, 2010). For instance, people can be persuaded verbally that 

they will be able to master a given task, which can result in them making a greater effort and 

sustain even if they experience difficulties (Bandura, 1997), and in children, physical activity 

self-efficacy have been shown to increase, when significant others give positive feedback on 

athletic performance (Voskuil & Robbins, 2015). 

 

Physical state: An individual’s physical state during the time of physical activity engagement 

can also serve as a source of self-efficacy (Lewis et al., 2016). For instance, pain (Lubans & 

Sylva, 2009), perceived exertion (Pender et al., 2002), stress (Allison, Dwyer & Makin, 1999) 

and fear (Annesi, 2010) have been shown to negatively affect physical activity self-efficacy, 

whereas positive feelings seem to increase physical activity self-efficacy (Robbins et al., 2004).  

 Bandura (1997) considers mood states as a factor affecting how different events are 

interpreted, and argues that an intense mood could have a stronger effect than a week mood, 

whereas despondency can retard almost everything.  

2.1.3.2 Defining self-efficacy physical activity 

According to Voskuil & Robbins (2015), the most often cited definition of self-efficacy is “the 

belief in one’s capabilities to organize and execute courses of action required to produce given 

attainments” by Bandura (1997). Bandura (1997) claims that self-efficacy is the leading 

predictor of behavior, whereas a study by Lewis et al. (2016) finds that enjoyment of physical 

activity would seem to be a stronger predictor of physical activity behavior than self-efficacy. 

Still, in the literature, both self-efficacy and enjoyment are thought of as important predictors of 

physical activity behavior (Crain, 2010; Williams et al., 2006; Hagberg, 2009). For instance, 

children’s motivation for participating in physical activity, increase if they enjoy it, perceive 

they can do it, receive social support or have the fundamental movement skills to participate, 

according to competence motivation theory (Weiss, 2000) 

In self-efficacy, the anticipated outcome are dependent on judgements of how well a 

person will be able to perform in a given situation (Bandura, 1997), where enjoyment, according 

to Dishman et al. (2005), can be described as an immediate intrinsic reward for being physically 

active. 

Segregating self-efficacy and enjoyment could prove to be problematic, because there 

might be several overlaps of the two. For instance, enjoyment have been hypothesized to have 

an indirect effect on physical activity, mediated by self-efficacy (Dishman et al., 2005) and 
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according to Kim & Pekrun (2014), enjoyment can also be related to the outcome of an activity 

- which would seem to overlap with the performance/outcome expectancies of self-efficacy.  

There are many conceptual definitions of physical activity self-efficacy found in the 

literature. Some studies define physical activity self-efficacy as a confidence/belief in one’s 

ability to perform physical activity (Dzewaltowski et al., 2009; Murray and Tenenbaum, 2010; 

Johnson et al., 2011), focusing on ability to perform physical activity. Others describe physical 

activity self-efficacy as a confidence for overcoming barriers to physical activity (Wenthe, Janz 

& Levy., 2009; Taymoori, Rhodes & Berry, 2010; Peterson et al., 2013), with barriers often 

referred to as competing activities or positive alternatives (Pate et al., 1997; Buxbaum et al., 

2010; Nigg & Courneya, 1998; Johnson et al., 2011). In this master thesis, we lean towards self-

efficacy as a “perceived ability to successfully perform the behaviour physical activity”, defined 

by Keats, Emery & Finch (2012). This way of looking at self-efficacy in a physical activity 

setting, have primarily been chosen due to comprehensibility issues. The often used word 

“barriers” from other definitions, have been categorized in several ways as both environmental, 

personal and social barriers (Annesi, 2010), external or internal barriers (Allison et al., 1999), 

and as impediments like physical barriers, competing agendas and positive alternatives (Pate et 

al., 1997; Johnson et al., 2011; Buxbaum et al., 2010; Nigge & Courneya, 1998). From our pilot 

studies we experienced that children, particularly in the younger age groups, found “barriers” a 

bit too confusing to understand. It is our hypothesis, that the many possible ways of interpreting 

“barriers” could potentially serve as a source of error, making self-efficacy measurements less 

reliable - especially when considering that this study investigates both genders, and includes a 

relatively large age span (6-14 years).  

Self-efficacy in regard to physical activity, have been given a lot of attention as a key 

determinant of sustained physical activity (McAuley & Blissmer, 2000) and there has been an 

increased focus on physical activity self-efficacy in children (see e.g. Lewis et al., 2016; 

Voskuil & Robbins, 2015; Buxbaum et al., 2010). It is important to mention, that when we in 

this master thesis use the term “self-efficacy”, it is meant specifically as perceived self-efficacy 

in a physical activity setting. 

2.1.3.3 Physical activity self-efficacy in children 

Self-efficacy has been included in several interventions aimed at increasing physical activity  

(Perry et al., 2012) and has been identified as a mediator of intervention effects on physical 

activity in children (Van Stralen et al., 2011). Several studies have shown that self-efficacy 

serves both as an important determinant and a consequence of physical activity (McAuley & 

Blissmer, 2002), and it seems that in both children (Strauss et al., 2001) and adolescents 
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(Sollerhed et al., 2008), there is a positive correlation between self-efficacy and vigorous 

physical activity experienced. 

Physical activity self-efficacy would seem important at all ages, so why have we chosen to 

focus on children? 

We know that success in reaching goals for physical activity can lead to increases in 

self-efficacy (Leganger, Kraft & Ræysamb, 2000), and increased self-efficacy can lead to more 

engagement in physical activity (Lewis et al., 2016), which can create a cycle of reinforcement, 

akin to “success-breeding-success” (David et al., 2014).  Failure to reach these goals however, 

could lead to a downward spiral with a decrease in self-efficacy, similar to “failure-breeding-

failure” (David et al., 2014). This emphasizes the potential importance of attaining positive 

experiences with physical activity early in life, and is an important reason for our choice of age 

group. 

2.1.4 Children’s enjoyment of physical activity 

Improving self-efficacy, enjoyment and all-round competence related to physical activity are 

associated with beneficial effects of physical activity in children (Hills et al., 2007). While 

earlier interventions of physical activity promotion in children and adolescents have primarily 

been focusing on Social Cognitive Theory of self-efficacy and social support (Edmundson et al., 

1996; Nader et al., 1999), many of these interventions have been ineffective (Dishman et al., 

2005).  

During the last decade however, enjoyment has been a more significant area of 

research, and is by several studies recognized as the most essential mediator of participation in 

physical activity in both children (Barr-Anderson et al., 2007; Yli-Piipari et al., 2009; 

DiLorenzo et al., 1998), adolescents (Hu et al. 2016) and adults (Lewis et al., 2016), whereas a 

study by Lawman et al. (2011) did not establish this association. Seeing that the effects of 

physical activity interventions usually only shows short-term improvements (Remmers et al., 

2015), and that physical activity enjoyment can lead to habit formation and self-sustainment 

(Hagger & Chatzisarantis, 2007), the increased focus on enjoyment would seem justifiable, and 

enjoyment should be a priority when encouraging lifestyle habits (Gençay et al., 2016) 

2.1.4.1 Defining enjoyment 

Throughout this thesis, the term “enjoyment” will not be seen as different from the term 

“physical activity enjoyment”, and the two are used interchangeably. 

Enjoyment can be described as positive affective states that reflects feelings like 

happiness, pleasure and fun, that impacts behaviour through hedonic motivation (Wankel, 1993; 
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Kahneman, Wakker & Sarin, 1997; Cabanac, 1992; Williams & Evans, 2014), and the influence 

of enjoyment in physical activity could potentially be through motivation by behaviors that are 

intrinsically rewarding (Ryan & Deci, 2000; Cabanac, 1992). 

Enjoyment provides an immediate reward for being physically active (Dishman et al., 

2005) and earlier studies have linked enjoyment with physical activity during childhood 

(DiLorenzo et al., 1998; Trost et al., 1997). In addition, enjoyment seems to represent positive 

feelings that stimulates children’s overall development, and promotes their quality of life 

(Seligman & Csikszentmihalyi, 2000; Brockman, Fox & Jago, 2011). 

2.1.4.2 Physical activity enjoyment in children 

Children show a natural enjoyment in movement (Hills, 1995) and are motivated to participate 

in physical activities if they enjoy them (Cliff et al., 2011; Atkins et al., 2015; Cairney et al., 

2012), and when children develop mastery for physical tasks in a fun and social setting, 

attraction and enjoyment are often increased for physical activity (Paxton, Estabrooks & 

Dzewaltowski, 2004). Even though enjoyment is now considered an essential mediator of 

physical activity (Lewis et al., 2016; DiLorenzo et al., 1998; Moore et al., 2009; Remmers et al., 

2015), and associated with self-efficacy (Rovniak et al., 2002), it has been an area of discussion 

whether enjoyment might be an antecedent for or consequence of self-efficacy (Voskuil & 

Robbins, 2015). To our knowledge however, there are more support for enjoyment as an 

antecedent for self-efficacy (Lewis et al., 2016; Robbins et al., 2004; Lubans & Sylva, 2009; 

Fawcett, Garton & Dandy, 2009; Teerarungsikul et al., 2009; Perry et al., 2012), . 

According to Hills et al. (2007), it is important that experiences of physical activity are 

positive, in a way that fosters enjoyment and fun. This notion is substantiated in research 

showing that negative experiences with physical activity can result in unpleasant perceptions of 

physical activity involvement leading to a severe cycle of sedentary habits (Pianosi & Davis, 

2004; Welsh et al., 2004).  

2.1.4.3 Enjoyment as main focus of physical activity interventions 

Hu et al. (2016) proposes that physical activity interventions in adolescents will be most 

effective in promoting long-term participation in physical activity, if they best enhance an 

enjoyable experience. However, only few studies have examined the factors that can affect the 

enjoyment of physical activity (Hu et al. 2016) and even fewer studies have investigated this in 

children.  

Dishman et al. (2005) hypothesizes that enjoyment might indirectly affect physical 

activity, mediated by self-efficacy. This interaction was demonstrated in a later study in adults 

by Lewis et al (2016) - and it would be interesting to further investigate this in children. Hills et 
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al. (2007) claims that improving both self-efficacy, enjoyment and all-round competence related 

to physical activity, are associated with beneficial effects of exercise interventions in children, 

which is why one of the main reasons for us to investigate both self-efficacy and enjoyment 

2.1.4.4 The Physical Activity Enjoyment Scale (PACES) as a measure of enjoyment 

As mentioned, there is broad evidence for the correlation between enjoyment of physical 

activity and activity level in both childhood, adolescence and adulthood. But how should 

enjoyment of physical activity be measured?  

Several scales have been developed and used for quantification of physical activity 

enjoyment, but most of them lack sufficient evidence for validation (Román et al., 2014). 

Several studies have shown that the Physical Activity Enjoyment Scale (PACES) is a valid and 

reliable instrument to measure physical activity enjoyment in children (Román et al., 2014, 

Moore et al., 2009), and in different languages (Carraro, Young & Robazza, 2008; Garcia, 

Bañuelos & Martin, 2008; Jekauc et al., 2013). This is further emphasized by PACES’ stability 

in relation to both age, sex, culture and race (Motl et al., 2001; Román et al., 2014; Moore et al., 

2009).  

Due to the evidence for the PACES in measuring physical activity enjoyment, we have 

chosen this as our method for assessing children's enjoyment of physical activity. 

Even though the direct relationship between physical activity and enjoyment of physical activity 

is still uncertain (Remmers et al., 2015), enjoyment should be a priority when encouraging 

lifestyle habits (Gençay et al., 2016). However, even if physical activity enjoyment is more 

important than self-efficacy or vice versa in acquiring and maintaining a healthy lifestyle, it 

would seem beneficial not to neglect any of them as important factors for habitual changes in 

children. 

2.1.5 Heart rate 

For decades it has been a major area of research, how to develop valid, precise and cost-efficient 

methods for measuring the habitual physical activity in children (Melanson & Freedson, 1996; 

O’Connor et al., 2003). Of all the techniques currently available for measuring both total energy 

expenditure and patterns of physical activity, heart-rate monitors, even though sometimes 

difficult to use (Bervoets et al., 2014), are considered one of the most promising; providing both 

continuous, objective and indirect measures (Gastinger et al., 2012). Heart rate monitoring is 

inexpensive, noninvasive and well-tolerated by test participants (Gastinger et al., 2012). But 

what is heart rate? How does it respond to physical activity? And why is it important to our 

study? 
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2.1.5.1 Heart rate and physical activity 

All of the living cells in the human body needs substrates for metabolisms, like oxygen and 

glucose, and they need a mechanism to remove unwanted byproducts of metabolism (e.g. CO2 

and lactic acid) (Klabunde, 2012). This exchange of metabolites takes place between cells and 

the blood capillaries (Klabunde, 2012). During physical activity, muscle contractions raises the 

metabolic demands in the cells, which results in a higher need of especially oxygen (O2) and 

increased removal of byproducts, mainly carbon dioxide (CO2) (Koeppen & Stanton, 2010). The 

body responds to this increased exchange requirement, by increasing the blood flow, which 

serves two main purposes: Firstly, more blood passes through the lungs, increasing the 

exchange of O2 and CO2 in the lungs (Klabunde, 2012), and secondly, increased blood flow 

helps to maintain a large diffusion difference between cells and capillaries, for faster exchange. 

(Koeppen & Stanton, 2012) 

One of the ways the body can increase blood flow is by increasing the heart rate (beats 

per minute) which, up to a certain point, can increase blood flow (Koeppen & Stanton, 2010). 

Heart rate has been shown to increase almost proportionately with workload (Klabunde, 2012), 

and would therefore seem to serve as a good predictor of physical activity intensity. However, 

besides responding to increased metabolic stress, heart rate also increases due to non-physical 

activity factors, such as psychological stress, and heat stress (O’Connor et al., 2003; Keim et al., 

2004; Rieger et al., 2014; Breuer et al., 1993). When investigating heart rate, one has to be 

aware that at lower levels of physical activities, these factors’ influence on heart rate are bigger, 

which decreases the validity of this measuring technique (Hills et al., 2007).  

2.1.5.2 Why do we want to measure heart rate? 

Heart rate has been commonly used as an objective method to estimate total energy expenditure 

(Eston, Rowlands & Ingledew, 1998; Livingstone et al., 2000; Montgomery et al., 2009; Garet 

et al., 2005; Kurpad et al., 2006), but to our knowledge, no studies have investigated the 

correlation between change in heart rate, self-efficacy and enjoyment respectively. As 

mentioned earlier, there are evidence for the association of self-efficacy, enjoyment and 

physical activity. It is our hypothesis that acute changes in heart rate, could be associated with 

positive or negative experiences during physical activities in children, potentially showing an 

association between heart rate and these parameters. If a correlation between these parameters 

were to be established, it could perhaps serve as a guideline for future museum exhibitions and 

physical activity interventions in general. One thing to be aware of in this aspect however, 

would be that increases in heart rate can be experienced very differently. Individuals can view 

rises in heart rate as benign or malignant events (Bandura, 1997), leading to different 
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interpretations of bodily states (Bandura, 1997). Age related differences could also significantly 

affect how different experiences could be felt as positive or negative. For instance, in children, a 

high effort can mean the acquisition of more ability, whereas the need for high effort in adults 

can imply low ability (Bandura, 1997).  

Besides using heart rate monitoring as a way of either establishing or disproving the 

association between heart rate, self-efficacy and enjoyment changes, heart rate can also give us 

an idea of how active children are during their visit. This could help give strength to our 

assumption that children experience physical activity during their visit at the PULSE exhibit. 

It is clearly evident that physical activity at any level is beneficial to health (Luke & 

Cooper, 2013), and that activities with adequate intensity to elevate heart rate and promote 

cardiovascular health are significantly beneficial (Anderson et al., 2011; Ahmed et al., 2012). In 

this aspect, heart-rate data can help us in answering whether children are even active during 

their visit, and give an estimate of how long a timespan is used in light-moderate to vigorous 

activity. Since high aerobic intensity in physical activity is associated with heart health 

(Livingstone et al., 2003), data can tell us the physiological “one-time” impact of the visit, and 

even provide minute-by-minute data, with details about intensity, duration and frequency of 

individual episodes (Iannotti et al., 2004). These types of data could give us valuable 

information about specific activities during the children’s visit at the PULSE exhibition. 
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2.2 The Site: Experimentarium and the PULSE project 

The data for this master thesis have been collected in the PULSE exhibition at Experimentarium 

City, a science center in Copenhagen that is a temporary installment of Experimentarium while 

it is being renovated and expanded at the original site in Hellerup. To better help the reader 

understand the exhibit and our study, this section will provide an overview of the 

Experimentarium as a whole and the PULSE exhibition itself. 

