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Summary 

This doctoral thesis is part of a large European project, namely the ToyBox-study. This project 

has the overall aim to prevent overweight and obesity in four- to six-year-old preschool children 

across Europe. Within overweight and obesity prevention, physical activity, sedentary behaviour 

and dietary behaviour (more specifically sugar-sweetened beverage consumption and snacking) 

have been identified as the most important energy balance-related behaviours in preschool 

children, as they can positively or negatively influence preschoolers’ energy balance and 

accordingly induce or reduce weight gain. The main aim of this doctoral thesis was to answer 

specific research questions regarding preschoolers’ energy balance-related behaviours, but with a 

more in-depth focus on physical activity.  

The first study reported on four- to six-year-old European preschoolers’ physical activity levels, 

time spent in sedentary behaviours and the consumption of sugar-sweetened beverages, water and 

unhealthy snacks. Results clearly showed that most preschoolers from six European countries 

(i.e., Belgium, Bulgaria, Germany, Greece, Poland, and Spain) do not comply with physical 

activity and sedentary behaviour recommendations for that age group. Furthermore, significant 

differences between countries were detected. Particularly Bulgarian and Greek preschoolers spent 

less time in physical activity and more time in sedentary behaviours. Belgian, German and Polish 

preschool children had a higher intake of sugar-sweetened beverages and a smaller intake of 

water compared to preschoolers from Bulgaria, Greece, and Spain. 

The measurement of physical activity in preschoolers was investigated in the second and third 

study of this doctoral thesis. First, a study was carried out to validate the Omron Walking Style 

Pro pedometer and the Actigraph step count function in preschool children. The results showed 

that the Omron Walking Style Pro pedometer is a good measurement device to assess 

preschoolers’ step counts, but preferably on a group level and less on an individual level. 

Furthermore, the current physical activity guidelines for preschool children (i.e., 180 minutes of 

total physical activity per day) were translated into a step count target in this age group. Based on 

accelerometer cut-points that were calibrated using direct observation, a provisional step count 

target of 13,500 steps per day was proposed. 
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In a next step, the factors that are related to preschool children’s energy balance-related 

behaviours were identified. A systematic review showed that preschoolers’ sex, age and socio-

economic status were not associated with physical activity, and preschoolers’ gender and 

ethnicity were not associated with sedentary behaviour. Preschool children were more physically 

active as well as sedentary on weekdays, and watching television was associated with a higher 

consumption of snacks and sweet beverages. In addition, focus groups were carried out to search 

for the influencing factors that parents and teachers perceived as important for preschoolers’ 

physical activity and beverage consumption (i.e., sugar-sweetened beverages, water). The focus 

groups clearly showed that both parents’ and teachers’ awareness should be raised regarding 

preschoolers’ low levels of physical activity and the limitation of sugar-sweetened beverages, 

since these beverages are not perceived as unhealthy. Moreover, both parents and teachers 

reported that they perceive the promotion of healthy behaviours among preschool children as a 

shared responsibility.  

The last two studies in this doctoral thesis focused on the development and evaluation of the 

physical activity-component of the ToyBox-intervention. This component was developed in a 

systematic and theory-driven manner by using the Intervention Mapping protocol. The result was 

a standardised intervention with limited room for local adaptations. Eventually, the effectiveness 

of the physical activity-component of the ToyBox-intervention on Belgian preschoolers’ 

objectively measured physical activity was evaluated. The results showed that the ToyBox-

intervention was mainly successful in sub-groups, namely in preschoolers from preschools with a 

high socio-economic status, and in preschool boys.  
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Samenvatting 

Deze doctoraatsthesis kadert binnen het Europese ToyBox-project. Het algemene doel van dit 

project is de preventie van overgewicht en obesitas bij Europese kleuters tussen vier en zes jaar 

oud. Literatuuronderzoek wees uit dat vooral fysieke activiteit, sedentair gedrag en voeding 

(meer bepaald het drinken van gesuikerde dranken en het eten van ongezonde tussendoortjes) een 

belangrijke invloed hebben op de energiebalans bij kleuters, en bijgevolg dus ook op de 

gewichtsstatus. Binnen deze energiegerelateerde gedragingen focust deze doctoraatsthesis 

voornamelijk op fysieke activiteit. 

De eerste studie in deze doctoraatsthesis schetste een actueel beeld van de mate van fysieke 

activiteit, sedentair gedrag en de inname van gesuikerde dranken, water en ongezonde 

tussendoortjes bij vier- tot zesjarige kleuters uit zes Europese landen (België, Bulgarije, 

Duitsland, Griekenland, Polen en Spanje). Uit de resultaten bleek dat het merendeel van de 

Europese kleuters niet voldoet aan de richtlijnen omtrent fysieke activiteit en sedentair gedrag. 

Bovendien werden belangrijke verschillen tussen de landen vastgesteld. Vooral kleuters uit 

Bulgarije en Griekenland spendeerden minder tijd aan fysieke activiteiten en meer tijd aan 

sedentaire gedragingen. Belgische, Duitse en Poolse kleuters dronken meer gesuikerde dranken 

en minder water in vergelijking met de kleuters uit de andere Europese lidstaten.  

In de tweede en de derde studie stond het meten van de fysieke activiteit van kleuters centraal. De 

Omron Walking Style Pro pedometer en de stappenfunctie van de Actigraph accelerometer 

werden gevalideerd om fysieke activiteit bij kleuters te meten. Het werd duidelijk dat de 

pedometer een goed meetinstrument is om beweging bij kleuters te meten, maar dan vooral op 

groepsniveau. Daarnaast werd een stappennorm voor kleuters berekend, gebaseerd op de meest 

recente bewegingsrichtlijnen voor deze leeftijdsgroep (180 minuten totale fysieke activiteit per 

dag). Gebaseerd op accelerometer cut-points die berekend werden op basis van directe 

observatie, werd voorgesteld om in de toekomst een stappennorm van 13,500 stappen per dag te 

gebruiken.  

De volgende stap was het identificeren van de factoren die deze gedragingen beïnvloeden. Een 

systematisch literatuuronderzoek toonde aan dat het geslacht, de leeftijd en de socio-economische 

status van kleuters niet in verband stonden met de mate van hun fysieke activiteit. Het geslacht en 
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de etniciteit van kleuters waren evenmin gerelateerd aan hun sedentair gedrag. Er werd 

aangetoond dat kleuters op weekdagen zowel meer fysiek actief zijn als meer sedentair gedrag 

vertonen, en dat tv-kijken geassocieerd is met een hogere inname van tussendoortjes en 

gesuikerde dranken. Daarnaast werden er focusgroepen uitgevoerd bij ouders en leerkrachten van 

kleuters, om na te gaan welke factoren voor hen een belangrijke rol spelen bij het 

activiteitsniveau van kleuters en de inname van dranken (bv. gesuikerde dranken, water). Uit 

deze studie werd duidelijk dat zowel ouders als leerkrachten moeten worden bewustgemaakt van 

het feit dat kleuters onvoldoende bewegen en dat gesuikerde dranken ongezond zijn en dus 

beperkt moeten worden. Daarenboven rapporteerden de ouders dat ze de verantwoordelijkheid 

voor het aanleren van deze gezonde gedragingen bij kleuters delen met de leerkrachten.  

De laatste twee studies in deze doctoraatsthesis focusten hoofdzakelijk op de ontwikkeling en 

evaluatie van de bewegingscomponent van de ToyBox-interventie. Via het Intervention Mapping 

protocol werd de bewegingscomponent van de ToyBox-interventie op een systematische en 

theoriegestuurde manier ontwikkeld. Dat resulteerde in een gestandaardiseerde interventie met 

beperkte ruimte voor lokale aanpassingen. Ten slotte werd het effect van de 

bewegingscomponent van de ToyBox-interventie op de objectief gemeten mate van fysieke 

activiteit van Belgische kleuters geëvalueerd. De resultaten toonden aan dat de 

bewegingscomponent van de ToyBox-interventie voornamelijk succesvol was bij subgroepen 

zoals kleuters van scholen met een hoge socio-economische status en jongens.  
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Abbreviation list 

ANGELO: ANalysis Grid for Environments Linked to Obesity 

BMI:  Body Mass Index 

CARS:  Children’s Activity Rating Scale 

CDC:  Centers for Disease Control and prevention 

CPAF:  Children’s Physical Activity Form 

EBRB:  Energy balance-related behaviour  

EnRG:  Environmental Research Framework for weight Gain prevention 

FBDG:  Food-based dietary guidelines 

FFQ:  Food Frequency Questionnaire 

HEI:  Healthy Eating Index 

IM:  Intervention Mapping 

IOTF:  International Obesity Task Force 

LMVPA: Light, moderate and vigorous physical activity 

LPA:  Light physical activity 

MPA:  Moderate physical activity 

MVPA: Moderate-to-vigorous physical activity 

NASPE: National Association for Sport and Physical Education 

PA:  Physical activity 

PE:  Physical education 

SB:  Sedentary behaviour 

SD:  Standard deviation 

SE:   Standard error 

SES:  Socio-economic status 

SSB:  Sugar-sweetened beverage 

Total PA: Light, moderate and vigorous physical activity 

TV:  Television 

US:  United States 

VPA:  Vigorous physical activity 

WHO:  World Health Organization 

WP:  Work Package 
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Part 1│ General introduction 

 
 

1. The ToyBox-study 

This doctoral thesis fits within the ToyBox-study (Manios et al., 2012), a cross-European study 

with the overall aim to develop a multifactorial theory- and evidence-based intervention to 

prevent overweight and obesity by promoting healthy energy balance-related behaviours among 

four- to six-year-old European preschool children (www.toybox-study.eu). This doctoral thesis 

focuses on three energy balance-related behaviours (i.e., physical activity, sedentary behaviour, 

and dietary behaviour) in preschool children, with a special focus on physical activity.  

The systematic development of the ToyBox-intervention was based on literature searches, 

secondary data analyses, and qualitative research, with the use of the Intervention Mapping 

protocol (Bartholomew et al., 2011). The intervention was tested in six European countries 

(Belgium, Bulgaria, Germany, Greece, Poland, and Spain). Based on the evaluation of the 

intervention, an implementation and dissemination plan will be drafted. The ToyBox-study was 

carried out by a multidisciplinary team of researchers from 15 beneficiaries across ten European 

countries (Belgium, Bulgaria, Germany, Greece, Luxembourg, the Netherlands, Norway, Poland, 

Spain, and the UK).  

The work within the ToyBox-study was divided into ten different work packages (WPs) with its 

own specific aim. Each WP was led by one team from one institution, and the other institutions 

contributed to the work and were considered as partners of the WP. Marieke De Craemer has 

contributed to the ToyBox-study since the start of the study, and provided work in all ten WPs. 

Most work was done within WP3 (the candidate coordinated focus groups in six different 

European countries, conducted focus groups in Belgium, and carried out a systematic review on 

correlates of energy balance-related behaviours), WP6 (development of the ToyBox-

intervention), WP7 (implementation and evaluation of the ToyBox-intervention), and WP8 

(development and validation of the measurement tools).   

As another doctoral thesis within the ToyBox-study focussed on sedentary behaviour („Multi-

factorial evidence-based approach of sedentary behavior in preschool children‟, Dr. Ellen De 

Decker), this doctoral thesis had its main focus on physical activity, as both behaviours are two 

different constructs and were targeted separately within the ToyBox-study. In addition, different 

behaviours were targeted in the ToyBox-study, with different institutions having expertise in 
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different behaviours. The candidate specifically focussed on physical activity, and has most 

expertise in that field. This doctoral thesis was approved by the doctoral commission of the 

Faculty of Medicine and Health Sciences.  

 

2. Behavioural Epidemiology Framework 

This doctoral thesis will focus on overweight and obesity prevention in preschool children by 

following the Behavioural Epidemiology Framework (Sallis et al., 2000a). This framework 

consists of five main phases within behavioural epidemiology that specify a sequence of studies 

on health-related or energy balance-related behaviours (Figure 1). In the first phase, associations 

between behaviours and health are established, followed by the development of measurement 

methods in phase two. Phase three is characterised by the description and identification of 

influencing factors on the behaviours. Phase four consists of the development and evaluation of 

interventions on how to change the behaviours, followed by the translation from research into 

practice in phase five. Each phase of the Behavioural Epidemiology Framework builds upon the 

previous phases (Sallis et al., 2000a). 

Within this doctoral thesis, the overall problem of overweight and obesity and the link with 

energy balance-related behaviours in preschool children will be discussed in phase one (General 

introduction). In phase two, methods for measuring energy balance-related behaviours (more 

specifically physical activity) are identified and developed (General introduction and Chapter 1), 

together with examining the prevalence of preschoolers‟ energy balance-related behaviours 

(General introduction and Chapter 2). The most important factors that influence energy balance-

related behaviours in preschoolers are identified in the third step (General introduction and 

Chapter 3). Based on the knowledge from phases one until three, an intervention is developed and 

evaluated in phase four (General introduction and Chapter 4), after which the results from 

research are translated into practical implications (phase five; General discussion).  
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Figure 1. Behavioural Epidemiology Framework (adapted from Sallis et al., 2000a) 

 

 

3. Overweight and obesity in preschool children 

3.1. Definition and measurement of overweight and obesity 

Overweight and obesity are defined as ''abnormal or excessive fat accumulation that presents a 

risk to health'' (World Health Organization, 2013). However, a distinction can be made between 

both terms with overweight being defined as increased body weight above an arbitrary standard 

(Gahagan, 2004), and obesity being defined as an excess of body fat which creates increased risk 

of adverse health outcomes (Reilly, 2005).  
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The Body Mass Index (BMI) is the most used index of weight-for-height to classify overweight 

and obesity. It is defined as weight in kilograms divided by the square height in meters (kg/m²). 

In adults, a BMI greater than or equal to 25 kg/m² is defined as overweight, and a BMI greater 

than or equal to 30 kg/m² is defined as obesity. Since children‟s bodies undergo a number of 

physiological changes as they grow, and their body composition varies between boys and girls, it 

is difficult to establish one index for the measurement of overweight and obesity in children 

(World Health Organization, 2013). The US Centers for Disease Control and Prevention (CDC) 

define children as overweight if they have a BMI at or above the 85
th

 percentile and lower than 

the 95
th

 percentile, and as obese if they have a BMI at or above the 95
th

 percentile (Kuczmarski et 

al., 2002). BMI criteria from the World Health Organization (WHO) were calculated with the use 

of Standard Deviations (SD), with overweight being defined as a BMI of two SD above the 

mean, and obesity being defined as a BMI of three SD above the mean (de Onis et al., 2010). The 

International Obesity Task Force (IOTF) created age- and gender-specific references to define 

childhood overweight and obesity. These specific BMI cut-off points for children between two 

and 18 years old were defined to pass through a BMI of 25 or 30 kg/m² at age 18. The sex- and 

age-specific BMI cut-off points for four- to six-year-old children can be found in Table 1. Since 

large nationally representative datasets from six countries were used, the IOTF-references are 

internationally acceptable (Cole and Lobstein, 2012). 
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Table 1. Sex- and age-specific BMI cut-off points for four- to six-year-old preschool children 

(adapted from Cole and Lobstein, 2012) 

 

Boys Girls 

BMI at age 18 years 

Age (months) Age (years) 18.5 25 30 18.5 25 30 

48 4.00 14.51 17.52 19.23 14.30 17.35 19.16 

49 4.08 14.49 17.50 19.21 14.27 17.34 19.15 

50 4.17 14.46 17.48 19.21 14.25 17.32 19.15 

51 4.25 14.44 17.46 19.20 14.23 17.31 19.14 

52 4.33 14.42 17.45 19.20 14.20 17.29 19.14 

53 4.42 14.40 17.44 19.20 14.18 17.28 19.14 

54 4.50 14.38 17.43 19.20 14.16 17.27 19.14 

55 4.58 14.36 17.42 19.20 14.14 17.26 19.15 

56 4.67 14.34 17.41 19.21 14.12 17.25 19.15 

57 4.75 14.32 17.40 19.22 14.10 17.24 19.16 

58 4.83 14.30 17.40 19.23 14.08 17.24 19.17 

59 4.92 14.28 17.39 19.25 14.06 17.23 19.19 

60 5.00 14.26 17.39 19.27 14.04 17.23 19.20 

61 5.08 14.24 17.39 19.29 14.02 17.23 19.22 

62 5.17 14.22 17.40 19.32 14.00 17.23 19.24 

63 5.25 14.20 17.40 19.35 13.98 17.23 19.27 

64 5.33 14.18 17.41 19.38 13.97 17.24 19.30 

65 5.42 14.17 17.41 19.42 13.95 17.24 19.33 

66 5.50 14.15 17.42 19.46 13.93 17.25 19.36 

67 5.58 14.13 17.44 19.50 13.92 17.26 19.40 

68 5.67 14.11 17.45 19.55 13.90 17.27 19.43 

69 5.75 14.10 17.46 19.59 13.89 17.28 19.48 

70 5.83 14.08 17.48 19.65 13.87 17.30 19.52 

71 5.92 14.07 17.50 19.70 13.86 17.31 19.57 

72 6.00 14.06 17.52 19.76 13.85 17.33 19.61 

BMI 18.5 = thinness; BMI 25 = overweight; BMI 30 = obesity 
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3.2. Prevalence of overweight and obesity  

Within the ToyBox-study, a pooled analysis of six European countries (i.e., Belgium, Bulgaria, 

Germany, Greece, Poland, and Spain) was carried out to study the prevalence of overweight and 

obesity among four- to seven-year-old European preschoolers (van Stralen et al., 2012). Large 

differences were found across the six European countries, and overall, in girls there was a higher 

prevalence of overweight and obesity compared to boys. Based on objectively measured height 

and weight and the internationally used IOTF-criteria, the prevalence of overweight in boys 

ranged from 9.4% in Belgium to 26.8% in Spain, whereas obesity ranged from 0.6% in Belgium 

to 10.1% in Greece. In girls, the prevalence of overweight ranged from 13.0% in Belgium to 

38.2% in Spain, and obesity ranged from 1.0% in Belgium to 12.0% in Greece (Figure 2). The 

highest rates of overweight and obesity were found in the South-European countries (i.e., Greece 

and Spain), while the lowest rates were found in the West-European countries (i.e., Belgium and 

Germany).  

Globally, the prevalence of overweight and obesity in preschool children under the age of five 

increased from 4.2% in 1990 to 6.7% in 2010, and is expected to reach 9.1% in 2020 which is 

equal to approximately 60 million preschoolers being overweight or obese worldwide. In Africa, 

Asia, Latin America and the Caribbean, and Oceania (excluding Australia and New Zealand), the 

prevalence of overweight and obesity in preschoolers increased from 3.7% in 1990 to 6.1% in 

2010, with an expected prevalence of 8.6% in 2020. In Europe, Northern America, Australia, 

New Zealand, and Japan, the prevalence increased from 7.9% in 1990 to 11.7% in 2010 with an 

expected prevalence of 14.1% in 2020 (de Onis et al., 2010).  

It is obvious that childhood overweight and obesity have increased dramatically in the last 

decades (International Association for the Study of Obesity, 2012). While results from the study 

of de Onis and colleagues (2010) predict an increase in overweight and obesity prevalence by 

2020, recent reviews reported that the trend in childhood overweight and obesity prevalence may 

be levelling off and even plateauing (Olds et al., 2011; Rokholm et al., 2010). Nevertheless, 

prevalence rates of overweight and obesity are still high and remain a significant public health 

issue (Olds et al., 2011).  
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Figure 2. Prevalence rates of overweight (OV) and obesity (OB) among preschool boys (B) and 

girls (G) from six European countries (adapted from van Stralen et al. (2012)) 

 

3.3. Health consequences of overweight and obesity  

As preschool children are still young and are generally healthy, there is no evidence yet on the 

association between preschool children‟s overweight and obesity and health consequences. 

However, this evidence is already existent in older children and will be discussed below.  

Overweight or obese children run a higher risk of developing health problems. In the short term, 

childhood obesity can lead to psychological or psychiatric co-morbidities (i.e., low self- and 
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body-esteem, behavioural problems, social victimization and peer teasing, popularity and 

friendship being affected), cardiovascular risk factors (e.g., hypertension, dyslipidaemia, and 

insulin resistance), asthma, and chronic inflammation. Health consequences of childhood obesity 

in the long term include adverse social and economic effects (e.g., social isolation, educational 

attainment, income, medical costs, school/work absenteeism), tracking of overweight, obesity and 

cardiovascular risk factors, and morbidity and increased risk of premature mortality (Cawley, 

2010; Ebbeling et al., 2002; Latzer and Stein, 2013; Reilly, 2005; Reilly et al., 2003b; Singh et 

al., 2008).  

The high prevalence of childhood overweight and obesity, in combination with adverse health 

consequences in the short and long term, has created a public health crisis and confirms the need 

for effective interventions and programmes to prevent the development of overweight and obesity 

(de Onis et al., 2010; Reilly, 2005). In addition, the adiposity rebound period – the age at which 

body fatness reaches a post infancy low point – typically occurs between the age of four and six 

years old, and is inversely associated with the risk of developing overweight in adulthood (Janz et 

al., 2002; Taylor et al., 2011). Therefore, targeting this young age group to prevent excessive 

weight gain might be promising, as children who undergo early adiposity rebound are at 

increased risk of later obesity (Reilly, 2008).   

 

4. Energy balance-related behaviours in preschool children 

The development of overweight and obesity is a multifactorial health problem. It is influenced by 

metabolic, genetic, environmental, behavioural, social and cultural factors. In this doctoral thesis, 

the behavioural factors influencing the development of preschoolers‟ overweight and obesity are 

examined, and therefore, it is important to comprehend the components of the energy balance, 

being energy intake and energy expenditure. Weight gain is the result of a positive energy 

balance, which means that energy intake exceeds energy expenditure. Whether or not a positive 

energy balance is experienced, is determined by the co-existence and interaction of energy 

balance-related behaviours (Hill et al., 2000; Kremers et al., 2006; Kremers et al., 2005). 

To prevent preschoolers‟ overweight and obesity, it is important to identify the energy balance-

related behaviours that contribute to the development of overweight and obesity by positively or 
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negatively influencing the energy balance (Kremers et al., 2005). Since focussing on one single 

behaviour to prevent preschoolers‟ overweight and obesity is not sufficient, effective 

interventions should simultaneously focus on promoting several healthy energy balance-related 

behaviours (Gubbels et al., 2012). Therefore, this doctoral thesis will focus on preschoolers‟ 

physical activity, sedentary behaviour, and dietary behaviour. As different methods exist to 

measure preschoolers‟ physical activity, sedentary behaviour, and dietary behaviour, these 

methods will also be mentioned in this part of the doctoral thesis. First, the link between the 

behaviour (i.e., physical activity, sedentary behaviour, and dietary behaviour) and health will be 

described, starting with a definition of the behaviour, followed by the association with 

preschoolers‟ overweight and obesity. This first part completes the first phase within the 

Behavioural Epidemiology Framework, together with the description of the overall problem of 

overweight and obesity in preschool children (Sallis et al., 2000a). The second phase within the 

Behavioural Epidemiology Framework describes the development of tools for measuring energy 

balance-related behaviours. Energy balance-related behaviours can be measured with reliable and 

valid measurement tools, which enables a basic understanding of their prevalence, influencing 

factors, their relationship with overweight and obesity, and the effectiveness of interventions 

targeting these energy balance-related behaviours (Sallis et al., 2000a). An overview of different 

measurement tools to assess preschoolers‟ physical activity, sedentary behaviour, and dietary 

behaviours will be provided. Finally, recommendations for preschoolers‟ physical activity, 

sedentary behaviour and dietary behaviour (more specifically the consumption of sugar-

sweetened beverages and snacks), and the prevalence rates will be described. 

 

4.1. Physical activity 

4.1.1. Definition and link with preschoolers’ overweight and obesity 

Physical activity is defined as “any bodily movement produced by skeletal muscles that results in 

energy expenditure” (Caspersen et al., 1985). In preschool children, it primarily occurs through 

unstructured active play (Burdette and Whitaker, 2005; Dwyer et al., 2009). Although little 

evidence is available on physical activity in preschoolers, and the evidence-base is limited in 

quantity and quality (Goldfield et al., 2012; Reilly, 2008), some studies have demonstrated the 
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protective nature of physical activity against overweight and obesity (Moore et al., 2003; te Velde 

et al., 2012). For example, a longitudinal study – in which 103 three- to four-year-old US 

preschool children were followed for a period of eight years – showed strong support that higher 

levels of physical activity during the preschool age leads to a smaller increase in body fat during 

adolescence (Moore et al., 2003). In addition, a recent systematic review within the ToyBox-

study found strong evidence for an inverse association between total physical activity and 

overweight in preschool children (te Velde et al., 2012). 

 

4.1.2. Measurement of preschoolers’ physical activity 

For measuring physical activity in preschool children, three types of measures could be 

considered (Table 2): primary measures (i.e., direct observation, doubly-labelled water and 

indirect calorimetry), secondary measures (i.e., heart rate monitors, accelerometers, and 

pedometers), and subjective measures (i.e., proxy-reports) (Sirard and Pate, 2001). Direct 

observation is often considered as a criterion method for measuring preschoolers‟ physical 

activity levels, since it enables gathering detailed information on their physical activity (i.e., 

intensity, type, environmental context, social context, location, and prompts) which is a 

prerequisite because of preschoolers‟ intermittent and sporadic pattern of movement. However, 

since collection and processing of the data is a time-consuming and expensive process, and direct 

observation is generally limited to one single location and a short time period, direct observation 

is not an ideal method to use in large-scale studies as it cannot capture an overall picture of 

preschoolers‟ total physical activity (Oliver et al., 2007a; Pate et al., 2010). In addition, doubly-

labelled water and indirect calorimetry are not suitable to measure preschoolers‟ physical activity 

in large-scale studies or for a longer period of time either, because of their expensiveness and due 

to difficulties with the equipment (Sirard and Pate, 2001).  

Heart rate monitoring is one of the secondary measures of preschoolers‟ physical activity, but has 

the limitation that it relies on the assumption that there is a linear relationship between heart rate 

and oxygen consumption (VO2). In addition, heart rate – especially during sedentary or light 

physical activities – can be influenced by a number of factors, such as emotional stress, body 

position and digestion (Oliver et al., 2007a; Sirard and Pate, 2001).  
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Table 2. Overview of the measurement methods for physical activity in preschool children (adapted from Oliver et al., 2007a; Pate et al., 2010; 

Sirard and Pate, 2001; Loprinzi and Cardinal, 2011) 

Type of measure Method Description Example  of the 

measure 

Advantages Disadvantages 

Primary measures Direct observation A trained observer 

records physical activity 

behaviour for a 

predetermined period. 

Specific codes that 

correspond to 

characteristics of the 

physical activity 

behaviour are recorded. 

CARS: Children’s 

Activity Rating Scale 

 

CPAF: Children’s 

Physical Activity 

Form 

Detailed information on 

preschoolers’ physical 

activity (intensity, type, 

environmental context, 

social context, location, 

prompts) 

 

Can be used in preschool 

and home settings 

 

Possible participant 

reactivity 

 

Time-consuming and 

expensive process 

 

Limited to one single 

location and short time 

period 

 

Cannot capture an overall 

picture of preschoolers’ 

physical activity 

 Doubly-labelled 

water 

Measures total energy 

expenditure over 

approximately two weeks 

by directly measuring 

carbon dioxide 

production. This method 

involves the ingestion of 

a “heavy water” that 

contains two stable 

isotopes of water. 

 Non-invasive 

 

Provides an unobtrusive 

measure of energy 

expenditure in free-living 

environments 

 

Can be assessed up to two 

weeks  

 

In combination with indirect 

calorimetry, it can measure 

individual components of 

daily energy expenditure 

Very expensive 

 

Availability of the stable 

isotopes 

 

Inability to determine 

intensity, duration, 

frequency of physical 

activity 

 

Not able to differentiate the 

components of energy 

expenditure 

 Indirect calorimetry Measures energy 

expenditure through 

oxygen O2 consumption 

and CO2 production  

 Can be used to validate heart 

rate monitors, 

accelerometers and 

pedometers in laboratory 

settings 

Non-portable gas analysis 

equipment is required 

 

Too cumbersome to use 

under long term free-living 

conditions, especially in 

young children 

Secondary measures Heart rate monitors Assumes a linear 

relationship between 

increasing physical 

 Objective (but indirect) 

assessment of frequency, 

intensity and duration of the 

Influenced by age, emotional 

stimuli, digestion, body 

position 



activity (oxygen 

consumption) and heart 

rate 

activity 

 

Relatively inexpensive and 

unobtrusive 

 

At higher intensities, the 

relationship becomes 

nonlinear 

 Accelerometers A piezoelectric sensor 

detects accelerations, 

which are converted from 

an analog signal to a 

digital signal 

Actigraph: GT1M, 

GT3X, GT3X+ 

Objective assessment of 

intensity, volume, pattern 

and duration of physical 

activity 

 

Data can be collected during 

all waking hours and for 

several days 

 

Can be used in large 

samples 

 

Reactivity is non-existent 

 

 

No consensus on which cut-

point to use in preschool 

children 

 

No information on type or 

context of preschoolers’ 

physical activity 

 

Assistance of parents or 

teachers is needed to mount 

the accelerometer correctly 

 

Non-weight-bearing and 

water-based activities are not 

recorded 

 

High unit cost 

 Pedometers A horizontal, spring-

suspended lever arm 

moves up and down with 

vertical accelerations of 

the hip. With each step 

taken, the lever arm 

makes an electronic 

contact, and one step is 

recorded.  

 

Digiwalker 

 

Omron 

Objective, nonreactive and 

easy to use, cost-effective 

 

Do not require researcher or 

participant training 

 

Step counts can be easily 

read from the device 

No information on type, 

intensity, or context of 

physical activity 

 

Non-weight-bearing and 

water-based activities are not 

recorded 

 

Subjective measures Proxy-reports Parents report on the 

physical activity 

behaviour of the child 

 Cost-effective 

 

Can be used in large-scaled 

studies 

 

Provides insight into the 

context of physical activity 

Recalling preschoolers’ 

physical activity might be 

difficult for parents 

 

No information on intensity 

or volume of the activity 
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Furthermore, proxy-reports require preschoolers‟ parents to report on their child‟s behaviour, 

since preschool children are too young to self-report on their levels of physical activity because 

of their cognitive limitations (Corder et al., 2009; Ekelund et al., 2011; Pate et al., 2010). Using 

proxy-reports is a cost-effective method that can be used in large-scaled studies, since the 

information provides insight into the context of preschoolers‟ physical activity (Oliver et al., 

2007a; Sirard and Pate, 2001). However, since preschoolers‟ parents are unable to constantly 

monitor their child, and they sometimes are in charge of other children as well, recalling 

preschoolers‟ physical activity might be difficult for parents (Corder et al., 2009).  

Since pedometers and accelerometers are the most widely used measurement devices to 

objectively assess preschoolers‟ physical activity levels (Pate et al., 2010), and since these 

devices are used in Part 2 of this doctoral thesis, these measurement devices will be discussed in 

more detail below.  

 

4.1.2.1. Pedometers 

Pedometers are small, light-weight devices that measure movement in the vertical plane in terms 

of accumulated steps over a period of time. They are typically mounted on the right hip (Oliver et 

al., 2007a; Pate et al., 2010). Pedometer step counts are strongly correlated with moderate-to-

vigorous physical activity (r = 0.73) and light-to-vigorous physical activity (r = 0.76) captured by 

accelerometers in preschool children (Cardon and De Bourdeaudhuij, 2007; Pagels et al., 2011). 

Moreover, strong correlations have been found (ranging from 0.59 to 0.95) between pedometer 

data and direct observation in preschoolers (McKee et al., 2005; Oliver et al., 2007b). 

Pedometers have the advantage of being objective, nonreactive, and easy to use. They do not 

require researcher or participant training or software, and step counts can be read directly from 

the device. Furthermore, pedometers are cost-effective because of their low cost (Loprinzi and 

Cardinal, 2011; Oliver et al., 2007a; Pate et al., 2010; Sirard and Pate, 2001). However, they do 

not provide information on the type, intensity, or context of physical activity (Pate et al., 2010). 
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4.1.2.2. Accelerometers 

Accelerometers are small, light-weight, unobtrusive motion sensors that can easily be worn by 

preschool children with a small, elastic belt at the right hip. They provide detailed information on 

volume, pattern, intensity and duration of preschoolers‟ physical activity during their waking 

hours (Ekelund et al., 2011; Oliver et al., 2007a; Pate et al., 2010), which makes it possible to 

examine their compliance with physical activity guidelines. Accelerometers measure 

preschoolers‟ accelerations by a piezoelectric sensor in one, two or three dimensions for a 

specific, predefined period of time (i.e., epoch), and convert the recorded accelerations into a 

quantifiable digital signal referred to as “counts” (Ekelund et al., 2011; Pate et al., 2010; Sirard 

and Pate, 2001). These counts have no biological meaning, and therefore must be converted to 

biological constructs such as different physical activity intensities (Reilly et al., 2008). The most 

widely used accelerometer is the Actigraph accelerometer (Pensacola, FL). This appears to be a 

feasible, reliable and valid measurement device (associations ranging from r = 0.52 to r = 0.87 for 

direct observation and from r = 0.75 to r = 0.82 for oxygen consumption) for objectively 

measuring preschoolers‟ physical activity (Oliver et al., 2007a; Pate et al., 2010; Reilly et al., 

2008). Since preschoolers‟ physical activity is characterised by sporadic, intermittent, and short 

bursts of energy, accelerometers have to be initialised to measure with 15-second epochs, to 

capture preschoolers‟ unique physical activity pattern (Cliff et al., 2009). 

Different studies (Table 3) have calibrated the Actigraph accelerometer to determine cut-points 

that classify activities by intensity in preschool children (Evenson et al., 2008; Pate et al., 2006; 

Reilly et al., 2003a; Sirard et al., 2005; van Cauwenberghe et al., 2011). Cut-points for all 

intensities (i.e., light, moderate, and vigorous activity) varied across all studies and rendered it 

difficult to compare between preschoolers‟ physical activity levels measured with the same 

instrument but with the use of different cut-points. In children between the age of five and fifteen, 

it was recommended to use the cut-points by Evenson and colleagues (2008) (Trost et al., 2011), 

but no consensus has been reached yet on which accelerometer cut-points to use in preschoolers. 

In a study with 397 three- to five-year-old US preschoolers, four different sets of accelerometer 

cut-points were used to examine preschoolers‟ compliance to physical activity guidelines and 

these showed large differences in estimates of preschoolers‟ physical activity levels. This study 

highlights the results of the problem with the different accelerometer cut-points in preschoolers, 
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namely the inability to accurately estimate preschoolers‟ physical activity levels and accordingly 

the inability to compare between studies (Beets et al., 2011).   

Other disadvantages of using accelerometers in preschool children are the fact that no 

information on the type or context of preschoolers‟ physical activity can be provided, and that the 

assistance of preschoolers‟ parents and teachers is needed to mount the accelerometer correctly. 

In addition, non-weight-bearing – like cycling or upper limb movements – and water-based 

activities are not recorded, there is a high unit cost, the motion sensors are not waterproof and 

they can fail, which results in loss of data. On the other hand, using accelerometers has the 

advantage that data can be collected during all waking hours, for several days and in a large 

number of subjects. Also, the risk and burden of taking part in a study is minimal, and studies in 

preschoolers have shown that reactivity in preschool children is non-existent (Oliver et al., 2007a; 

Pate et al., 2010; Sirard and Pate, 2001). 

 

4.1.2.3. Summary 

Depending on the research design, research question and sample size, researchers should decide 

upon using accelerometers or pedometers as the preferred measurement method (Loprinzi and 

Cardinal, 2011). Although no consensus has been reached yet on which accelerometer cut-points 

to use in preschool children, accelerometers are the preferred method to quantify preschoolers‟ 

objective physical activity levels if researchers want to measure the intensity of preschoolers‟ 

physical activity (Reilly et al., 2008). However, the simultaneous use of both subjective (i.e., 

proxy-reports) and objective (i.e., pedometers, accelerometers) measurement methods to assess 

preschoolers‟ physical activity enables the measurement of intensity, frequency, duration, as well 

as type and context of preschool children‟s physical activity (Oliver et al., 2007a).  
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Table 3. Actigraph accelerometer cut-points in preschool children 

Study Sample Calibration activities Criterion measure Analytical 

procedure 
Cut-point 

Evenson et al., 

2008
a 

 

 

 

 

 

5-8 years old 
n = 33 
US 

Sit in chair and watch 

DVD/colour; walk and jog on 

treadmill; basketball; climbing 

stairs; and jumping jacks for 7 

min each, min 3 to 6 used (n=8) 

Indirect calorimetry 

(minute-by-minute) 
ROC curve SED: 0-25 counts/15s 

LPA: 26-573 counts/15s 
MPA: 574-1002 counts/15s 
VPA: > 1002 counts/15s 

Pate et al., 2006
a 

 

 

3-5 years old 
n = 29 
US 

Researcher paced walk and jog (5 

min, min 3 to 4 used) (n=3) 
Indirect calorimetry 

(minute-by-minute) 
Random 

coefficient 

regression 

SED: 0-37 counts/15s 
MVPA: > 419 counts/15s 
VPA: > 841 counts/15s 

Reilly et al., 2003
a 

 

 

3-4 years old 
n = 30 
Scotland 

Usual nursery activities for an 

average of 100 ± 17 min (n=1) 
Direct observation 

(CPAF; 1 minute 

interval) 

ROC curve SED: 0-1099 counts/min 

Sirard et al., 2005
a 

 

 

3-5 years old 
n = 16 
US 

Sit; sit and play; and researcher 

paced walk and jog for 3 min 

each (n=5) 

Direct observation 

(CARS) 
ROC curve SED: 3y: 0-301 counts/15s 

          4y: 0-363 counts/15s 
          5y: 0-398 counts/15s 
LPA: 3y: 302-614 counts/15s 
          4y: 364-811 counts/15s 
          5y: 399-890 counts/15s 
MPA: 3y: 615-1230 counts/15s 
           4y: 812-1234 counts/15s 
           5y: 891-1254 counts/15s 
VPA: 3y: > 1230 counts/15s 
          4y: > 1234 counts/15s 
          5y: > 1254 counts/15s 

Van 

Cauwenberghe et 

al., 2011
b 

 

 

5.8 ± 0.4 years 
n = 18 
Belgium 

Sitting; standing; drawing; 

walking; jogging on a treadmill at 

seven different speeds; easy paced 

walk outside; free play session 

(n=12) 

Direct observation 

(CARS, second-by-

second) 

ROC curve SED: 0-372 counts/15s 
LPA: 373-584 counts/15s 
MPA: 585-880 counts/15s 
VPA: ≥881 counts/15s 

a
 Actigraph 7164; 

b
 Actigraph GT1M; CARS = Child Activity Rating Scale; CPAF = Children’s Physical Activity Form; SED = sedentary; LPA = light physical activity; 

MPA = moderate physical activity; MVPA = moderate-to-vigorous physical activity; VPA = vigorous physical activity; ROC = Receiver Operating Characteristic 
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4.1.3. Preschoolers’ physical activity recommendations 

To prevent overweight and obesity in preschool children, physical activity recommendations 

were developed for this young age group. In the US, the National Association for Sport and 

Physical Education (NASPE) recommends preschool children to accumulate at least 60 daily 

minutes of structured physical activity (i.e., activities that are directed by an adult), in 

combination with at least 60 daily minutes – and up to several hours – of unstructured physical 

activity (i.e., free play) each day (National Association for Sport and Physical Education, 2009). 

Since these guidelines do not prescribe intensity, the interpretation of “structured” and 

“unstructured” physical activity differed between studies, making comparisons of physical 

activity prevalence and compliance with the physical activity recommendations difficult among 

preschoolers. Some studies reported that the majority of preschool children fail to meet the 

physical activity guidelines, while other studies have reported that a large proportion of 

preschoolers achieve sufficient levels of physical activity. This makes it difficult to draw 

conclusions on preschoolers‟ actual physical activity levels (Hinkley et al., 2012).  

The most recent physical activity guidelines from Australia, Canada, the UK, and Belgium 

suggest that preschoolers should accumulate 180 minutes of total physical activity of any 

intensity spread throughout the entire day (Department of Health and Ageing, 2009; Department 

of Health Physical Activity Health Improvement and Protection, 2011; Ministerie van Welzijn 

Volksgezondheid en Gezin, 2012; Tremblay et al., 2012a). The US Institute of Medicine 

developed comparable guidelines which state that preschool children should engage in 15 

minutes per hour of physical activity per day, which is equivalent to three hours of physical 

activity per day (Institute of Medicine of the National Academies, 2011). Only four studies – 

based on objectively measured physical activity – reported on the prevalence of preschoolers 

meeting these newly established physical activity guidelines. An Australian cohort study reported 

that only 5.1% of 703 three- to five-year-old Australian preschoolers who wore a GT1M 

Actigraph accelerometer achieved 180 minutes or three hours of total physical activity per day, 

based on the cut-points of Sirard et al. (2005) (Hinkley et al., 2012). Conversely, 83.8% of 459 

three- to four-year-old Canadian preschool children who wore an Actical accelerometer met the 

physical activity recommendation in a cross-sectional study in which Actical specific cut-points 

were used (Colley et al., 2013). Furthermore, 97.3% and 99.4% of 607 four- to six-year-old 
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Portuguese preschool girls and boys respectively, complied with the physical activity 

recommendations after wearing a GT1M Actigraph accelerometer. The results from this 

Portuguese cross-sectional study were based on a combination of the accelerometer cut-points of 

Evenson et al. (2008) and Pate et al. (2006) (Vale et al., 2013). Finally, 100% of 593 British four-

year-old preschool children adhered to 180 minutes of total physical activity per day. The 

physical activity levels from preschool children in this British cross-sectional study were based 

on the use of Actiheart measurement devices (Hesketh et al., 2014). The large differences in 

preschoolers complying with the recent physical activity recommendations might be due to the 

use of different measurement devices and different accelerometer cut-points in these studies.  

Next to recommendations defined as minutes per day, physical activity recommendations can 

also be defined as steps per day. Recommendations defined as steps per day are commonly used 

in adults, and 10,000 steps per day is defined as an estimate for daily activity for healthy adults 

(Tudor-Locke and Bassett, 2004). In primary school children (between six and eleven years old), 

sex-specific pedometer step count targets have been established with boys having to take between 

12,000 and 16,000 steps per day, and girls having to take between 10,000 and 13,000 steps per 

day (Tudor-Locke et al., 2011). Also in preschoolers, step count targets have been formulated and 

defined. Limited evidence suggested that a total daily physical activity volume of 10,000 to 

14,000 steps per day is associated with 60 to 100 minutes of moderate-to-vigorous physical 

activity in four- to six-year-old preschool children (Tudor-Locke et al., 2011). Recently, one 

study translated the newly established preschoolers‟ physical activity recommendations of 180 

minutes of physical activity per day into a step count target of 6,000 steps per day (Gabel et al., 

2013). One cross-sectional study investigated preschoolers‟ compliance to this step count target 

and found that 91.8% of 459 three- to four-year-old Canadian preschoolers met the step count 

target of 6,000 steps per day on average, and 44.7% met the step count target on all valid days 

(Colley et al., 2013). 

 

4.1.3.1. Summary 

Due to the wide range of accelerometer cut-points, preschoolers‟ compliance with physical 

activity guidelines ranges from virtually no preschoolers adhering with 180 minutes of physical 
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activity per day with the cut-point of Sirard et al. (2005) (Hinkley et al., 2012) to more than 90% 

when Evenson et al. (2008) and Pate et al. (2006) cut-points were used (Vale et al., 2013), and 

even 100% of preschoolers when Actiheart monitors were used (Hesketh et al., 2014). This 

underlines the disparity between studies highlighting preschool children‟s physical inactivity, and 

other studies highlighting preschoolers‟ high levels of physical activity. In addition, this impedes 

the investigation of the association of preschool children‟s physical activity with health 

consequences, as it is not clear which measurement device or which accelerometer cut-point 

should be used. 

 

4.2. Sedentary behaviour 

4.2.1. Definition and link with preschoolers’ overweight and obesity 

Sedentary behaviour is derived from the Latin word “sedere”, which means “to sit”, and refers to 

any waking activity characterised by an energy expenditure equal or lower than 1.5 metabolic 

equivalents while sitting or being in a reclining posture (Sedentary Behaviour Research Network, 

2012). Before sedentary behaviour emerged as a new focus of research, it was seen as the 

absence or the opposite of physical activity. However, sedentary behaviour is not equal to 

physical inactivity, since it comprises of a unique set of behaviours that can co-exist with high 

levels of physical activity (Owen et al., 2010a). Typical sedentary behaviours during the 

preschool age are screen viewing activities (i.e., watching television, playing video games), quiet 

play (e.g., drawing, tinkering, puzzling, looking into books), travelling by car (while being 

restrained in a car seat), bus or train, or being strapped into a stroller or a highchair (Department 

of Health and Ageing, 2009; Department of Health Physical Activity Health Improvement and 

Protection, 2011).  

There is emerging evidence that sedentary behaviour during the preschool years is associated 

with the development of overweight and obesity (Department of Health Physical Activity Health 

Improvement and Protection, 2011). A narrative review concluded that high levels of sedentary 

behaviour – with television viewing in particular – are related to obesity in preschool children 

(Reilly, 2008). Also, positive associations between sedentary behaviours and overweight indices 

were found in a pooled analysis of six European preschool studies that was conducted within the 
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ToyBox-study (van Stralen et al., 2012). In addition, a recent systematic review – that was also 

conducted within the ToyBox-study – found moderate evidence for a positive association 

between television viewing and overweight in preschoolers (te Velde et al., 2012).  

 

4.2.2. Measurement of preschoolers’ sedentary behaviour 

Preschoolers‟ sedentary behaviour is mostly assessed by proxy-reports, which means that parents 

report on their children‟s sedentary behaviour at home. These proxy-reports assess the amount of 

time preschoolers spent watching television, using the computer or playing video games, or doing 

other sedentary activities (Biddle, 2007; Loprinzi and Cardinal, 2011). As with physical activity, 

parents might experience difficulties in recalling preschoolers‟ sedentary behaviour, and they are 

unable to constantly monitor their child (Corder et al., 2009). In a recent systematic review in 

which the validity and reliability of sedentary behaviour measures was evaluated, parental proxy-

reports showed borderline to acceptable reliability with coefficients ranging from 0.60 to 0.80. 

Further, criterion and concurrent validity coefficients indicated a large variance with coefficients 

ranging from 0.08 to 0.84 (Lubans et al., 2011). 

Accelerometers can also be used to objectively assess preschoolers‟ time spent in sedentary 

behaviour, next to measuring preschoolers‟ time spent in physical activity (Cliff et al., 2009; 

Oliver et al., 2007a; Reilly et al., 2008). Although these measurement devices provide the total 

time spent in sedentary behaviour, they cannot provide any information about the type or context 

of sedentary behaviour, which is comparable for the measurement of physical activity. Also, 

accelerometers cannot make a distinction between standing and sitting, since standing also 

engages the large muscles of the lower body and therefore, standing cannot be classified as 

sedentary behaviour (Atkin et al., 2012; Chen and Bassett, 2005; Hamilton et al., 2007; Lubans et 

al., 2011).  

A relatively new and promising tool to measure sedentary behaviour – and also physical activity 

– is the activPAL (PAL Technologies LTD., Glasgow, UK). This measurement device is small, 

light-weight, and consists of both an accelerometer and an inclinometer. By mounting the 

activPAL to the thigh, both accelerations and postures – by means of the inclination of the thigh – 

can be measured. As a result, the activPAL can identify sitting/lying, standing, and walking. 
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Recent studies have assessed the validity and reliability of the activPAL, and inconsistent results 

were found across those studies (Davies et al., 2012; De Decker et al., 2013; Janssen et al., 2013). 

The validity – with the use of direct observation – and reliability of the activPAL was 

investigated in three- to five-year-old UK preschoolers, and results showed acceptable validity 

and reliability for the measurement of posture and activity during free-living activities (Davies et 

al., 2012). Furthermore, another study found good classification accuracy for sitting (ROC-AUC 

= 0.84) and fair classification accuracy for standing and walking (ROC-AUC = 0.76 and 0.73, 

respectively) in four- to six-year-old Australian preschoolers with direct observation as the 

criterion. However, the activPAL appeared to be inaccurate in predicting time spent in different 

postures and total number of breaks in sedentary behaviour in this age group (Janssen et al., 

2013). In addition, another recent study in four- to six-year-old Belgian preschoolers found poor 

classification accuracy (ROC-AUC = 0.61) for the activPAL using direct observation as a 

criterion measure (De Decker et al., 2013). Based on these results, it can be concluded that the 

activPAL is not (yet) the ideal method for measuring sedentary behaviour in preschool children. 

 

4.2.3. Preschoolers’ sedentary behaviour recommendations  

Since patterns of sedentary behaviours appear to be relatively stable over time (Department of 

Health Physical Activity Health Improvement and Protection, 2011), it is advised that preschool 

children reduce their total sedentary behaviour by minimizing prolonged periods of sitting or time 

spent in sedentary behaviours (except for sleeping) (Department of Health Physical Activity 

Health Improvement and Protection, 2011; National Association for Sport and Physical 

Education, 2009; Tremblay et al., 2012b). In general, screen time – and television viewing in 

particular – is the most common sedentary behaviour in preschool children, and is frequently 

used as a proxy marker of overall sedentary behaviour in children (Atkin et al., 2012; Department 

of Health and Ageing, 2009). Therefore, sedentary behaviour guidelines for preschool children 

mainly focus on reducing screen time to less than one (Department of Health and Ageing, 2009; 

Tremblay et al., 2012b) or two hours per day (American Academy of Pediatrics, 2006).  

Most studies on preschoolers‟ sedentary behaviour have reported on their time spent in screen 

time. In a sample of four-year-old Australian preschoolers, it was found that 73.0% and 70.4% of 
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Australian preschool children adhered to the guidelines of limiting screen time to less than two 

hours per day (American Academy of Pediatrics, 2006) on weekdays and weekend days 

respectively (Okely et al., 2009). Compliance to the same screen time guidelines was examined in 

a sample of two- to five-year-old US preschoolers, with 90.2% and 78.0% of preschool children 

meeting those guidelines on weekdays and weekend days respectively (Loprinzi et al., 2013). 

Furthermore, in a Canadian cross-sectional study, it was found that 17.9% of three- to four-year-

old preschoolers complied with the guideline of limiting screen time to less than one hour per 

day, while 80.7% of five-year-old preschool children adhered to spending less than two hours per 

day in screen time (Colley et al., 2013). Similar results were found in an Australian sample of 

preschoolers (mean age of 4.5 years), with 21.8% of preschoolers adhering to spending less than 

one hour per day in screen time, and 58.9% of preschool children spending less than two hours 

per day in screen time (Hinkley et al., 2012).  

 

4.2.4. Summary 

The guidelines for preschool children‟s sedentary behaviour generally advise that preschoolers 

limit their time spend in sedentary behaviour as much as possible, and focus predominantly on 

limiting preschoolers‟ screen time (American Academy of Pediatrics, 2006; Department of 

Health and Ageing, 2009; Department of Health Physical Activity Health Improvement and 

Protection, 2011; National Association for Sport and Physical Education, 2009; Tremblay et al., 

2012b). Looking at limiting screen time to less than one hour per day, a limited number of 

preschool children adhere with this guideline (Colley et al., 2013; Hinkley et al., 2012). On the 

other hand, more preschool children comply with the guideline of limiting screen time to less 

than two hours per day (Colley et al., 2013; Hinkley et al., 2012; Loprinzi et al., 2013; Okely et 

al., 2009). Compliance with these screen time guidelines can only be assessed with the use of 

proxy reports, and thus may be prone to recall bias. Although there are not yet general guidelines 

on the maximum hours per day that a preschool child should be sedentary, accelerometers or 

activPALs can already assess preschoolers‟ total time spent in sedentary behaviour. However, as 

with physical activity, preschoolers‟ time spent in sedentary behaviour might differ when 

different accelerometer cut-points are used. In summary, comparable to measuring preschoolers‟ 

physical activity, it might be recommended to simultaneously use both subjective and objective 
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measurement methods to assess preschoolers‟ sedentary behaviour, since this enables 

measurement of volume, interruptions, type and context of preschool children‟s sedentary 

behaviour (Lubans et al., 2011). 