2.2.1 Vision of Experimentarium 

According to their own vision, the Experimentarium wants to be a world class science center 

with the capability of transforming their guests, as seen in their annual report from 2014: 

 

“(...) the focus is on developing our interactive exhibitions in order to become a world-class 

science centre. (...) We will continue to be leaders in interactive science dissemination, by being 

innovative and uniting all senses, hands-on and technology in order to create transforming 

experiences for our guest.“  

- Lund & Thygesen, 2014 

 

They want to be able to transform their guests, and the PULSE exhibition is trying to do just this 

by changing people in a way that makes them be more active and thus obtain a healthier 

lifestyle. 

2.2.2 PULSE 

The PULSE project centers on an interactive exhibition at Experimentarium. The vision of the 

PULSE project is described by Experimentarium as such: 

 

“The unique vision of PULSE is to create innovative research-based science exhibitions 

and community activities that motivate and support families to take action to develop and 

sustain a healthy lifestyle.” 

- Experimentarium (a), n.d. 

 

The above quote highlights that the emphasis of the project is on developing and sustaining a 

healthy lifestyle through exhibitions and community activities. The PULSE exhibition opened 

in March 2015, and is aimed at families with children aged 6-12. The exhibition tries to provide 

the visitors with an experience of physical activity that is both fun, memorable and positive. The 

hope is that the exhibition experience will extend outside the science center so that “subsequent 
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dialogue” in the families will stimulate health and physical activity (Novo Nordisk Fonden, 

n.d.). Figure 1 shows that the exhibition is used primarily by families, which is the main reason 

why our study will center on family. 

 

 
Figure 1. Teams per day. 

Shows that the PULSE exhibit is mostly used by families. A team is any group of people trying the PULSE 

exhibition. Note that this data is collected prior to this study. Figure credit: Experimentarium. 
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2.2.2.1 Layout 

The PULSE exhibition consists of eight activities. They will be described one by one below. 

The pictures are all taken during the data collection for this thesis. 

Figure 2. Lay-out. 

The lay-out of the PULSE exhibition. Each coloured 

box is an activity. The start area is The Midpoint. 

You can do the activities in the order you like, the 

arrows are merely a suggestion. The dog is a corner 

of the exhibition, where people can be inspired to 

download an app. It is not directly connected to 

PULSE. Photo Credit: Experimentarium (2016b) 

Figure 3. The Midpoint. 

Here a family creates their team in order to 

be able to partake in the eight activities. 

 

Figure 4. The Ball Cage. 

The family has two minutes in the cage. Red balls 

rolls out onto the floor and then the family must 

score as many points as possible, by putting or 

throwing the balls into the holes when the holes 

light up. 

 
Figure 5. The Energy Roller. 

One by one, the family members has to walk or run 

in the wheel and make it spin as fast as they can. 

The family has a few minutes and the more 

revolutions the better. 

 



 

Page 33 of 144 

 

 
Figure 6. The Bike Shed. 

The family race on separate bikes. The family 

member that covers a certain distance first, wins. 

Figure 7. The Fence Jump. 

When the screen says “jump” everybody jumps as 

high as they can. Then a slow motion video is 

played, they get a few tips on jumping higher, and 

then they get a second try. 

Figure 8. The Dancing Bathroom. 

The woman on the screen performs a dance 

routine and then the family has to copy it. 

Figure 9. The Rodeo Lounge. 

One family member sits on the big cow-chair, then 

the rest of the family pulls in robes connected to 

the chair, trying to make the sitting person fall of 

the chair. 
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Figure 10. The Balance Kitchen. 

Without touching the floor, the family has to press 

as many of the orange buttons as possible when 

these light up. 

 
Figure 11. The Obstacle Hallway. 

The family must pass through the hallway as fast 

as possible, but there are robes and obstacles along 

the way. 

 

In this Background section, we have presented underlying theory of physical activity in 

children, emphasizing the relevance of obtaining a physical active lifestyle early in life. This 

includes essential physiological effects of physical activity, and factors affecting habitual 

changes of physical activity behavior. In addition, the Background section serves to give the 

reader an understanding of the overall aims and build-up of the PULSE project. 
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3 Research Questions 

The aim of this study is to investigate three of the essential parameters mentioned in the 

Background section. The primary focus will be on measures of physical activity intensity, 

habitual changes in the relationship towards specific and general physical activity in children, 

resulting from a visit to the PULSE exhibition. This includes differences in age, and gender. To 

investigate children’s activity intensities during the visit, and the impact of the visit on their 

relationship towards physical activity before, during, and after the visit, we have chosen to focus 

on the following parameters: Heart rate, self-efficacy, and enjoyment. This has led us to the 

following research questions: 

 

 

1. How do children's heart rates fluctuate during the time families spend at the PULSE 

exhibition? 

 

2. Does reported self-efficacy in children change during the visit, and is the change detectable 

after about one month? 

 

3. Does reported enjoyment of physical activity in children change during the visit, and is the 

change detectable after about one month? 

 

4. What is the association between children’s reported self-efficacy, physical activity enjoyment 

and heart rate? 

 

In all cases, any effects of gender and age will be investigated. 
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4 Methods 

This section will describe the methods used in this study. First, an overview of the data 

collection will be presented and every type of data collection, statistical approach and 

visualisation used will be described. 

When discussing research assessing long-term impacts of museum visits, Anderson, 

Storksdieck and Spock (2007) recommends using multiple methods, which are different enough 

to produce various results. This study makes use of an array of different tools in order to get 

various results, both specific, broad, close-ended and open-ended. They will be described in the 

following sections and an overview of the experimental setup is shown in figure 12. 

 

Figure 12. Experimental setup. 

The left column shows the time frame, the right column shows the data collected at that point and the 

center column illustrates how a family is followed throughout. SE = Self-efficacy, PACES = Physical 

Activity Enjoyment Scale. 
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4.1 Participants 

A presentation of the families and children in the study will be given in this section. The group, 

the data produced, the recruitment approach and the method for obtaining parental consent will 

be presented. 

Data for this thesis was collected in January, February, March and April 2016. Data 

consists of heart rate measurements, observations and interviews. The interviews have questions 

regarding the children’s background, self-efficacy, enjoyment and more. Data collection took 

place on site, at the science center Experimentarium City in Copenhagen (heart rate 

measurements, pre and post interview and observations) and on the phone (telephone interview) 

The PULSE exhibits is aimed at children aged 6 - 12 (Experimentarium (a), n.d.), and this age 

was the recruitment criteria. Participants were recruited by convenience through a flyer 

(Appendix 1) that explained the experiment and emphasized that participating would be 

compensated by getting their visit to the Experimentarium for free. The flyer was shared online 

through the researcher’s network primarily towards people with children.  

Parental consent was urgent due to the fact the the study centered on interviewing, 

observing and taking heart rate measurements, with a belt fitted to the chest, on children. 

Parental consent was obtained by having the present parents sign a document, stating that they 

were fully aware of the fact that their family and their children in particular, was part of an 

experiment at the Experimentarium. The parents were asked if they wanted a resumé of the 

results by the end of the study. 

When assessing the impact of a museum visit, Anderson et al. (2007) states that 

children might have difficulty expressing their memories and emotions clearly enough to 

provide a good data set. They conclude that a good quantitative collection of data can overcome 

the bias created by this problem if the sample size is large enough. In our study the data depend 

highly on the emotions and memories of children. So we decided to make as big a sample 

possible in the few months available for data collection during this master’s thesis. A larger 

sample size also smoothens out biases and gives more confidence in the statistics performed on 

the data. 

A teacher contacted the researchers in order have her school class participate in the 

research. She was turned down because the project was focused on families.  Whole school 

class would have greatly increased the number of participants, but the strict focus on families 

was chosen because it is consistent with the actual use of the PULSE exhibition (as was seen in 

Figure 1). 
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4.2 Heart rate measurements  

An overview of how the heart rate measurements was done will be presented in this section. 

First, the equipment will be presented and then the approach. 

Heart rate measurements were done with Polar® RCX3 watch (Polar Electro, 2016a) 

and H3 heart rate sensor (Polar Electro, 2016b). The RCX3 watch can be seen on a child’s wrist 

in Figure 13. Due to privacy reasons, there is no picture of a belt fitted on a child’s chest. 

Equipment was worn by every child as soon as possible after their arrival, typically just after a 

brief introduction to the experiment and just before the beginning of resting or interview, to the 

end of the family's time in PULSE. The H3 heart rate sensor was fitted on the chest of the 

children and the RCX3 watch was worn on the children’s wrist. The H3 sensor measured the 

heartbeat and the watch showed and stored the information. Heart rate was measured in beats 

per minute. 

Data were transferred from watch to computer using Polar Windlink™ (Polar electro, 

2016c) and the Polar Websync software (Polar Electro, 2016d). Useable data points were 

extracted using the software Polar ProTrainer 5™ (Polar Electro, 2016e), and visualised with 

google sheets (Google, 2016) and Microsoft Excel (Microsoft, 2010). 

After arrival and introduction to the experiment, the children were helped with putting on heart 

rate measuring equipment. They were assisted either by parents or researchers until a useable 

signal was obtained. Then children were interviewed by one researcher in a one-to-one setting 

partially walking around in the PULSE exhibition and sitting on an isolated bench in the 

Experimentarium, as seen in Figure 15. 

When the family consisted of more than one child, the remaining children was asked to 

lie on a soft carpet on a bench in the corner, take deep breaths, close their eyes and relax, as 

seen in Figure 14. After all children had completed the interview, the family would begin 

exploring the PULSE exhibit. Every child's heart rate measurements could then be partitioned in 

three parts; a relaxing heart rate, an interview heart rate and PULSE exhibit heart rate. 

Additionally, the children’s heart rates at individual activities of the PULSE exhibit could be 

extracted. 

We apply our own measure of a heart rate in a relaxing state in order to compare it to 

heart rate in the interview and in PULSE. Note that the term relaxing heart rate should not be 

confused with the term resting heart rate. Resting heart rate is usually applied under more 

stringent conditions than we use here (see Kwok et al., 2013). 
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Figure 13. RCX3 monitor on wrist. 

This is how the heart rate monitor was fitted on a child. The child had a heart rate of 67 beats per minute. 

The picture was taken during relaxation. 

 

 
Figure 14. Relaxing child. 

Children lay down to make relaxation heart rate. This was done when there was time, e.g. when siblings 

were interviewed 
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4.3 The Interviews 

A description of the interviews is presented here. First as an overall view, then the individual 

parts of the interviews will be described in the following order: Background variables, self-

efficacy, The Physical Activity and Enjoyment Scale (PACES). The interview guides can be 

seen in Appendix 2 (on site interview guide) and Appendix 3 (telephone interview guide). 

The children were interviewed three times; in the beginning and in the end of their visit to 

PULSE and one month later on telephone. Before every interview, children were presented with 

the scales and theme of questions and then told that there were no correct or wrong answers. 

Figure 15 shows how the pre and post interviews were conducted; Figure 17 shows how the 

telephone interviews were conducted. 

The pre interview consisted of three parts; a background part, a self-efficacy part and a 

PACES part. The post interview (conducted immediately after visit) consisted only of the self-

efficacy questions. The phone interview conducted after one month consisted of three parts; the 

self-efficacy part, the PACES part and a choosing only one activity part (see section telephone 

interview for description). Interviewing children one month later in order to assess the visits on 

a longer term was chosen because the impact of the visit evolves in the period after the visit, as 

described by Anderson et al. (2007). 

 
Figure 15. Interviewing on site. 

This is the setting in which the pre and post interviews were conducted. 
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4.3.1 Background variables 

At the beginning of the pre-interview, the children were asked their gender, age, number of 

siblings, spare time activities and whether or not they had been at the Experimentarium before. 

These questions served partly as background variables and partly as a warm-up interview, so 

that the children would get a little bit used to the interview situation and feel more comfortable 

when the other parts of the interview were conducted. 

 

4.3.2 Self-efficacy 

The point of the self-efficacy interview was to assess the children’s self-perceived belief of 

performance with regards to PULSE. Self-efficacy is situational and task specific (Bandura, 

1997), and can therefore work as a good measure of self-perceived performance in the eight 

different exhibits that make up PULSE. The manner in which the self-efficacy interviews were 

done will be described here.  

The PULSE exhibit consists of eight different activities. Each activity has different 

tasks and challenges, but are all centered on physical activity, meaning that you need to use your 

body in order to complete the activity. In order to make the self-efficacy interview task specific, 

one question was asked for each activity. The questions all regarded future performance in that 

particular activity, and were constructed in the same way except for the substitution of the 

activity: “I think I will be good at [activity]”. All the self-efficacy questions can be seen in the 

interview guide in Appendix 2 and 3 

The interview was conducted as a close-ended interview (yes/no answers) with an 

additional strength score (1-3) of the answer as recommended by Moritz et al. (2013), this 

means answers essentially could be represented on a six point scale from a strong no, when 

answer was: “No, 3”, to a strong yes, when answer was: “Yes, 3”. For statistics this six point 

scale will be used as a continuous 1-6 scale where 1 is a strong no (“No, 3”) and where 6 is a 

strong yes (“Yes, 3”). This gives the opportunity to analyse data on a six scale solution (1-6). 

Self-efficacy was assessed at the pre-interview, the post interview and at the telephone 

interview. These three times were chosen in order to answer an array of questions. The most 

important being if one visit to the PULSE exhibit changes children’s self-efficacy, if it changes 

in a positive or negative way, and if this change is lasting. 
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4.3.3 The Physical Activity and Enjoyment Scale (PACES) 

In order to obtain a measure of enjoyment, we adapted the Physical Activity Enjoyment Scale 

(PACES) from Motl et al. (2001). The PACES was chosen for various reasons, which will be 

presented in this section along with the structure of the PACES and the manner of which it was 

applied. 

The PACES has been validated as a useful tool to assess children’s enjoyment of 

physical activity (Moore et al., 2009). The scale was first developed by Kendzierski and 

DeCarlo (1991) as an eighteen item questionnaire with answers on a seven point scale with 

answers from negative to positive (e.g. like to dislike or pleasant to unpleasant). Scoring is 

obtained by averaging the eighteen answers. Some of the questions are reversed so that 7 = 1, 6 

= 2 and so on. Kendzierski and DeCarlo (1991) applied their adaptation of the scale on students. 

Motl et al. (2001) modified the scale in order to validate it and make it applicable to adolescent 

girls. They removed two items, rewrote some items and changed the rating to a 5-point scale 

from disagree a lot (= 1) to agree a lot (= 5). These changes were made in order to make the 

questionnaire easier to understand for for children. Apart from english The PACES has also 

been translated and validated in several other languages such as Italian (Carraro, Young & 

Robazza, 2008), Spanish (García, Bañuelos & Martín, 2008), Turkish (Gençay et al., 2016) and 

German (Jekauc et al., 2013). To our knowledge, PACES has not been validated in Danish, but 

the validation of PACES in many different languages indicate that it might be translated without 

losing meaning.  

In order to make a useful Danish version of PACES, the translation of the PACES was 

first done from english to danish by two researchers in agreement, both native to Danish and 

fluent in English. Then the Danish version was back translated from Danish to English 

independently by two people not in connection with the study, and unfamiliar with the PACES, 

but both native to English and Danish. The translation was then revised by the researchers and a 

meaningful translation true to the English version was agreed upon. 

Children can find it difficult to answer a questionnaire or an interview regarding health 

or lifestyle due to their non-complete development of emotional awareness, cognitive capacity 

and sense of self (De Civita et al., 2005). Jekauc et al. (2013) acknowledges this problem in the 

context of PACES and discusses the use of positively and negatively worded items in the same 

questionnaire. They even conclude that one might consider using only positively or negatively 

worded questions. 

For this study the PACES was changed in order to overcome some issues with negative 

statements and to make comprehension by children easier. It was discovered during a pilot, that 

some children had trouble with understanding the statements that consisted of a positive word in 
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a negative statement, namely statements 3: “I dislike it” (Danish: Synes jeg ikke godt om det), 

5: “It’s no fun at all” (Danish: Er det slet ikke sjovt), and 13: “It’s not at all interesting” 

(Danish: Er det slet ikke spændende). Because of confusion over the Danish word “Ikke” 

(English: Not), some children focused on the positive word and failed to understand the 

statement as negative, resulting in an answer inconsistent with their beliefs and their other 

answers. Those negative wordings were removed, so that these statements were purely positive, 

for example statement five became: “It is fun” (Danish: Er det sjovt), which is a much simpler 

and easier statement to comprehend. 

 Changing PACES for your group in order to achieve higher comprehension is not 

unusual. Moore et al. (2009) changes the word depressed with the word sad in statement seven. 