 

4.3. Dietary behaviour 

As there is a broad range of different dietary behaviours, the focus in this doctoral thesis will be 

on sugar-sweetened beverage consumption and snacking in preschool children, which was 

decided upon during a meeting with experts within the ToyBox-study. In the paragraphs below, 

the rationale for the choice of focussing on sugar-sweetened beverage consumption and snacking 

will be provided. First, an overview on the measures of dietary behaviour will be described, 

followed by a division into sugar-sweetened beverage consumption and snacking. 

 

4.3.1. Measurement of preschoolers’ dietary behaviour 

The most commonly used measurement methods to assess dietary behaviour in preschool 

children are food recalls, food records, and food-frequency questionnaires (Serdula et al., 2001). 

When food recalls are used, a trained interviewer or researcher conducts food recalls to collect 

information on everything the preschool child consumed over a specific period of time, which is 

most often the previous 24 hours or less (commonly referred to as the 24-hour recall). 

Preschoolers‟ parents are asked to estimate the consumed amount, and to give detailed 

information, such as brand names, ingredients of dishes, and food preparation methods. However, 

to estimate the prevalence of low or high intakes of certain foods, multiple recalls are needed 

(Serdula et al., 2001). Food records (e.g., the three-day estimated diet record) require 

preschoolers‟ parents to record detailed information about all food and beverages consumed 

during a specified time period into a food diary. Ideally, parents record this information during 

their child‟s consumption. This measurement method is labour-intensive, and brings a high 

respondent burden compared to food recalls (Serdula et al., 2001). Finally, food-frequency 

questionnaires usually include a long list of food groups (both foods and beverages), on which 

preschoolers‟ parents need to report preschoolers‟ frequency and – sometimes – portion size of 
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the corresponding food group. This measurement method is a valid, practical, efficient, and cost-

effective approach to assess preschoolers‟ dietary behaviour over an extended period of time in 

large-scale studies, since the usual referent period is the past month until the past year 

(Huybrechts et al., 2009; Parrish et al., 2003; Serdula et al., 2001; Treiber et al., 1990). 

 

4.3.2. Sugar-sweetened beverage consumption 

4.3.2.1. Definition and link with preschoolers‟ overweight and obesity 

Sugar-sweetened beverage consumption refers to soft drinks and sugar-added drinks, including 

sugared teas, sports drinks, and fruit juices, but excluding light soft drinks (Bachman et al., 

2006). Only one recent systematic review investigated the association of dietary behaviours with 

overweight and obesity in preschool children. Although insufficient evidence was found for an 

association between dietary intake or specific dietary behaviours and overweight in preschool 

children, one low and one high quality study found a positive association for consumption of 

sugar-sweetened beverages with overweight in preschoolers, but incoherent findings were found 

in another low-quality study which led to inconsistent results (te Velde et al., 2012).  

Although inconsistent results were found in the systematic review of te Velde and colleagues 

(2012), recent studies have found a positive association between preschoolers‟ weight status and 

sugar-sweetened beverage consumption. A pooled analysis of six European studies conducted 

within the ToyBox-study showed that soft drink intake was positively associated with BMI in 

Belgium and Germany (van Stralen et al., 2012). Furthermore, a recent study with cross-sectional 

and longitudinal data evaluated associations between sugar-sweetened beverage consumption and 

weight status among two- to five-year-old US preschoolers and found that drinking sugar-

sweetened beverages was associated with a higher BMI (DeBoer et al., 2013). In addition, a 

recent study in Norwegian preschool children found that the intake of sugar-sweetened beverages 

tracks with fair to moderate coefficients from the age of 18 months to the age of seven years old 

(Bjelland et al., 2013). Finally, a recent systematic review of prospective studies showed 

inconsistent results with the intake of sugar-sweetened beverages before the age of six years and 

an increased weight, BMI or waist circumference later in childhood, but two included studies 

with the highest number of children showed a positive association (Perez-Morales et al., 2013).  
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4.3.2.2. Recommendations for preschoolers‟ consumption of sugar-sweetened beverages 

Food-based dietary guidelines for preschool children only exist on a national level. The food-

based dietary guidelines that will be used in this doctoral thesis are based upon the nutrient 

recommendations of the Belgian Health Council and the WHO, combined with data on habitual 

dietary intake in the Belgian population (Belgian Health Council, 2009). These food-based 

dietary guidelines were very similar to dietary guidelines in other countries, making these 

guidelines applicable for a European population of preschoolers (European Food Information 

Council, 2009). The Belgian food-based dietary guidelines suggest limiting the consumption of 

sugar-sweetened beverages, since these kinds of beverages belong to the rest group.  

A cross-sectional study in Belgian preschoolers (2.5 - 6.5 years old) showed that mean intakes of 

sugared drinks were high with preschool boys and girls younger than the age of four consuming 

114.4 ml and 62.3 ml of sugared drinks per day respectively, and preschool boys and girls older 

than the age of four consuming 140.5 ml and 110.1 ml on a daily basis, respectively (Huybrechts 

et al., 2008). In the pooled analysis study of van Stralen and colleagues (2012), results showed 

that Belgian preschoolers consumed on average 78.7 ml/day of soft drinks and 126.2 ml/day of 

sweetened milk. Greek and Spanish preschoolers consumed on average 11.5 ml/day and 54.8 

ml/day of soft drinks, respectively. In the US, two- and five-year-old children had a mean intake 

of 174.5 ml/day and 147.9 ml/day of 100% fruit juice, and a mean intake of 35.5 ml/day and 62.1 

ml/day of soft drinks, respectively (Dennison et al., 1997). Furthermore, four- to eight-year-old 

US preschool children had a mean consumption of 106.5 ml of 100% fruit juice and 133.1 ml of 

soft drinks per day (Rampersaud et al., 2003).  

 

4.3.3. Snacking 

4.3.3.1. Definition and link with preschoolers‟ overweight and obesity 

A standard, universally accepted definition for snacking is currently still lacking, which means 

that the interpretation of the literature is complicated (Johnson and Anderson, 2010). Also, some 

studies do not specify whether they are investigating snack consumption or snack frequency 

(Hawkins and Law, 2006).  
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A recent review in children and adolescents did not find a relationship between children‟s and 

adolescents‟ snacking (habits) and their weight status (Larson and Story, 2013). However, 

Hawkins and Law (2006) found five studies in their review reporting on preschoolers‟ snack 

consumption and the relationship with their weight status, of which four studies reported a 

positive association and one study reported an inverse relationship between snack consumption 

and overweight in preschool children. They concluded that no definite conclusions between 

preschoolers‟ snack consumption and overweight could be drawn, but they did mention that 

snack consumption in preschool children might be a promising area of research. In addition, in 

the pooled analysis of six European countries by van Stralen and colleagues (2012), a positive 

association between snack intake and BMI was found in the Belgian sample.  

 

4.3.3.2. Recommendations for preschoolers‟ consumption of snacks 

Comparable with the guidelines used for sugar-sweetened beverages, the guidelines for the 

consumption of snacks are also based on the nutrient recommendations of the Belgian Health 

Council and the WHO, combined with data on habitual dietary intake in the Belgian population 

(Belgian Health Council, 2009). The Belgian food-based dietary guidelines suggest limiting the 

consumption of unhealthy snacks, since these kind of foods belong to the rest group. 

Results from a Belgian cross-sectional study of preschool children showed that preschool boys 

and girls younger than four years of age consumed an average of 46.1 g/day and 47.1 g/day of 

snacks, respectively. Preschool boys and girls older than four years of age consumed on average 

52.1 g and 55.3 g of snacks per day (Huybrechts et al., 2008). In the study by van Stralen and 

colleagues (2012), results showed that Belgian preschoolers consumed an average of 68.6 g/day 

of snacks. Greek and Spanish preschoolers consumed an average of 14.5 g/day and 23.2 g/day of 

snacks, respectively. 

 

4.4. Clustering of energy balance-related behaviours in preschool children 

To our knowledge, only one study examined energy balance-related behavioural patterns in 

preschool children (Gubbels et al., 2012). Four behavioural patterns emerged from a Dutch 
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sample of 2074 five-year-old preschool children, namely a „sedentary-snacking‟ pattern, a 

„healthy intake‟ pattern, a „sandwich‟ pattern, and a „sporty-traditional meal‟ pattern. The 

„sedentary-snacking‟ pattern was characterized with high amounts of television viewing and high 

intakes of sweets and sugar, pastry and cookies, savoury snacks and sauce. The „healthy intake 

pattern‟ included high intakes of rice and pasta, fish and seafood, legumes, and vegetables and 

fruit. The third pattern („sandwich‟ pattern) was characterized by high intakes of bread and 

breakfast products, sweet sandwich fillings and fats. Finally, the „sporty-traditional meal‟ pattern 

comprised of sports participation at preschool and at the sports club, as well as intakes of 

potatoes, meat and meat substitutes (Gubbels et al., 2012). The same study also showed a positive 

longitudinal association between the „sedentary-snacking‟ pattern and the preschool child‟s BMI 

at seven and eight years of age.  

 

5. Influencing factors of preschoolers’ energy balance-related behaviours 

In the next – third – phase of the Behavioural Epidemiology Framework, factors that influence 

preschoolers‟ energy balance-related behaviours are identified, which is useful to distinguish the 

characteristics of preschoolers and their environment for whom an intervention is highly needed 

(Sallis et al., 2000a). Research into the influencing factors (i.e., correlates and determinants) of 

preschoolers‟ energy balance-related behaviours will be discussed in line with the social 

ecological model, which posits that factors that influence behaviour interact across a number of 

levels simultaneously (i.e., intrapersonal, interpersonal, organisational, community, and public 

policy). Since preschool children have little control over their behaviours, the influence of the 

higher levels on preschoolers‟ behaviour is of great importance. Therefore, supporting healthful 

energy balance-related behaviours in preschool children may be accomplished by providing them 

with supporting environments (Okely et al., 2008; Sallis et al., 2008). 

Influencing factors of preschoolers‟ energy balance-related behaviours will be presented 

according to four different domains: demographic and biological factors, behavioural factors, 

social and cultural factors, and physical environmental factors (Okely et al., 2008; Sallis et al., 

2008; Sallis et al., 2000b).  
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5.1. Physical activity  

Two reviews have examined correlates of physical activity in preschool children (Hinkley et al., 

2008; Timmons et al., 2007). The most studied factors and their association with preschoolers‟ 

physical activity are presented in the next sections. 

 

Demographic and biological factors. In the systematic review of Hinkley and colleagues (2008) 

and the review by Timmons and colleagues (2007), sex was found to be positively associated 

with physical activity in preschool children, with boys being more physically active compared to 

girls. No association was found with preschoolers‟ age, ethnicity, body composition (BMI), and 

socio-economic status (SES) (Hinkley et al., 2008; Timmons et al., 2007). An indeterminate 

result was found for parental BMI in the systematic review of Hinkley and colleagues (2008), but 

a negative association was found in the review of Timmons and colleagues (2007) with 

preschoolers having a decrease in physical activity when their father‟s BMI increased. 

Behavioural factors. Television viewing was the most investigated behavioural factor in 

preschool children, with some studies showing a negative association with physical activity 

(more television viewing means less time for physical activity), and studies showing no 

association; resulting in indeterminate results (Hinkley et al., 2008). In the review by Timmons 

and colleagues (2007), the association between television viewing and physical activity also 

appeared to be unclear. Furthermore, no associations with preschoolers‟ physical activity were 

found for participation in organised sports (Hinkley et al., 2008). 

Social and cultural factors. The association between parental physical activity and preschoolers‟ 

physical activity was the most studied social factor in this age group. A positive association was 

found for parental physical activity, which means that preschool children are more likely to be 

physically active if their parents are physically active (Hinkley et al., 2008; Timmons et al., 

2007). In addition, parental encouragements and parental discouragements were not associated 

with preschoolers‟ physical activity levels (Hinkley et al., 2008). 

Physical environmental factors. Time spent outdoor or in play spaces was the most studied 

physical environmental factor and was positively associated with preschoolers‟ physical activity, 
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which means that if preschoolers spend more time outdoor or in play spaces, they show an 

increase in physical activity (Hinkley et al., 2008; Timmons et al., 2007). Furthermore, 

convenient play spaces (Hinkley et al., 2008) and characteristics of the preschool that the 

preschooler attended were also positively associated with preschoolers‟ physical activity 

(Hinkley et al., 2008; Timmons et al., 2007). No association was found between 

weekday/weekend day and preschoolers‟ physical activity (Hinkley et al., 2008) and an 

indeterminate result was found for weather conditions (Hinkley et al., 2008; Timmons et al., 

2007). 

 

5.2. Sedentary behaviour 

Two recent systematic reviews have examined preschoolers‟ sedentary behaviour and their 

correlates, with one review focussing on correlates of preschoolers‟ screen-viewing behaviour 

(Hoyos Cillero and Jago, 2010) and the other review focussing on correlates of different 

sedentary behaviours (i.e., overall sedentary behaviour, television viewing, watching 

DVDs/videos, playing electronic games, computer use, and reading) in preschool children 

(Hinkley et al., 2010). The most studied factors and their association with preschoolers‟ screen-

viewing behaviour on the one hand and preschoolers‟ sedentary behaviours on the other hand, are 

presented in the next paragraphs. 

Demographic and biological factors. Hinkley and colleagues (2010) found an indeterminate 

result for the association between time spent in sedentary behaviour and preschoolers‟ sex, age, 

BMI, ethnicity and parental education (Hinkley et al., 2010). Both reviews found that preschool 

children‟s sex was not associated with television viewing (Hinkley et al., 2010) and screen-

viewing behaviour (Hoyos Cillero and Jago, 2010). Furthermore, Hinkley and colleagues (2010) 

again found indeterminate results for the association between television viewing and 

preschoolers‟ age, BMI, ethnicity and parental education. Conversely, Hoyos Cillero and Jago 

(2010) have found a positive association between preschoolers‟ screen-viewing behaviour and 

age, with older preschoolers engaging in more screen-viewing behaviour compared to younger 

preschoolers. In addition, a positive association was found for ethnicity, with non-white 

preschoolers engaging in more screen-viewing behaviour compared to white preschool children 
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(Hoyos Cillero and Jago, 2010). Preschoolers‟ SES was negatively associated with preschoolers‟ 

screen-viewing behaviour, which means that preschoolers from a lower SES showed higher 

levels of screen-viewing behaviour (Hoyos Cillero and Jago, 2010). 

Behavioural factors. Only the systematic review of Hinkley and colleagues (2010) examined 

behavioural factors of preschoolers‟ sedentary behaviours. It found an indeterminate result for the 

association between physical activity and television viewing. Furthermore, no association was 

found between outdoor play time and preschoolers‟ time spent watching television. In addition, 

energy intake was positively associated with preschoolers‟ television viewing with preschoolers 

watching more television when they have a higher energy intake (Hinkley et al., 2010).  

Social and cultural factors. Hinkley and colleagues (2010) reported a negative association 

between preschoolers‟ television viewing and parental rules about television time, which means 

that preschool children experiencing more rules about their television time will spend less time 

watching television. The same inverse association was found for preschoolers‟ screen-viewing 

behaviour in the systematic review of Hoyos Cillero and Jago (2010). Since all other social and 

cultural factors were not sufficiently studied to draw conclusions, these results will not be 

mentioned in this doctoral thesis.  

Physical environmental factors. Having a television in the preschool child‟s bedroom was 

studied in both systematic reviews. In the systematic review of Hinkley and colleagues (2010), 

results showed that having a television in the bedroom of the preschool child was not associated 

with preschoolers‟ television viewing. Hoyos Cillero and Jago (2010) found an indeterminate 

result for the presence of a television in the preschool child‟s bedroom and screen-viewing 

behaviour (Hoyos Cillero and Jago, 2010). Again, since all other physical environmental factors 

were not sufficiently studied in either review to draw conclusions, these results will not be 

mentioned in this doctoral thesis. 

 

5.3. Dietary behaviour 

To our knowledge, no systematic reviews on correlates or determinants of preschoolers‟ dietary 

behaviours could be located in the literature. However, one narrative review on characteristics of 
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the family food environment as determinants of preschoolers‟ dietary behaviour was found, of 

which the factors with most evidence will be discussed below (Campbell and Crawford, 2001). 

Furthermore, results from cross-sectional and longitudinal studies will also be presented 

(Campbell et al., 2006; Dubois et al., 2008; Vereecken et al., 2008; Zive et al., 1998). 

 

Demographic and biological factors. Only in the study by Vereecken and colleagues (2008), 

demographic and biological factors of preschoolers‟ fruit juice and sugared milk drinks were 

examined. Preschoolers‟ sex, age and father‟s education were not associated with preschoolers‟ 

intakes of fruit juices and sugared milk drinks. Maternal education was negatively associated 

with preschoolers‟ intakes of fruit juices and sugared milk drinks, with the preschool child from 

mothers with a higher education having smaller intakes of fruit juices and sugared milk drinks 

(Vereecken et al., 2008). 

Behavioural factors. A positive association with the preschool child‟s energy intake was found 

for energy expenditure (Zive et al., 1998) and television viewing (Campbell and Crawford, 2001; 

Campbell et al., 2006; Zive et al., 1998), with preschool children having a higher energy intake 

when they have more energy expenditure and watch more television. In addition, a positive 

association was found between television viewing and the consumption of sweet snacks and 

sugar-sweetened beverages (Campbell et al., 2006). Also, a positive association was found 

between drinking soft drinks and eating snacks while watching television with preschoolers 

eating snacks in front of the television more frequently, having a higher consumption of soft 

drinks (Dubois et al., 2008).  

Social and cultural factors. Parental control over preschoolers‟ consumption of food was 

positively associated with preschoolers‟ energy intake, with preschoolers‟ having a higher energy 

intake if there was more parental control (Zive et al., 1998). Furthermore, a positive association 

with preschoolers‟ food preference and consumption was found for parental/peer role modelling 

and food restriction. Preschoolers had a higher preference/consumption of certain foods if their 

parents/peers also frequently consumed those foods. In addition, if preschoolers perceived a high 

restriction of certain foods, they had a higher preference and consumption of these types of foods 
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(Campbell and Crawford, 2001). No association was found between parental modelling and 

preschoolers‟ consumption of snacks and sugar-sweetened beverages (Campbell et al., 2006).  

Physical environmental factors. A positive association was found for the total number of people 

in the house and preschoolers‟ energy intake, with more people present in the house inducing a 

higher energy intake in preschool children (Zive et al., 1998). Additionally, food exposure and 

media exposure were positively associated with preschoolers‟ food preference and consumption. 

This means that if preschoolers were more exposed to foods, they had an increase in food 

preference and food consumption. Also, if preschoolers were more exposed to the media (i.e., 

television, advertisements), they had an increase in food preference and consumption (Campbell 

and Crawford, 2001).  

 

5.4. Summary 

Although already different reviews exist on correlates of preschoolers‟ physical activity (two 

reviews) and sedentary behaviour (two systematic reviews), no systematic review already exists 

on preschoolers‟ dietary behaviour. In addition, it might be interesting to examine correlates of 

preschoolers‟ energy balance-related behaviours simultaneously, as the association of these 

correlates with preschoolers‟ energy balance-related behaviours might differ or be similar across 

the different behaviours.   

 

6. Interventions to prevent overweight and obesity and to improve energy balance-related 

behaviours in preschool children 

The development and evaluation of interventions to prevent weight gain and to improve energy 

balance-related behaviours in preschool children is conducted in phase four of the Behavioural 

Epidemiology Framework (Sallis et al., 2000a). The identified influencing factors of 

preschoolers‟ energy balance-related behaviours from phase three within the Behavioural 

Epidemiology Framework may be possible factors that can be targeted in interventions (Sallis et 

al., 2000a). Since interventions in preschoolers mainly find an effect on preschoolers‟ behaviour 

and not on body composition (e.g., BMI), the mentioned interventions in the following sections 
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are mostly targeting an improvement in (one or more) energy balance-related behaviours, which 

might prevent excessive weight gain in preschoolers. The following section will start with an 

explanation on which behaviours to target (6.1.) and which settings to target (6.2.), followed by 

an overview on the most relevant theoretical models related to behaviour change in young people, 

together with theory-based interventions (6.3.), and how to plan and develop an intervention 

(6.4.).  

 

6.1. Target behaviours 

Intervention studies in preschool children have primarily focused on physical activity and dietary 

behaviour, either separately or combined. However, since sedentary behaviour emerged as a new 

focus of research (Owen et al., 2010b), few intervention studies in preschool children have 

focused primarily on this behaviour. In the following sections, interventions targeting one 

behaviour (i.e., physical activity, sedentary behaviour or dietary behaviour) in preschoolers will 

be discussed, followed by interventions targeting multiple behaviours in preschoolers. 

 

6.1.1. Targeting physical activity  

Several intervention studies targeting only preschoolers‟ physical activity have already been 

implemented and evaluated, of which some will be discussed in this paragraph. Some 

intervention studies targeted preschoolers‟ physical activity levels during recess, and mixed 

results were found (Cardon et al., 2009; Hannon and Brown, 2008; Van Cauwenberghe et al., 

2012). Hannon and Brown (2008) provided 64 three- to five-year-old US preschoolers with 

activity-friendly equipment during recess, and Cardon and colleagues (2009) provided 583 four- 

to five-year-old Belgian preschoolers with play equipment and playground markings. In US 

preschoolers‟ activity levels, a significant increase was found, while no effects were found in the 

Belgian intervention study (Cardon et al., 2009; Hannon and Brown, 2008). In another Belgian 

study in 128 four- to six-year-old preschool children, small improvements were found in 

preschoolers‟ physical activity levels after lowering the playground density (Van Cauwenberghe 

et al., 2012). 
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Other interventions have targeted the preschool curriculum to increase preschoolers‟ physical 

activity levels. For example, one study in 201 three- to five-year-old US preschoolers 

implemented 15- to 20-minute-lessons on multiple activities (stability, locomotor skills, 

manipulation skills) in the preschool curriculum for four days a week during 18 weeks. Although 

positive changes were found in gross motor skills, no intervention effects were found for 

preschoolers‟ physical activity (Bellows et al., 2013). One study in 826 four- to six-year-old 

German preschool children used a participatory community-based approach to increase 

preschoolers‟ physical activity levels by using parents as agents of behavioural change (in this 

case physical activity), by motivating parents to develop and implement their own project ideas to 

increase preschool children‟s physical activity (De Bock et al., 2013). Preschoolers from the 

intervention group had more mean accelerometry counts (i.e., a 4% increase in physical activity 

over all measurement days) compared to preschool children from the control group who showed 

no increase in physical activity (De Bock et al., 2013). Finally, in the study of Reilly and 

colleagues (2006) in 545 four-year-old Scottish preschoolers, physical activity programmes (i.e., 

three 30-minute sessions per week for 24 weeks) and home-based health education (i.e., families 

receiving materials and health education leaflets) did not increase preschoolers‟ physical activity 

levels (Reilly et al., 2006). In summary, only a few physical activity interventions in preschool 

children have been successful in increasing preschoolers‟ physical activity levels. 

 

6.1.2. Targeting sedentary behaviour  

In the literature, only two interventions targeting preschoolers‟ sedentary behaviour could be 

located. Since one of those two interventions consists of a treatment programme for obese 

preschoolers (Epstein et al., 2008), this intervention will not be discussed in this doctoral thesis. 

The other intervention study focused on healthy, normal weight preschoolers‟ television viewing 

(Dennison et al., 2004). Dennison and colleagues (2004) conducted a preschool-based 

randomised controlled trial to reduce 77 US preschoolers‟ (2.5-5.5 years old) television viewing 

by providing preschool children from the intervention group with seven sessions that aimed at 

decreasing television viewing as part of a health promotion curriculum. Preschoolers from the 

control group received a safety and injury prevention programme. Results showed that 

preschoolers in the intervention group decreased their television viewing with three hours per 
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week, while preschool children in the control group increased their television viewing with 1.6 

hours per week (Dennison et al., 2004).  

 

6.1.3. Targeting dietary behaviour  

Only two intervention studies merely targeting preschoolers‟ dietary behaviour could be located 

in the literature (Vereecken et al., 2009; Williams et al., 2002). In the intervention study by 

Vereecken and colleagues (2009), an increase in four-year-old preschoolers‟ consumption of 

fruit, vegetables, and water was targeted, together with a decrease in preschoolers‟ consumption 

of sugared milk drinks and fruit juice by providing the preschool staff with a two-day training 

and by providing preschool staff and parents with newsletters and food messages. An increase in 

fruit consumption was found for preschoolers from the intervention group, and no effects were 

found for the other food items. Results also showed that this increase in fruit consumption was 

mainly due to an increased availability at preschool (Vereecken et al., 2009). The intervention 

study by Williams and colleagues (2002) aimed at changing two- to five-year-olds‟ US preschool 

food service (which is responsible for the preschool meals). It was found that this intervention 

was effective in reducing the fat and saturated fat content of preschool meals (Williams et al., 

2002).   

 

6.1.4. Targeting multiple behaviours  

Several intervention studies in preschool children have focused on enhancing more than one 

behaviour (Bayer et al., 2009; Klein et al., 2010; O'Dwyer et al., 2012; O'Dwyer et al., 2013; 

Puder et al., 2011). For example, the multidimensional lifestyle intervention study of Puder and 

colleagues (2011) aimed at 652 five-year-old predominantly migrant Swiss preschool children‟s 

aerobic fitness and adiposity by providing a physical activity programme, lessons on nutrition, 

media use (i.e., use of television and computers), and sleep, and adaptation of the built 

environment of the preschool class. Results showed that the intervention increased aerobic fitness 

in preschoolers from the intervention group, and beneficial effects of the intervention were also 

found for reported physical activity, eating habits, and media use (Puder et al., 2011). O‟Dwyer 
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and colleagues (2012) conducted a family-focused active play intervention in 76 five-year-old 

UK preschoolers and their parents which aimed at increasing preschoolers‟ physical activity and 

decreasing preschoolers‟ time spent in sedentary behaviour. The intervention consisted of a ten-

week active play programme (with five 60-minute sessions) with parent-child activities for 

preschoolers and parents in combination with an educational workshop for the parents in the 

intervention group, while the control group maintained the usual routine. Results showed a 

decrease in sedentary time and an increase in physical activity for preschoolers in the intervention 

group compared to the control group (O'Dwyer et al., 2012). The same authors also conducted a 

preschool-based active play intervention targeting three- to five-year-old UK preschool children‟s 

physical activity and sedentary behaviour. More specifically, the active play programme 

consisted of a six-week educational programme for both preschool staff and children, with active 

play professionals supporting the preschool teachers during the active play activities. Results 

showed no significant intervention effects for the time spent in sedentary behaviour or physical 

activity (O'Dwyer et al., 2013). The low threshold health promotion intervention of Klein and 

colleagues (2010) aimed at 240 four-year-old German preschoolers‟ BMI, and consisted of a 

standardised information meeting for preschoolers‟ parents on physical activity, physical 

inactivity and nutrition. The intervention induced a reduction of preschool boys‟ and a 

stabilisation of preschool girls‟ BMI, but inconsistent results were found on motor skills (Klein et 

al., 2010). Finally, the TigerKids study was conducted in five- to six-year-old German children 

and aimed at enhancing regular physical activity and modifying habits of food and beverage 

consumption in preschool children by providing ready-to-use modules to the preschool teachers 

which they could implement in the classroom, and by providing short informative messages and 

newsletters to the parents. The intervention induced an increase in fruit and vegetable 

consumption in the intervention group, but no effect was found for physical activity (Bayer et al., 

2009).  