Lohbeck, Tietjens, Bund (2016) only use four items from the PACES and has skipped the stem 

“when i am physically active…”. Translating the PACES also gives rise to modifications. For 

these reasons it was not regarded as a problem to use an adapted version of PACES in this 

study, even though the version used here has not been validated. 

The adapted PACES used in this study can be seen in Figure 16. Children were 

interviewed in a 1:1 researcher to child setting, and were asked to declare their agreement with 

sixteen statements on a 5 point Likert-type scale from completely disagree (=1) to completely 

agree (=5). Score was obtained by averaging answers. Item 2, 7 and 12 had negative terms and 

was reversely scored so that 1 = 5, 2 = 4 etc. As discussed previously Item three, five, and 

thirteen were changed from negative to positive statements. Otherwise the PACES is similar to 

that of Motl et al. (2001). 

The PACES is a quantitative measure of enjoyment of physical activity and the result is 

a single number from 1-5. The PACES interview was conducted at the pre-interview and at the 

one month interview, meaning that each child had a score from just before the PULSE exhibit 

and from one month after their visit.  

 

 
Figure 16. Examples from PACES. 

The first two items of the PACES questionnaire. English: “When I am physically active / when i move” 1. “I enjoy it” 

and 2. “I feel bored” There is 16 items in total. See Appendix 2 and 3 for full interview guides. 
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4.3.4 Telephone interview 

The telephone interview was similar to the pre- and post-interview in that it consisted of the 

self-efficacy part and the PACES part. Children were asked to recall and describe the activities 

in the exhibition before stating how they felt about them. This was done in order to make sure 

that the children remembered the exhibition, and that the interviewer and the child talked about 

the same activity. This was important because the memories should be as clear as possible; 

Schacter, Chiao & Mitchell (2003) describes how different factors can distort memories, for 

example transience, memories disappearing over time or bias, older memories being distorted 

by more recent events. 

When trying to understand long-term impacts of museum visits, Anderson et al. (2007) 

suggests using a question like “what was it (...) that you enjoyed most/least?”, over more 

general questions, since it will give a higher level of sensitivity to the questionnaire. Two 

questions of this type were used in the phone interview. Children were asked to choose which 

activity from the PULSE exhibit they would try again, if they were only allowed to choose one, 

then they were asked to choose which single activity they would not try again. For both 

questions the children were asked to explain why they choose that particular activity. Appendix 

3 is the telephone interview guide. 

 

 
Figure 17. Telephone interview. 

This is how the telephone interviews were conducted 
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4.4 Observation 

While the families participated in the PULSE exhibit, various observations took place. Three 

types of observations were done; observations of the surroundings, observations regarding the 

participants in a general manner, and observations of incidents that could have an effect on self-

efficacy. A description of how the observations were done will be presented here. Figure 18 

shows part of the observation guide used on site. 

 When discussing observation as a method, Ottesen (2013) suggests having three types 

of observations; the physical surroundings, the participants, and the activities going on. This 

suggestion was followed in this study, so that all three types of observations were done on every 

family.  

 The physical surroundings were always the PULSE exhibit at the experimentarium. 

Some surroundings changed from day to day, and family to family, e.g. the length of lines at 

activities, the weather and whether it was a saturday, sunday or holiday. Extensive observations 

on the consistent elements of the physical surroundings were conducted on the first few visit, 

then the focus was more heavily on elements that were different from family to family. 

 The participants were always some sort of family or friends. Details on the group were 

noted in this part if the observation guide. Typical notions were whether the children in the 

group were siblings or friends. If the family took long breaks in order to get some water or go to 

the toilet, it was noted here. Other observations that did not fit anywhere else were also noted 

here. 

 The most important part of the observation was the part that centered on self-efficacy. 

This part can be seen in Figure 18. The observations are sectioned in four parts, with respects to 

the sources of self-efficacy as defined by Bandura (1997), they are furthermore divided in the 

eight activities of the PULSE exhibit. When an observation that could be characterised as an 

action, reaction, statement or mood that was affecting self-efficacy, it would be noted here. The 

observers would for example note a mastery experience when a child celebrated after 

completing a task, a vicarious experience when a child said it would do as another child did, and 

persuasion experience when parents encouraged a child to do something and a physical 

experience when a child was crying.  

The time at which a family began an activity was noted left to the activity name to the 

left on the guide. This time could then be compared with heart rate data in order to determine, 

where children were at specific entries of their heart rate measurement. 
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Figure 18. Example from observation protocol. 

Observations were noted next to the exhibit. Time points were noted next to exhibition name. Depending on the 

number of siblings, the protocol could quickly be split in columns by drawing one or more vertical lines. The activity 

names are in Danish. See the full protocol in Appendix 4. See filled out versions the three cases. 
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4.5 Pilot 

The setup of the study was tested on a few pilot families in the beginning of the data collection 

at Experimentarium, and at the first phone interviews. Observations and realisations from these 

pilots were used to change the setup of the study if it seemed necessary. A few changes made 

after the pilot have already been mentioned, they will be summed in this section along with 

additional changes made. 

The first thing to note is that, because of the nature of a changing setup, not all children 

were included in all parts of the study. Figure 19 shows the different types of data in this study 

and how many children that were included in each type of data. Note that resting heart rate 

measurements were only done in 27 children. The reason for this was that, it only was done 

when children were waiting anyway, e.g. for their siblings to be interviewed. 

 The PACES was changed because the first few interviews showed that especially 

young children had difficulty understanding some of the negative statement that was based on 

positive words. See the section on the PACES for a discussion of this. 

 When all data were collected on the first family and this data were about to be analysed, 

it became evident that our tracking of the family lagged in details; it was nowhere noted what 

heart rate monitor was worn by each child or when the the family was at each activity. This 

meant that it was impossible to conclude anything from heart rate data and observational data. 

In consequence of this, the guides used to take notes on were changed so that it was 

easier to note important facts. After this adjustment, everything were noted meticulously by 

both researchers, often simultaneously. Examples from the research guides can be seen in 

figures 16 and 18 

4.6 Statistics 

The applied statistics are presented here. All statistics were done with SPSS (IBM corp., 2015). 

Visualisation of results was performed in Google Sheets (Google, 2016) and Microsoft Excel 

(Microsoft Corporation). 

 Before comparing differences between means, a difference between variance was 

checked for. If variance was homogenous, comparison of means would be undertaking. This 

approach is recommended (Fowler, Cohen & Jarvis, 1998; Morgan, Griego & Gloeckner, 2001). 

In SPSS Levene’s test is conducted for testing homogeneity of variance, and the result of this 

test will be presented when used. When normality of data was an assumption of the test 

conducted, it was checked by looking at the data, as recommended by Fowler et al. (1998). 

In order to compare means, One-Way Analysis of Variance (ANOVA) and t-test were used for 

multiple means and two means respectively. When determining which means where different 
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from each other in ANOVA, a Tukey test was performed. Interpretation of tests have been 

conducted as recommended by Morgan et al. (2001). 

 When investigating associations between variables, Pearson’s correlation coefficient r 

is used extensively throughout this study. The result is reported as recommended by Morgan et 

al. (2001). The strength of the correlation is interpreted as recommended by Fowler et al. (1998) 

and shown in Table 1. 

 

Table 1. The strength of a correlation. 

Numerical value of coefficient r Meaning 

0,00 to 0,19 A very weak correlation 

0,20 to 0,39 A weak correlation 

0,40 to 0,69 A modest correlation 

0,70 to 0,89 A strong correlation 

0,90 to 1,00 A very strong correlation 

Note. Adapted from Fowler et al. (1998) 

4.7 Theoretical maximum heart rate 

When finding each child’s percent of maximum heart rate, their theoretical maximum heart rates 

have been used. The method described by Mahon et al. (2010) is applied. They define 

theoretical maximum heart rate as 208 - 0,7 * age. 

4.8 Casestudies 

A few children will be analysed as individual cases. This is done in order to shed some detailed 

light on the overall dataset. Michelsen la Cour (2013) writes that a case can provide depth and 

insight to a study. In this study, some atypical or extreme cases will be highlighted as examples. 

Picking an atypical or extreme case is recommended by Flyvbjerg (2006), because it often is the 

richest in information. 
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5 Results 

Various forms of data were collected at the PULSE exhibition at the Experimentarium. The 

results reported here, consist of the data obtained from individual variables and from the results 

produced when attempting to associate variables with each other. The results will be presented 

in the following order: Participants, heart rate, self-efficacy, enjoyment, choosing only one 

activity, association of variables, gender differences and age differences. 

Results will be presented in tables and figures, and all results that will be discussed later 

in this thesis, are presented here. Some additional details can be seen in appendices, which will 

be noted when relevant. 

5.1 Participants 

This thesis centers on children visiting the Experimentarium and the PULSE exhibit with their 

families. The success of the recruitment and the number of children that participated will be 

presented here, along with a clarification of exactly how many children who were included in 

each type of data, since not all children contributed to all types of data. 

25 families with a total of 53 children participated; the minimum age was six, 

maximum age was fourteen, and average age was 8,9 (std. dev. = 2,2). Consent from parents 

was needed for the children to participate in the research. This consent was easily obtained; the 

parents had already volunteered their participation in the experiment and contacted the 

researchers by e-mail, and they were also present on site because the Experimentarium visits in 

this study were centered around family visits. This convenience network-method of recruitment 

meant that the 25 families were somehow connected to the researchers or each other, either 

closely or remotely. For example, some parents were co-workers and some children were 

friends or members of the same swimming club. One family was related to one of the 

researchers and two other families were friends of a researcher. 

Due to technical failure with heart rate monitoring, failure to reach all families on the 

phone and various collection compromises (such as observing only one team in the exhibit when 

the family was large enough to comprise two teams) not all types of data exists for all children. 

The amount of useable data for each type of data collection is shown in Figure 19 
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Figure 19. Number of children. 

Shows what type of data we have and how many children that contributed to it. Background: Total 

number of children. Background variables exist on these children, this is for example age and gender. 

Observed: Number of the participating children that were observed in the exhibition. Heart rate: Children 

that we have heart rate data from, both from PULSE and the interview. Heart rate, relaxing: number of 

children that we have relaxing heart data from (this type of data collection did not begin until about mid 

project, hence the lower amount of children). Self-efficacy: children that answered the self-efficacy 

questionnaire. Choosing one, pos / neg: children that answered the questions “if you were to choose only 

one activity to try / not try again, which would it be?”. PACES: Children that answered the PACES 

questionnaire. 

The telephone interviews were conducted an average 35 days after the visit. The minimum 

duration between visit and phone interview was 23 days and the maximum duration was 61 

days. When asked if they wanted a summary of the project, all families were interested. 

5.2 Heart rate 

Results from the heart rate measurements are presented here. Some children were excluded 

because their heart rate measurements were not complete enough, due to temporary blackouts of 

the heart rate monitor. 

 Figure 20 shows the average heart rate of the children when they relax, are interviewed 

and are in the PULSE exhibition. Their average heart rate is 83 beats per minute (bpm) when 

relaxing (n = 26), 98 bpm when they are interviewed and waiting (n = 45) and 126 bpm when 

they are participating in the PULSE exhibition (n = 45). Analysis of variance (ANOVA) with a 

post hoc Tukey test reveals that the heart rates are significantly different from each other. 
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   *  *  *   

 
Figure 20. Overall average heart rate. 

Children’s average heart rate divided into the three categories: relaxing, interview and waiting and PULSE. 

Bpm = beats per minute. A Levene’s test determines that variance is significantly homogeneous, ANOVA 

result: The difference in mean heart rate of the three activities (relaxing, interview and PULSE) is 

statistically significant (F (2, 113) = 138,7, p < 0,01). Tukey test determines that all three means are 

different from each other (p < 0,01 for all comparisons) 

 

Figure 21 (heart rate in the eight activities) shows the average heart rate of the children divided 

into the eight activities in the PULSE exhibition. In this figure, the activities are sorted with the 

highest average heart rate to the left and then decreasing average heart rates going to the right. 

The Ball Cage and The Balance Kitchen are the activities where children have highest average 

heart rate (= 137 bpm). The Fence Jump is where children had the lowest average heart rate (= 

121 bpm). 
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               c           c         c,b       c,a,b       a,b         a,b           a            a 

 
Figure 21. Average heart rate by activity. 

Children’s average heart rate sorted by activity in PULSE. Levene’s test determines that variance is 

significantly homogeneous. ANOVA result: The difference in mean heart of the eight activities is 

significant (F (7, 325) = 6,5, p < 0,01). Tukey test reveals which means are different from each other; a, b 

and c are significantly different from each other but not different within themselves (p = 0,05). 

 

Figure 22 shows the average increase in heart rate from interview to the activity. The result was 

obtained by subtracting each child’s interview heart rate from their heart rate in each activity. 

This was done because heart rate can differ a lot from individual to individual, and O’Connor et 

al. (2003) recommends that individual calibration is performed. In The Ball Cage, children’s 

heart rate increased 40 bpm on average. In the Obstacle Hallway and and The Fence Jump, their 

heart rate increased 23 bpm on average compared to the children’s interview heart rate. 
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Figure 22. Δheart rate by activity. 

Shows how big the difference between interview heart rate and activity heart rate was on average. 

Variance is significantly homogenous, ANOVA result: The difference in mean heart of the eight activities 

is significant (F (7, 325) = 6,3, p < 0,01). 

 

Figure 23 shows where the children had their highest heart rate during their time in the PULSE 

exhibit. fifteen children were measured to peak in heart rate at The Ball Cage. Nine children had 

their highest heart rate at The Balance Kitchen and The Energy Roller. No children had their 

highest heart rate during The Fence Jump or The Dancing Bathroom. 
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Figure 23. Where children experienced their highest heart rate. 

Obtained by counting how many children had their highest average heart rate in each activity. E.g. 15 

children had higher average heart rate in the Ball Cage than in any of the other activities. 

 

An important component of being active is the intensity. In order to assess the children’s 

intensity level in the exhibit, the children’s percentage of maximum heart rate were calculated. 

Their theoretical maximum heart rate defined as 208 - 0,7 * (age) (Mahon et al., 2010). Table 2 

and Figure 24 shows this result. One child had a heart rate of 98 % of max in one activity. 11 

children achieved heart rates above 77 % of their maximum heart rate.  
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Table 2. Percent of maximum heart rate, top 15. 

Gender Age Theoretical max heart rate Max % of th-max ΔSE post-pre 

G 8 202,4 199 98 0,6 

G 14 198,2 171 86 1,0 

G 11 200,3 168 84 0,8 

G 10 201 161 80 0,3 

G 11 200,3 160 80 0,1 

G 12 199,6 159 80 0,8 

G 9 201,7 158 78 0,0 

G 6 203,8 159 78 0,6 

G 7 203,1 158 78 -1,8 

G 13 198,9 153 77 0,9 

G 11 200,3 154 77 1,5 

G 11 200,3 152 76 0,0 

G 9 201,7 153 76 0,7 

B 6 203,8 154 76 - 

G 7 203,1 152 75 -0,7 

Note. Shows the 15 children that were closest to their maximum heart rate. Theoretical max heart rate = 208 - (0,7 * 
age) (Mahon et al. 2010). Max = child’s average heart rate from the activity where the child had highest average 
heart rate. % of max column is visualized in Figure 24. B = boy, G = girl. Average of the top eleven girls in ΔSE 
post-pre is 0,44. Th-max = Theoretical max heart rate 

 
Figure 24. Percentage of maximum heart rate. 

Each bar represents a child. X-axis: % of maximum heart rate. Percentage obtained by averaging 

children’s heart rates at each activity, then picking the activity where their average heart rate was highest 

and then comparing this heart rate to their theoretical maximum heart rate (208 - 0,7 * age, see Mahon et 

al., 2010). The top 15 (to the left) is also seen in Table 2. The Three children with lowest percentage of 

max (to the far right), did not achieve moderate activity levels while in PULSE. The child with the lowest 

percentage of max will be discussed more thoroughly in Case 3. 
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5.3 Self-efficacy changes 

The results from the self-efficacy part of the interview will first be presented overall, and then 

the results from the Balance Kitchen and the Bike shed will be presented as examples of 

activities where the self-efficacy increased and decreased respectively. 

Figure 25 shows all children’s average self-efficacy at the three interviews. The pre 

interview was just before they started trying the activities, post interview was just after their 

visit and telephone interview was conducted 35 days later on average. It seems that the 

children’s self-efficacy increases during their visit and then somewhat decreases again during 

the 35 days until the telephone interview. ANOVA reveals that the means are not significantly 

different from each other. 

 
Figure 25. Overall self-efficacy changes. 

Shows all children’s average self-efficacy with regards to the PULSE exhibit. Levene’s test determine that 

variance is homogenous. ANOVA: no means are significantly different from each other (F (2, 122) = 0,83, 

p = 0,44). 