 

6.1.5. Summary 

To conclude, interventions targeting only one behaviour have the opportunity to have an in-depth 

focus on this specific behaviour. Although positive effects have been found (Dennison et al., 

2004; Hannon and Brown, 2008; Van Cauwenberghe et al., 2012; Vereecken et al., 2009; 
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Williams et al., 2002), previous paragraphs also show that the focus on only one behaviour does 

not necessarily induce positive effects (Bellows et al., 2013; Cardon et al., 2009; Reilly et al., 

2006). Interventions targeting multiple behaviours have to divide the focus among different 

behaviours that might prevent an in-depth focus on all behaviours. However, results from 

interventions targeting multiple behaviours are promising (Bayer et al., 2009; O'Dwyer et al., 

2012; Puder et al., 2011). The differences in effects between interventions might be due to the 

different intervention settings, which will be discussed in the next paragraph. 

 

6.2. Intervention settings 

Preschool children spend most of their time at some form of out-of-home care (e.g., preschool, 

childcare, kindergarten) or at home. Therefore, these environments could serve as ideal 

intervention settings to enhance preschoolers‟ energy balance-related behaviours, and will be 

described below. 

 

6.2.1. Targeting the preschool environment  

For this doctoral thesis, we use the term “preschool” throughout Part 1 (General introduction), 

some of the research studies in Part 2 (Original Research), and Part 3 (General discussion) to 

refer to the setting with a preschool educational programme which Belgian preschoolers attend 

from the age of 2.5 years. However, since different settings occur in different European countries, 

according to their country regulations and legislations, three research studies in Part 2 (Original 

research) will use the term “kindergarten” to refer to the European out-of-home care settings for 

preschool children, and to be consistent with terminology within the ToyBox-study.   

Since preschool children spend a considerable amount of time at some form of out-of-home care, 

these settings provide an opportunity to increase preschoolers‟ energy balance-related behaviours, 

resulting in preschool-based interventions (O'Dwyer et al., 2013; Reilly et al., 2006; Van 

Cauwenberghe et al., 2013; Ward et al., 2010). During the time at preschool, several 

opportunities arise in which preschoolers‟ energy balance-related behaviours can be improved, 

for example during recess at the playground in which preschoolers can increase their physical 
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activity levels (Cardon et al., 2009; Hannon and Brown, 2008; Van Cauwenberghe et al., 2012), 

during structured physical education lessons (Van Cauwenberghe et al., 2013), or by making 

changes to the preschool curriculum and environment (Bayer et al., 2009; Bellows et al., 2013; 

Dennison et al., 2004; O'Dwyer et al., 2013; Puder et al., 2011) or the preschool policy (Williams 

et al., 2002). However, not all interventions located at the preschool were successful in improving 

preschoolers‟ energy balance-related behaviours (Bellows et al., 2013; Cardon et al., 2009; 

O'Dwyer et al., 2013).  

 

6.2.2. Targeting the home environment  

Next to the out-of-home care, preschoolers spend a considerable amount of time at home. 

Although the home environment is still understudied in preschool children, evidence suggests 

that involving parents as the agents of change to improve preschoolers‟ energy balance-related 

behaviours may be promising (Campbell and Hesketh, 2007; Golan, 2006; Hesketh and 

Campbell, 2010; Oliver et al., 2010). This has been confirmed in the successful family-focused 

active play intervention in 76 three- to five-year-old UK preschool children in the study of 

O‟Dwyer and colleagues (2012), in which trained professionals provided structured parent-child 

active play lessons. The intervention resulted in positive changes in preschoolers‟ physical 

activity and sedentary time after the implementation of the intervention (O'Dwyer et al., 2012).  

 

6.2.3. Targeting the preschool and home environment  

Since in both the preschool and home environment interventions have been carried out in which 

positive effects were found, targeting both environments simultaneously could also be a strategy. 

However, the previously mentioned intervention study of Reilly and colleagues (2006), which 

consisted of physical activity programmes (at preschool) and home-based health education, was 

not successful in increasing 545 four-year-old Scottish preschoolers‟ physical activity (Reilly et 

al., 2006). On the other hand, De Bock and colleagues (2013) found that motivating parents to 

develop and implement their own project ideas to promote 826 four- to six-year-old German 

preschoolers‟ physical activity levels, in combination with gym classes twice a week for six 
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months, was successful in increasing preschoolers‟ physical activity (De Bock et al., 2013). 

Furthermore, Bayer and colleagues (2009) also found positive results which improved five- to 

six-year-old German preschoolers‟ fruit and vegetable consumption after a six-week intervention 

at preschool and after providing preschoolers‟ parents with short informative messages and 

newsletters (Bayer et al., 2009).  

 

6.2.4. Summary 

In short, some interventions at preschool and some interventions at home were effective in 

enhancing one or more energy balance-related behaviours in preschool children (Hannon and 

Brown, 2008; O'Dwyer et al., 2012; Van Cauwenberghe et al., 2012). Since preschool children 

spend most of their time at both settings, and both environments provide opportunities to enhance 

preschoolers‟ energy balance-related behaviours – which already resulted in positive effects 

(Bayer et al., 2009; De Bock et al., 2013), targeting both the preschool and home environment 

seems promising (Golan, 2006; Oliver et al., 2010; Ward et al., 2010).  

 

6.3. Behaviour change models 

As the use of models for behaviour change is important in the development of interventions, the 

most relevant theoretical models related to behaviour change in young people will be presented in 

the next paragraphs. Several models or theories (e.g., Transtheoretical model, Theory of Planned 

Behaviour) have an emphasis on the psychological or cognitive influences on behaviour. These 

models have the underlying assumption of an individual responsibility for the behaviour. As 

preschool children are unlikely to have the cognitive ability or autonomy to be able to control or 

reflect on their behaviours (Okely et al., 2008), these models or theories are not really useful in 

preschoolers and will not be discussed below.   
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6.3.1. Social Cognitive Theory 

The Social Cognitive Theory (Figure 3) (Bandura, 1986) is an interpersonal theory that covers 

both determinants of behaviour and the process of behaviour change (Bartholomew et al., 2011). 

The Social Cognitive Theory describes human behaviour “in terms of a model of reciprocal 

determinism in which behaviour, cognitive and other personal factors, and environmental events 

all operate as interacting determinants of each other” (Bandura, 1986). Following the Social 

Cognitive Theory, the most important determinants of behaviour are outcome expectations, self-

efficacy, behavioural capability, perceived behaviour of others, and environment (Bartholomew 

et al., 2011). 

Figure 3. Social Cognitive Theory (Adapted from Bandura, 1986) 

 

6.3.2. EnRG Framework 

The Environmental Research framework for weight Gain prevention (EnRG framework) (Figure 

4) integrates personal psychological or „cognitive‟ factors with environmental factors (Kremers et 

al., 2006). The environmental factors are adopted from the Analyses Grid for Environments 

Linked to Obesity (ANGELO) framework (Swinburn et al., 1999), and both personal and 

behavioural moderators are identified to gain insight into the pathway between environmental 

and cognitive factors in influencing energy balance-related behaviours. This framework studies 

the interplay between environmental and individual factors in predicting energy balance-related 

behaviours, which means that this framework fits within an ecological approach (Kremers et al., 

2006). 
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Figure 4. Environmental Research framework for weight Gain prevention (EnRG) (Kremers et 

al., 2006) 

 

6.3.3. Socio-ecological model of health behaviour 

The prevention of preschoolers‟ overweight and obesity requires the understanding of the factors 

that influence the development of overweight and obesity. The socio-ecological model of health 

behaviour (Figure 5) considers the complex interplay between individual (e.g., knowledge, 

attitudes, skills), interpersonal (e.g., family, friends, social networks), organisational (e.g., 

organisations, social institutions), community (e.g., relationships among organisations), and 

public policy factors (e.g., national, state, local laws). This model allows researchers to address 

the factors that put preschool children at risk of developing overweight and obesity or at risk of 

conducting unhealthy behaviours. It is important for prevention strategies that they include a 

continuum of activities that address multiple levels of the socio-ecological model, as the model 
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assumes that appropriate changes in the social environment will produce changes in individuals 

(Sallis et al., 2008). This is particularly important for young children, as they have little control 

over their own behaviours. Therefore, it might be important to provide an environment that aims 

at supporting preschoolers‟ healthy behaviours.  

 

Figure 5. Socio-ecological model of health behaviour (Adapted from Sallis et al., 2008) 

 

6.3.4. Theory-based interventions 

Most interventions targeting one or more energy balance-related behaviours in preschool children 

did not mention or did not use theories to change these behaviours. Only two studies mentioned 

the use of behavioural theories (Bayer et al., 2009; Klein et al., 2010). The intervention study of 

Bayer and colleagues (2009) is based on the Social Learning Theory (Bandura, 1977), and was 

effective in increasing five- to six-year-old German preschool children‟s fruit and vegetable 

consumption. Klein and colleagues (2010) used a combination between the Theory of Planned 

Behaviour and the Precaution Adoption Process model (Weinstein et al., 1998). However, the 

intervention only caused inconsistent effects in four-year-old German preschool children. A 
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systematic review (conducted independently from age) found that interventions to prevent weight 

gain might be more effective if they are based on methods of behaviour change (Hardeman et al., 

2000). Therefore, using behavioural theories to change preschoolers‟ energy balance-related 

behaviours might provide a base to develop and implement interventions in that age group.  

 

6.3.5. Summary 

As young children have little control over their own behaviours, it might be important to provide 

environments that aim to support healthy behaviours in preschool children. As the socio-

ecological model of health behaviour integrates multiple levels (e.g., individual, interpersonal, 

organizational, community), and is based on the principle that environmental changes are 

important to facilitate the adoption of healthy behaviours (Glanz and Bishop, 2010), this model 

was used as a base throughout the ToyBox-study. 

 

6.4. Planning and development of interventions 

To increase the effectiveness of interventions targeting preschoolers‟ energy balance-related 

behaviours, it is important to plan and develop these interventions by using a structured, 

evidence-based approach. The intervention that was developed in the ToyBox-study was based 

on a systematic, evidence-based approach using a combination of the PRECEDE-PROCEED 

model and the Intervention Mapping protocol. The Intervention Mapping protocol was used as an 

intermediary step between the PRECEDE-phase and the PROCEED-phase of the PRECEDE-

PROCEED model (Bartholomew et al., 2011; Green and Kreuter, 2005; Manios et al., 2012). The 

PRECEDE-PROCEED model uses an educational and ecological approach for planning health 

programmes, and is commonly used in the first (i.e., needs assessment) of six steps in the 

Intervention Mapping protocol (Figure 3) in which the health problem and quality of life are 

investigated, together with the behaviours, environments and predisposing, reinforcing and 

enabling factors that have an influence on the health problem (Green and Kreuter, 2005). The 

Intervention Mapping protocol describes a framework that can be followed to ensure effective 

decision making at each step of the intervention planning, implementation and evaluation. This 
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framework applies a theory- and evidence-based approach with an ecological perspective – 

including different levels (e.g., individual, interpersonal, organisational, community, public 

policy) – which results in a multilevel intervention. Each step in the Intervention Mapping 

protocol creates a product that is the guide for the next step, which means that the Intervention 

Mapping process is cumulative. Furthermore, programme planners can move back and forth 

between the different Intervention Mapping steps, which means that the process is not completely 

linear (Bartholomew et al., 2011).  

 

 

Figure 6. Visualisation of the six steps of the Intervention Mapping protocol (Adapted from 

Bartholomew et al., 2011) 

 

 

52



Part 1│ General introduction 

 
 

7. Objectives and outline of the thesis 

The second part of this doctoral thesis consists of original research that has been conducted to 

formulate an answer to specific research questions which have emerged after the overview of the 

literature in the first part of this doctoral thesis. The original research articles belong to and can 

be categorised under phases two until four of the Behavioural Epidemiology Framework (Sallis et 

al., 2000a), and are a collection of scientific articles that are either published or under review in 

international scientific journals. Chapter 1.2, Chapter 2, Chapter 3 and Chapter 4 have been 

carried out as part of the ToyBox-study. An overview of the original research articles within Part 

2: Original Research, the studied behaviours and the situating within the Behavioural 

Epidemiology Framework can be found in Table 4. 

Since measurement and measurement methods are essential for all stages of research, Chapter 1 

of this doctoral thesis focuses on measuring preschoolers‟ physical activity levels, in accordance 

with the second phase of the Behavioural Epidemiology Framework (Sallis et al., 2000a). First of 

all, accelerometers are the most widely used devices for measuring preschoolers‟ physical 

activity (Pate et al., 2010). However, the step count function – which is available in all Actigraph 

accelerometers – has never been validated in preschool children before. Therefore, the first step 

in Chapter 1.1. was to validate the accelerometer step count function for measuring step counts 

in preschool children. In addition, the commonly used pedometers only measure physical activity 

in terms of steps per day or per measured time period (Pagels et al., 2011). However, newer 

pedometer models have an extra feature which allows researchers to measure steps per hour as 

well, and this enables researchers to study patterns of physical activity instead of total physical 

activity per day. This new type of pedometer (i.e., Omron Walking Style Pro pedometer) has not 

yet been validated in preschool children, and this was therefore the second aim of Chapter 1.1. 

In addition, the newly established physical activity guidelines for preschoolers (i.e., 180 minutes 

of physical activity per day) have already been translated into a step count target for preschool 

children (Gabel et al., 2013). However, this step count target was based on only one set of 

accelerometer cut-points, and since there has not yet been a consensus on which cut-points to use 

in preschool children, Chapter 1.2. translated the physical activity guidelines into a step count 

target in preschool children by taking four different accelerometer cut-points into account.  
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Chapter 2 in this doctoral thesis provides up-to-date information on the levels of European 

preschoolers‟ physical activity, sedentary behaviour, sugar-sweetened beverage and water 

consumption, and snacking, and can also be situated within the second phase of the Behavioural 

Epidemiology Framework of Sallis and colleagues (2000). Since large cross-European studies 

examining preschoolers‟ energy balance-related behaviours with the same measurement methods 

are currently lacking, this study tried to expose local and cultural differences between the 

ToyBox-intervention countries. This information will serve as a base for the development of 

future interventions targeting preschoolers‟ energy balance-related behaviours and accordingly 

their overweight and obesity. 

Following the third phase of the Behavioural Epidemiology Framework (Sallis et al., 2000a), 

correlates of preschoolers‟ energy balance-related behaviours were examined. Since systematic 

reviews simultaneously investigating correlates of preschoolers‟ physical activity, sedentary 

behaviour and dietary behaviour are currently lacking, a systematic review was conducted in 

Chapter 3.1., in which correlates of preschoolers‟ energy balance-related behaviours were 

examined. This information enables researchers to check which correlates have the same 

associations with the different energy balance-related behaviours and which correlates are 

differently associated with physical activity, sedentary behaviour, and dietary behaviour. 

Furthermore, focus groups with preschoolers‟ parents and teachers were conducted in Chapter 

3.2., in which parents and teachers expressed their perceptions on children‟s current levels of 

physical activity and beverage consumption, factors that influence and enhance these behaviours, 

and anticipated barriers to making changes to these behaviours.  

Chapter 4.1. and Chapter 4.2. can be categorised under the fourth phase of the Behavioural 

Epidemiology Framework (Sallis et al., 2000a), which is characterised by developing and 

evaluating interventions in a systematic manner. In Chapter 4.1., the systematic, evidence-based 

and theory-driven approach – by using the Intervention Mapping protocol (Bartholomew et al., 

2011) – for developing the physical activity-component of the ToyBox-study intervention was 

described. Chapter 4.2. examined the effect of the ToyBox-study intervention on Belgian 

preschoolers‟ objectively measured physical activity.  

The fifth phase of the Behavioural Epidemiology Framework (Sallis et al., 2000a) comprises of 

the translations from research into practice, which will be presented in Part 3: General discussion. 
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Table 4. Overview of the original research articles within Part 2: Original Research, the studied behaviours and the situating within the 

Behavioural Epidemiology Framework  

Chapter Research article Studied behaviours Behavioural Epidemiology Framework 

Chapter 1.1. Validity of the Omron pedometer and the Actigraph step 

count function in preschoolers 

Physical activity Phase 2: Developing measures of the 

behaviour 

Chapter 1.2. The translation of preschoolers’ physical activity 

guidelines into a daily step count target 

Physical activity Phase 2: Developing measures of the 

behaviour 

Chapter 2 Differences in energy balance-related behaviours in 

European preschoolers: the ToyBox-study 

Physical activity 

Sedentary behaviour 

Beverage consumption 

Snacking 

Phase 2: Developing measures of the 

behaviour 

Chapter 3.1. Correlates of energy balance-related behaviours in 

preschoolers: a systematic review 

Physical activity 

Sedentary behaviour 

Dietary behaviour 

Phase 3: Identifying influences on the 

behaviour 

Chapter 3.2. Physical activity and beverage consumption in 

preschoolers: focus groups with parents and teachers 

Physical activity 

Beverage consumption  

Phase 3: Identifying influences on the 

behaviour 

Chapter 4.1. Applying the Intervention Mapping Protocol to develop a 

kindergarten-based, family-involved intervention to 

increase European preschool children’s physical activity 

levels. The ToyBox-study. 

Physical activity Phase 4: Evaluating interventions to 

change the behaviour 

Chapter 4.2. The effect of a kindergarten-based, family-involved 

intervention on objectively measured physical activity in 

Belgian preschool boys and girls of high and low SES: the 

ToyBox-study  

Physical activity Phase 4: Evaluating interventions to 

change the behaviour 
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ABSTRACT 

Objectives: To validate the GT1M Actigraph accelerometer step count function, and the Omron 

Walking Style Pro pedometer against accelerometer-based activity counts, and to compare 

pedometer-based and accelerometer-based steps in preschoolers. 

Design: A sample of 41 preschoolers (21 boys, mean age 5.43 ± 0.63 years) from one preschool 

in Flanders, Belgium were included in the data analyses. 

Methods: Accelerometer-based and pedometer-based steps were simultaneously collected in this 

Flemish sample of preschool children. Preschoolers wore two motion sensors (accelerometer and 

pedometer) for four consecutive days. Pearson correlations were calculated to compare 

accelerometer activity counts with accelerometer-based steps, accelerometer activity counts with 

pedometer-based steps and accelerometer-based steps with pedometer-based steps. Bland-

Altman analysis was carried out to investigate the agreement between the pedometer-based and 

the accelerometer-based steps.  

Results: Accelerometer-based steps correlated moderately high with accelerometer activity 

counts per hour (r = 0.77) and per day (r = 0.82). Pedometer-based steps correlated moderately 

high with accelerometer activity counts per hour (r = 0.65) and per day (r = 0.64). High 

correlations were revealed between steps from both devices (hourly: r = 0.92; daily: r = 0.89). 

The Bland-Altman analysis showed a bias of 221.81 (± 1679.78) and the limits of agreement 

ranged from -3070.57 to 3514.18 steps per day. 

Conclusions: Both the accelerometer-based as pedometer-based step counts are valid estimates 

of preschoolers’ physical activity levels during free-living activities based on group estimates. 

High agreement between both step counts justifies combining and comparing pedometer- and 

accelerometer-based step counts.   

 

Key words: Motor Activity; Preschool Child; Reproducibility of results; Accelerometer; 

Pedometer; Health Promotion  
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INTRODUCTION 

Physical activity (PA) has important psychological and physical implications in all age groups,
1
 

even in preschoolers,
2 and being physically active is an important healthy lifestyle habit that 

tracks into adulthood.
3,4

 Consequently, PA guidelines have been established for preschool 

children, and according to the most recent guidelines, preschoolers should accumulate 180 

minutes of total PA throughout the day.
5-7

  

At the moment, accelerometers are the most widely-used validated monitoring devices to 

measure PA in preschool children.
8,9

 Accelerometers are light-weight, non-obtrusive motion 

sensors, mostly worn at the hip, that record detailed information about the intensity and 

frequency of PA throughout the measurement period by registering accelerations made by the 

participants,
8
 and can be used as criterion measure for assessing PA in preschool children.

10
 

However, accelerometers also have some limitations: (a) the high cost (~ US $249 or €190), (b) 

the fact that they cannot be used during water-based activities, (c) the underestimation of cycling, 

(d) the fact that the units of measurement (counts) have less intuitive utility compared to 

pedometer steps, and (e) that specific software and qualified researchers are needed to analyze 

and interpret the output.
8
  

The pedometer or step counter is another widely used instrument for measuring PA in all age 

groups, from preschoolers to older adults.
11-13

 Pedometers are small devices, usually worn at the 

hip, and they are of relatively low cost (~ US $99 or €74) compared to accelerometers. 

Pedometers use different mechanic or electronic motion sensors to quantify the amount of PA by 

accumulating steps.
14

 They are easy to use, and the outcome – a step count – is easily understood 

by adults and even by children.
8
 As pedometers monitor the total volume of PA, these devices 

can be used in preschool children as their PA guidelines prescribe to be physically active for 

three hours per day, irrespective of intensity
5-7

. In addition, pedometer step counts provide an 

adequate assessment of PA in preschool children.
9
 However, further validation evidence is 

required before the suitability of using step counts with newer pedometer models in preschool 

children can be confirmed.
15

 Pedometers also have some disadvantages which are comparable 

with accelerometers: (a) water-based activities cannot be measured, (b) cycling is 

underestimated, and in contrast with accelerometers (c) it is not possible to quantify intensities, 

so a distinction between light PA and moderate PA cannot be made. In addition, specifically in 
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young children, pedometers cannot capture some activities in this age group like crawling or 

swinging. 

The older pedometer models (e.g. Yamax SW-200, Digiwalker
TM

 DW-200) have the limitation 

that they do not yield information other than steps per measured period.
16

 Nowadays, advanced 

pedometer models (e.g. Omron Walking Style Pro (HJ-720IT-E2), Anazao Fitness Pedometer 

360) are available that can measure the number of total steps per day as well as per hour (Omron) 

or per minute (Anazao).
17

 Consequently, the PA patterns throughout the day can be explored. It 

can be investigated when preschoolers are most active, for example during the time at preschool, 

the time at home or during after-school childcare. With pedometers being less expensive 

compared to accelerometers, this newly added feature of investigating PA patterns throughout 

the day opens up new possibilities to use this type of motion sensors instead of accelerometers in 

large-scaled studies. Currently, in large-scaled European studies like HELENA, IDEFICS and 

ENERGY,
18-20

 accelerometers are used. However, due to the high cost, these devices are only 

used in subsamples. By using these new types of pedometers, large-scaled studies could 

objectively measure the PA levels and movement patterns of the entire sample.  

Additionally, the accelerometer step count function has not yet been validated in preschoolers. In 

the study by Abel et al.,
21

 the accelerometer step count function proved to be a good measure to 

assess step counts in adults. Furthermore, the comparability between accelerometer and 

pedometer-based studies could be enlarged when the step count function of the accelerometers – 

used in the whole sample or in subsamples – is also activated. 

The aim of the current study consists of three parts. Firstly, we aimed to validate the ActiGraph 

GT1M accelerometer-based steps against accelerometer activity counts. Secondly, we wanted to 

validate step counts from the Omron Walking Style Pro pedometer against the accelerometer 

activity counts, since this type of pedometer provides PA patterns throughout the day, and can be 

used in large-scaled studies due to the low cost. Finally, we wanted to compare the 

accelerometer-based step counts with the pedometer-based step counts. To our knowledge, there 

are no studies investigating the convergent validity of the ActiGraph GT1M step count function 

and the convergent validity of the Omron Walking Style Pro pedometer in preschoolers.  
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METHODS  

A randomly selected school in the city of Tielt (West Flanders; Belgium) was contacted for 

participation in this validation study. Parents of all preschoolers between four and six years old 

were approached (n = 73), and parents of 64 preschoolers (88%) provided a written informed 

consent and agreed to participate. Twenty-three preschoolers did not have valid data for both 

measurement devices, resulting in a final study sample of 41 children (56%) with complete data. 

This study was conducted in May 2011 and was approved by the Ethical Committee of the Ghent 

University Hospital (EC/2010/037).  

Preschoolers were asked to wear two monitoring devices simultaneously. The first device was 

the Omron Walking Style Pro pedometer (HJ-720IT-E2), which is lightweight (37g), small (37 x 

73 x 16 mm), and has the ability to measure steps per day as well as per hour. The pedometer has 

a dual-axis acceleration sensor which counts steps when it is placed horizontally or vertically. 

The device stores seven days of information on the display and stores 41 days in the memory. 

This type of pedometer does not allow inadvertently resetting of the step counts and can be worn 

at different positions on the body: at the hip, in the pocket or clipped to a bag.
17

  

The second instrument was the Actigraph GT1M uniaxial accelerometer (Firmware 7.4.0), which 

is also lightweight (27g), and small (38 x 37 x 18 mm). The accelerometer was initialized to 

measure the steps and activity counts in 15-second epochs, because of preschoolers’ intermittent 

pattern of movement.
22

 These 15-second epochs were then transformed into one-hour epochs to 

facilitate the comparison with the pedometer step counts. Accelerometer activity counts were 

used as criterion measure for measuring PA in preschoolers.
10

 

Preschoolers wore both the accelerometer and the pedometer simultaneously for four consecutive 

days. Colorful stickers of fun figures were attached to both devices, to make them more 

attractive to the children and to ensure that the devices were worn in a correct, upright position. 

A second purpose of the stickers was to cover the display of the pedometers, in order to ensure 

that preschoolers could not watch their own steps. Both devices were fit on the children by a 

researcher at preschool. The pedometer was placed on the right hip above the iliac crest, with the 

use of an adjustable elastic waistband. The accelerometer was placed on the left hip above the 

iliac crest, attached to the same elastic belt. Because preschool children are small, placing both 

measurement devices at the same hip would cause none of the measurement devices being placed 

above the iliac crest. Further, since Fairweather et al.
23

 only found small and probably 
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biologically unimportant differences between the accelerometer placement at the left and right 

hip in preschool children, it was decided to place the accelerometer at the left hip. The children 

were instructed to wear both devices during the complete day and to only remove them for 

water-based activities (e.g. bathing, swimming) and sleeping. On weekdays, steps taken between 

7 AM and 8 PM were taken into account, while on weekend days data between 7 AM and 9 PM 

were included.
24

 Preschoolers were included in the analyses if they had a minimum of five hours 

for a minimum of one day of concurrent accelerometer and pedometer data.
25

 Parents were given 

an informational letter with instructions on how to handle the devices. After data collection, data 

were downloaded using the ActiLife version 5.5.5 software for the accelerometers and the 

Omron Health Management Software version E1.012 for the pedometers. Non-wear time was 

manually checked, and in case that both monitors registered 0 steps or 0 counts per hour, this 

hour was deleted from the dataset.  

The statistical analyses were performed using SPSS for Windows version 20.0. Pearson 

correlations were performed to quantify the linear relationship between the accelerometer counts 

(per hour and per day) and accelerometer-based steps (per hour and per day). Furthermore, 

Pearson correlations were executed to examine the relationship between the accelerometer 

counts (per hour and per day) and the pedometer-based steps (per hour and per day). Finally, 

Pearson correlations and ICC’s (intraclass coefficients) were executed between the 

accelerometer-based steps and the pedometer-based steps (both per hour and per day). The 

strength of the correlation was assessed according to the following interpretation: between 0.00 

and 0.30 as ‘poor’, between 0.31 and 0.60 as ‘moderate’, between 0.61 and 0.84 as ‘moderately 

high’ and 0.85 or above as ‘high’.
16

 An ICC of less than 0.60 indicates a poor reliability, between 

0.60 and 0.79 a moderate reliability, and 0.80 or higher reflects high reliability.
26

 

An independent sample t-test analysis was performed to determine whether the pedometer-based 

steps differed significantly from the accelerometer-based steps on a group level, while a paired 

sample t-test was performed to examine this on an individual level. Finally, Bland-Altman plots 

were used to investigate the agreement between the pedometer-based steps and the 

accelerometer-based steps (per day). Limits of agreement were set at ± 2 SD of the difference 

scores.
27
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RESULTS 

In total, 41 preschoolers (21 boys) with a mean age of 5.43 (± 0.63) years, had complete data. 

Analysis between accelerometer-based steps per hour and accelerometer activity counts per hour 

revealed a moderately high correlation (r = 0.77, p < 0.001). When accelerometer-based steps per 

day and accelerometer counts per day were analyzed, again a moderately high correlation was 

found (r = 0.82, p < 0.001).  

Analysis between pedometer-based steps per hour and accelerometer activity counts per hour 

revealed a moderately high correlation (r = 0.65, p < 0.001). When pedometer-based steps and 

accelerometer activity counts were analyzed per day, again a moderately high correlation 

appeared (r = 0.64, p < 0.001).  

Analysis between hourly steps from both devices revealed a high correlation (r = 0.92, p < 

0.001). Correlation coefficient between daily steps from both motion sensors was high (r = 0.89, 

p < 0.001). Furthermore, Figure 1 depicts the relationship between hourly mean accelerometer-

based steps and hourly mean pedometer-based steps in preschool children, seen over the four 

days. A high inter-monitor reliability between hourly steps from both motion sensors was found 

(ICC = 0.96), and also a high inter-monitor reliability was found between daily steps from both 

devices (ICC = 0.94). 

Independent sample t-tests showed no significant difference on group level between hourly steps 

(t = 0.918, p = 0.359) and daily steps (t = 0.537, p = 0.592) from both devices during the four 

days. Paired sample t-tests showed a significant difference on the individual level between 

hourly steps from both devices (t = 3.184, p = 0.001), but no significant difference was found 

between daily steps (t = 1.557, p = 0.122). Figure 2 depicts a Bland-Altman plot that shows the 

agreement between the accelerometer-based steps per day and the pedometer-based steps per 

day. The Bland-Altman analysis showed a bias of 221.81 (± 1679.78), and the limits of 

agreement ranged from –3070.57 to 3514.18 steps per day.  
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Figure 1. Relationship between hourly mean accelerometer-based step counts and hourly mean 

pedometer-based step counts in preschool children, seen over the four days. 

 

 

Figure 2. Bland-Altman plot of error scores (accelerometer-based step counts per day minus 

pedometer-based step counts per day). Note: The dotted line denotes 95% limits of agreement 

(mean difference ± 2 SD). 
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DISCUSSION 

This study pursued a threefold purpose. The first one aimed to investigate whether the 

accelerometer step count function is a valid measure to determine PA levels in preschool 

children by comparing accelerometer-based step counts with accelerometer activity counts. The 

second purpose was to examine whether the Omron pedometer is a valid measure to determine 

PA levels in preschoolers by comparing pedometer-based step counts with accelerometer activity 

counts. The last purpose was to compare pedometer-based step counts with accelerometer-based 

step counts.  

Since moderately high correlation coefficients were found when accelerometer-based step counts 

were compared with accelerometer activity counts, we can conclude that the accelerometer step 

count function is a good estimate of preschoolers’ PA throughout the day. This finding is in line 

with the findings of Abel et al.
21

 in adults, in which was found that the ActiGraph accelerometer 

provides accurate estimates of step counts at most walking and running speeds.    

Furthermore, in line with other pedometer validation studies,
16,28,29

 moderately high correlations 

between pedometer-based step counts and accelerometer activity counts were found, by hour and 

by day. Oliver et al.
29

 found a moderate correlation (r = 0.59) between pedometer-based steps 

(Yamax SW-200) and direct observation. McKee et al.
28

 found moderate-to-strong within-child 

correlations (ranging 0.64-0.95) when they compared pedometer-based steps (Digiwalker
TM

 

DW-200) with direct observation. In the latter studies, the Children’s Activity Rating Scale (i.e., 

CARS) was used as direct observation instrument. Pagels et al.
16

 found a moderately high 

correlation (r = 0.67) between pedometer-based steps (Yamax SW-200) and total engagement in 

physical activity (accelerometer activity counts). Our results are comparable with the previously 

mentioned studies, although there are differences in the protocol. In the studies with direct 

observation as criterion measure, preschoolers were only observed for a limited amount of time 

(between 35 minutes and one hour), which could explain the moderate-to-strong correlations in 

the study by McKee et al.
28

. In the current study and the study by Pagels et al.
16

, a very similar 

protocol was used, in which preschoolers had to wear both devices (pedometer and 

accelerometer) for four continuous days (present study) or preschool time (Pagels et al.
16

). 

Although different types of pedometers were evaluated (Omron Walking Style Pro versus 

Yamax SW-200), comparable results were found (r = 0.64 versus r = 0.67). We can conclude 

that pedometer-based steps from the Omron Walking Style Pro are a good measure to assess 
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preschoolers’ PA levels. Oliver et al.
29

 gave a different conclusion regarding the use of 

pedometers in preschool children, but this conclusion was mainly based on the Bland-Altman 

methodology instead of the correlation coefficient found in their study (r = 0.59). However, the 

latter findings were limited by a small sample size, and the approach used in the study of Oliver 

et al.
29

 is different from the approach used in the current study. Consequently, the conclusions 

are not completely comparable.   

Finally, the pedometer-based step counts were compared with the accelerometer-based step 

counts. Results revealed a high correlation for steps per hour as well as steps per day. After 

conducting a Bland-Altman analysis, the difference between the step counts from both 

instruments was rather small, namely 222 steps per day. The results revealed a small positive 

difference, which means that on average the accelerometer registers slightly more steps 

compared to the pedometer. This difference has only small biological meaning, since 60 to 100 

minutes of moderate-to-vigorous PA (MVPA) corresponds to taking 10,000 to 14,000 steps in 

preschool children.
12

 In other words, 1.2 to 1.4 minutes of MVPA corresponds to taking ~200 

steps. Although there is a small difference at the group level, the wide prediction interval shows 

that there is a bigger difference at the individual level. Since there is no systematic bias between 

the two devices, no correction factor can be used to equate the difference. In conclusion, good 

results are found for the comparability on group level, but much less for the individual level. 

The Omron Walking Style Pro pedometer is a valid measure to assess preschoolers’ steps per 

hour. In addition, since the accelerometer step count function is also a valid measure to assess 

preschoolers’ PA levels, the comparability between studies with accelerometer-based step counts 

and studies with pedometer-based step counts will be enlarged. However, it should be 

emphasized that both measurement devices should be used at a group level, since the limits of 

agreement at an individual level were shown to be wide. For example, this type of pedometer and 

the accelerometer step count function should not be used as self-monitoring devices in an 

intervention. The origin of the larger differences at the individual level is unknown. For example, 

it might be due to the fact that preschoolers’ specific activities are only captured by one 

measurement device instead of both devices. For example, riding a scooter could be captured by 

the accelerometer and not by the pedometer, or the other way around. Therefore, future studies 

should focus on investigating this problem.  
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The current study is the first to assess the validity of the accelerometer step count function in 

preschool children. Furthermore, it is also the first to assess the validity of the Omron Walking 

Style Pro pedometer in preschoolers. Another strength of the present study is that not only 

correlation analyses were used, but also an independent sample t-test, a paired sample t-test, and 

a Bland-Altman analysis were carried out. Accordingly, not only the strength of the relationship 

between both measurement tools were evaluated, also systematic differences between both 

devices were looked at. However, some limitations must be acknowledged. The criterion 

measure used in the current study was the accelerometer. However, the accelerometer is not the 

gold standard in measuring preschoolers’ PA, which means that our results should be interpreted 

cautiously. A better option would be to use doubly labeled water or indirect calorimetry, but 

these methods are less feasible and practical for studies with a similar research design like the 

current one. The relatively small sample size and the short data collection period were additional 

limitations.  

 

CONCLUSION 

Both accelerometer-based and pedometer-based steps can be used to measure PA in four- to six-

year-old children. For this purpose, the step count function of the ActiGraph GT1M 

accelerometer and the Omron Walking Style Pro pedometer are appropriate and valid 

instruments to measure preschoolers’ PA levels. Because pedometers are less expensive 

compared with accelerometers, new and advanced pedometers that can measure steps per hour as 

well as per day could be used in large-scaled studies in which children’s PA patterns are 

investigated. Future studies should examine whether those types of pedometers are sensitive 

enough to examine intervention effects in large-scaled interventions. In addition, the newly 

established physical activity guidelines could be translated into a step count target for 

preschoolers, as using step counts can be a useful alternative to gain insight into preschoolers’ 

volume of PA.  

 

PRACTICAL IMPLICATIONS 

 Accelerometer-based and pedometer-based step counts are a good measure to assess 

preschoolers’ physical activity levels. 
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 The Omron Walking Style Pro pedometer can be used in large-scaled studies, since it is a 

less-expensive motion sensor compared with accelerometers. 

 The use of accelerometer-based and pedometer-based step counts heightens the 

comparability between different studies investigating preschoolers’ physical activity levels. 
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ABSTRACT 

This study aimed at translating preschoolers’ physical activity guideline (180 minutes of total 

physical activity per day) into a step count target in preschool children. 535 Flemish preschoolers 

(mean age: 4.41 ± 0.58) wore an ActiGraph accelerometer (GT1M, GT3X and GT3X+) - with 

activated step count function - for four consecutive days. The step count target was calculated 

from the accelerometer output using a regression equation, applying four different cut-points for 

light-to-vigorous physical activity: Pate (PT), Evenson (EV), Reilly (RE), and Van 

Cauwenberghe (VC). The present analysis showed that 180 minutes of total physical activity per 

day is equivalent to the following step count targets: 5,274 steps/day using the PT cut-point, 

4,653 steps/day using the EV cut-point, 11,379 steps/day using the RE cut-point and 13,326 

steps/day using the VC cut-point. The step count targets of 5,274, 4,653, 11,379, and 13,326 

steps/day were reached on all four days by 79.8%, 87.1%, 37.6% and 1.3% of the preschoolers, 

respectively. Future studies should focus on achieving consensus on which cut-points to use in 

preschoolers before a definite step count target in preschoolers can be proposed. Until then, we 

propose to use a provisional step count target of 11,500 steps/day. 

 

Key words: physical activity, preschool, pedometer, accelerometer, step count target  

95



 

INTRODUCTION 

Being physically active is important - even in children as young as preschoolers - since physical 

activity (PA) tracks from year to year (Janz, Dawson, & Mahoney, 2000; Jones, Hinkley, Okely, 

& Salmon, 2013; Kelder, Perry, Klepp, & Lytle, 1994). Furthermore, PA provides a number of 

health benefits and is associated with cardiovascular health, improved motor skills, psychosocial 

health and cognitive development (Timmons et al., 2012). In the past, PA guidelines were 

established for this young age group. In those guidelines, the emphasis was on moderate to 

vigorous PA (MVPA) (e.g. 120 minutes of PA of which 60 minutes in MVPA) (National 

Association for Sport and Physical Education, 2009). The most recent PA guidelines for 

preschoolers suggest that preschoolers should be physically active every day for at least three 

hours (180 minutes) at any intensity, spread throughout the day (Australian Department of Health 

and Aging, 2009; Department of Health Physical Activity Health Improvement and Protection, 

2011; Institute of Medicine of the National Academies, 2011). Monitors that objectively measure 

PA (e.g. accelerometers) can make a distinction between the different intensities of PA – light PA 

(LPA), moderate PA and vigorous PA – and are used to assess whether preschoolers reach the PA 

guidelines. Different accelerometer cut-points (Evenson, Catellier, Gill, Ondrak, & McMurray, 

2008; Pate, Almeida, McIver, Pfeiffer, & Dowda, 2006; Reilly et al., 2003; Sirard, Trost, Pfeiffer, 

Dowda, & Pate, 2005; van Cauwenberghe, Labarque, Trost, de Bourdeaudhuij, & Cardon, 2011) 

were established to process the accelerometer outcome. However, large variations exist between 

cut-points from different studies, and at the moment, there is not yet a consensus on which cut-

points to use in preschoolers (Cliff, Reilly, & Okely, 2009; Reilly et al., 2008; Rowlands, 2007).  

Using pedometers – another objective PA monitor – instead of accelerometers could be a 

valuable alternative for measuring PA in preschoolers since they are less expensive compared to 

accelerometers. Furthermore, they can also monitor the daily volume of PA, and, due to the lower 

price and ease of use, they can be applied in studies with a larger sample size (Oliver, Schofield, 

& Kolt, 2007). However, up to now, it is unclear how many steps preschoolers should take in 

order to reach the PA guidelines. Therefore, the translation of the most recent PA guidelines for 

preschoolers into a step count target is needed.  

Earlier research has translated the older guidelines of 60 minutes MVPA into daily step count 

targets for preschoolers (Cardon & De Bourdeaudhuij, 2007; Tanaka & Tanaka, 2009). 

According to the study by Cardon and De Bourdeaudhuij (2007), preschoolers should take 13,874 
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steps/day to reach the MVPA guideline, while Tanaka et al. (2009) suggested a step count target 

of 9,934 steps/day. Recently, Gabel et al. (2013) translated the new PA guidelines (180 minutes 

of total PA per day) into a daily step count target for this age group by calculating prediction 

equations developed from regression analyses (based on the cut-points by Pate et al. (2006)), 

together with receiver operating curve analyses in a Canadian sample (n = 133) of three- to five-

year-old children. The proposed step count target was 6,000 steps/day. However, since the cut-

points in the study of Pate et al. (2006) were calibrated on a treadmill, and the study was mainly 

designed around an MVPA cut-point, more research with other cut-points is needed to confirm 

the findings from the study of Gabel et al. (2013).  

Consequently, the aim of the current study was to translate the recent PA guideline for 

preschoolers (180 minutes of total PA per day) into a step count target, based on four existing 

light, moderate and vigorous PA (LMVPA) accelerometer cut-points for preschoolers, namely the 

cut-point of Pate et al. (2006) (LMVPA > 37 counts per 15 seconds), the cut-point of Evenson et 

al. (2008) (LMVPA > 25 counts per 15 seconds), the cut-point of Reilly et al. (2003) (LMVPA > 

275 counts per 15 seconds) and the cut-point of Van Cauwenberghe et al. (2011) (LMVPA > 372 

counts per 15 seconds). By using four different cut-points, we wanted to investigate whether 

different types of cut-points have an effect on calculating a step count target in preschoolers by 

means of a regression equation. Additionally, sex-specific step count targets were calculated as 

some studies have found a difference in physical activity between boys and girls (Hinkley, 

Crawford, Salmon, Okely, & Hesketh, 2008; Hinkley, Salmon, Okely, Crawford, & Hesketh, 

2012; Tanaka & Tanaka, 2009). Furthermore, the percentages of preschoolers that reached the 

newly established step count targets on all four days – based on the four different cut-points – 

were calculated.   

 

METHODS 

Sample 

This study-sample was part of the baseline measurements of a larger European study, namely the 

ToyBox-study. The ToyBox-study aims at preventing overweight and obesity in preschoolers, by 

developing a multidisciplinary preschool intervention and testing it in six European countries: 

Belgium, Bulgaria, Germany, Greece, Poland, and Spain (Manios et al., 2012). This study only 

used Belgian baseline data, since only Belgian preschoolers wore accelerometers to measure their 
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PA levels, while in the other countries PA levels were measured by use of pedometers. Twenty-

seven preschools in Western and Eastern Flanders (Belgium) participated in this study. From 

March until June 2012, Flemish preschoolers between 3.5 and 5.5 years old were measured 

(height, weight, waist circumference) and wore an accelerometer (ActiGraph). This study was 

approved by the Ethical Committee of the Ghent University Hospital (EC/2010/037). 

 

Instrumentation 

Three models of ActiGraph accelerometers (Pensacola, FL) were used, namely the GT1M (3.8cm 

x 3.7cm x 1.8cm; 27g), the GT3X (3.8cm x 3.7cm x 1.8cm; 27g), and the GT3X+ (4.6cm x 

3.3cm x 1.5cm; 19g). There is a strong agreement between the GT1M, GT3X and GT3X+ 

accelerometers, which makes it acceptable to use these activity monitors together in one study 

(Robusto & Trost, 2012). All accelerometers were worn on the right hip, secured by an elastic 

waist band. Only the vertical axis output, together with the step counts, were used in the present 

study. Furthermore, the GT1M accelerometer has been validated to measure PA in preschoolers 

(Pate, O'Neill, & Mitchell, 2010).   

 

Procedure 

Accelerometers were initialized to measure activity counts and step counts in 15-second epochs – 

because of preschoolers’ intermittent pattern of movement (Nilsson, Ekelund, Yngve, & 

Sjostrom, 2002) – using ActiLife version 5.5.5-software. Preschoolers’ parents were instructed to 

let their child wear the accelerometer during all waking hours, and only to remove the device 

during water-based activities and during sleeping. Consequently, preschoolers wore the 

accelerometer for six consecutive days, including two weekend days. To ensure that the 

accelerometer was worn correctly, parents were given an informational letter with instructions on 

how to handle the device. 

After data collection, accelerometers were downloaded and raw data files were then reduced 

using the Meterplus version 4.3 software (Santech Inc., San Diego, US). Both the first and sixth 

day were omitted, because these days were incomplete. Periods of ten minutes or more of 

consecutive zeros were deleted, as these periods were regarded as non-wearing time. To be 

included in the analyses, preschoolers were required to have at least eight hours of accelerometer 
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recordings on all four days (Penpraze et al., 2006). For ease of interpretation, we divided the 15-

second data by four to express the outcome in minutes. 

 

Data analysis 

Analyses were conducted in SPSS version 20.0. Preliminary analyses consisted of descriptive 

statistics of the variables of interest. Additionally, an independent samples t-test was used to 

investigate the differences in mean total steps between boys and girls, and a paired samples t-test 

was used to investigate the differences in mean total steps between weekdays and weekend days. 

As there is no consensus on which cut-points should be used in young children (Cliff et al., 2009; 

Reilly et al., 2008; Rowlands, 2007), we choose to use four different cut-points to investigate 

whether different types of cut-points have an effect on calculating a step count target in 

preschoolers. The first cut-point was established by Pate et al. (2006) (LMVPA  > 37 counts per 

15 seconds), the second one by Evenson et al. (2008) (LMVPA > 25 counts per 15 seconds), the 

third one by Reilly et al. (2003) (LMVPA > 275 counts per 15 seconds), and the fourth one by 

Van Cauwenberghe et al. (2011) (LMVPA > 372 counts per 15 seconds). In all analyses, 

clustering of participants at preschool level was taken into account by conducting multilevel 

analyses (mixed model analyses in SPSS taking three levels into account: level 1 = individual, 

level 2 = class, level 3 = preschool). To calculate the step count target based on the activity 

counts, we completed a linear regression analysis. The total number of steps/day was the 

dependent variable and total PA (LMVPA) was the predictor. Also, the sex-specific step count 

targets for boys and girls were calculated, based on the four cut-points. Finally, we calculated the 

percentage of preschoolers that reached the newly established step count target on all four days.  

 

RESULTS 

In total, 1,301 of the 2,148 preschoolers had informed consent from the parents to participate in 

the data collection (60.6%). Out of this sample, 535 preschoolers (41.1%) had four valid days of 

accelerometer data. Preschoolers (55% boys, n = 295) were on average 4.41 (± 0.58) years old. 

They had a mean weight and height of 17.57 (± 2.33) kg and 105.15 (± 5.55) cm, respectively, 

and a mean BMI (Body Mass Index) of and waist circumference of 15.95 (± 1.40) kg/m² and 

51.62 (± 3.38) cm, respectively.  
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In total, preschoolers wore the accelerometer for an average of 706 (± 59) minutes per day (553 – 

1146 minutes). On average, these 535 preschoolers took 10,036 (± 2,133) steps/day. On 

weekdays, they took significantly more steps/day (10,793 ± 2,261) compared to weekend days 

(9,280 ± 2,771) (p < 0.001). Boys took significantly more steps/day (10,393 ± 2,320) compared 

to girls (9,598 ± 1,788) (p = 0.001). All descriptive characteristics are depicted in Table 1.  

 

Table 1. Descriptive characteristics of the Flemish preschool sample (n = 535) 

 Total 

(n = 535) 

Boys 

(n = 295) 

Girls 

(n = 240) 

Age (years) 4.41 ± 0.58 4.41 ± 0.57 4.41 ± 0.59 

Height (cm) 105.15 ± 5.55 105.24 ± 5.51 105.04 ± 5.61 

Weight (kg) 17.57 ± 2.33 17.64 ± 2.35 17.50 ± 2.29 

Waist circumference (cm) 51.62 ± 3.38 51.71 ± 3.28 51.51 ± 3.49 

BMI
a
 (kg/m²) 15.95 ± 1.40 15.95 ± 1.30 15.95 ± 1.52 

Mean steps per day (total) 10,036 ± 2,133 10,393 ± 2,320 9,598 ± 1,788 

Mean steps on weekdays 10,793 ± 2,261 11,237 ± 2,354 10,247 ± 2,015 

Mean steps on weekend days 9,280 ± 2,771 9,546 ± 3,062 8,952 ± 2,331 

Mean LMVPA
b
 (min/day) 

(Pate et al. (2006)) 

358 ± 53 364 ± 54 352 ± 52 

Mean LMVPA
b
 (min/day) 

(Evenson et al. (2008)) 

386 ± 54 391 ± 54 379 ± 53 

Mean LMVPA
b
 (min/day) 

(Reilly et al. (2003)) 

121 ± 47 126 ± 47 115 ± 45 

Mean LMVPA
b
 (min/day) 

(Van Cauwenberghe et al. (2011)) 

107 ± 31 110 ± 32 103 ± 28 

Mean wear time (min/day) 707 ± 59 707 ± 59 707 ± 59 

a
 BMI = Body Mass Index 

b 
LMVPA = Light, moderate and vigorous physical activity 

 

The regression equation predicting step counts by minutes of LMVPA, based on the cut-point by 

Pate et al. (2006) (> 37 counts/15 seconds), was y = 466.23 + 26.71x. As a result, 180 minutes of 
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LMVPA equated to 5,274 steps/day. Based on the cut-point by Evenson et al. (2008) (> 25 

counts/15 seconds), the regression equation predicting step counts by minutes of LMVPA was y 

= -61.34 + 26.19x. This means that 180 minutes of LVMPA equated to 4,653 steps/day. The 

regression equation predicting step counts by minutes of LMVPA, based on the cut-point of 

Reilly et al. (2003) (> 275 counts/15 seconds), was y = 4478.71 + 38.34x. As a result, 180 

minutes of LMVPA equated to 11,379 steps/day. Finally, the regression equation predicting step 

counts by minutes of LMVPA, based on the cut-point by Van Cauwenberghe et al. (2011) (> 372 

counts/15 seconds), was y = 5,240.53 + 44.92x. As a result, 180 minutes of LMVPA equated to 

13,326 steps/day. Figures 1, 2, 3, and 4 depict the relationship between minutes of total PA per 

day and total steps/day, based on the four different cut-points. 

 

 

Figure 1. Relationship between minutes of total physical activity per day and total mean step 

counts per day, according to the cut-point by Pate et al. (2006). 

The reference line on the X-axis shows the guideline of 180 minutes of total physical activity per 

day. The reference line on the Y-axis shows how much step counts the guideline equates to. 
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Figure 2. Relationship between minutes of total physical activity per day and total mean step 

counts per day, according to the cut-point by Evenson et al. (2008). 

The reference line on the X-axis shows the guideline of 180 minutes of total physical activity per 

day. The reference line on the Y-axis shows how much step counts the guideline equates to. 
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Figure 3. Relationship between minutes of total physical activity per day and total mean step 

counts per day, according to the cut-point by Reilly et al. (2003). 

The reference line on the X-axis shows the guideline of 180 minutes of total physical activity per 

day. The reference line on the Y-axis shows how much step counts the guideline equates to. 
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Figure 4. Relationship between minutes of total physical activity per day and total mean step 

counts per day, according to the cut-point by Van Cauwenberghe et al. (2011). 

The reference line on the X-axis shows the guideline of 180 minutes of total physical activity per 

day. The reference line on the Y-axis shows how much step counts the guideline equates to. 