The overall self-efficacy change comprises all eight exhibits. The children’s answers reveal that 

they have a different development of self-efficacy in each of the eight activities. Figure 26 and 

figure 27 are examples of a positive change and a negative change respectively. Figure 26 

shows the development of the children’s self-efficacy in The Balance Kitchen. Their self-

efficacy goes from 4,81 (pre) to 5,33 (post) and continues up to 5,55 (tel). This is a good 

example of a positive development in self-efficacy. The positive development is even sustained 

and increased, as seen by the high reported self-efficacy on telephone. Figure 27 shows the 

children’s self-efficacy for the activity The Bike Shed. Their self-efficacy decreases from 4,6 
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(pre) to 3,75 (post) and increased slightly to 3,90 (tel) during the following month. The pre and 

telephone means are significantly different from each other in The Balance Kitchen, whereas no 

means are significantly different from each other in The Bike shed. These results and the self-

efficacy results for the other six activities can be seen in Table 3. 

                                                                           a                          a,b                           b 

 
Figure 26. Self-efficacy, The Balance Kitchen. 
Children’s self-efficacy regarding The Balance Kitchen, pre, post and telephone. Levene’s test reveals that variance is 

significantly homogenous. ANOVA reveals that means are statistically different from each other  (F (2, 122) = 4,4, p = 

0,014). Tukey test reveals that pre and telephone means are significantly different from each other, as shown with a and b. 

     
Figure 27. Self-efficacy, The Bike Shed.  

Children’s self-efficacy regarding the Bike Shed. Levene’s test reveals that variance is significantly homogenous. 

ANOVA reveals that there is no difference in means (F (2, 123) = 2,8, p = 0,06). 
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Table 3. Self-efficacy 

 Pre  Post Tel Figure 

Overall 4.65 4.83 4.71 25 

the Fence Jump 4.25* 4.81 4.52*  

the Dancing Bathroom 4.60 4.69 4.44  

the Balance Kitchen 4.81 5.33 5.55 26 

the Rodeo Lounge 4.35 4.96 4.42  

the Ball Cage 4.77 5.43 5.12  

The Obstacle Hallway 5.29 5.60 5.55  

the Energy Roller 4.55 4.04 3.90  

the Bike Shed 4.60 3.75 3.90 27 

Note. An overview of children’s self-efficacy overall and in the eight exhibits. The starred values in The Balance 

Kitchen are significantly different from each other. 

5.4 The Physical Activity and Enjoyment Scale (PACES) 

Figure 28 shows the result of the PACES interviews. The average PACES score is 4,1 at the pre 

interview and at the post interview. The difference is only 0,0008 and a t-test reveals that this 

difference is not significant (p = 0,99). 

 
Figure 28. PACES. 

Shows the average of the PACES at the pre interview and the one month interview. Levene’s test reveals 

that variance is significantly homogenous. A t-test shows that means are not significantly different from 

each other t (74) = -0,009, p = 0,99). 
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5.5 Choosing only one activity 

At the telephone interview, the children were asked two extra questions that they had not been 

asked before. They were asked to choose which activity to do again if they could only choose 

one, and they were asked which activity not to do again if they could only choose one. The 

answers are presented below. Figure 29 shows the distribution of the answers. It is seen that The 

Balance Kitchen is the most popular, with 55 % of children choosing this one. Whereas The 

Bike Shed is seen as the least popular, with 30 % of the children choosing this as the one not to 

do again. The rest of the answers are distributed between the rest of the activities. 

 
Figure 29. Choosing only one activity 

Shows the distribution of children’s answers to the questions regarding what they would and would not do 

again. Activities are sorted by percentage and ranked from most to least popular, from left to right. 

 

The eight activities are designed differently, and one might wonder if boys and girls experience 

the activities differently. The choosing only one activity question can be used to expose 

differences between boys and girls. This difference can be seen in Figure 30 and Figure 31, 

these figures are simply the data from Figure 29, divided into girls and boys. Note that The 

Balance Kitchen is the most popular with both boys and girls. The Bike Shed is the least 

popular for girls, whereas The Rodeo Lounge is the least popular for boys. 
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Figure 30.  Choosing only one activity, girls 

Shows percentage of girls that choose which activity they would do and would not do again. Sorted from 

left to right as Figure 29 in order to make comparison easier. 

 

 
Figure 31. Choosing only one activity, boys 

Shows percentage of girls that choose which activity they would and would not do again. Sorted from left 

to right as Figure 29 in order to make comparison easier. 
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5.6 Association of factors 

In order to assess how the factors self-efficacy, PACES and heart rate are related, a 

correlation matrix was constructed. Some findings from this correlation are shown here 

as scatter plots with trend lines. The full correlation matrix can be seen in Appendix 6. 

Figure 32 shows the positive correlation between change in self-efficacy and change in 

enjoyment.  

 
Figure 32. Δself-efficacy and ΔPACES. 

Children with bigger increase in self-efficacy also had a bigger increase in PACES. Linear trendline is 

shown. Pearson correlation: r (36) =  0,51, p < 0,01. SE = self-efficacy, PACES = Physical activity and 

enjoyment scale. 

 

Figure 32 is a scatterplot of Δself-efficacy (pre - tel) as variable x and ΔPACES as variable y. It 

is seen that there is a positive correlation between these two variables, meaning that children 

increasing in self-efficacy, also increased their enjoyment from before visiting PULSE to one 

month later, and vice versa.  

5.6.1 Heart rate and self-efficacy 

Heart rate and self-efficacy were correlated in order to assess whether or not children’s level of 

physical activity had any influence on their self-efficacy or vice versa. The following three 

figures illustrate results from this correlation. Figure 33 plots telephone self-efficacy against 

heart rate in The Energy Roller, Figure 34 plots Δself-efficacy (pre - post) against heart rate in 

The Rodeo Lounge and Figure 35 plots Δself-efficacy against heart rate in the Balance Kitchen. 
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The three figures are examples of the connection between heart rate and self-efficacy. The rest 

of the correlations can be seen in Table 4. 

 

 
Figure 33. Self-efficacy (tel) and heart rate in The Energy Roller. 

Positive correlation between self-efficacy at the telephone interview and the heart rate children had in the 

Energy Roller. X-axis: Heart rate, y-axis: telephone self-efficacy. Linear trendline is shown. Pearson 

correlation: r (33) =  0,45, p = 0,007. 

 

Figure 33 shows the positive correlation between heart rate in The Energy Roller and the one 

month later telephone self-efficacy. The positive correlation has a highly significant (p = 0,007) 

coefficient of 0,45. 
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Figure 34. Heart rate and Δself-efficacy (pre-post) in The Rodeo Lounge. 

X-axis: Heart rate in the Rodeo Lounge, y-axis: Δself-efficacy pre - post. Linear trendline is shown. This 

correlation is significant. Pearson Correlation: r (36) =  0,57, p = 0,000. 

 

Figure 34 shows a positive correlation between children’s heart rate in The Rodeo Lounge and 

their change in self-efficacy from pre to post interview. The correlation coefficient is 0,57 and is 

highly significant (p = 0,00). 

Figure 35 shows that there is only a limited correlation between the children’s heart rate in The 

Balance Kitchen and their change in self-efficacy (pre - post). The correlation coefficient at -

0,13 is very close to zero. Note that this result is not statistically significant with p = 0,48. Table 

4 shows the rest of the correlations with heart rate and self-efficacy. 
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Figure 35. Δself-efficacy (pre-post) and heart rate in The Balance Kitchen. 

X-axis: heart rate, y-axis: Δself-efficacy pre-post. Linear trendline is shown. This correlation is not 

significant. Pearson Correlation: r (32) =  -0,13, p = 0,48. 

 

Table 4. Correlation of heart rate and self-efficacy. 

Heart rate in Pre Post Tel Δpre-post Figure 

PULSE -0,108 0,086 0,236 0,195  

The Obstacle Hallway 0,131 0,188 0,152 0,043  

The Fence Jump -0,177 0,147 0,224 0,217  

The Dancing Bathroom 0,016 -0,187 -0,118 -0,208  

The Balance Kitchen 0,108 -0,060 0,128 -0,125 35 (Δpre-post) 

The Rodeo Lounge -0,326* 0,346* 0,312 0,566** 34 (Δpre-post) 

The Bike Shed -0,059 0,040 -0,080 0,073  

The Energy Roller -0,098 0,288 0,447** 0,334* 33 (tel) 

The Ball Cage -0,174 0,140 0,199 0,213  

Note. Pearson Correlation *= significant (p < 0,05), ** = significant (p < 0,01). More details in Appendix 5.  
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5.6.2 Heart rate and enjoyment 

As seen in Table 5, there is no correlation between heart rate and enjoyment. 

 

Table 5. Correlation of heart rate and PACES 

 PACES pre PACES tel ΔPACES 

Heart rate relax -0,263 -0,083 0,124 

Heart rate interview -0,127 -0,185 -0,072 

Heart rate PULSE 0,026 0,012 -0,011 

Δheart rate (interview - PULSE) 0,135 0,173 0,051 

Note. Pearson correlation. There is a low correlation between heart rate and enjoyment. No significant values. More 

details in Appendix 6 (Correlation matrix, all factors) 

5.7 Gender differences 

Investigating if boys and girls have different experiences is one of the aims of this project. Some 

gender differences have already been presented in the heart rate part and in the choosing only 

one activity part of the results. Additional results concerning the differences or similarities 

between boys and girls are presented here. Looking at Figure 36 it can be seen that, on average, 

girls have an increase in self-efficacy during the month between pre and telephone interviews of 

0,3 compared to the decrease of - 0,27 for the boys. The standard deviations overlap, but a t-test 

reveals that these two means are significantly different from each other (t (40) = -2,44, p = 

0,02). When removing the eleven girls that experienced heart rates above 77 % of max 

throughout an activity (see Table 2) from the total girls average of 0,30 (Figure 36), the total 

girls average is still positive, but drops to 0,13. 
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                                                         *                                 * 

 
 

Figure 36. Gender comparison of Δself-efficacy pre - tel. 

Shows the change in self-efficacy from the pre interview to the telephone interview for girls and boys 

respectively. A t-test reveals that this result is significant t (40) = -2,44, p = 0,02. (std. dev. girls = 0,78, 

boys = 0,7). This and other comparisons of boys’ and girls’ means can be seen in Appendix 7. 
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Figure 37 illustrates that girls and boys had different average heart rates in the exhibition. Girls 

had an average heart rate of 130 beats per minute (bpm), whereas boys had a heart rate of 120 

bpm. 

                                                       *                                  * 

 
Figure 37. Gender differences regarding heart rate in PULSE. 

This result is significant t (43) = -2,75, p = 0,01, but note that the standard deviations are overlapping (std. 

dev. girls = 14, boys = 7) This and other comparisons of boys’ and girls’ means can be seen in in 

Appendix 7. 

 

Figure 28 showed that children did not change their enjoyment of physical activity during the 

month between pre and telephone interview. When dividing this result into boys and girls it can 

be seen there are no difference between the genders in this aspect, see Figure 38. The girls 

increased 0,04 on average, with a standard deviation of 0,39 and the boys decreased -0,05 on 

average, with a standard deviation of 0,47. A t-test confirms that these means are not 

significantly different from each other (p = 0,49). 
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Figure 38. Gender differences of ΔPACES.  

Shows the change in enjoyment for boys and girls. These means are not significantly different from each 

other t (36) = -0,69, p = 0,49, and the standard deviations are highly overlapping (std. dev. girls = 0,39, 

boys = 0,47) This and other comparisons of boys’ and girls’ means can be seen in Table 6 

 

Table 6. Gender differences 

 Girls Boys Figure 

Self-efficacy Pre 4,51 4,84  

Self-efficacy Post 4,78 4,89  

Self-efficacy Tel 4,81 4,57  

Δself-efficacy (pre - tel) 0,30 - 0,27 36 

PACES pre 4,10 4,01  

PACES tel 4,14 3,96  

ΔPACES 0,04 - 0,05 38 

Heart rate, relaxing 82 85  

Heart rate, Interview and waiting 99 97  

Heart rate, PULSE 130 120 37 

Note. An overview of the results distributed by gender. More details can be seen in Appendix 7 
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5.8 Age differences 

One of the aims of this thesis was to investigate if age could be an important factor when 

children experience the PULSE exhibition. Different data highlighting the role of age is reported 

in the following. Figure 39 illustrates the connection between age and change in self-efficacy. 

Δself-efficacy does not depend on age. Figure 40 shows that older children have lower heart 

rates than younger children during the interview and waiting setting. Figure 41 shows that 

younger children have a higher self-efficacy than older children before trying The Ball Cage. 

 
Figure 39. Δself-efficacy (pre - post) and age. 

Shows Δself-efficacy as dependent on age. Pearson Correlation: r (40) =  0,20, p = 0,18. Slightly positive 

correlation, but this result is not significant. SE = self-efficacy. 
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Figure 40. Heart rate at interview, and age. 

Shows the children’s heart rate when they were being interviewed sorted by their age. Linear trendline is 

shown. This result is significant. Pearson correlation:  r (43) =  -0,41, p < 0,01. HR = heart rate. 

 

 
Figure 41. Self-efficacy (pre) vs. age in The Ball Cage. 

X-axis: age, y-axis: self-efficacy (pre). Linear trendline is shown. This result is significant. Pearson 

correlation: r (30) =  -0,46, p = 0,008. See Table 8 
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Figure 42 shows that there is no correlation between age and change in children’s self-efficacy, 

meaning that, when it comes to changing one’s self-efficacy in The Dancing Bathroom, it does 

not matter if a child is young or old. 

 
Figure 42. Δself-efficacy (pre - post) vs. age in The Dancing Bathroom. 

X-axis: age, y-axis: Δself-efficacy (pre - post). Linear trendline is shown. This result is not significant. 

Pearson correlation: r (33) = 0,01, p = 0,96. See Table 8 

 

The correlation table below (Table 7) consists of various variables from the data collection 

correlated with age. There seems to be no association with age. Some heart rate variables do, 

however, show modest correlation with age. 

 

Table 7. Age correlation 

 Age 

Self-efficacy  pre -0,264 

Self-efficacy  post -0,048 

Self-efficacy  tel -0,033 

Δself-efficacy post - pre 0,203 

Δself-efficacy tel - pre 0,185 

PACES pre 0,043 

PACES tel 0,203 

ΔPACES 0,163 

Heart rate relax -0,380 

Heart rate interview and waiting -0,410** 

Heart rate PULSE 0,078 

ΔHeart rate interview - PULSE 0,435** 

Note. Pearson Correlation  ** = significant at p = 0,01 level. More details in Appendix 6 
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Table 8 shows age correlated with self-efficacy divided into the eight exhibits. Some 

correlations are positive and some negative, while most are quite low. Two examples are shown 

in Figure 41 and 42, with data from The Ball Cage and The Dancing Bathroom respectively. 

 

Table 8. Age correlated with self-efficacy in the eight activities 

 Self-efficacy Figure 

 Pre Post Tel Δpre - post  

The Fence Jump 0,058 -0,002 0,011 -0,036  

The Dancing Bathroom 0,114 0,087 0,089 0,009 42 (Δpre - post) 

The Balance Kitchen -0,133 0,190 0,040 0,206  

The Rodeo Lounge -0,311 -0,354* -0,279 -0,020  

The Bike Shed -0,296 0,134 0,208 0,308  

The Energy Roller 0,006 0,232 0,029 0,203  

The Ball Cage -0,461** -0,322 -0,232 0,273 41 (Pre) 

The Obstacle Hallway -0,264 -0,088 -0,128 0,135  

Note. Pearson Correlation * = significant at p = 0,05 level, ** = significant at p = 0,01 level. More details in 

Appendix 8. 

 

This Results section has presented the results concisely. Important points from these results will 

be discussed in the Discussion, where they will serve as a basis for answering the research 

questions. Some individual children will be presented as case examples and can therefore serve 

as additional results for the discussion. 
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5.9 Cases 

Three case examples will be presented in this section: Case 1 is Ida, case 2 is Aske and 3 is 

Jeppe. These cases will highlight some of the experiences that children had in PULSE, and 

serve as examples for the discussion. 

5.9.1 Case 1: Ida 

Ida’s case will be analysed in this section. Ida was chosen because she represent an extreme 

case, in that she is the child that had the highest increase in self-efficacy from pre to post 

interview. An extreme case can help highlight the interesting things that happen at the PULSE 

exhibition and can shed some light over what happened and did not happen with the other 

children. Ida’s results will be presented and analysed here. 

 

Table 9. Ida’s results 

 Pre Post Telephone Δpre - post Δpre - telephone 

Self-efficacy 3.5 4.875 4.625 1.375 1.125 

The Fence Jump 3 6 4 3 1 

The Dancing Bathroom 4 6 5 2 1 

The Balance Kitchen 2 5 6 3 4 

The Rodeo Lounge 3 6 5 3 2 

The Bike Shed 4 1 1 -3 -3 

The Energy Roller 4 4 5 0 1 

The Ball Cage 4 5 5 1 1 

The Obstacle Hallway 4 6 6 2 2 

PACES 3.6875  4.375  0.6875 

 Resting Interview PULSE 

Heart rate 86 108 125 

 One to try again One to not try again 

Activity The Balance Kitchen The Bike Shed 

Why? “It was funny” “It wasn’t that funny” 
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Table 10. Observations regarding Ida 

  Pos Neg Description 

m 
a 
s 
t 
e 
r 
y 

The Fence Jump    

The Dancing Bathroom    

The Balance Kitchen    

The Rodeo Lounge 1  “I didn’t fall off” 

The Bike Shed    

The Energy Roller 2  “I can keep going!”, “Can I take over?” 

The Ball Cage    

The Obstacle Hallway    

v 
i 
c 
a 
r 
i 
o 
u 
s 

The Fence Jump    

The Dancing Bathroom    

The Balance Kitchen    

The Rodeo Lounge    

The Bike Shed    

The Energy Roller 1  Watch other children perform well and used their strategy (stepping far ahead) 

The Ball Cage    

The Obstacle Hallway    

p 
e 
r 
s 
u 
a 
s 
i 
o 
n 

The Fence Jump    

The Dancing Bathroom    

The Balance Kitchen    

The Rodeo Lounge    

The Bike Shed 1  “Come on!” (Positive parent) 

The Energy Roller 1  “Exactly!” (Positive parent) 

The Ball Cage  -1 “Dad, stop!” (Not agreeing with dad’s expectations) 

The Obstacle Hallway    

p 
h 
y 
s 
i 
c 
a 
l 

The Fence Jump    

The Dancing Bathroom    

The Balance Kitchen    

The Rodeo Lounge    

The Bike Shed  -1 (See note) 

The Energy Roller    

The Ball Cage    

The Obstacle Hallway    

Note. Additional observations: When approaching The Bike Shed Ida says: “No, not that one”. And seems quite unhappy 
with doing this activity. Pos = positive, neg = negative. 
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Figure 43. Ida’s heart rate. 

1-7 minutes is resting, 8-36 minutes is Interview and waiting, 37-1:28 is the PULSE exhibit. The Jumping 

Fence is at 37+, The Rodeo Lounge is at 40+, The Obstacle Hallway is at 43+, The Energy Wheel is at 49+, 

The Bike Shed is at 57+, The Dancing Bathroom is at 1:04+, The Ball Cage is at 1:14+ and The Balance 

Kitchen is at 1:25+. 

5.9.1.1 Ida’s self-efficacy changes 

Ida’s self-efficacy increased from 3,5 to 4,9. Her self-efficacy increased in all activitíes except 

The Bike Shed (Table 9). Her PACES score increased from 3,7 to 4,4, (Table  9). Her heart rate 

goes from 86 when she is lying down, to 108 when she is interviewet and 125 when she is in the 

PULSE exhibition (table 9). When asked what activity she would do if she could only do one 

activity again, she picked The Balance Kitchen, she choose The Bike Shed as the one she would 

not do again. 

Choosing The Balance Kitchen and The Bike Shed as the ones she would and would 

not do again, is something she has in common with many other children in this study. Figure 29 

shows that 55 % of children would do The Balance Kitchen again and that 30 % of the children 

choose The Bike Shed as the one not to do again. This can mean that other children experience 

somewhat the same as Ida. Looking closer at the observations done while Ida was in the PULSE 

exhibit, there were no specific observations noted from The Balance Kitchen, meaning that the 

observations done here can not explain why she liked this activity the most. Her observed 

attitude at The Bike Shed conversely matches very well with her choosing not to do that one 

again; she was “quite unhappy” with doing the activity Table 10. 
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The fact that the observer has noted Ida’s negative experience at The Bike Shed and 

that Ida herself chooses this a the one not to try again, indicates that it is possible to observe 

some of what Ida experience. There is a negative observation at The Ball Cage, and her self-

efficacy only goes up one point, which is a lot less than at many of the other activities. A lot of 

the other observations, or missing observations, point to the opposite conclusion, that Ida’s 

experiences can not be observed. There are positive observations at The Energy Roller, both 

with regards to mastery, vicarious experiences and persuasion. Ida’s self-efficacy does not 

increase at this activity, from the pre to the post interview, she does however show a one-point 

increase at the telephone interview. 

According to Bandura (1997), mastering a task conveys information that helps raising 

one’s self-efficacy. This seems to happen for Ida at The Rodeo Lounge, as she is happy that she 

did not fall of the seat (Table 10) and her self-efficacy consequently is raised for this activity 

(Table 9). Her overall self-efficacy increased during her time in PULSE. This increase could 

relate to similar experiences as the one from The Rodeo Lounge. If these experiences were 

mostly internal, they would be hidden from the observer, explaining why there were not made 

observations at many of the activities, even though Ida’s self-efficacy increased for most of 

them.  

Ida’s telephone interview was conducted 23 days after her visit to Experimentarium. At 

this interview, her self-efficacy was lower than at her post interview (Table 9). This indicates 

that her self-efficacy changes are not permanent. 

5.9.1.2 Ida’s sister 

Ida was at the PULSE exhibit with her father and her sister. Looking at her sister’s data gives 

some information about what they experienced, and illustrates both the similarities and 

differences that siblings experience in the exhibit. 

Ida’s sister Camilla is 9 years old. She also chose The Balance Kitchen and The Bike 

Shed as the ones she would, and would not, do again respectively. Camilla does not have an 

overall increase in self-efficacy or enjoyment, but just like her sister, Camilla’s self-efficacy is 

lowered at The Bike Shed. 

The fact that both girls gets their self-efficacy at The Bike Shed lowered, and considers 

this their least favorite could be random, but i could also mean that somehow the family 

interaction and their shared experiences has an effect on their perception of what happened. A 

family can build a collective social identity when visiting a science museum (Briseño-Garzón, 

Anderson & Anderson, 2007), which could explain why Ida and Camilla agree on disliking The 

Bike Shed and liking The Balance Kitchen. 
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5.9.1.3 Ida’s heart rate 

Ida’s heart rates (Table 9) shows that she was active at the PULSE exhibit. Looking at Figure 43 

it can be seen that she peaks in heart rate at most activities and has very high spikes in The 

Energy Roller and The Bike Shed. This indicates that she was engaged in the exhibit and that 

The Energy Roller and The Bike Shed was most strenuous to her. These were also the two 

activities where she had a negative (The Bike Shed) and no (The Energy Roller) change in self-

efficacy from pre to post interview. This could indicate, that for Ida, strenuous activity has a 

negative impact on her self-efficacy. 

However, she has an increased self-efficacy in the other six activities, where she also 

had heart rate spikes. It would therefore seem that strenuous activity is usually a positive thing 

for Ida, but when the activity is too strenuous it has a negative impact on her self-efficacy for 

that activity. 

The Bike Shed and The Energy Roller differ from the other activities, in the way that 

they are non-cooperative activities, where you perform well if you exert a lot of power during 

several minutes. One could imagine that this type of activity is not as good a social activity for 

Ida. This goes in line with Briseño-Garzón et al. (2007) who says that children cherish the social 

part of a museum visit. Positive social experiences more likely takes place at activities where 

the family members cooperate, such as The Balance Kitchen. 

5.9.1.4 Her second visit 

An interesting point to mention about Ida is that this visit was actually her second time in the 

PULSE exhibition. This does not make her case invalid, but should be kept in mind when 

considering her experiences. Perhaps she was unsure of how she would do in the eight activities, 

and therefore underestimated herself in the pre-interview, while afterwards being positively 

surprised by her own good performance, in turn raising her self-efficacy.  
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5.9.2 Case 2: Aske 

Askes case will be analysed in this section. Aske is 6 years old, and was with his family, parents 

and three older siblings, in the PULSE exhibition. Aske is chosen for case analysis, because he 

is a child with big negative changes in both self-efficacy and enjoyment, and because he has 

almost no difference in heart rate from interview to PULSE. His results will be presented and a 

short analysis will follow. 

 

Table 11. Aske’s results 

 Pre Post Telephone Δpre - post Δpre - telephone 

Overall 4.625 3.75 3.25 -0.875 -1.375 

The Fence Jump 2 5 5 3 3 

The Dancing Bathroom 4 1 1 -3 -3 

The Balance Kitchen 3 6 6 3 3 

The Rodeo Lounge 6 3 1 -3 -5 

The Bike Shed 4 1 1 -3 -3 

The Energy Roller 6 2 1 -4 -5 

The Ball Cage 6 6 5 0 -1 

The Obstacle Hallway 6 6 6 0 0 

PACES 4.1875  3.5625  -0.625 

 Relaxing Interview PULSE 

Heart rate 92 108 110 

 One to try again One to not try again 

Activity The Obstacle Hallway The Dancing Bathroom 

Why? “I was the best at it” “I wasn’t that good at it” 
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Table 12. Observations regarding Aske 

  Pos Neg Description 

m 
a 
s 
t 
e 
r 
y 

The Fence Jump    

The Dancing Bathroom    

The Balance Kitchen    

The Rodeo Lounge    

The Bike Shed  -1 Gave up 

The Energy Roller  -1 Could not do it 

The Ball Cage 1  Got balls out of the cabinet 

The Obstacle Hallway 1  Completed in 1 second 

v 
i 
c 
a 
r 
i 
o 
u 
s 

The Fence Jump    

The Dancing Bathroom    

The Balance Kitchen    

The Rodeo Lounge    

The Bike Shed    

The Energy Roller    

The Ball Cage    

The Obstacle Hallway    

p 
e 
r 
s 
u 
a 
s 
i 
o 
n 

The Fence Jump    

The Dancing Bathroom 1  “Well done” 

The Balance Kitchen    

The Rodeo Lounge    

The Bike Shed 1  “You can do it” 

The Energy Roller 1  “Well done” 

The Ball Cage    

The Obstacle Hallway    

p 
h 
y 
s 
i 
c 
a 
l 

The Fence Jump    

The Dancing Bathroom    

The Balance Kitchen    

The Rodeo Lounge    

The Bike Shed  -1 Stopped biking 

The Energy Roller    

The Ball Cage    

The Obstacle Hallway    

 
Note. Additional observations. Cry between doing The Bike Shed and The Obstacle Hallway. Waiting in line. A lot 
of people around. Vicarious? After doing The Bike Shed Aske would rather like to do something else (at 
Experimentarium). The Bike Shed is the first one they try. Pos = positive, neg = negative 
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Figure 44. Aske's heart rate profile. 

From 0:00:00 to 0:42:00 he is waiting or being interviewed, except from 0:09:00 to 0:11:00 where he is 

relaxing (seen as a sudden drop in heart rate at this interval). From 0:42:00 to the end he is in PULSE. The 

peak at 0:59:00 minutes is obtained at The Bike Shed. 

 

Aske decreases both in self-efficacy and enjoyment. This makes him an example of a child 

where self-efficacy and enjoyment are connected, just as seen in Figure 32. 

His changes in self-efficacy can be accounted for by experiences that was observed. In 

The Bike Shed, we see that he gave up and stopped biking, and even though a parent tried to 

cheer him up, he had a negative experience in this activity, potentially resulting in his self-

efficacy decline. The same was seen in The Energy Roller, where he could not complete the 

activity. Here he experienced a subsequent decline in self-efficacy, in spite of a parent's attempt 

to cheer him up. When parent’s persuasive cheering did not help Aske, it could be because they 

came after the negative experiences occurred. In continuation, Bandura (1994) states that 

mastery experiences is the most effective way of changing self-efficacy. 

Aske’s heart rate remained almost unchanged from the interview situation to PULSE 

This lack of difference could be due to the lower measured heart rates, resulting from waiting a 

lot in line. However, when looking at his heart rate profile in Figure 44 we see some spikes 

when he is engaged in activities, with the highest being in The Bike Shed after 59 minutes.  

An interesting aspect of Aske’s experiences is that he answered the choosing only one activity 

question, based on his perceived performance. He wanted to do The Obstacle Hallway again, 
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because he “was the best at it”, and he would not do The Dancing Bathroom again because he 

was not that good at it. That he was good at The Obstacle Hallway intuitively make sense, 

because that activity can be easier when you are small and Aske is the youngest member of his 

family. 

5.9.3 Case 3: Jeppe 

Jeppe is eight years old and visited Experimentarium with his family on a holiday, resulting in 

very long lines. Firstly his results will be presented and then a short analysis will follow. 

 

Table 13. Jeppe’s results 

 Pre Post Telephone Δpre - post Δpre - telephone 

Overall 5.75 5.25 4.25 -0.5 -1.5 

The Fence Jump 5 6 3 1 -2 

The Dancing Bathroom 6 6 4 0 -2 

The Balance Kitchen 6 1 1 -5 -5 

The Rodeo Lounge 5 6 5 1 0 

The Bike Shed 6 6 5 0 -1 

The Energy Roller 6 6 6 0 0 

The Ball Cage 6 5 4 -1 -2 

The Obstacle Hallway 6 6 6 0 0 

PACES 4.25  3.5  -0.75 

 Relaxing Interview PULSE 

Heart rate - 112 118 

 One to try again One to not try again 

Activity The Energy Roller The Balance Kitchen 

Why? “Fun, and i love to run” “Not good at that, and haven’t tried it” 
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Table 14. Observations regarding Jeppe 

  Pos Neg Description 

m 
a 
s 
t 
e 
r 
y 

The Fence Jump    

The Dancing Bathroom    

The Balance Kitchen    

The Rodeo Lounge    

The Bike Shed    

The Energy Roller    

The Ball Cage    

The Obstacle Hallway    

v 
i 
c 
a 
r 
i 
o 
u 
s 

The Fence Jump    

The Dancing Bathroom    

The Balance Kitchen    

The Rodeo Lounge    

The Bike Shed    

The Energy Roller    

The Ball Cage    

The Obstacle Hallway    

p 
e 
r 
s 
u 
a 
s 
i 
o 
n 

The Fence Jump    

The Dancing Bathroom    

The Balance Kitchen    

The Rodeo Lounge    

The Bike Shed    

The Energy Roller    

The Ball Cage 2  “Thumbs up!”,  “Great!” 

The Obstacle Hallway    

p 
h 
y 
s 
i 
c 
a 
l 

The Fence Jump    

The Dancing Bathroom    

The Balance Kitchen    

The Rodeo Lounge    

The Bike Shed    

The Energy Roller    

The Ball Cage    

The Obstacle Hallway    
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Figure 45. Jeppe’s heart rate profile. 

From 0:00:00 to 0:12:00 Jeppe is being interviewed. From 0:12:00 Jeppe is in PULSE. The peaks 

occurred at The Obstacle Hallway (19 min.), The Bike Shed (33 min.), The Energy Wheel (1 H 6 min.) 

and The Ball Cage (1 H 29 min.). 

 

Jeppe is the child who experiences the biggest decrease in self-efficacy (pre - post). His PACES 

score also decrease with -0,75. This makes Jeppe one of the children that follow the trend with 

self-efficacy and enjoyment associated with each other, as seen for all children in Figure 32 

 Was PULSE a very bad experience for Jeppe, since his self-efficacy and enjoyment 

both decreased? Probably not. Notice that Jeppe has very high initial values for self-efficacy and 

PACES. It can almost only go one way from there. It might not be a bad experience, but merely 

an experience that calibrates his own assessment of self-efficacy and enjoyment, meaning that 

his initial answers were an overestimation. 

Jeppe has almost no increase in heart rate from the interview situation to the exhibit. 

This is probably because the increase is averaged out from standing in line. Looking at Jeppe’s 

heart rate profile, we do however see that he has some peaks when he is in the activities (Figure 

45). 

There is almost no observable self-efficacy changing behaviour for Jeppe, during his 

time in PULSE. Only in the ball cage two instances of persuasion are noted (which technically 

is not behaviour from Jeppe). This would therefore not seem to explain his decrease in self-

efficacy. 
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Due to the long lines, Jeppe and his family did not try all the activities. When asked what he 

would, and would not do again, he answers that he would not do The Balance Kitchen, because 

he is not very good at stuff like that, and because he did not try it. On the other hand, he would 

like to try The Energy Roller again. Looking at Figure 29 and seeing that most children disagree 

with Jeppe, highlights that the experience of PULSE can be very individual. 
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6 Discussion 

The purpose of this study, was to investigate children’s activity level during a visit, change in 

self-efficacy and enjoyment, and to examine the relationship between these three parameters. In 

all these aspects, we also wanted to investigate the impact of gender and age respectively.  