 

 

In this sample, 427 out of 535 preschoolers (79.8%) reached the step count target of 5,274 

steps/day – based on the cut-point by Pate et al. (2006) – on all four valid days. The step count 

target of 4,653 steps/day – based on the cut-point by Evenson et al. (2008) – was reached by 

87.1% (n = 466) of preschoolers on all four days. Based on the cut-point of Reilly et al. (2003), 

37.6% (n = 201) of preschoolers adhered to the step count target of 11,379 steps/day. When the 

cut-point by Van Cauwenberghe et al. (2011) was used, only 1.3% (n = 7) reached the step count 

target of 13,326 steps/day. When we look at differences between boys and girls, we see that 

82.7% (n = 244), 88.5% (n = 261), 38.3% (n = 113) and 1.7% (n = 5) of boys reached their sex-

specific step count targets on all four days – based on the cut-points by Pate et al. (2006), 
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Evenson et al. (2008), Reilly et al. (2003) and Van Cauwenberghe et al. (2011) – of 5,237, 4,575, 

11,605 and 13,568 steps/day respectively. For girls, 75.4% (n = 181), 83.3% (n = 200), 39.2% (n 

= 98) and 0.4% (n = 1) reached their sex-specific step count targets of 5,378, 4,801, 11,025 and 

12,870 steps/day respectively, on all four days. 

 

DISCUSSION 

The aim of this study was to translate the recently established PA guidelines (180 minutes of total 

PA per day, irrespective of intensity) into a step count target, based on four different sets of cut-

points (Evenson et al., 2008; Pate et al., 2006; Reilly et al., 2003; van Cauwenberghe et al., 2011) 

for the total sample of preschoolers, and for boys and girls separately. Finally, the percentage of 

preschoolers reaching the newly established step count targets was evaluated.   

First, descriptive data showed that the current sample of preschoolers accumulated an average of 

10,036 steps/day, which is comparable with what was found by Cardon and De Bourdeaudhuij 

(2007), in which preschoolers took 9,980 steps/day. The Flemish preschoolers in the current 

sample took more steps/day, compared to the study by Gabel et al. (2013) – in which 

preschoolers took 8,968 steps/day. However, compared to the study by Tanaka and Tanaka 

(2009) – in which preschoolers took 13,037 steps/day – our current sample took a considerable 

lower amount of steps/day. The disparity between our study and the study by Tanaka and Tanaka 

(2009) may be explained by the use of different PA monitors to measure PA in preschoolers. 

Tanaka and Tanaka (2009) made use of a Lifecorder EX, while the other studies – including the 

current one – made use of the step count function of the ActiGraph accelerometers (Cardon & De 

Bourdeaudhuij, 2007; Gabel et al., 2013; Tanaka & Tanaka, 2009). Furthermore, boys (10,393 

steps/day) took significantly more steps/day compared to girls (9,598 steps/day). The higher 

activity levels in boys are in line with the literature (Hinkley et al., 2008; Hinkley et al., 2012; 

Tanaka & Tanaka, 2009) and builds on to the evidence that lower levels of PA in girls compared 

to boys are already significant at a young age. The same results were found by Tanaka and 

Tanaka (2009), with boys (13,650 steps/day) significantly taking more steps compared to girls 

(12,255 steps/day). Conversely, Cardon and De Bourdeaudhuij (2007) found no sex differences 

in steps/day with boys taking 10,121 and girls taking 9,867 steps/day. However, this might be due 

to the smaller sample size (n = 129).  
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When the step count targets were calculated, based on four different cut-points, large differences 

were observed. Preschoolers should take 5,274 steps/day to reach the PA guideline, when the cut-

point by Pate et al. (2006) was used, namely > 37 counts/15 seconds. In the current Flemish 

sample of 535 preschoolers, 79.8% of preschoolers reached this step count target on all four valid 

days and took a minimum of 5,274 steps/day. When the cut-point by Evenson et al. (2008) was 

used (> 25 counts/15 seconds), preschoolers should take 4,653 steps/day to reach the PA 

guideline. In the current sample, 87.1% of preschoolers reached this step count target on all four 

valid days and took a minimum of 4,653 steps/day. However, when the cut-points by Reilly et al. 

(2003) (> 275 counts/15 seconds) and Van Cauwenberghe et al. (2011) were used (> 372 

counts/15 seconds), preschoolers should take 11,379 and 13,326 steps/day, respectively, to reach 

the PA guideline, and only 37.6% and 1.3% of preschoolers in the current sample reached this 

step count target, respectively. In the study by Tudor-Locke et al. (2011), it was recommended 

for preschoolers to take 10,000 to 14,000 free-living steps/day (based on 60 to 100 minutes of 

MVPA), which is comparable to the step count target calculated with the cut-point by Reilly et al. 

(2003) and Van Cauwenberghe et al. (2011). Tudor-Locke et al. (2011) also recommended to use 

13,000 to 15,000 steps/day (boys) and 11,000 to 12,000 steps/day (girls) as the step count target 

in primary schoolchildren. Furthermore, Cardon and De Bourdeaudhuij (2007) calculated a step 

count target of 13,874 steps/day (based on 60 minutes of MVPA); which is also considerable 

higher compared with the step count targets calculated with the cut-points by Pate et al. (2006) 

and Evenson et al. (2008). The difference between the step count targets of 11,379 steps/day and 

13,326 steps/day and the two other step count targets (5,274 steps/day; 4,653 steps/day) is very 

large and can be explained by the large difference in cut-points (> 25 and > 37 versus > 275 and 

> 372 counts/15 seconds). Consequently, a large number of epochs are categorized as sedentary 

behavior according to the cut-points of Reilly et al. (2003) and Van Cauwenberghe et al. (2011), 

while they are categorized as LPA according to the two other cut-points (Evenson et al., 2008; 

Pate et al., 2006; Reilly et al., 2003; van Cauwenberghe et al., 2011). This translates in a 

considerable lower step count target, since less LMVPA – when using the cut-point of Reilly et 

al. (2003) and Van Cauwenberghe et al. (2011) – translates in a higher step count target.   

Compared to the study of Gabel et al. (2013), our calculated step count targets are comparable 

when the cut-points of Pate et al. (2006) and Evenson et al. (2008) are used (~5,300 steps/day, 

and ~4600 steps/day versus 6,000 steps/day). However, the small difference between the step 
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count targets might be due to the different use of the same cut-points. In the study of Gabel et al. 

(2013), the same cut-point of Pate et al. (2006) was used, but in 3-second-epochs. This means 

that they used > 7 counts per 3 seconds (equals 35 counts per 15 seconds) as the cut-off between 

sedentary behaviour and LPA. In our study, we used  > 37 counts per 15 seconds as the cut-off 

between sedentary behaviour and LPA. Furthermore, we have a larger sample size (535 

preschoolers versus 133 preschoolers in the study of Gabel et al. (2013)), with valid 

accelerometer data for four complete days (two weekdays and two weekend days), which could 

also explain the difference.  

In this study – when the cut-points of Pate et al. (2006) and Evenson et al. (2008) were used – a 

large proportion of preschoolers reached the newly calculated step count targets, which are based 

on the PA guideline of 180 minutes of total PA per day (Australian Department of Health and 

Aging, 2009; Department of Health Physical Activity Health Improvement and Protection, 2011; 

Institute of Medicine of the National Academies, 2011). However, when the cut-points of Reilly 

et al. (2003) and Van Cauwenberghe et al. (2011) were used, only a small group of preschoolers 

reached those established step count targets. Also other scientific studies find inconsistent results: 

in some studies virtually all preschoolers reach the PA guidelines, while in other studies, almost 

no preschoolers reach the PA guidelines. For example, Colley et al. (2013) found that 84% of 

Canadian three- to four-year-old children reach the guideline of 180 minutes of total PA per day. 

However, in other studies, it is mentioned that the majority of preschoolers are physically 

inactive (Beets, Bornstein, Dowda, & Pate, 2011; Oliver et al., 2007; Timmons, Naylor, & 

Pfeiffer, 2007). Additionally, in the study by Hinkley et al. (2012), virtually no children (only 

5%) met the guidelines of 180 minutes of PA per day. In the study of Colley et al. (2013), other 

cut-points and other measurement devices (Actical instead of ActiGraph) were used. Hinkley et 

al. (2012) used the cut-points of Sirard et al. (2005) in which LPA is defined as > 301 counts/15 

seconds (3-yr-olds), > 363 counts/15 seconds (4-yr-olds), and > 398 counts/15 seconds (5-yr-

olds). For the moment, there is still no consensus on which accelerometer cut-points to use in 

preschoolers. Consequently, the percentage of preschoolers reaching the current guidelines of 180 

minutes of total PA cannot be determined and definitely the step count targets in preschoolers 

cannot be established. Although the cut-points of Pate et al. (2006) and Evenson et al. (2008) are 

widely-used, they categorize a higher proportion of LPA, which means that almost all children 

reach the current guidelines. Given the high numbers of overweight and obesity prevalence (de 
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Onis, Blossner, & Borghi, 2010), and the reports of low activity levels during direct observations 

in preschoolers (Nicaise, Kahan, & Sallis, 2011), it seems not acceptable to use accelerometer 

cut-points or step count targets, that categorize virtually all preschoolers as sufficiently active. 

Therefore, we can raise the question whether the current PA guidelines are not strict enough, or 

whether the problem lays with the cut-points. Further research is needed on the establishment of 

valid cut-points, enabling consensus on accelerometer-based cut-points and step count targets. It 

is important to set an attainable step count target, although this step count target should be high 

enough so that not all preschoolers are categorized as sufficiently active. Until that time, we 

propose to use a step count target of 11,500 steps/day in preschoolers, based on the cut-point of 

Reilly et al. (2003), since this is more in line with the step count target proposed by Tudor-Locke 

et al. (2011) (i.e., a total daily PA volume of 10,000 to 14,000 steps/day is associated with 60 to 

100 minutes of MVPA in preschoolers) and therefore preferable in this age group. In addition, a 

realistic percentage of preschoolers (i.e., 38%) complies with the calculated step count target 

based on the cut-point of Reilly et al. (2003). However, this higher step count target should be 

used with caution and it should be kept in mind that as long as there is no consensus on which 

accelerometer cut-points to use in preschoolers, this is only a provisional step count target.  

The differences in step count targets between boys and girls are small but existent, with higher 

step count targets in girls compared to the step count targets in boys. Only when the cut-point by 

Van Cauwenberghe et al. (2011) was used, the step count target in boys was higher compared to 

the step count target in girls. Furthermore, since boys took significantly more steps compared to 

girls, these sex-differences in step count targets should be kept in mind. Tudor-Locke et al. 

(2011) proposed to use sex-specific step count targets in primary schoolchildren, with boys 

having to take 13,000 to 15,000 steps/day, and girls having to take 11,000 to 12,000 steps/day. 

Therefore, we can conclude that sex-specific step count targets should be calculated as soon as 

consensus on which accelerometer cut-points should be used in preschoolers is reached.  

The main strength of this study is the large sample size of 535 preschoolers with valid 

accelerometer data for four complete days (two weekdays and two weekend days). Multilevel 

analyses were used to take clustering of participants at preschool level into account. Furthermore, 

the use of four different cut-points also adds value to the found results. Due to limited available 

GT1M, GT3X and GT3X+ accelerometers in our research group, the interchangeable use of those 

three types of Actigraph accelerometers during the data collection was inevitable and might be 
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considered as a limitation. However, the study of Robusto and Trost (2012) – although in a 

slightly older age group – showed that these activity monitors might be used interchangeably 

within one study. Furthermore, the cut-points of Evenson et al. (2008), Pate et al. (2006), Reilly 

et al. (2003), and Van Cauwenberghe et al. (2011) that were used in the current study were 

calibrated differently. Evenson et al. (2008) used indirect calorimetry and the older Actigraph 

7164 model, Pate et al. (2006) used a treadmill-protocol together with the older Actigraph 7164 

model, Reilly et al. (2003) used direct observation and again the older Actigraph 7164 model, and 

Van Cauwenberghe et al. (2011) used direct observation and the Actigraph GT1M accelerometer. 

This again confirms the need for a consensus on which accelerometer cut-points to use in 

preschoolers. 

 

CONCLUSIONS 

Based on the current study findings, we were not able to propose one step count target for 

preschoolers, since different step count targets came out of our analyses because of the use of 

different accelerometer cut-points. Future studies should focus on finding a consensus on which 

accelerometer cut-points to use in this age group. Only then, a step count target for preschoolers 

can be established. Until that time, we propose to use a step count target of 11,500 steps/day in 

preschoolers. However, this step count target should be used with caution and only as a 

provisional step count target. 
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Abstract  

Background: The aim of the current study was to compare levels of energy balance-related 

behaviours (physical activity, sedentary behaviour, and dietary behaviours (more specifically 

water consumption, sugar-sweetened beverage consumption and unhealthy snacking)) in four- to 

six-year-old preschoolers from six European countries (Belgium, Bulgaria, Germany, Greece, 

Poland, and Spain) within the ToyBox cross-sectional study. 

Methods: A sample of 4,045 preschoolers (4.77 ± 0.43 years; 52.2% boys) had valid physical 

activity data (steps per day), parents of 8,117 preschoolers (4.78 ± 0.46 years; 53.0% boys) 

completed a parental questionnaire with questions on sedentary behaviours (television viewing, 

computer use, and quiet play), and parents of 7,244 preschoolers (4.77 ± 0.44 years; 52.0% boys) 

completed a food frequency questionnaire with questions on water consumption, sugar-sweetened 

beverage consumption and unhealthy snacking.  

Results: The highest levels of physical activity were found in Spain (12,669 steps/day on 

weekdays), while the lowest levels were found in Bulgaria and Greece (9,777 and 9,656 steps/day 

on weekdays, respectively). German preschoolers spent the least amount of time in television 

viewing (43.3 min/day on weekdays), while Greek preschoolers spent the most time in television 

viewing (88.5 min/day on weekdays). A considerable amount of time was spent in quiet play in 

all countries, with the highest levels in Poland (104.9 min/day on weekdays), and the lowest 

levels in Spain (60.4 min/day on weekdays). Belgian, German, and Polish preschoolers had the 

lowest intakes of water and the highest intakes of sugar-sweetened beverages. The intake of 

snacks was the highest in Belgian preschoolers (73.1 g/day) and the lowest in Greek preschoolers 

(53.3 g/day). 

Conclusions: Across six European countries, differences in preschoolers’ energy balance-related 

behaviours were found. Future interventions should target European preschoolers’ energy 

balance-related behaviours simultaneously, but should apply country-specific adaptations.  
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Introduction 

The high prevalence of overweight and obesity is a worldwide health problem, and is already 

manifest in preschool children [1]. Childhood overweight is associated with serious health 

problems, the risk of premature illness and early death later in life [1]. In developed countries, the 

prevalence of overweight and obesity among children under the age of five years increased from 

7.9% in 1990 to 11.7% in 2010 with an expected prevalence of 14.1% in 2020 [1]. In Europe, the 

prevalence of overweight in preschool boys ranges from 10% in Belgium and Germany to 30% in 

Spain. In preschool girls, it ranges from 8% in Germany to 30% in Spain [2]. Changes in lifestyle 

behaviour are likely to be the main cause of the increase in overweight and obesity, rather than 

changes in biologic or genetic factors [3]. Weight gain is determined by the cumulative effect of 

low levels of physical activity (PA), high levels of sedentary behaviour (SB), and unhealthy 

dietary behaviours, also referred to as energy balance-related behaviours (EBRBs) [4]. Focusing 

on several EBRBs could be more effective in overweight and obesity prevention in preschoolers, 

since focusing on one single EBRB as a universal causal factor of overweight and obesity is not 

ideal because it is the co-existence and interaction of these specific EBRBs that results in 

preschoolers’ weight gain [4, 5]. Furthermore, establishing healthy lifestyle behaviours – such as 

more PA, less SB, and healthy dietary behaviours – is already important at an early age, since 

these healthy EBRBs track into later life [6-9], and even into adulthood [10, 11].  

For PA, SB and dietary behaviours, guidelines have been developed for children at preschool age. 

The most recent PA guidelines for preschool children suggest that preschoolers (one- to five-

year-olds) should be physically active every day for at least three hours (180 minutes) at any 

intensity, spread throughout the day [12-15]. This guideline corresponds to taking 11,500 

steps/day (unpublished data). Next to the suggestion to limit prolonged periods of sitting [16-18], 

sedentary behaviour guidelines also include specific recommendations for the amount of screen 

time per day, because screen time is the most common sedentary behaviour in preschool children, 

and is therefore frequently used as a proxy marker of overall sedentary behaviour in preschoolers 

[12, 19]. Recent guidelines recommend that preschool children (one- to five-year-olds) should 

limit watching television (TV) and the use of other electronic media – like computer, DVDs and 

other electronic games – to less than one hour per day [16]. However, overall sedentary time does 

not consists of screen time alone, so it is important to measure preschoolers’ time spent in quiet 

play (e.g., drawing, tinkering, puzzling, looking into books) as well, since quiet play is 
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categorized as productive sedentary behaviour [12]. Food-based dietary guidelines (FBDG) for 

preschool children only exist on a national basis. The FBDG used in the present study are based 

upon the nutrient recommendations of the Belgian Health Council and the World Health 

Organization, combined with data on habitual dietary intake in the Belgian population [20]. 

These FBDG are very similar to dietary guidelines in other countries, making these guidelines 

applicable for a European population of preschoolers [21]. The Belgian FBDG suggests limiting 

the consumption of sugar-sweetened beverages (SSBs) and unhealthy snacks, since these kinds of 

beverages and foods are strictly not necessary in a balanced diet (e.g., soft drinks, candy, potato 

chips). Furthermore, preschool children should consume 500 ml to 1,000 ml water per day [22].   

To date, there are not many studies investigating several EBRBs simultaneously in preschool 

children. Only one study simultaneously compared EBRBs in preschoolers across six European 

countries (Belgium, Bulgaria, Germany, Greece, Poland, and Spain) by executing a pooled 

analysis of six European studies [2]. However, since data from six different studies were used, 

results could not be compared due to differences in the variables of interest, in sample sizes, and 

differences in measurement methods [2]. Large cross-European studies examining preschoolers’ 

engagement in EBRBs, assessed by the same measurement methods, are currently lacking. The 

present study presents data on four- to six-year-old preschoolers’ EBRBs from six European 

countries, assessed with the same measurement methods [23]. Preschoolers’ EBRBs were 

examined across six European countries to expose local and cultural differences and similarities, 

which could serve as a base for the development of future interventions targeting overweight and 

obesity in preschool children, as the interaction and co-existence of these three EBRBs (i.e., 

physical activity, sedentary behaviour and dietary behaviour) has an influence on preschoolers’ 

weight status [4]. These data could inform policy makers and research institutions on which 

behaviours to target in which countries. We specifically focused on four- to six-year-old children 

since this is the critical period for the adiposity rebound. At this age, body adipose tissue reaches 

a post infancy low point (typically at the age of four to six years) [24]. 

 

Methods 

Participants 

All subjects in the present study participated in the ToyBox cross-sectional study, with the aim to 

collect information on the prevalence of overweight and obesity, and on EBRBs and their 
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correlates across six European countries: Belgium, Bulgaria, Germany, Greece, Poland, and 

Spain. Per country, kindergartens were selected in the provinces of West- and East-Flanders in 

Belgium, Varna in Bulgaria, Bavaria in Germany, Attica in Greece, Warsaw and surroundings in 

Poland, and Zaragoza in Spain. Within each of these provinces, kindergartens were recruited 

from different socio-demographic backgrounds. In all countries, lists of all municipalities that 

exist within the selected provinces were created and information on the socio-economic status 

(SES) variables was provided (years of education for the population of 25-55 years (cut-off: >14 

years of education) or annual income (quantitative variable)). Tertiles were created, based on the 

selected SES variables, and each country randomly selected five municipalities per SES status 

(thus, five municipalities for low SES, five for medium SES, and five for high SES). Then, 

kindergartens within these randomly chosen municipalities were randomly selected (with the 

exclusion of the lowest 20% of the kindergartens with the smallest number of pupils). Power 

analyses were performed before the start of the study, and were based on a previous school-based 

intervention study [25]. The analyses showed that a sample size of at least 800 preschool children 

per country would be sufficient to detect changes in EBRBs and their determinants during future 

follow-up measurements. To account for possible drop-out, each country had to recruit an initial 

number of 1,100 preschoolers, which would make a total sample of 6,600 preschool children 

across all six countries. Particularly in Greece, over sampling occurred due to the transition from 

kindergarten to primary school at the age of five in Greece, which means that these children 

would be located in other institutions in Greece during future follow-up measurements. Data 

collection occurred between March and June 2012. Furthermore, preschoolers’ parents/caregivers 

provided written informed consent before being enrolled in the study (only in Belgium, 

parents/caregivers provided passive informed consent). 

 

Ethics statement 

This study was included in the approval of the ToyBox-study by Ethical Committees in all six 

European countries, in line with national regulations (i.e., the Ethical Committee of Ghent 

University Hospital (Belgium), Committee for the Ethics of the Scientific Studies (KENI) at the 

Medical University of Varna (Bulgaria), Ethikkommission der Ludwig- Maximilians-Universität 

München (Germany), the Ethics Committee of Harokopio University of Athens (Greece), Ethical 
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Committee of Children’s Memorial Health Institute (Poland), and CEICA (Comité Ético de 

Investigación Clínica de Aragón (Spain)).  

 

Procedure 

Measurements were conducted according to standardized protocols. The procedure of data 

collection, data deposition and data reporting was standardized and harmonized within the 

ToyBox-study. Preschoolers between 3.5 and 5.5 years old were fitted with a motion sensor to 

assess their PA levels, and they received two parental questionnaires (core questionnaire and food 

frequency questionnaire (FFQ)) in a closed envelope to take home for completion by one of the 

parents/caregivers.  

 

Physical activity 

PA was assessed by means of steps per day using Omron Walking Style Pro pedometers (HJ-

720IT-E2) (Bulgaria, Germany, Greece, Poland, and Spain) and ActiGraph (Pensacola, FL) 

accelerometers (Belgium). Step counts from both pedometer and accelerometer are comparable (r 

= 0.89) and are validated to measure PA in preschool children against the Actigraph 

accelerometer counts (pedometer: r = 0.64; accelerometer: r = 0.89) (De Craemer et al., in press). 

The devices were worn on the right hip, secured by an elastic waist band.  

Preschoolers wore the motion sensors for six consecutive days, including two weekend days. 

Preschoolers’ parents/caregivers received an informational letter and were instructed to let their 

child wear the measurement devices during all waking hours and to remove the device during 

water-based activities. After data collection, pedometers were downloaded using Omron Health 

Management Software version E1.012, and accelerometers were downloaded using ActiLife 

version 5.5.5-software. Both the first (fitting day) and sixth day (collection day) were omitted, 

because these days dit not have a full day of data and were therefore incomplete. Preschoolers’ 

step count data were included in data analyses when they had valid data for a minimum of two 

weekdays and one weekend day. All step counts below 1,000 and above 30,000 steps per day 

were deleted and treated as missing data [26]. Steps per day were separately calculated for 

weekdays and weekend days. Steps per weekday and steps per weekend day were dichotomized 

into 0 (< 11,500 steps/day) and 1 (≥ 11,500 steps/day), to calculate the percentage of preschoolers 
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meeting the PA guideline of 11,500 steps/day which corresponds to 180 minutes of total PA per 

day (unpublished data).  

 

Sedentary behaviour 

SB (TV viewing, computer use, and quiet play) was assessed by three questions in the core 

questionnaire.These questions assessed the amount of hours per weekday and per weekend day 

the child watches TV (Test-retest reliability: ICCweek = 0.67; ICCweekend = 0.67), plays on the 

computer or game consoles (ICCweek = 0.72; ICCweekend = 0.81), and plays quietly during leisure 

time (e.g., drawing, colouring, playing with blocks/puppets; ICCweek = 0.42; ICCweekend = 0.50). 

Answers ranged from ”never” to ”more than 8 hours per day”, on a nine-point scale. The answer 

possibilities for these questions are depicted in Table 1. The variables were then recoded into 

min/day to ensure that numerical outcomes could be used to describe the prevalence of TV 

viewing, computer use and quiet play. To calculate the percentage of preschoolers meeting the 

SB guideline of less than one hour of screen time per day, minutes of TV viewing and computer 

use were added up and were then dichotomized into 0 (< 60 minutes of screen time per day) and 

1 (≥ 60 minutes of screen time per day) [16]. 

 

Beverage consumption 

Beverage consumption (intake of water and intake of sugar-sweetened beverages (SSBs)) was 

assessed in the FFQ. First, parents/caregivers were asked on how many days per week their child 

drinks water or soft drinks on a six-point scale ranging from “never or less than once a month” to 

“every day”. Subsequently, they were asked to indicate how much their child drinks on days they 

consumed water or soft drinks by ticking the average amount per day, ranging from “100ml or 

less” to “1000ml or more” on an eleven-point scale. The different answer possibilities for the 

intake of water and SSBs are depicted in Table 2. Colored food photographs of various portion 

sizes were printed and added to the questionnaire to help parents/caregivers to quantify the 

average portion size consumed by their child on the day of consumption. Mean intake in ml per 

day was calculated from the FFQ by multiplication of number of days per week and amount per 

day, divided by seven. Water consumption per day was then dichotomized into 0 (< 500ml per 

day) and 1 (≥ 500ml per day), to calculate the percentage of preschoolers meeting the water 

consumption guideline of 500ml or more per day [22]. 
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Table 1. Questions and answer possibilities on preschoolers’ sedentary behaviour 

 Question Answer possibilities 

Television 

viewing 

 

About how many hours a day does your child 

usually watch television (including DVDs and 

videos) in his/her free time?
1 

 

 

 

 

 

1. Never 

2. Less than 30 minutes/day 

3. 30 minutes to <1 hr/day 

4. 1- 2 hrs/ day 

5. 3-4 hrs/ day 

6. 5-6 hrs/ day 

7. 7-8 hrs/ day 

8. 8 hrs/ day 

9. More than 8 hrs/ day 

Computer use About how many hours a day does your child 

use the computer for activities like 

playing games on a computer, game consoles 

(e.g., Playstation, Xbox, GameCube) 

during leisure time?
1 

 

 

1. Never 

2. Less than 30 minutes/day 

3. 30 minutes to <1 hr/day 

4. 1- 2 hrs/ day 

5. 3-4 hrs/ day 

6. 5-6 hrs/ day 

7. 7-8 hrs/ day 

8. 8 hrs/ day 

9. More than 8 hrs/ day 

Quiet play About how many hours a day does your child 

have quiet play ((looking into books, 

playing with blocks, playing with dolls, 

drawing, construction) during leisure 

time?
1 

 

 

1. Never 

2. Less than 30 minutes/day 

3. 30 minutes to <1 hr/day 

4. 1- 2 hrs/ day 

5. 3-4 hrs/ day 

6. 5-6 hrs/ day 

7. 7-8 hrs/ day 

8. 8 hrs/ day 

9. More than 8 hrs/ day 

1 
Separate questions for weekdays and weekend days  
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Table 2. Questions and answer possibilities on preschoolers’ water, sugar-sweetened beverage 

and snack consumption 

 How often does your child consume 

the following products? 