In this Discussion section, we will answer the four research questions sequentially, and 

we will have a general discussion of the methods used in the study. Lastly we will shortly 

evaluate on the visions of the PULSE project 

6.1 Research Question 1. 

1. How do children's heart rates fluctuate during the time families spend at the PULSE 

exhibition? 

6.1.1 Heart rate increases from resting and interview to the start of PULSE-play 

From Figure 20 we can see that children’s heart rates increased significantly from both relaxing 

to interview measurements, and from the interview to PULSE measurements. According to 

Rowlands, Eston & Ingledew (1997), heart rates ranging below 102 beats per minute (bpm) 

cannot normally be considered valid estimates of physical activity. However, in our study we 

see that children on average have a heart rate of 126 beats per minute during their visit Figure 

20. That children are physically active during their visit at PULSE, is an essential element in our 

study, because changes in self-efficacy and enjoyment of physical activity are hypothesized to 

be, in part, due to experiences with physical activity. The heart rate values for the children could 

therefore serve as a validation of our assumptions that children experience physical activity 

during their visit. 

6.1.2 Physical activity intensities during the visit  

Knowing whether children are active or not during their visit at the PULSE exhibit is essential 

for the investigation, but another key element is the intensity of the physical activity. In 

addition, we therefore wanted to investigate the intensities of physical activity (light/moderate-

vigorous), experienced by children during their visit. The reason for this focus, is primarily 

based on literature indicating that in children, it seems that vigorous exercise is useful in 

improving physical fitness (Ruiz et al., 2006; Janssen & LeBlanc, 2010), in preventing obesity 

(Eliakim et al., 2000, Barbeau & Litaker, 2003), and increasing self-efficacy (Strauss et al., 

2001) compared with light-moderate physical activity. The way of estimating vigorous activity 

varies a lot from study to study, and the choice of measures for physical activity in children is 
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known to be complex (O’Connor et al., 2003). For example, in the study by Bucksch et al. 

(2014) a questionnaire was used with moderate-to-vigorous physical activity defined as: “Any 

activity that increases your heart rate and makes you get out of breath for some of the time”, 

whereas Janssen & LeBlanc (2010) used the resting metabolic rate times seven, as a measure of 

vigorous physical activity in children. In regards to heart rate, Strong et al. (2005) mention 

vigorous activity as activities done at a minimum of 80% of maximum heart rate, whereas The 

Danish Health Authority (Sundhedsstyrelsen, 2016) defines vigorous physical activity as 77-

93% of maximum heart rate. We did not test the maximum heart rate of the children in our 

study, but according to Mahon et al. (2010), maximum heart rate in children can be closely 

predicted by the equation: 208 - 7 * (age). 

Eleven individuals experienced average heart rates above 77% of maximum heart rate 

during specific activities (Table 2). Even though vigorous types of physical activity are 

considered more effective at improving health status than moderate physical activity (Janssen & 

LeBlanc, 2010), moderate-intensity physical activity is still considered beneficial and serves a 

cornerstone in management of weight loss and type 2 diabetes (Toledo et al., 2007). Moderate 

physical activity is defined as 64-74% of maximum heart rate, by The Danish Health Authority 

(Sundhedsstyrelsen, 2016). When looking at moderate-vigorous physical activity during the 

children’s visits, we can see that out of the 45 heart rate monitored subjects, only three did not 

meet these criteria. However, these scales defining physical activity intensity vary a lot between 

different researchers and authorities. For instance, Centers for Disease Control and Prevention 

define moderate-physical activity as 50-70% of maximal heart rate (Centers for Disease Control 

and Prevention, 2015). Using this interval, all of the measured children would be considered at 

least moderately physically active during one or more activities. This raises the question of the 

difficulty of comparing studies using heart rate, because researchers might conclude differently 

based on the same results. 

6.1.3 Gender differences in intensity of physical activity 

From Figure 37 it can be seen, that girls’ average heart rate during their entire visit (130bpm) is 

significantly higher than boys’ (120bpm). From Table 2, we see that all the 11 children reaching 

at least vigorous intensity are girls, and girls actually represent the top 13 average heart rates in 

specific activities. This stands in contrast to Frömel, Formánková & Sallis (2002), who claims 

that boys often prefer more vigorous activities than girls, potentially leading to boys engaging in 

more high intensity physical activity. Some of these ambiguities could perhaps be explained by 

biological differences. For instance, a study by Mahon et al. (2003) showed that when children 

are physically active at the same submaximal intensity, heart rate is generally higher in girls, 
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and in general girls have been shown to be less active than boys (Remmers et al., 2014; Trost et 

al., 2002). In addition, girls seem to have a lower cardiorespiratory fitness than boys, due to 

different body composition (Dencker et al., 2007). 

A high cardiorespiratory fitness is often associated with an increase in stroke volume 

(Hedge & Solomon, 2015) and increased capillarization (Nyberg et al., 2015), resulting in 

increased oxygen uptake (Gliemann et al., 2015; Eisenmann et al., 2011). One hypothesis for 

the more vigorous active girls could therefore be, that they had lower cardiorespiratory fitness 

and therefore need a higher heart rate to perform at the same intensity as the boys. Thus, the 

absolute intensity could be equal for the boys and girls, but the relative intensities would still be 

different. For example, if a girl and a boy were cycling at the same absolute intensity, then the 

girl could have a higher heart rate than the boy. 

6.1.4 Strength and limitations with the heart rate measures 

Children in the PULSE exhibit experienced significant increases in heart rate, and these changes 

have primarily been looked at from a physiological point of view. But how can we be sure that 

the increases from Interview heart rate to PULSE heart rate, are due to increasing intensity and 

not due to emotional stress? Of course we cannot with certainty conclude that the changes in 

heart rate measured during the visit, were unaffected by emotional and environmental factors. 

Neither are we able to definitely say that the changes in heart rate are due to physical activity 

alone. In our setup however, we have tried to reduce some of the emotional stress factors and 

diminish some of the inequalities between groups, giving more strength to our heart rate 

measurements. 

As mentioned in the methods section, we started out with welcoming each family and 

having them sit down for a couple of minutes, before getting the heart-rate equipment turned on. 

During this period, we told participants who we were, how their visit was going to be, and we 

equipped them with HR-monitors. This setup served two main purposes: Firstly, To decrease 

the stress level of the children, by making them feel more comfortable with the interviewers and 

wearing heart rate-monitors, and secondly to diminish the possible inequalities in heart rate 

from before the visit (e.g. some families might have stressed riding bicycles to get there, while 

other families could have come by car with time to spare). 

6.1.5 Heart rate measurements might be affected by heart rate monitoring itself 

Even if psychological aspects did not heavily influence our results, the observed changes in 

heart rate might not all be contributed to the PULSE exhibits. Heart rate, besides being 

differently affected by mode of activity, posture and emotions (Hilloskorpi, Fogelholm & 

Laukkanen, 1999; Achten & Jeukendrup, 2003), can also be affected by the mere fact that heart 
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rate is measured. For example, it can be hard to tell whether children would have been more or 

less active if they were not wearing the heart rate monitors. A study by (McManus et al., 2008), 

showed that wearing heart rate monitors encouraged children to be more physically active, and 

even though the McManus et al. study (2008) only found increases in low intensity physical 

activity, one could hypothesize that heart rate monitoring would also affect children’s moderate-

to-vigorous activity during the visit. This could serve as a bias to our study, and it would be 

interesting to investigate, if a blinded study would give different results. If it turned out that 

children were more active if they were able to monitor their own activity level (e.g. heart rate), 

maybe museums could consider using these objective measurement as a supplemental 

motivational factor for physical activity in children.   

6.1.6 Resting heart rate were lower than interview 

To test the impact of emotional stress on the heart rate values found, we also measured the 

resting heart rate in some subjects (n = 27). We saw that children who had been relaxing (lying 

down), instead of sitting or walking around, significantly decreased their heart rate. If we had 

not been able to decrease children’s heart rate by letting them rest (i.e. decreasing their activity), 

it could have indicated that emotional stress had too big an impact on the heart rate 

measurements, undermining our heart rate results. This was not the case. 

This being said, the effects of emotional stress on our heart rate measurements should 

not be neglected, and perhaps future studies could look at the effect of emotional stress in these 

types of interventions.  

In summary, when looking at fluctuations in children’s heart rate during their visit, we 

see a significant increase in heart rate from resting to interview, and from interview to the 

PULSE exhibit. The activities most effective at raising children heart rate were The Ball Cage, 

The Balance Kitchen and The Bike Shed, whereas the least effective were The Obstacle 

Hallway and The Fence Jump. All but three children experienced at least moderate intensity 

physical activity in one or more activities during their visit - eleven girls experienced  activity 

intensities above 77% of VO2 max. All exhibits however, did succeed in increasing children’s 

heart-rate to a level that could support the assumption that children were physically active 

during their visit (Rowland et al., 1997). 
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6.2 Research Question 2 

2. Does reported self-efficacy in children change during the visit, and is the change detectable 

after about one month? 

6.2.1 Changes in overall self-efficacy 

When looking at children’s overall self-efficacy from both pre-to-post and post-to-telephone 

interview, we see that there are no significant differences. We do see a slight increase from pre-

to-post, but after one month, this increase has fallen close to pre-measures Figure 25. These 

results would indicate that children’s self-efficacies do not change one month after a visit to the 

PULSE exhibit. Even though these overall self-efficacy changes seem absent, it does not 

necessarily mean that no self-efficacy changes occur during and after visiting the PULSE 

exhibit. For instance, we see quite sizeable variations of self-efficacy in between activities, 

which could potentially mask the overall differences in self-efficacy. Except for The Energy 

Roller and The Bike Shed (Figure 27), which shows decreases in Δself-efficacy (pre-post), 

children experience an increase in self-efficacy from pre-post measurements (Table 3).There is 

however a tendency that this increase drops slightly from post-telephone (Table 3), with The 

Balance Kitchen showing significant increases in self-efficacy (Figure 26). 

From the literature it would seem that mastery experiences are the most effective at increasing 

self-efficacy (Bandura, 1994; Resnick, 2013), and therefore it could be hypothesised, that 

activities with the most observable positive mastery experiences, would be the ones where 

children increased the most in self-efficacy. However, from our observational study findings of 

mastery experiences, it is hard to establish this association. In the case studies of “Ida” and 

“Aske”, we see an increase in self-efficacy of three points from Δpre-to-post in The Balance 

Kitchen (See Case 1 and Case 2), but for neither of the children were we able to detect any 

mastery experiences or other sources of self-efficacy.  

For several reasons, these observational results should be used with caution. To begin 

with, the observers, despite training from the pilot studies, were to be considered relatively 

inexperienced in observing. To attempt to compensate for this lack of experience, and add 

validity, observations were made separately without observers seeing each other’s findings, 

making it possible to evaluate the variation. 

Another essential parameter in regards to this observational study, could be that 

experiences affecting self-efficacy might not be explicit to the observer. Therefore it could also 

be hypothesized that mastery experiences do occur, but that they are simply not detectable - at 

least not with these methods. 
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6.2.2 Differences in Δself-efficacy between boys and girls (pre-telephone) 

When looking at changes in self-efficacy between boys and girls (Δpre-telephone) after one 

month, we found an increase (0,30) in girls, whereas boys decreased (-0,27); corresponding to a 

significant difference between genders (p = 0,02) (Figure 36). We know from our heart rate 

results that girls are the ones experiencing vigorous physical activity during the visit, 

corresponding well to these increases in self-efficacy, due to the positive association between 

vigorous physical activity and self-efficacy (Strauss et al., 2001). This relationship with self-

efficacy and vigorous intensity activity, is further substantiated by the finding that of the eleven 

vigorously active  girls (>77% VO2 max), only one decrease in overall self-efficacy, and the 

overall increase  (0,44) (Table 2) ranges above total girls’ average self-efficacy (0,30) (See 

Figure 36). Even though we do not see a general correlation between heart rate and self-efficacy 

(Table 4) it could be hypothesized, that vigorous physical activity is a key mediator of self-

efficacy, although causality is difficult to establish. However, when removing the vigorously 

active girls from the self-efficacy calculations, girls still experience an increase in self-efficacy 

(0,13). 

Another factor that could be important, is children’s interpretations of own abilities. elf-

efficacy is not necessarily a measure of actual ability (Voskuil & Robbins, 2015) and according 

to Flammer (1995), children tend to overrate their own abilities and underestimate the difficulty 

of given tasks. One hypothesis could be, that boys would overestimate their own abilities more 

than girls, leading to higher risk of failure. According to Bandura (1997), when failing at tasks 

known to be easy, it can have a devastating effect on the perceived self-efficacy, and one could 

therefore hypothesize that boys decrease in self-efficacy due to overestimation of own perceived 

competence. This hypothesis fits with Case 3 (Table 13) where we see that the child with the 

highest pre-self-efficacy score (5,75), is also the child that decreases the most in self-efficacy (-

1,5). However, making any definite conclusions based on only one case is not meaningful, and 

further studies are needed to examine this hypothesis. 

Another aspect regarding the gender difference in Δself-efficacy could be that boys and 

girls, besides their different estimations of perceived competence, look differently at what is 

thought of as successful or what is considered “mastering” a task. For instance, mastering a 

perceived difficult task could still lower self-efficacy, due to focus on other limitations like 

mode of coping (Bandura, 1997) or perhaps due to physiological aspects like misinterpretation 

of bodily states (Bandura, 1997). The assessment of experiences during physical activity can be 

highly subjective (Magnan, Kwan & Bryan, 2013) and if boys in general had other criteria for 

success than girls in the PULSE exhibit, then this could affect the change in perceived self-

efficacy.  
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In addition, perhaps some of the activities in PULSE were too easy for the boys, which would 

not call for any change in self-efficacy (Bandura, 1997) while other activities, even though 

perceived as easy, were too difficult to master; leading to a decrease in boys’ self-efficacy. 

While the girls would perhaps also decrease their self-efficacy in the more difficult activities, 

perhaps mastery of the more “easy” activities would cause a larger increase in self-efficacy, due 

to lower expectations. 

6.2.4 Correlations between age and self-efficacy 

Correlation analysis did not show any significant association between age and self-efficacy on 

average (Figure 39 and Table 8). When looking at the exhibits separately, it would seem that 

different associations can be established between age and self-efficacy. 

 In The Ball Cage, there is a significantly negative correlation between age and self-

efficacy in the pre-visit measurements, indicating that the older you are, the more likely you are 

to have a low self-efficacy before trying the activity (Figure 41). There is a tendency however, 

that this correlation becomes less negative after post-and telephone measurements (Table 8). 

Besides from The Ball Cage, only The Rodeo Lounge was significantly correlated with age 

(also negatively), while the other activities show no correlation (Table 8). This could indicate, 

that the PULSE exhibit succeeds in not affecting children of any specific age in, at the age span 

of 6-14.  

6.2.5 Limitations with our self-efficacy measurements 

According to McAuley & Blissmer (2000), fluctuations in self-efficacy over time are 

unavoidable. Seeing that this study only measures self-efficacy three times (pre, post and 

telephone), one could expect that day to day variation would not be detectable, which would add 

uncertainty to the study. Making more interviews continuously throughout the study, could 

perhaps help in making results more valid, and should be considered for future studies. 

Another limitation with this present study could be that self-efficacy is suggested to 

decrease over time (Blanchard et al., 2007). Because we have no control group (e.g. same age 

distribution school kids) that did not try the PULSE exhibit, it is hard to conclude anything 

definitive from the absent overall self-efficacy change. Physical activity has been shown to 

decline with age throughout childhood (Lopes et al., 2011; McManus et al., 2008; Remmers et 

al., 2014; Nader et al., 2008), and the decline escalates with maturity (Armstrong et al., 2000). 

Seeing that self-efficacy has been associated with physical activity (Bauman et al., 2012; 

Colella et al., 2008; Hu et al., 2016), one could also hypothesize that self-efficacy would 

decrease over time, in a control setting. This could indicate that the visit at the PULSE exhibit 

might help prevent this decline, even though not increasing self-efficacy. In this aspect we are 
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aware that it could perhaps seem inappropriate to classify our telephone interviews after one 

month as a measure of “long-term” changes. 

 An additional caveat is the face-to-face method (interview) that we used to gather data 

on self-efficacy (as well as enjoyment of physical activity). In interviews, there can be many 

factors influencing how the visitor responds to different questions about the effect of their 

experiences, and children might feel uncomfortable expressing their thoughts to older 

interviewers (Anderson et al., 2007), which would be the case in our study. Even though the 

study design served to lessen this potential bias, e.g. by trying to make it clear to the children 

that there were no incorrect answers, children might still feel uncomfortable and perhaps try to 

answer what they thought the interviewers wanted to know. 

In summary, we found no significant short or long term changes in overall self-efficacy. 

However, when looking at gender differences, we saw that there was a significant difference in 

Δself-efficacy between boys and girls, with girls increasing and boys decreasing one month 

after the visit. We did not find any correlation between age and self-efficacy. 

  



 

Page 93 of 144 

 

6.3 Research Questions 3 

3. Does reported enjoyment of physical activity in children change during the visit, and is the 

change detectable after about one month? 

6.3.1 Changes in overall enjoyment 

From Figure 28 it seems that there is no change in overall PACES score from before the visit to 

one month after. This could indicate, that children did not change their overall enjoyment of 

physical activity. Seeing that enjoyment is often thought of as participation motive for children 

(Allender, Cowburn & Foster., 2006), and that enjoyment seems to predict physical activity 

behaviour (Gençay et al., 2016), it would be useful to have found that that the PULSE exhibit 

increased the enjoyment of physical activity. However, it would be far too definite to conclude 

that the PULSE exhibit does not affect children’s enjoyment of physical activity, from the one-

month measurements. According to Anderson et al. (2007) the enjoyment experienced during a 

visit at a museum can change over time, and the real impact might happen through following 

experiences. One could therefore hypothesize that a visit to the PULSE exhibit might serve as a 

mediator of future positive experiences of physical activity, but that the design of this study is 

inadequate to find these. Due to the time frame of the present study, we used the one month 

telephone interview to investigate the long term changes. Future studies should perhaps go into 

depth with analysis over a longer time span, to better capture the impacts on visitors’ enjoyment 

after a visit to the PULSE exhibit. The long-term impact could also be hypothesized to affect 

our measures of self-efficacy. 

6.3.2 Gender differences 

We did not see any difference in PACES scores between boys and girls, which could indicate 

that neither boys’ nor girls’ enjoyment of physical activity were changed more, compared to the 

other, by the one-time visit to the PULSE exhibit (Figure 38). Several studies have shown that 

girls report lower enjoyment of physical activity than boys (Carraro et al., 2008; Carroll & 

Loumidis, 2001; Prochaska et al., 2003). However, our findings are consistent with the cross-

sectional study by Lohbeck et al. (2016), which found girls and boys to have exactly equal 

PACES scores, indicating that both genders place close to the same value on physical activity. 

Carraro et al. (2008), Carrol & Loumidis (2001) and Prochaska et al. (2003) investigated 

children at age 11-19, 10-11, and around 9 years respectively. The Lohbeck et al. (2016) study 

used children aged 7-12 years, which makes this study more easily comparable to ours, due to 

the more similar age span investigated (our study 6-14). 
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6.3.4 Age differences 

Enjoyment of physical activity have been shown to decline with age (Carraro et al., 2008) with 

the most pronounced decrease from childhood to early adolescence (Yli-Piipari et al., 2012; 

Duncan et al., 2007; Nader et al., 2008). It could therefore be hypothesized that children at 

higher ages would have lower PACES scores than younger children. In our study, we did 

however not find any correlation between age and PACES score for neither pre nor post 

measurements (Table 7), which could indicate the PULSE exhibit did not differentially affect 

any specific age group’s enjoyment. 

Even though the PACES has been shown to be independent of age (Moore et al., 2009), 

our revised version could have added some comprehension uncertainties to the questionnaire. 

For example, children and adolescents have been shown to answer differently to positively and 

negatively worded items (Jekauc et al., 2013), and our revised PACES questionnaire includes 

changes from negative to positive wording in three items (Items 3, 5 and 13 - see Methods 

section). This could serve as an uncertainty, and further investigations are needed to test the 

validity of our revised Danish version of PACES. 

In summary, we did not see any significant differences in overall enjoyment of physical 

activity, neither when looking for gender and age differences. However, these results could 

seem a bit uncertain due to use of non-validated Danish version of PACES, and the possibility 

that only a one time visit to the PULSE exhibit should affect children’s overall enjoyment of 

physical activity. 
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6.4 Research Questions 4. 

4. What is the association between children’s reported self-efficacy, physical activity enjoyment 

and heart rate? 

 

Answering this question provides insight as to what influence the PULSE exhibit had on the 

children. The associations will be discussed in the following order: self-efficacy - enjoyment; 

self-efficacy - heart rate and enjoyment - heart rate. 

6.4.1 Association between self-efficacy and enjoyment 

The first aspect investigated was whether there was a connection between self-efficacy and 

enjoyment. Figure 32 helps answering this question. The positive correlation between Δself-

efficacy and ΔPACES indicates a connection between these two variables. This is consistent 

with other studies of self-efficacy and enjoyment (Gencay et al., 2016; Lewis et al., 2016; Crain 

2010; Hagberg 2009; Williams et al., 2006) and confirms the assumption that these parameters 

are related. For the the three cases Ida, Aske and Jeppe we see that Δself-efficacy and ΔPACES 

move in the same direction, Ida’s increase whereas Aske and Jeppe decrease. The connection 

between Δself-efficacy and ΔPACES can lead to two conclusions, either that a change in self-

efficacy can cause a change in enjoyment or that a change in enjoyment can cause a change in 

self-efficacy. The causality of the relationship is difficult to determine and it could easily be 

both ways, but either way will lead to different interpretations. The interpretations and 

implications of both possible conclusions are discussed here. 

The first possible conclusion, that self-efficacy changes causes enjoyment changes, is 

potentially a valuable outcome for the Experimentarium and their PULSE exhibition, because it 

means that the exhibition has the ability to influence children’s general enjoyment of physical 

activity, through the very limited intervention time that PULSE has. The conclusion to research 

question 3 was, that there was no change in enjoyment, but this was overall. Each child could 

change a lot in enjoyment, an often this change moved in the same direction as their change in 

self-efficacy. 

Increased enjoyment of physical activity can lead to more involvement in physical 

activity (Lewis et al., 2016), Which could mean that the PULSE exhibit can succeed in helping 

children live a more active and healthy lifestyle, which is an important part of the vision of 

PULSE (Experimentarium, n.d.). 

A positive correlation as the one we see in Figure 32 is achieved both because an 

increase in self-efficacy is associated with an increase in enjoyment, but also because a decrease 

in self-efficacy is associated with a decrease in enjoyment, which in turn retain the children 
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from the positive effects mentioned above. In order to avoid lowering children’s self-efficacy, 

the design of PULSE perhaps should make sure that children have a lot of mastery experiences. 

Bandura (1994) emphasizes, that the most powerful mediator of self-efficacy is mastery 

experiences, and he claims that self-efficacy is a mediator of engagement in physical activity 

(Bandura, 2005). This notion could give rise to a “success breeding success” state as described 

by David et al. (2014); with high self-efficacy prompting engagement and success, which then 

prompts higher self-efficacy, and so forth. Sparking the beginning of such a positive spiral is a 

possibility that the PULSE project should pursue even more. 

Even if the exhibit succeeds in raising children’s self-efficacy, then it may not be 

sustained over time. Figure 25 shows that self-efficacy has moved closer to the pre interview 

during the month after the post interview. This suggests that whatever change happens in the 

exhibit may diminish over time. This interpretation is supported by research that shows a 

decrease in self-efficacy following the period after a single intervention (Blanchard et al., 2007). 

If any effect of the exhibit disappears over time, and this holds true for enjoyment as well, then 

the exhibit only exerts a small impact on children. But could a higher self-efficacy be sustained 

over time? Looking at Table 3 and Figure 26, we see that for some activities the telephone self-

efficacy is higher than the pre self-efficacy, and for The Balance Kitchen, even higher than the 

post interview, suggesting that a sustained self-efficacy change is possible, at least for a month. 

If the PULSE exhibit does in fact succeed in providing a sustained change for its guests, through 

mastery experiences for children that raise their self-efficacy regarding the exhibition, this could 

in turn raise their general enjoyment of physical activity. This could be considered a success. 

 The second possible conclusion, that enjoyment changes cause self-efficacy changes 

gives another perspective for the development of the PULSE exhibit. This would mean that the 

children’s general enjoyment of physical activity determines how they feel and answer about the 

self-efficacy questions regarding PULSE. Then the positive correlation between Δself-efficacy 

and ΔPACES would arise because the children’s answers to the self-efficacy questions simply 

mirror their enjoyment of physical activity at the time. Lewis et al. (2016) supports the view that 

enjoyment is a bigger predictor of physical activity than self-efficacy, and states that 

interventions that target self-efficacy do not necessarily increase long-term physical activity in 

children. This conclusion is supported by the fact that the families only spend a short amount of 

time at the exhibit, making their general feelings regarding physical activity constitute a great 

amount of their self-efficacy feelings towards the exhibit. The implications of this would be that 

PULSE might not have a big influence on the children. This is supported by that fact that the 

overall PACES score was unchanged after one month, Figure 28. 
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The true association between self-efficacy and enjoyment is difficult to determine, but it is 

possible that there is a two-way interaction. Depending on the child and the situation one could 

imagine that a change in self-efficacy sparks a change in enjoyment, while in other situations, 

self-efficacy mirrors enjoyment. Current research is likewise inconclusive; using PACES and 

asking self-efficacy questions about exercise, Hu et al. (2016) found that self-efficacy has a high 

influence on enjoyment of physical activity in Chinese adolescents, whereas Lewis et al. (2016), 

when applying PACES and self-efficacy questions about exercise on adults, found that 

enjoyment was a better predictor of physical activity over self-efficacy. Even though their 

samples and methods are somewhat different, there is no clear evidence for either self-efficacy 

or enjoyment as the primary mediator of physical activity and the other. 

Before making too firm conclusions about the association between self-efficacy and 

enjoyment, we have to consider that the correlation coefficient between the two is r = 0,51 

(Figure 32). Using the interpretation of correlations by Fowler et al. (1998) a correlation 

between 0,40 and 0,69 is a modest correlation (see Table 1). This underlines the important 

conclusion that one would expect when applying two variables on such a complex phenomenon 

as children in a science center: The situation is very complex and neither variable completely 

controls the other. With that in mind, the conclusion must be that PULSE should neglect 

neither, and make sure that children both enjoy the activities and have self-efficacy enhancing 

mastery experiences. 

6.4.2 Association between heart rate and self-efficacy 

The second association to examine is whether and how heart rate and self-efficacy are related, 

namely if a high self-efficacy makes the children exert higher effort and thus attain a higher 

heart rate, or if a higher effort and thus higher heart rate helps in giving the children a higher 

self-efficacy. This question is interesting because Bandura (1997) states that a lot of self-

efficacy changes can be attributed to physiological factors. 

 In Table 4 it is seen that there are no associations between heart rate and self-efficacy 

for six of the eight activities. There is an association for the remaining two activities, the Rodeo 

Lounge and the Energy Roller, which will be discussed subsequently. Colella et al. (2008) 

argues that self-efficacy is connected to physical activity, and that self-efficacy both can be a 

predictor and a consequence of physical activity. Therefore an association could be expected. 

 The self-efficacy questions about PULSE are specific for each activity and ask if a child 

believes he or she will do well in the present activity. This means that you can partake in the 

activity relaxed or vigorously and still do well or badly. An example could be The Balance 

Kitchen where there is a very low correlation between heart rate and self-efficacy (Figure 35). 
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In The Balance Kitchen, the entire family gets a collective score based on their performance, 

and the activity is designed so that you can contribute a little or lot to this score based on your 

engagement and skill level. Also, very engaged children can make the family attain a bad score 

when committing only a single error. This design would disconnect heart rate from self-

efficacy; children with high or low pre self-efficacy can engage a lot or a little and perform 

good or bad independent of their self-efficacy or heart rate and so forth. 

 So why are heart rate and self-efficacy correlated in The Rodeo Lounge and The 

Energy Roller? Before answering this question, one must remember that correlations are modest 

at best, so the answer is not an absolute conclusion but merely a guess on what happened for 

some children. The guess is that it probably stems from the design of the activities. First, The 

Rodeo Lounge is difficult to fully understand, and many families have problem understanding 

the rules, resulting in them just standing around with low heart rates and potentially low self-

efficacies. Secondly, The Energy Roller is mastered when the wheel is spinning. The wheel is 

difficult to spin if you are not tall or heavy enough, and if so, you will just be standing around 

again with a low heart rate and potentially a low self-efficacy. On the other hand, if you are able 

to spin the wheel, the activity is easy to master (possibly resulting in high self-efficacy) and 

allows for you to increase in heart rate. 

 In summary, overall heart rate and self-efficacy are not associated for the children that 

we have tracked in the PULSE exhibit, and the association arising when looking at specific 

activities is probably under influence of the design of the activity, that affect both heart rate and 

self-efficacy. 

6.4.3 Association between heart rate and enjoyment 

We found no correlation between heart rate and enjoyment, as seen in Table 5. So, it would 

seem that pre-enjoyment is not a mediator of heart rate, and heart rate is not a mediator of 

telephone enjoyment nor Δenjoyment. 

There are however, some evidence in the literature for the connection of heart rate and 

enjoyment. Dishman et al. (2005) finds that enjoyment can mediate the physical activity for 

school children and Lewis et al. (2016) concludes that enjoyment mediates physical activity. We 

do not find this connection. Possibly because the physical activity in this study is very specific 

and limited (45 min. in PULSE), whereas the PACES questionnaire is an instrument that 

assesses general enjoyment. The one time visit to PULSE simply does not affect general 

enjoyment. 

In summary, Δself-efficacy and ΔPACES are positively correlated, suggesting that one 

might affect the other. If self-efficacy affects enjoyment, then PULSE is in a good position to 
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have an impact on children. If enjoyment affects self-efficacy, then general aspects in children’s 

lives might have a bigger influence on how they feel regarding PULSE. Another possibility is 

the success breeding success situation where self-efficacy leads to higher enjoyment, resulting 

in higher self-efficacy and so forth. We see no association between self-efficacy and heart rate, 

except in activities where it can be accounted for by the design of the activity. Finally, we found 

no association between heart rate and enjoyment. 
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6.5 Discussion of methods 

In this study, we have used several methods that are either our own or revised versions of pre-

existing methods. This of course raise some questions about the validity of our results, calling 

for further investigations to test these methods further. In this section, we discuss some of the 

strengths and limitations of our different methods. 

6.5.1 Heart rate monitoring 

One of the major limitations with heart-rate monitoring is that it is not precise in measuring 

physical activity level and energy expenditure at low levels of activity (Livingstone et al., 2000; 

Luke et al., 1997; Hills et al., 2007) such as stationary activities only involving the upper body 

(Iannotti et al., 2004) or everyday activities like walking/biking to school (Ainsworth et al., 

2000). At low intensities, measurements can more easily be confounded by non-physical 

activity events like emotions and environmental factors (O’Connor et al., 2003; Keim et al., 

2004). However, we can see from our results, that children’s physical activity levels in PULSE 

are relatively high, which would seem to give strength to our measurements 

Other limitations with heart rate measurements are that, besides being vulnerable to low 

intensity measurements, measurements usually occur with a lag time, potentially hiding data or 

making them more difficult to interpret (Rowlands et al., 1997). In our study however, we use 

measures of heart rate ranging over several minutes, making us less prone to lag time compared 

with other more fine grained heart rate studies. Lastly, when investigating physical activity, it is 

important that children can also be affected by the discomfort of wearing the heart rate 

monitoring equipment (Welk et al., 2000). We attempted to ameliorate this by letting their 

parents equip the monitors, and by giving the children time to get accustomed to wearing it 

before starting the measurements. 

6.5.2 Self-efficacy 

One potential limitation with our self-efficacy questionnaire, is that we only ask children one 

question for each exhibit, and use this as a measure of self-efficacy. Even though our self-

efficacy questions are both future tense and include the children’s perceived ability to 

successfully perform the activity, in hand with Keats et al. (2012), asking only one question can 

be hypothesized to be inadequate to truly measure children’s self-efficacy. A brief view through 

the literature, shows that the number of self-efficacy items in questionnaires ranging from 5-23 

(Lewis et al., 2016; Hu et al., 2016; Colella et al., 2008; David et al., 2014; Gençay et al., 2016), 

which could question the reliability of our one-item measures for each of the eight activities. If 
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we were to make a new study, we would include more elements to measure self-efficacy to 

make data more reliable. 

6.5.3 PACES 

A possible limitation in our measurement of physical activity enjoyment, is a lack of validation 

of our revised PACES. Even though translation of the PACES has been validated in many 

different languages (Carraro et al., 2008; Garcia et al., 2008; Jekauc et al., 2013), it would still 

be important to investigate the validity of our revised Danish version. 

 Another potential weakness of our PACES questionnaire, could be what the children 

think when answering questions about their general enjoyment of physical activity. One 

hypothesis could be that children when answering the PACES, before trying the PULSE exhibit, 

might think of physical activity as for example school-play, swimming, running or sports, 

whereas after the visit, they might think of physical activity more as in line with the eight 

different activities. If this was the case, then it could severely undermine our results showing a 

correlation between enjoyment of physical activity and self-efficacy, because this correlation 

would then be due to an overlap in the questions. 