What is the average amount 

per day? 

Water 

 

1. Never or less than once per month 

2. 1-3 days per month 

3. 1 day per week 

4. 2-4 days per week 

5. 5-6 days per week 

6. Every day  

 

1. 100ml or less 

2. Between 100 and 200ml 

3. Between 200 and 300ml 

4. Between 300 and 400ml 

5. Between 400 and 500ml 

6. Between 500 and 600ml 

7. Between 600 and 700ml 

8. Between 700 and 800ml 

9. Between 800 and 900ml 

10. Between 900 and 1000ml 

11. 1000ml or more 

Soft drinks 1. Never or less than once per month 

2. 1-3 days per month 

3. 1 day per week 

4. 2-4 days per week 

5. 5-6 days per week 

6. Every day 

1. 100ml or less 

2. Between 100 and 200ml 

3. Between 200 and 300ml 

4. Between 300 and 400ml 

5. Between 400 and 500ml 

6. Between 500 and 600ml 

7. Between 600 and 700ml 

8. Between 700 and 800ml 

9. Between 800 and 900ml 

10. Between 900 and 1000ml 

11. 1000ml or more 

Milk-based desserts 

(e.g., chocolate 

mousse, ice cream, 

custard) 

1. Never or less than once per month 

2. 1-3 days per month 

3. 1 day per week 

4. 2-4 days per week 

5. 5-6 days per week 

1. 50g or less 

2. Between 50 and 100g 

3. Between 100 and 150g 

4. Between 150 and 200g 

5. 200g or more 
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6. Every day  

Chocolate and  

candy bars  

(e.g., plain chocolate 

bar, chocolate candy 

bars) 

1. Never or less than once per month 

2. 1-3 days per month 

3. 1 day per week 

4. 2-4 days per week 

5. 5-6 days per week 

6. Every day 

1. 25g or less 

2. Between 25 and 50g 

3. Between 50 and 75g 

4. Between 75 and 100g 

5. Between 100 and 125g 

6.125g or more 

Sugar-based desserts  

(e.g., jelly beans, 

lollipops, hard candies) 

1. Never or less than once per month 

2. 1-3 days per month 

3. 1 day per week 

4. 2-4 days per week 

5. 5-6 days per week 

6. Every day 

1. 5g or less 

2. Between 5 and 10g 

3. Between 10 and 15g 

4. Between 15 and 20g 

5. Between 20 and 25g 

6. Between 25 and 30g 

7. Between 30 and 35g 

8. 35g or more  

Cakes 1. Never or less than once per month 

2. 1-3 days per month 

3. 1 day per week 

4. 2-4 days per week 

5. 5-6 days per week 

6. Every day 

1. 35g or less 

2. Between 35 and 70g 

3. Between 70 and 105g 

4. Between 105 and 140g 

5. Between 140 and 175g 

6. Between 175 and 210g 

7. Between 210 and 245g 

8. 245g or more 

Biscuits 1. Never or less than once per month 

2. 1-3 days per month 

3. 1 day per week 

4. 2-4 days per week 

5. 5-6 days per week 

6. Every day 

1. 15g or less 

2. Between 15 and 30g 

3. Between 30 and 45g 

4. Between 45 and 60g 

5. 60g or more 

 

Salty snacks 

(e.g., potato chips) 

1. Never or less than once per month 

2. 1-3 days per month 

1. 25g or less 

2. Between 25 and 75g 

124



3. 1 day per week 

4. 2-4 days per week 

5. 5-6 days per week 

6. Every day 

3. 75g or more 
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Unhealthy snacking 

Intakes of snacks were assessed by the FFQ. Intakes of milk-based desserts (e.g., chocolate 

mousse, ice cream, custard), chocolate and candy bars (e.g., plain chocolate bars, chocolate candy 

bars), sugar-based desserts (e.g., hard candies, jelly beans, lollipops), cakes, biscuits and salty 

snacks (e.g., potato chips) were each assessed with two food-frequency questions. First, 

parents/caregivers were asked on how many days per week their child consumed a snack on a 

six-point scale ranging from “never or less than once a month” to “every day”. Subsequently, 

they were asked to indicate how much their child ate on days they consumed the snack. 

Parents/caregivers were asked to tick the average amount per day for each of the unhealthy 

snacking categories. The possible answer categories are depicted in Table 2. Mean intakes in g 

per day were calculated from the FFQ by multiplication of number of days per week and amount 

per day in g, divided by seven. Afterwards, mean daily intakes from all six food groups (milk-

based desserts, chocolate and candy bars, sugar-based desserts, cakes, biscuits, and salty snacks) 

were added up and reflected the mean daily intake of snacks in g/day. The validity of the FFQ is 

currently the aim of another paper in preparation, but preliminary evidence suggests acceptable 

FFQ validity, with the 3-day-food diary used as the reference method. The FFQ performed better 

for some items than others. For example, Pearson’s correlation coefficient was 0.30 and 0.34 for 

biscuits and sugar-based desserts, and 0.24 for water, but did not perform as well for other items 

such as soft drinks and chocolate, where low or no correlations were observed. This is most likely 

due to the high level of non-consumers. 

 

Statistical analyses 

Prior to all analyses, all outcome measures were first checked for normal distribution (skewness 

< 0.70). Sample characteristics were described using SPSS statistics version 20.0 (SPSS Inc, 

Chicago, IL). To examine whether EBRBs in preschoolers varied across countries, multilevel 

analyses were performed using MlwiN 2.28 (Centre for Multilevel Modelling, University of 

Bristol, UK). Multilevel modeling (three-level: child; class; kindergarten) was used to take 

clustering of children in classes in kindergartens into account. The likelihood ratio test was used 

to justify that the data fits the model, and analyses were conducted to indicate how much each 

higher level variable contributed to the variance of the dependent variable. All analyses were 

adjusted for sex and age. To compare preschool children with completed core questionnaire and 
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FFQ with preschool children without completed FFQ, to compare preschool children with 

completed core questionnaire and pedometer data with preschool children without pedometer 

data, and to compare preschool children who had valid step count data with the preschool 

children who did not have valid step count data, attrition analyses were conducted as a three-level 

logistic regression analysis (child; class; kindergarten). For all analyses, statistical significance 

level was set at p < 0.05. Values are reported as mean and standard error (SE). 

 

Results 

In total, 10,632 preschoolers’ parents/caregivers from six European countries provided written 

informed consent to participate in the ToyBox cross-sectional study. From those 10,632 

preschoolers, step counts were collected in 5,444 preschool children (51.2%), from which 4,045 

(38.1%) provided valid data for a minimum of two weekdays and one weekend day (4.77 ± 0.43 

years, 52.2% boys). In addition, 8,117 parents/caregivers (76.3%) filled in the core questionnaire 

(4.78 ± 0.46 years old, 53.0% boys), and 7,244 parents/caregivers (68.1%) filled in the FFQ (4.77 

± 0.44 years old, 52.0% boys). Table 3 depicts the explained variance for each dependent variable 

at each level of the multilevel model. The between child variance appeared to be significant for 

all dependent variables (p < 0.001), and the between class variance and the between kindergarten 

variance was significant for most dependent variables as well. Attrition analyses comparing 7,107 

preschoolers with completed core questionnaire and FFQ with preschool children without FFQ (n 

= 746) showed no significant differences in age, sex and SES. Furthermore, attrition analyses 

comparing 4,555 preschool children with completed core questionnaire and pedometer data with 

preschool children without pedometer data (n = 3,298) also showed no significant differences in 

age, sex and SES. Finally, attrition analyses, comparing 4,045 preschool children with complete 

pedometer data to those with incomplete pedometer data (n = 1,399), showed no significant 

differences in age, sex and SES. 
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Table 3. Explained variance for each dependent variable at each level of the multilevel model  

 Level 1: Preschool child Level 2: Kindergarten class Level 3: Kindergarten 

 Variance χ² p-value Variance χ² p-value Variance χ² p-value 

Steps per weekday 63.8% 68.53 < 0.001 8.4% 0.58 0.48 27.8% 11.61 < 0.001 

Steps per weekend day  74.0% 71.67 < 0.001 14.0% 1.28 0.26 12.0% 1.79 0.18 

PA guidelines weekday 57.1% 45.20 < 0.001 8.5% 0.48 0.49 34.4% 16.22 < 0.001 

PA guidelines weekend day 50.0% 42.35 < 0.001 30.1% 5.69 0.02 19.9% 4.03 0.045 

TV weekday 53.0% 82.84 < 0.001 21.2% 5.16 0.02 25.8% 12.25 < 0.001 

TV weekend day 38.1% 76.89 < 0.001 45.7% 25.65 < 0.001 16.2 4.20 0.04 

Computer weekday 32.1% 75.15 < 0.001 22.1% 10.17 0.001 45.8% 58.59 < 0.001 

Computer weekend day 26.1% 74.13 < 0.001 30.1% 19.87 < 0.001 43.8% 50.69 < 0.001 

Quiet play weekday 42.5% 152.99 < 0.001 0% / / 57.5% 240.19 < 0.001 

Quiet play weekend day 57.1% 82.84 < 0.001 1.0% 0 / 41.9% 46.78 < 0.001 

SB guidelines weekday  57.1% 86.17 < 0.001 21.0% 4.74 0.03 21.9% 8.42 0.004 

SB guidelines weekend day 49.7% 81.91 < 0.001 30.1% 10.21 0.001 20.2% 7.21 0.007 

Water consumption 50.1% 56.14 < 0.001 20.6% 3.98 0.05 29.3% 13.72 < 0.001 

SSB consumption 38.8% 54.95 < 0.001 60.0% 33.81 < 0.001 1.2% 0.02 0.89 

Water guidelines 51.7% 88.31 < 0.001 24.5% 7.63 0.006 23.8% 11.40 < 0.001 

Snacking 51.4% 56.42 < 0.001 26.2% 5.89 0.02 22.4% 7.15 0.008 

PA = Physical Activity; TV = Television; SB = Sedentary Behaviour; SSB = Sugar-sweetened beverage 

 



Physical activity 

The differences in preschoolers’ PA levels across countries are depicted in Figure 1 and Table 4. 

Significant differences between countries were found for steps per weekday and steps per 

weekend day. Greek (9,656 steps/day; SE=148) and Bulgarian (9,777 steps/day; SE=154) 

preschoolers took the least amount of steps per weekday (p<0.001), and Spanish preschool 

children took the most steps per weekday (12,669 steps/day; SE=142; p<0.001). For weekend 

days, steps ranged from 8,667 (SE=181) steps per weekend day in Greek preschoolers to 10,880 

(SE=125) steps per weekend day for Polish preschool children. Preschoolers meeting the PA 

guideline of 11,500 steps/day on a weekday were the highest in Spain (60.7%; p<0.001) and the 

lowest in Greece (26.5%), and Bulgaria (29.3%) (p<0.001). On weekend days, Poland (41.8%) 

had the highest proportion of preschoolers meeting the PA guidelines (p<0.05), and Greece 

(20.3%) and Belgium (20.5%) had the lowest proportion of preschool children meeting the PA 

guidelines of 11,500 steps/day (p<0.01). 

 

 

 

Figure 1. Differences in preschoolers’ physical activity across countries. 
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Table 4. Levels of physical activity in preschool children from six European countries (n = 4,045) (adjusted for sex and age) 

 Belgium 

(n = 806) 

Bulgaria 

(n = 470) 

Germany 

(n = 449) 

Greece 

(n = 575) 

Poland 

(n = 1,192) 

Spain 

(n = 553) 

 Steps per day (mean (SE)) 

Weekday  11,318 (126)
c,e,g 

9,777 (154)
b,d,f,g 

11,507 (158)
c,e,g 9,656 (148)

b,d,f,g 11,230 (102)
 c,e,g 12,669 (142)

a 

Weekend day  9,095 (155)
d,f,g 

9,426 (194)
d,e,f,g 

9,966 (206)
b,c,e,f 

8,667 (181)
c,d,f,g 

10,880 (125)
a 

10,438 (173)
b,c,e,f 

 Meeting PA guidelines
1
 (%) 

Weekday 40.0
c,d,e,g 

29.3
b,d,f,g 

49.9
a 

26.5
b,d,f,g 

43.2
c,d,e,g 

60.7
a 

Weekend day 20.5
c,d,f,g 

29.2
b,e,f,g 

31.4
b,e,f,g 

20.3
c,d,f,g 

41.8
a 

37.0
a 

PA = Physical Activity; SE = Standard Error; 
a
 significantly different from the other countries; 

b
 significantly different Belgium; 

c 
significantly different from 

Bulgaria; 
d
 significantly different from Germany; 

e
 significantly different from Greece; 

f
 significantly different from Poland; 

g
 significantly different from Spain; 

1
 

≥ 11,500 steps per day (unpublished data) 

 



Sedentary behaviour 

The differences in preschool children’s SB across countries are shown in Table 5 and Figure 2. 

German preschoolers had the lowest amount of time watching TV on weekdays (43.3 min/day; 

SE=1.5; p<0.001), while Greek preschool children spending the most time watching TV on 

weekdays (88.5 min/day; SE=1.4; p<0.001). On weekend days, again German preschoolers had 

the lowest amount of time watching TV (64.8 min/day; SE=2.3; p<0.001), while Bulgarian 

(131.1 min/day; SE=2.7) and Greek preschoolers (133.5 min/day; SE=2.0) spent the most time 

watching TV on weekend days (p<0.05). For computer use on week and weekend days, German 

preschoolers had the lowest amount of time spent using the computer (8.5 (SE=0.8) and 14.8 

(SE=1.2) min/day, respectively; p<0.001), while Bulgarian preschool children spent the most 

time using the computer (28.3 (SE=0.9) and 44.4 (SE=1.5) min/day, respectively; p<0.001). 

Preschoolers’ time spent in quiet play ranged from 60.4 (SE=2.4) min/day in Spain to 104.9 

(SE=2.0) min/day in Poland for weekdays, and from 95.3 (SE=3.1) min/day in Bulgaria to 147.2 

(SE=2.8) min/day in Belgium for weekend days. During weekdays, 71.4% of German 

preschoolers met the SB guideline of spending less than one hour of screen time per day which 

was the highest percentage among all countries (p<0.001). Only 24.9% of Bulgarian preschoolers 

met this guideline, which was the lowest percentage among all countries (p<0.05). During 

weekend days, this percentage decreased to 52.1% of German preschoolers meeting the SB 

guideline, and only 9.2% of Bulgarian preschoolers.  
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Table 5. Levels of sedentary behaviour in preschool children from six European countries (n = 8,117) (adjusted for sex and age) 

 Belgium 

(n = 1,373) 

Bulgaria 

(n = 979) 

Germany 

(n = 1,423) 

Greece 

(n = 1,854) 

Poland 

(n = 1,597) 

Spain 

(n = 891) 

 Television viewing (minutes) (mean (SE)) 

Weekday  66.9 (1.6)
c,d,e,f 

79.2 (1.8)
a 

43.3 (1.5)
a 

88.5 (1.4)
a 

71.3 (1.5)
a 

65.6 (1.8)
c,d,e,f 

Weekend day  116.2 (2.4)
c,d,e 

131.1 (2.7)
b,d,f,g 

64.8 (2.3)
a 

133.5 (2.0)
b,d,f,g 

116.0 (2.3)
c,d,e 

122.0 (2.8)
c,d,e 

 Computer use (minutes) (mean (SE)) 

Weekday 14.6 (0.8)
c,d,e 

28.3 (0.9)
a 

8.5 (0.8)
a 

17.5 (0.7)
b,c,d,g 

16.1 (0.8)
c,d,g 

12.7 (1.0)
c,d,e,f 

Weekend day 29.0 (1.3)
c,d,f 

44.4 (1.5)
a 

14.8 (1.2)
a 

29.5 (1.1)
c,d 

32.4 (1.2)
b,c,d 

31.2 (1.5)
c,d 

 Quiet play (minutes) (mean (SE)) 

Weekday 70.2 (2.1)
d,e,f,g 

67.8 (2.3)
d,e,f,g 

92.6 (1.9)
a 

86.0 (1.7)
a 

104.9 (2.0)
a 

60.4 (2.4)
a 

Weekend day 147.2 (2.8)
c,d,e,g 

95.3 (3.1)
b,d,e,f 

115.5 (2.6)
b,c,f,g 

114.8 (2.3)
b,c,f,g 

145.6 (2.6)
c,d,e,g 

102.1 (3.2)
b,d,e,f 

 Meeting screen time guidelines
1
 (%) 

Weekday 43.3
c,d,e,f 

24.9
a 

71.4
a 

28.7
a 

37.1
a 

43.9
c,d,e,f 

Weekend day 15.8
c,d,e,g 

9.2
b,d,f 

52.1
a 

11.8
b,d,f 

16.1
c,d,e,g 

12.3
b,d,f 

SB = Sedentary Behaviour; SE = Standard Error; 
a
 significantly different from the other countries; 

b
 significantly different Belgium; 

c 
significantly different from 

Bulgaria; 
d
 significantly different from Germany; 

e
 significantly different from Greece; 

f
 significantly different from Poland; 

g
 significantly different from Spain; 

1
 

limit screen time to less than one hour per day [16] 

 



 

Figure 2. Differences in preschoolers’ sedentary time across countries. 

TV = Television 

 

 

Consumption of water, sugar-sweetened beverages, and unhealthy snacks 

The differences in preschool children’s water and SSB consumption and snacking across 

countries are illustrated in Table 6 and Figure 3, 4 and 5. The mean water consumption ranged 

from 414.0 (SE=8.7) ml/day in Polish preschoolers to 754.0 (SE=10.4) ml/day in Spanish 

preschoolers. Spain had the highest proportion of preschool children who complied with the 

guideline of minimum 500ml water intake per day (81.6%; p<0.01), while Poland (36.0%) and 

Belgium (37.2%) had the lowest proportion of preschoolers meeting this guideline (p<0.001). 

The mean intake of SSBs ranged from 13.2 (SE=4.0) ml/day in Greek preschoolers to 156.4 

(SE=3.9) ml/day in Polish preschool children. The mean snack consumption in preschoolers 

ranged from 53.3 (SE=1.6) g/day in Greek preschool children – which was lower than 

preschoolers of any other country (p<0.05) – to 73.1 (SE=1.8) g/day in Belgian preschoolers.  
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Table 6. Levels of water and sugar-sweetened beverage consumption and snacking in preschool children from six European countries (n = 7,244) 

(adjusted for sex and age) 

 Belgium 

(n = 959) 

Bulgaria 

(n = 756) 

Germany 

(n = 1,273) 

Greece 

(n = 1,812) 

Poland 

(n = 1,566) 

Spain 

(n = 878) 

 Water and SSB consumption (mean (SE)) 

Water (ml per day) 440.9 (10.5)
a 

684.0 (11.3)
b,d,f,g 

522.1 (9.0)
a 

659.6 (9.1)
b,d,f,g 

414.0 (8.7)
a 

754.0 (10.4)
a 

SSBs (ml per day)  66.2 (4.7)
a 

35.6 (5.1)
b,e,f,g 

43.8 (4.0)
b,e,f,g 

13.2 (4.0)
b,c,d,f 

156.4 (3.9)
a 

14.3 (4.6)
b,c,d,f 

 Meeting guidelines
1
 (%) 

Water consumption 37.2
c,d,e,g 

75.5
b,d,f,g 

51.8
a 

72.5
b,d,f,g 

36.0
c,d,e,g 

81.6
a 

 Unhealthy snacking (mean ± SE) 

Snacks (g per day)
2 

73.1 (1.8)
a 

61.7 (1.9)
b,e,f 

61.4 (1.5)
b,e,f 

53.3 (1.6)
a 

68.1 (1.5)
a 

58.8 (1.8)
b,e,f 

SSBs = Sugar-sweetened beverages; SE = Standard Error; 
a
 significantly different from the other countries; 

b
 significantly different Belgium; 

c 
significantly 

different from Bulgaria; 
d
 significantly different from Germany; 

e
 significantly different from Greece; 

f
 significantly different from Poland; 

g
 significantly different 

from Spain; 
1
 ≥ 500ml per day [22]; 

2
 Snacks = milk-based desserts, chocolate and candy bars, sugar-based desserts, cakes, biscuits, salty snacks 

 



 

Figure 3. Differences in preschoolers’ water consumption across countries. 

 

 

 

Figure 4. Differences in preschoolers’ soft drink consumption across countries. 
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Figure 5. Percentage of preschoolers complying with the guidelines for energy balance-

related behaviours across countries 

Physical activity (PA) ≥ 11,500 steps/day; Sedentary behaviour (SB) < 1 hour screen time per 

day; Water consumption: between 500ml and 1000ml 

 

Discussion 

The current study provided up-to-date information on EBRBs among a sample of four- to six-

year-old preschool children across six different European countries. Across all countries, 

preschoolers frequently engaged in unhealthy EBRBs, namely lack of PA, high levels of SB and 

unhealthy intakes of beverages and snacks. These unhealthy behaviours are potential risk factors 

for becoming overweight and obese [4], and varied markedly across countries. Less than half of 

European preschoolers met the PA threshold of 11,500 steps per day (unpublished data), with 

Greek and Bulgarian preschoolers engaging in the lowest levels of PA, and Spanish and Polish 

preschoolers engaging in the highest levels of PA. Strikingly, still a large amount of preschool 

children in the countries with the highest levels of PA (i.e., Spain and Poland) fail to meet the PA 
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recommendations. Although many countries have already developed national PA policies and 

action plans regarding PA in preschool children [27], these national policy measures and action 

plans are based on older PA guidelines and should be further developed and updated towards the 

most recent PA guidelines, since preschoolers’ low PA levels underline the need for further 

improvement of these policies. Therefore, these policy measures could specifically state that 

preschool children should accumulate a minimum of 180 minutes of total PA per day [12-15]. 

Differences in country-specific kindergarten policies and environments might be a possible 

explanation for the variations in preschoolers’ PA levels. For example, in Spain and Belgium, 

kindergartens provide physical education (PE) sessions for about two hours per week, while the 

other four countries do not [28, 29].  

Furthermore, a relatively high percentage (71.4% on weekdays and 52.1% on weekend days) of 

German preschool children – compared with the other countries – met the guidelines of screen 

viewing behaviour. Only low proportions of preschoolers from the other European countries met 

the guidelines of limiting screen viewing behaviour to one hour per day, ranging from 24.9% to 

43.9% on weekdays and from 9.2% to 16.1% on weekend days. Time spent using a computer was 

lower in all countries compared to time spent watching TV. A possible explanation might be that 

the computer is used for educational purposes rather than for pleasure in this age group, which 

has been mentioned in previously conducted focus groups with preschoolers’ parents/caregivers 

[30]. In addition, some preschoolers might have an easier access to the TV compared to the 

computer, as they need parental/caregivers’ supervision to use the computer which is not the case 

for watching TV [30, 31]. Sedentary behaviour guidelines for preschool children mainly focus on 

reducing screen time in this age group [12], because screen time – and television viewing in 

particular – is the most common sedentary behaviour in preschool children, and is frequently 

used as a proxy marker of overall sedentary behaviour in children [12, 19]. However, overall 

sedentary time is not just made up of screen time, so it is important to measure preschoolers’ time 

spent in quiet play as well, although evidence on the importance of quiet play is still limited. 

Based on the descriptive results from the current study, we can conclude that preschoolers also 

spent considerable amounts of time in quiet play (e.g., looking into books, puzzling, drawing, 

tinkering), which was equal to or higher than the amount of time spent in screen viewing 

behaviours for some countries. Although the time spent in quiet play is important for 

preschoolers’ cognitive development as it is productive sedentary behaviour [12], some activities 
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could be performed in a more active way, for example by performing these activities by standing 

up. The results from the current study show that SB interventions not only should target TV 

viewing – the most commonly targeted SB in preschool children [32, 33] – but also target total 

sedentary time which includes TV viewing, screen viewing behaviours as well as other SBs like 

time spent in quiet play [34]. To our knowledge, only Flanders (Belgium) has a national country-

specific policy concerning limiting preschoolers’ time spent in SB, and states that children 

between one and six years old should limit their time spent in prolonged periods of SB [17]. 

However, policy makers should be made aware of the importance of limiting time spent in SBs in 

preschool children. This message should also be spread to kindergarten teachers because recently 

conducted focus groups showed that kindergarten teachers do not see the need to limit 

preschoolers’ time sitting down since teachers do not perceive this as a problem [35].  

Polish preschoolers had the lowest intakes of water, while Spanish preschoolers had the highest 

intakes of water. Conversely, the highest intakes of SSBs were found in Polish preschool 

children, while the lowest SSB intakes were found in Greek and Spanish preschoolers. The 

consumption of snacks was more or less similar across countries, with the highest snack intake in 

Belgium and the lowest snack intake in Greece. The difference in water consumption across 

countries might be explained by the differences in climate. In the South-European countries (i.e., 

Bulgaria, Greece, and Spain), the outside air temperatures during spring and summer are 

generally higher compared to the West- and Central-European countries (i.e., Belgium, Germany, 

and Poland), which might mean that preschoolers have a higher thirst to quench, and therefore 

they might drink water more easily and willingly. Furthermore, the South-European preschoolers 

might not perceive the need to consume other beverages (e.g., SSBs) since they already have 

higher intakes of water. On the other hand, the West- and Central-European preschoolers might 

compensate their low water consumption by a higher intake of SSBs. Conversely, South-

European preschoolers might already be able to understand the health risks of SSBs [36], which 

could result in drinking less SSBs compared to preschool children from the West- and Central-

European countries. General national country-specific policies and action plans regarding food 

and nutrition exist in most European countries [37, 38]. However, in recently conducted focus 

groups, kindergarten teachers mentioned that different types of beverages are allowed in 

European kindergartens, meaning that kindergarten policies can differ between countries [39]. 