6.5.4 Interview vs. self-report 

In this study we have chosen to interview children, instead of letting them self-report. We know 

that children have limited cognitive abilities to self-report psychological variables (Sallis et al., 

2000). We also know that boys tend to be less developed than girls in reading (Moore et al., 

2009), and that reading disability is more common in boys (Rutter et al., 2004). Seeing that 

children would be as young as six years old, we feared that both reading abilities and 

understanding of questions could serve as a problem. To lessen this bias, we interviewed the 

children ourselves, without letting them read the questions, while making sure that children 

understood the questions. We did not want parents to interview their kids, because we wanted to 

eliminate the bias of different potential parental agendas. Interviewing the children ourselves of 

course also serve as a bias, and we know that face-to-face interviewing can be complicated, for 

example due to children not feeling at ease with telling their true opinion to older interviewers 

(Anderson et al., 2007). 

6.5.5 Using several measures of physical activity 

Even though it would have been easier to look into physical activity as just a single outcome, we 

have in this study investigated three parameters associated with physical activity; heart rate, 

self-efficacy and enjoyment. The reason for this, besides being able to investigate how these 
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factors are associated, was to avoid coming up with conclusions about children’s physical 

activity that were too simplistic.  

6.5.6 Variations in days until the telephone interview 

On average we succeeded in making the telephone interview 35 days after the visit at PULSE, 

but we did have some outliers; the shortest timespan was 23 days, and the longest was 61. 

According to Blanchard et al. (2007), self-efficacy in a physical activity setting decreases over 

time. Therefore, one could hypothesize that the difference between the outliers is too long, 

possibly compromising their comparability. 

6.5.7 Statistics 

Many comparisons have been made in this study using various statistical measures. One thing to 

be aware of when making many comparisons is the risk of systematically committing type 1 

errors, or in other words, finding a significant result for something that is truly insignificant 

(Fowler et al., 1998). By definition, if a value of p = 0,05 is applied, then 1 in 20 statistical tests 

will produce a significant result merely by chance. 

Some caution was taken in order to overcome this bias. For the correlations, t-test and 

ANOVA, the more stringent p-value of 0,01 was preferred. When multiple means were 

compared, ANOVA was preferred over multiple t-tests. In the correlation matrices, correlations 

were compared with each other for logical conclusions, so that a conclusion was more easily 

accepted if multiple correlations pointed towards that same conclusion. 

 The risk of being this stringent, would be to make type 2 errors (not finding a 

significant result when it should be found) (Fowler et al., 1998). However, the aim should be to 

minimize type 1 errors (Fowler et al., 1998) and a typical mistake made when using correlation 

matrices is over-interpretation (Altman, 1991), so taking measures towards avoiding type 1 

errors seems more appropriate. 
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6.6 PULSE’s vision 

It would seem relevant to discuss if the results from this study gives any clue as to whether the 

visions of Experimentarium and PULSE were fulfilled. The visions were mentioned in the 

Background, and had to do with transforming the guests and support them in developing a 

sustaining a healthy lifestyle. 

 But is PULSE actually helping children with developing and maintaining a healthy 

lifestyle? In terms of physiological parameters such as those described in the background 

section of this thesis, children need to have an active lifestyle with a lot of moderate to vigorous 

movement every day in order to be healthy. An effective cardiovascular health improving 

intervention has been shown to work if it has a duration of >30 minutes, three times a weak 

(Andersen et al., 2011; Morrow & Freedson, 1994; Payne & Morrow, 1993). 

Considering that the PULSE exhibit is more like a 40 min, one time intervention, it is 

likely that the acute effects are small. However, the aim of the exhibition should be to spark a 

change in children and their families, that will continue when they leave Experimentarium. 

Enjoyment and self-efficacy could be the parameters to target, and a slight increase in these 

parameters could be the aim. 
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7 Conclusion 

The purpose of this project was to investigate the variables heart rate, self-efficacy and 

enjoyment, when school aged children visited Experimentarium’s PULSE exhibit with their 

families. The data collection spanned across four months in the beginning of 2016 and included 

53 children. We asked four research questions before conducting this study. Here, they will be 

answered sequentially, followed by a more general conclusion, regarding the PULSE projects 

vision. 

 

Research Question 1. How do children's heart rates fluctuate during the time families spend at 

the PULSE exhibition? 

 

All children had high enough heart rates to conclude that they were physically active whilst in 

the exhibit. The Ball Cage, The Balance Kitchen and The Bike Shed were most effective in 

raising children’s heart rates, and girls experienced higher heart rates than boys. Eleven 

children, all girls, achieved heart rates in the vigorous activity range. The conclusion is that the 

exhibit is very successful when it comes to activating children and giving them an experience 

with physical activity. 

The answer to research question one established, that the family visits to the PULSE 

exhibit actually are a physical activity setting, and thus they lay the ground for answering 

research question two and three, which respectively examine the parameters of self-efficacy and 

enjoyment in a physical activity setting. 

 

Research Question 2. Does reported self-efficacy in children change during the visit, and is the 

change detectable after about one month? 

 

There were no changes in overall self-efficacy, but we did see variation from activity to activity, 

with some activities (e.g. The Bike Shed) decreasing self-efficacy and some activities (e.g. The 

Balance Kitchen) increasing self-efficacy. This means that the exhibit has an opportunity to 

change children’s self-efficacy. When investigating gender differences it was found that in 

general, girls’ self-efficacy increased whereas boys’ self-efficacy decreased. When testing if age 

was a predictor of self-efficacy, no significant results were found and it is therefore concluded 

that age had little or no influence on self-efficacy. 
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The self-efficacy questions were specific to the activities in the PULSE exhibit, whereas the 

PACES instrument assessed enjoyment in a more general manner. 

 

Research Question 3. Does reported enjoyment of physical activity in children change during 

the visit, and is the change detectable after about one month? 

 

No change in enjoyment was detectable. When checking for gender or age there was still no 

difference. Keeping in mind that enjoyment was measured just before trying the exhibit and one 

month after, we think that the effect of the PULSE exhibit is too small to have a big enough 

impact on the children, or that the PACES instrument, that assessed enjoyment, was unable to 

detect any changes that might have occurred. 

 Answering Research Questions one, two and three establishes that PULSE is a physical 

activity setting, that self-efficacy regarding the exhibition was somewhat susceptible to changes, 

and that general enjoyment of physical activity was less prone to change after the children’s one 

time visit to PULSE. Research question four assesses how these variables are connected. 

 

Research Question 4. What is the association between children’s reported self-efficacy, physical 

activity enjoyment and heart rate? 

 

An important conclusion is that there seems to be an association between self-efficacy and 

enjoyment. Causality is not determined here, and maybe they are both mediating each other. 

This would imply that the PULSE exhibit should make sure to give the visiting children a 

chance to enjoy themselves and an opportunity to have self-efficacy changing experiences. We 

found an association of self-efficacy and heart rate, but it appears to be accounted for by the 

design of the activities and not by the nature of self-efficacy and heart rate. There was no 

association between heart rate and enjoyment. 

The collective answers to these research questions can give some insight as to whether 

the PULSE exhibit reaches its goals or not. For the children that were included in this study, and 

with the variables used, the conclusions are as follows. 

The vision of the exhibit is to give children a transforming experience that can help 

them develop and sustain a healthy lifestyle. From a physiological standpoint, the PULSE 

exhibit succeeds in giving children an experience with moderate to intense physical activity. 

This experience seemed to have an effect on the self-efficacy of the children, but not on their 

general enjoyment of physical activity. 
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However, the crux of the matter is the issue of whether any of the effects, the exhibition has on 

the children, is sustained. A possibility is that the exhibition sparks a change in children’s self-

efficacy and enjoyment of physical activity, subsequently leading to a lifestyle with more 

physical activity through a cycle of success breeding success. The exhibit should therefore be 

designed so that it gives positive self-efficacy changing experiences and enjoyable moments, 

and so that none of the eight activities do the opposite. 
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8 Future perspectives 

8.1 Recommendations for museum designers 

One of the most potentially useful findings of this study, was the positive correlation between 

self-efficacy and enjoyment of physical activity. We know that one of the PULSE exhibit aims 

is to give children positive experiences (Experimentarium, n.d.). We recommend that a useful 

way to achieve this goal is to focus more on experiences which facilitate habitual changes in 

physical activity, such as physiological capability, avoidance of the possibility of losing, 

vigorous activity possibilities, and increase in comprehensibility. Since these experiences can 

influence self-efficacy and in our study were correlated with enjoyment, such a focus may help 

museums achieve the positive experiences. 

 

1. In regards to physical capability, we would recommend that activities are designed in a 

way that makes it possible for children, independent of age and size, to able to perform the 

activity. For example, small children are not able to make The Energy Roller go around, and 

parents are “officially” not allowed to help (only one person is permitted at a time). We think 

that these more strenuous activities should definitely be present in the exhibit, because they 

have huge potential to encourage vigorous activity, but it should be easier for parents and 

peers to help smaller children. 

 

2. In general, the PULSE exhibit succeeds in focussing on fun, collaboration and 

activation of participants, instead of competition. In The Bike Shed however, collaboration 

and fun are neglected in favour of competition between family members. Competition is 

already a normal aspect of sports and physical education lessons, and have been shown to 

trigger negative feelings (Livingstone et al., 2003; Barkoukis et al., 2005), and we think that 

the PULSE exhibit would benefit from decreasing the possibility for children to feel like 

losing - which is almost always the case in The Bike Shed.  

 

3. According to Strauss et al. (2001), vigorous activity have been shown to have a positive 

effect on self-efficacy, and it would seem beneficial for children, and the PULSE project, to 

take advantage of possibilities for increasing the amount of vigorous activity in children. One 

specific activity with huge potential would be The Obstacle Hallway. We have seen through 

our study, that families tend to try The Obstacle Hallway several times during a visit, and from 
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Figure 29 we see that it is the second most popular activity, but still rank as the second worst 

in increasing heart rate (Figure 21 and Figure 22). However, The Obstacle Hallway only takes 

around twenty seconds to complete , whereas activities ranking high in heart rate (e.g. The 

Balance Kitchen, and The Ball Cage) takes several minutes. We would therefore recommend 

that The Obstacle Hallway should be made longer, to increase the possibility for experiencing 

vigorous activity. 

 

4. Our last recommendation would be to increase the comprehensibility of exhibits, to 

better foster flow states and positive experiences. For flow states to be created, it is necessary 

that activities contain a clear set of rules and goals (Allen, 2007), and especially in The Rodeo 

Lounge this seems to be a problem. Here families are having a hard time understanding how 

the activity works, and what the result of their performance is. This could be avoided by 

giving families a better scaffolding, e.g. by giving them more eye catching and helpful 

instructions. 

 

We are aware that these aspects have not at all been neglected throughout the design of the 

exhibit, and a lot of the activities succeed in meeting the above mentioned recommendations. 

Best examples would be The Ball Cage and The Balance Kitchen, where children experience 

the highest heart rates (Figure 21, Figure 22, Figure 23), and increased the most self-efficacy 

(Figure 26, Table 3). These activities were also the most popular ones (Figure 29), emphasizing 

that the above mentioned parameters can easily be part of a popular activity, with potential for 

mastery experiences and vigorous physical activity. 

We recommend that activities aiming at promoting physical activity, should be easy to 

understand, allow for mastery experiences, last for at least two minutes, encourage 

collaboration, and must be considered as fun by children. Based on our work, both The Ball 

Cage and The Balance Kitchen meets these recommendations, but the above mentioned 

parameters can serve as guidelines for improvements in current or future activities. 

8.2 If we were to do a new investigation, what would we want to do? 

If we were able to do a new study at the PULSE exhibit, we would prefer that it ranged over a 

longer timespan to get a better view on the long-term effects of visiting the PULSE exhibit. In 

this aspect, it would be interesting to include a control group. Making our study longitudinal 

while including a control group, would be more informative than our present study, because it 

would make it easier to examine the true impact of the PULSE visit on physical activity. We 

know that children’s level of physical activity declines with age (Basterfield et al, 2011; Jaakola 
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et al., 2016), and even though children visiting the PULSE exhibit will not experience a change 

in physical activity enjoyment or self-efficacy, perhaps the visits help prevent the potential 

decline that could be seen in the control group.    

 If we were to make this future study, we would definitely include, besides a larger 

sample size, variables within the parents, because we know that parents have considerable 

influence on children’s living behaviour (Smith et al., 2010; Trost et al., 2003). Two potentially 

essential parameters would be: Parental age, and income and education 

 

1. Several studies have shown, that children of younger parents are generally more active 

(Hinkley et al., 2010; Hoyos Cillero & Jago, 2010), and younger parents seems to be better at 

supporting children’s physical activity (Botey et al., 2016).  

 

2. Children from low-income households (Martin et al., 2005) and less educated families 

(Botey et al., 2016), are more likely to not be active enough, and children generally spend 

more time on screen-viewing if they come from lower educational groups (Hoyos Cillero & 

Jago, 2010) 

 

To get a better knowledge on how these socioeconomic variables affect children’s impact of the 

PULSE exhibit on physical activity, would in itself be interesting. In addition, it would help to 

lessen, or make investigators aware of, biases to the study. This could assist in increasing the 

effectiveness of future museum exhibits and physical activity interventions. 
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10 Appendices 

Appendix 1 - Recruitment flyer 
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Appendix 2 - On site interview guide 
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Appendix 3 - Telephone interview guide 
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Appendix 4 - Observation protocol 
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Appendix 5 - Correlation of heart rate and self-efficacy 

Heart rate in Pre Post Tel Δpre-post Figure 

PULSE -0,108 0,086 0,236 0,195  

Sig. (2-tailed) 0,511 0,603 0,149 0,235  

The Obstacle Hallway 0,131 0,188 0,152 0,043  

Sig. (2-tailed) 0,428 0,251 0,354 0,793  

The Fence Jump -0,177 0,147 0,224 0,217  

Sig. (2-tailed) 0,289 0,377 0,176 0,190  

The Danc Bathroom 0,016 -0,187 -0,118 -0,208  

Sig. (2-tailed) 0,925 0,282 0,499 0,231  

The Balance Kitchen 0,108 -0,060 0,128 -0,125 35 (Δpre-post) 

Sig. (2-tailed) 0,541 0,737 0,471 0,480  

The Rodeo Lounge -0,326* 0,346* 0,312 0,566** 34 (Δpre-post) 

Sig. (2-tailed) 0,046 0,033 0,056 0,00  

The Bike Shed -0,059 0,040 -0,080 0,073  

Sig. (2-tailed) 0,729 0,812 0,640 0,666  

The Energy Roller -0,098 0,288 0,447** 0,334* 33 (tel) 

Sig. (2-tailed) 0,575 0,093 0,007 0,05  

The Ball Cage -0,174 0,140 0,199 0,213  

Sig. (2-tailed) 0,341 0,444 0,274 0,243  

Note. Pearson Correlation *= significant (p < 0,05), ** = significant (p < 0,01).  
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Appendix 6 - Correlation matrix, all factors 
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Note. Screenshot from SPSS. 
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Appendix 7 - Gender differences 

 

Note. Screenshot from SPSS  
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Appendix 8 - Age correlated with self-efficacy in the eight activities 

 Self-efficacy Figure 

 Pre Post Tel Δpre - post  

The Fence Jump 0,058 -0,002 0,011 -0,036  

Sig. (2-tailed) 0,730 0,989 0,947 0,831  

The Dancing Bathroom 0,114 0,087 0,089 0,009 42 (Δpre - post) 

Sig. (2-tailed) 0,514 0,619 0,613 0,961  

The Balance Kitchen -0,133 0,190 0,040 0,206  

Sig. (2-tailed) 0,454 0,281 0,822 0,242  

The Rodeo Lounge -0,311 -0,354* -0,279 -0,020  

Sig. (2-tailed) 0,057 0,029 0,090 0,905  

The Bike Shed -0,296 0,134 0,208 0,308  

Sig. (2-tailed) 0,075 0,428 0,218 0,063  

The Energy Roller 0,006 0,232 0,029 0,203  

Sig. (2-tailed) 0,973 0,180 0,870 0,243  

The Ball Cage -0,461** -0,322 -0,232 0,273 41 (Pre) 

Sig. (2-tailed) 0,008 0,072 0,202 0,130  

The Obstacle Hallway -0,264 -0,088 -0,128 0,135  

Sig. (2-tailed) 0,104 0,593 0,438 0,413  

Note. Pearson Correlation * = significant at p = 0,05 level, ** = significant at p = 0,01 level. 

 

 