Therefore, policy makers should be informed about the importance of decreasing SSB 
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consumption and increasing water consumption among preschool children, which they could 

address in their policies.       

The descriptive results from the ToyBox cross-sectional study support the view that overweight 

and obesity prevention interventions should target this young age group, and that all EBRBs 

should be targeted at the same time and not one behaviour at a time, since the current study 

shows that levels of all EBRBs appear to be a problem in all six countries (e.g., low levels of PA, 

high levels of SB, high levels of SSBs and unhealthy snacks), but to a different degree. 

Furthermore, when we look at all EBRBs simultaneously, it is apparent that Spain and the West- 

and Central-European countries have higher levels of PA and lower levels of SB compared to the 

other South-European countries. However, West- and Central-European countries have lower 

intakes of water and higher intakes of SSBs and snacks compared to the South-European 

countries. The results from the current study show that more standard, general interventions 

targeting EBRBs in different European countries without room for country-specific adaptations 

might be questioned since large differences between European preschoolers’ EBRBs were found 

in the current study. Therefore, future interventions targeting EBRBs in European preschool 

children should try to target all EBRBs simultaneously, but country-specific adaptations should 

be made with more emphasis on increasing PA and decreasing SB in South-European countries, 

and more emphasis on increasing water consumption and decreasing SSB consumption in West- 

and Central-European countries. Making room for country-specific adaptations in large cross-

European intervention studies might therefore increase the effectiveness of these intervention 

programs in enhancing preschoolers’ EBRBs.   

The most important strength of the current study was the large amount of data on preschoolers’ 

EBRBs across six different European countries, collected using a standardized data collection 

protocol. By comparing differences in preschoolers’ EBRBs across six European countries, 

lifestyle differences were detected. Furthermore, possible cluster effects were taken into account, 

and PA was objectively assessed. A limitation might be the subjective parental report of SB and 

beverage and snack consumption, which might lead to a possible bias because of 

parents/caregivers’ social desirability. In addition, parents/caregivers could have reported their 

child’s behaviour as quiet play, even if there was an active component present. Another limitation 

was the relatively large drop-out of pedometer data due to insufficient valid days. The preschool 

children who dropped out might have been the preschoolers who were less physically active. 
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Finally, for preschool children between 5 and 5.5 years old who were included in this study, we 

used the guidelines for preschool children under five years of age.  

 

Conclusion 

Differences in preschoolers’ EBRBs were found across six European countries, with Bulgaria and 

Greece having lower levels of PA and higher levels of SB and Belgium, Germany and Poland 

having lower intakes of water and higher intakes of SSBs and snacks. Furthermore, low 

proportions of preschool children met the guidelines for PA, SB and water intake, suggesting that 

future interventions should target European preschoolers’ EBRBs simultaneously, with room for 

local and cultural country-specific adaptations. Country-specific policies and interventions are 

needed to improve preschoolers’ EBRBs.  
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Summary
Childhood overweight is a multifactorial health problem influenced by several
factors. The interaction of behaviours such as physical activity, sedentary behav-
iour and eating behaviour determines whether or not a positive energy balance or
weight gain is experienced. Knowing the correlates of these behaviours in 4- to
6-year-old children is of major interest for intervention development. According
to the systematic literature search, attending a rural preschool was positively
associated with physical activity. Gender, age and socioeconomic status were not
associated with physical activity, while an indeterminate result was found for
ethnicity. Gender and ethnicity were not associated with sedentary behaviour and
indeterminate results were found for age and socioeconomic status. Preschoolers
were more physically active as well as sedentary on weekdays. Watching television
was associated with a higher consumption of snacks and sweet beverages. Strat-
egies aiming to influence energy balance-related behaviours in preschoolers should
target both boys and girls and all ethnic groups from low as well as high social
status. During the week, there should be a focus on decreasing sedentary behav-
iour and in the weekend on increasing physical activity. Focusing on television
viewing and the consumption of snacks and sweet beverages could/should also be
a strategy.

Keywords: Correlates, energy balance, preschool, review.

obesity reviews (2012) 13 (Suppl. 1), 13–28

Background

Obesity is a multifactorial health problem, influenced by
the balance between energy intake and energy expenditure
(1). In French children, it was found that snacking behav-
iour and being sedentary were positively associated with
overweight in children between the age of 3 and 6 years old
(2). Furthermore, results from a review published in 2008
found that high levels of sedentary behaviour – especially
television viewing – and low levels of physical activity
are likely to contribute to the epidemic of positive energy
balance in preschool children (3). Physical activity
appeared to be protective against obesity in the preschool
period and sedentary behaviour – television viewing in
particular – appeared to be obesogenic. Whether or not a

positive energy balance or weight gain is experienced is
determined by the interaction of specific nutrition, physical
activity and sedentary behaviours (4). It should be stated
that sedentary behaviour is not the same as the absence of
physical activity. Sedentary behaviour is the purposeful
engagement in activities that involve minimal movement
and low energy expenditure (5). For example, a child can
meet the activity guidelines for physical activity, but he or
she can still be sedentary for most of the time during the
day. Focusing on one single energy balance-related behav-
iour (EBRB), for instance physical activity, as a universal
causal factor in obesity, is not sufficient. The most appro-
priate way to address all three behaviours is by using a
comprehensive multidisciplinary approach (6); this way,
effectiveness of obesity prevention programmes could

obesity reviews doi: 10.1111/j.1467-789X.2011.00941.x

13© 2012 The Authors
obesity reviews © 2012 International Association for the Study of Obesity 13 (Suppl. 1), 13–28 151



potentially increase. However, this can only be achieved if
the correlates of these behaviours have been identified and
properly targeted. Therefore, identifying the correlates of
EBRBs is equally important to identifying EBRBs them-
selves for the development of effective interventions to
prevent overweight and obesity in young children between
the age of 4 and 6 years old.

In most reviews investigating correlates of EBRBs, a large
age range was used – sometimes even the whole childhood
and adolescent period was included (2–18 years old) –
which makes it impossible to get an insight in the correlates
in preschoolers in particular. A review focusing on the
correlates of eating behaviour specifically in preschool chil-
dren could not be located in the literature. In 2007 and
2008, two reviews have been published, focusing on corre-
lates of physical activity specifically in preschool children
(7,8). Furthermore, two reviews summarized the correlates
of sedentary behaviours in preschoolers (9,10). However,
these reviews investigated the correlates of each EBRB
separately. As physical activity, sedentary behaviour and
eating behaviour emerge as important independent risk
factors of childhood overweight and recent interventions
tried to target these three EBRBs simultaneously (11), the
concurrent study of the correlates of these behaviours is of
major interest. This will make it possible to draw conclu-
sions on correlates that are important not only for one but
also for two or even for all three behaviours. Focusing on
the correlates of only one EBRB might be problematic as
the correlates of one EBRB might have an inverse effect on
another EBRB. In addition, focusing on the key joint
correlates of more than one EBRB might potentially have
a much stronger impact upon overweight or obesity
compared to focusing on correlates of only one EBRB.
However, a review combining the correlates of EBRBs
(physical activity, sedentary behaviour and eating behav-
iour) in preschool-aged children could not be located in the
literature. Consequently, the purpose of the present study
was to systematically review the correlates of physical
activity, sedentary behaviour and eating behaviour in chil-
dren between 4 and 6 years old.

Methods

Search procedure

In August and September 2010, a systematic search of the
literature was conducted to identify the relevant correlates
of physical activity, sedentary behaviour and eating behav-
iour in preschoolers. Relevant studies were identified by a
systematic search in the electronic database PubMed from
1 January 1990 up to 22 September 2010. As shown in
Table 1, a combination of different keywords was used in
the search strategy. The keywords for physical activity,
sedentary behaviour and eating behaviour were combined

with keywords specifying the age range of the target group.
Furthermore, this combination was put together with terms
used for exclusion. Some of the search terms were followed
by an asterisk, which meant that several forms of a certain
word were searched instead of one word. In total, 3920
references were initially screened by two researchers sepa-
rately (MDC and EDD). The titles and abstracts of these
references were screened for potential correlates of physical
activity, sedentary behaviour or eating behaviour by the
two researchers independently to come to the first selection
of articles. During a second screening, the remaining papers
were read by the same researchers to come to the final
selection, and after careful consideration, these papers were
included in the review article.

The screening was based on inclusion and exclusion cri-
teria. Inclusion criteria were as follows (i) studies that
examined correlates or determinants of one of three behav-
iours: physical activity, sedentary behaviour or eating
behaviour; (ii) studies with an age range or mean age of the
children between 4 and 6 years old, or studies with a wider
age range that described the results for preschoolers sepa-
rately and (iii) only full text articles, written in English.
Furthermore, the following exclusion criteria were applied
(i) reviews; (ii) studies that were not conducted on humans;
(iii) studies addressing other behaviours (for instance
breastfeeding, nutrition disorders, diseases and malnutri-

Table 1 Keywords used in the search strategy

Physical activity Total PA, MVPA, aerobic exercise, VPA, leisure
activity, physical activity, PA, LVPA, outdoor
play

Sedentary behaviour Television viewing, video viewing, computer time,
PC use, sedentary behavior, sedentary
behaviour, computer, computer use, PC time,
TV time, television

Eating behaviour Total energy intake, overall intake, sweet drinks,
savoury snacks, sweet snacks, carbohydrates
intake, sucrose intake, fat intake, fibre intake,
breakfast, dinner television, snacks television,
eating meal with family, total beverage
consumption, sugar-sweetened beverages,
SSB, sport drink, fruit drink, soda, sugared
tea, sugared coffee, low energy drinks, fruit
juice, milk, water, dietary intake, eating fast
food, fast food, beverage consumption,
beverage, sports drink, sugar milk, snack

Age range Preschool, toddler, early child, young child
Exclusion Breastfeeding, nutrition disorders, patients,

undernourishment, undernourished,
malnutrition, malnourishment, malnourished,
breast feed, mouse, mice, rat, teeth, dental,
nutrition disorder, disease

LVPA, light to vigorous physical activity; MVPA, moderate to vigorous
physical activity; PA, physical activity; PC, personal computer; TV,
television; SSB, sugar-sweetened beverages; VPA, vigorous physical
activity.
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tion) and (iv) studies addressing clinical populations. Addi-
tionally, the reference sections of the included articles were
manually searched, and relevant articles were included in
the final selection when they met the inclusion criteria and
when the exclusion criteria were absent.

Selection of variables

For coding of the results, the model used by Sallis et al. (12)
and Hinkley et al. (7,9) was used, as shown in Table 2. In
this model, the number of reported findings that support
the hypothesized association determines the consistency of
finding an association of a correlate with physical activity,
sedentary behaviour and eating behaviour. The number of
findings supporting the association divided by the total
number of findings where the association is mentioned
gives the percentage of associations in the hypothesized
direction, namely positive, negative or indeterminate. This
means that if the percentage of the findings supporting the
association was between 0 and 33%, the result was defined
as ‘no association’ and was coded with a ‘0’; if the percent-
age of the findings supporting the association was between
34 and 59%, the result was defined as ‘indeterminate’ and
was coded with a ‘?’; if the percentage of the findings
supporting the association as ‘positive’ was between 60 and
100%, the result was defined as a positive association and
was coded with a ‘+’; and if the percentage of the findings
supporting the association as ‘negative’ was between 60
and 100%, the result was defined as a negative association
and was coded with a ‘-’. In addition, when four or more
studies supported the association as positive, the result was
coded as ‘ + +’; when four or more studies supported the
association as negative, the result was coded as ‘- -’; and
when four or more studies supported the association as no
association, the result was coded as ‘00’.

The correlates of physical activity were classified across
four domains using the social-ecological framework
applied by Sallis et al. (12) (i) demographic and biological
variables; (ii) behavioural variables; (iii) social and cultural
variables and (iv) physical environmental variables. The

same four domains were adopted for classifying the corre-
lates of sedentary behaviour and eating behaviour.

In addition, new categories for each behaviour were
made. For physical activity, there was (i) total physical
activity; (ii) moderate to vigorous physical activity
(MVPA) combining MVPA and vigorous physical activity
(VPA); (iii) active transportation combining active trans-
port and walking or cycling more than three times a week
and (iv) physical activity during recess. For sedentary
behaviour, the category was named screen viewing activi-
ties and was a combination of television viewing, DVD/
video viewing, playing electronic games, computer use and
total media time. Eventually for eating behaviour (i) sweet
beverages, combining fruit juices, sugar-sweetened bever-
ages and sugared milk drinks; (ii) fruit and vegetable
intake; (iii) snacking; (iv) milk intake; (v) added sugar
intake; (vi) energy intake and (vii) Healthy Eating Index
(HEI) were selected as important contributors to the
obesity epidemic (13).

Results

Study characteristics

Of the 3920 studies identified through the literature search,
106 references met the inclusion criteria, based on title and
abstract. After reading the full text articles, the two
researchers (MDC and EDD) agreed to include 43 papers.
A flowchart of the systematic literature search, based on
the Preferred Reporting Items for Systematic reviews and
Meta-Analyses (PRISMA) guidelines (14), is depicted in
Fig. 1.

The study designs were as follows: 35 studies (81.4%)
were cross-sectional, six studies (14.0%) were longitudinal,
one study (2.3%) was cross-sectional and longitudinal and
one study (2.3%) was an intervention. Furthermore, 19
studies (44.2%) were conducted in the USA, 10 studies
(23.3%) in Australia, three studies (7.0%) in Greece,
another three in Belgium, two (4.6%) in Canada, two in
Scotland, two in New Zealand, one (2.3%) in Denmark
and one in Turkey. From the 43 studies included, three
studies (7.0%) were published between 1990 and 2000, 13
studies (30.2%) between 2000 and 2005, and 27 (62.8%)
after 2005. The methods for data gathering varied through-
out the studies. In 28 studies (65.1%), the parents had to
fill out a questionnaire, survey or diary regarding the
primary outcome of the study. In 15 studies (34.8%), par-
ticipants had to wear an accelerometer (n = 14) or a
pedometer (n = 1) to monitor their physical activity levels
throughout a certain amount of time, e.g. for several days
or for several hours. Other methods used were direct obser-
vation (16.3%; n = 7) and interviews (9.3%; n = 4).

From the 43 studies included, three studies (7.0%) had a
sample size below 100, 28 studies (65.1%) between 100

Table 2 Rules for classifying variables regarding strength of evidence
of association with physical activity, sedentary behaviour and eating
behaviour (Sallis et al. 2000 (12); Hinkley et al., 2008 (7))

Studies supporting
association (%)

Summary
code

Meaning of code

0–33 0 No association
34–59 ? Indeterminate
60–100 + Positive association

- Negative association

When four or more studies supported an association or no association,
it was coded as 00, + + or - -.
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and 999, and 12 studies (27.9%) above 1000 participants.
The sample size varied from 46 to 5652 participants. The
age range varied from 1 to 12 years of age. Only results
related to children between 4 and 6 years old are reported
here.

Correlates of physical activity

Demographic and biological variables
Fifteen demographic and biological variables were investi-
gated across 20 studies. For total physical activity, the most
frequently studied variables were gender (15–28) and age
(15,16,18,19,21–23,25,26,28,29), with three out of 14
studies reporting no association between gender and total
physical activity and two out of 13 studies reporting no
association between age of the child and total physical
activity. A negative association was found for higher family
risk for obesity (20) (i.e. the number of obese parents in the
family) with child’s physical activity levels. Similar results
were found regarding gestational age (17) with children
born at term being more physically active compared to
children born preterm. Furthermore, birth weight (23),
waist circumference (21), socioeconomic status (SES)
(15,18,19,23,24,28,29), parental overweight (15,17,21),
parental waist circumference (21), parental age (15,28),
having siblings (25), parents being married (28) and the
child’s movement skills (30) did not have an association
with total physical activity. Table 3 presents the positive,
negative, non-significant and indeterminate relationships
for correlates of total physical activity in preschoolers.

Other factors that were significantly associated with
higher MVPA levels were male gender (18,22,23,31,32),
parental employment (32) and having siblings (32). No
associations were found for the child’s age (18,23,26,29,31–
33), birth weight (23), ethnicity (22,31) and SES (18,23,
29,31,32). The results for MVPA are presented in Table 4.

Behavioural variables
Four behavioural variables were investigated across seven
studies with participation in organized sports (20,23) being
indeterminate in the association with total physical activity.
Television viewing/being sedentary (15,25,27,28,34,35)
was not associated with total physical activity. Enjoying
television viewing (32) was investigated in one study and
was proved to be inversely correlated with MVPA levels. In
addition, child’s not having enough energy to use active
transport (36) was not associated with actual active trans-
port use in children aged 4–6.

Social and cultural variables
Twenty-six social and cultural variables were investigated
across 12 studies. Six variables were positively associated
with total physical activity and therefore being more
physically active, namely familial interaction combined
with family risk (20), parental enjoyment of physical
activity (28), children being the initiator of activities (37)
and group compositions (solitary, one-to-one with peer
and no adult present and group without adult) (37). For
higher family risk for obesity combined with familial
interaction, it was found that when others did not interact
with the child, then children at low risk for overweight
(i.e. neither parent overweight) were more physically
active compared to medium-risk (i.e. one parent over-
weight) or high-risk (i.e. both parents overweight) chil-
dren. Having play rules (e.g. staying close to the house, no
balls in the house) (24) was inversely correlated with total
physical activity. Familial interaction (20), parental
encouragements (20,21,27,28) and discouragements (20),
parental physical activity (15,21,24,26,28,35), parents
being physically active with their child (21) and family
recreation (24) showed no association with total physical
activity and indeterminate results were found for the
child’s competence (23,27) and parental physical activity
(15,21,24,26,28,35).

The same results for higher MVPA levels were found for
children being the initiator of activities (37) and group
compositions (solitary, one-to-one with peer and no adult
present and group without adult) (37). Also using the com-
puter together as a family (32), owning a dog (32), the
child’s perception of mothers’ liking of computer use (21)
and children having competence in physical activity (23)
were positively correlated with higher MVPA levels. The
father’s computer or e-game use (32), the parental concern
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Table 3 Correlates of physical activity in 4- to 6-year-old children and direction and strength of association

Correlate variables Related to physical activity Unrelated to physical activity Summary code¶

Positive

ass.

Negative

ass.

No association n/N for

row (%)††

Association

(+/-)**

Demographic and biological variables
Gender (male) 17, 18, 19 24 15, 16, 20, 21, 22, 23, 25, 26, 27, 28 3/14 (21%) 00
Family risk 20 1/1 (100%) –
Preterm birth 17 1/1 (100%) –
Birth weight 23, 23* 0/2 (0%) 0
Age 18, 21 22, 26 15, 16, 19, 23, 23*, 23†, 25, 28, 29* 2/13 (15%) 00
Ethnicity (white, non-migrant) 22 24 1/2 (50%) ?
Waist circumference 21 0/1 (0%) 0
SES 15, 18, 19, 23, 23*, 23†, 24, 28, 29* 0/9 (0%) 00
Parental overweight/obesity/BMI 17 15, 21 1/3 (33%) 0
Parental waist circumference 21 0/1 (0%) 0
Parental age 15, 28 0/2 (0%) 0
Siblings 25 0/1 (0%) 0
Marital status (married) 28 0/1 (0%) 0
Movement skills 30 0/1 (0%) 0

Behavioural variables
Participation in organized sports 25 24 1/2 (50%) ?
Television viewing/sedentary 15 25, 28 27, 35, 36 2/6 (33%) 0

Social and cultural variables
Familial interaction 20 0/1 (0%) 0
Familial interaction + family risk 20 1/1 (100%) +
Play rules 24‡, 24§ 2/2 (100%) –
Parental encouragements 20, 21, 27, 28 0/4 (0%) 00
Parental discouragements 20 0/1 (0%) 0
Parental PA 21, 26, 36 15, 24, 28 3/6 (50%) ?
Parental PA with child 21 0/1 (0%) 0
Family relationship index 24 0/1 (0%) 0
Family recreation 24 0/1 (0%) 0
Parental activity control 24 0/1 (0%) 0
Parental enjoyment of PA 28 1/1 (100%) +
Initiator of activities: children 37 1/1 (100%) +
Group compositions: solitary 37 1/1 (100%) +
Group compositions: one-to-one with peer and no adult present 37 1/1 (100%) +
Group compositions: group without adult 37 1/1 (100%) +
Competence 23, 23† 23*, 27 2/4 (50%) ?
Parental modelling 27 0/1 (0%) 0

Physical environmental variables
Environment 20 0/1 (0%) 0
Time outdoors/in play spaces 24 21 1/2 (50%) ?
Convenient play spaces 24 1/1 (100%) +
Frequency in play spaces 24 1/1 (100%) +
Preschool attended (rural/urban) 18 1/1 (100%) +
Availability of toys 24 0/1 (0%) 0
Active means of transport to school 25 1/1 (100%) +
Play equipment at home 25‡ 0/1 (0%) 0
Outdoor: balls and objects 35, 37 2/2 (100%) +
Outdoor: open space 37 1/1 (100%) +
Outdoor: fixed equipment 37 0/1 (0%) 0
Outdoor: wheel toys 37 1/1 (100%) +
Equipment 23, 23*, 23†, 27 0/4 (0%) 00
Frequency of park visitation 27 0/1 (0%) 0
Day of the week (weekdays) 16 1/1 (100%) +
Season 26 0/1 (0%) 0
Backyard size 36 1/1 (100%) +

*Only boys.
†Only girls.
‡Outdoor.
§Indoor.
¶Summary code is an overall summary of the individual findings.

**Shows the direction of the individual/summary association.
††n = number of studies that report support for the direction of the association; N = number of studies that have investigated and reported on possible associations between

the variable and physical activity.

Ass., association; BMI, body mass index; PA, physical activity; SES, socioeconomic status.
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Table 4 Correlates of MVPA in 4- to 6-year-old children and direction and strength of association

Correlate variables Related to MVPA Unrelated to MVPA Summary code**

Positive ass. Negative
ass.

No association n/N for
row (%)‡‡

Association
(+/-)††

Demographic and biological variables
Child’s sex (male) 18, 23, 31, 31¶, 32 22 5/6 (83%) ++
Child’s age 18, 23, 23† 26, 32, 33 23, 29*, 29†, 31, 31¶ 3/11 (27%) 00
Birth weight 23 0/1 (0%) 0
Ethnicity (white, non-migrant) 22 31, 31¶ 1/3 (33%) 0
SES 32* 31, 31¶ 18, 23, 23*, 23†, 29*, 29† 2/9 (22%) 00
Parental employment 32* 1/1 (100%) +
Having siblings 32† 1/1 (100%) +
Movement/motor skills 30, 47 2/2(100%) +

Behavioural variables
Enjoy television viewing 32† 1/1 (100%) –

Social and cultural variables
Initiator of activities: children 37 1/1 (100%) +
Group compositions: solitary 37 1/1 (100%) +
Group compositions: one-to-one with peer and no

adult present
37 1/1 (100%) +

Group compositions: group without adult 37 1/1 (100%) +
Competence 23, 23† 2/2 (100%) +
Family computer use together 32† 1/1 (100%) +
Dog ownership 32† 1/1 (100%) +
Child’s perception of mother’s liking of computer use 32* 1/1 (100%) +
Father’s computer/e-game use 32† 1/1 (100%) –
Rules prohibiting television viewing 32† 32* 1/2 (50%) ?
Parental concern child not active 32 1/1 (100%) –
Child’s perception of mother’s computer use 32* 1/1 (100%) –

Physical environmental variables
Preschool attended 18 38 1/2 (50%) ?
Outdoor: balls and objects 37 1/1 (100%) +
Outdoor: open space 37 1/1 (100%) +
Outdoor: fixed equipment 37 1/1 (100%) +
Outdoor: wheel toys 37 0/1 (0%) 0
Miles to park 23 1/1 (100%) –
Equipment 23, 23 0/2 (0%) 0
Presence of public open spaces/playgrounds 32*,‡ 1/1 (100%) +
Lighting along public open space paths 32*,‡ 1/1 (100%) –
Less than 800 m to school 32†,‡,§ 1/1 (100%) –
Number of recreational facilities in public open spaces 32* 1/1 (100%) +
Have pay television 32* 1/1 (100%) +
Have e-games 32* 1/1 (100%) –
Number of field trips 38 1/1 (100%) +
Class size 38 1/1 (100%) –
Time outdoors at preschool 38 1/1 (100%) –
Teacher education 38 1/1 (100%) +
Preschool quality 38 0/1 (0%) 0
Television/computer use at preschool 38 0/1 (0%) 0
Support from community organizations 38 0/1 (0%) 0

*Only boys.
†Only girls.
‡Weekend.
§After school.
¶VPA.
**Summary code is an overall summary of the individual findings.
††Shows the direction of the individual/summary association.
‡‡n = number of studies that report support for the direction of the association; N = number of studies that have investigated and reported on possible
associations between the variable and MVPA.
Ass., association; MVPA, moderate to vigorous physical activity; PA, physical activity; SES, socioeconomic status; VPA, vigorous physical activity.
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that the child is not active (32) and the child’s perception of
the mother’s computer use (32) were inversely correlated
with MVPA.

Two variables were associated with active transporta-
tion in preschool children. When few children live nearby
the home (32,36), children were more likely to use less-
active transportation. Furthermore, when parents know a
lot of people in the neighbourhood (32), children were
more likely to use active transportation. The results for
the correlates of active transportation are presented in
Table 5.

Physical environmental variables
Forty-seven physical environmental variables were investi-
gated across 15 studies. Nine variables, namely convenient
play spaces (24), higher frequency of spending time in play
spaces (24), the rural preschool that the child attended (18),
walking or cycling to school (25), outdoor variables (open
space, fixed equipment and wheel toys) (37), weekdays (16)
and a big backyard (35) were correlated with higher levels
of physical activity.

Several physical environmental variables were associated
with higher levels of MVPA, namely outdoor variables

Table 5 Correlates of active transport and PA during recess in 4- to 6-year-old children and direction and strength of association

Correlate variables Related to active transport Unrelated to
active transport

Summary code‡

Positive ass. Negative ass. No association n/N for row (%)¶ Association
(+/-)§

Behavioural variables
Child has no energy to use active transport 36 0/1 (0%) 0

Social and cultural variables
Few children live nearby 32, 36 2/2 (100%) –
Parents know many people in the neighbourhood 32 1/1 (100%) +

Physical environmental variables
Own more than one car 32†, 36† 37, 40* 2/4 (50%) ?
Heavy traffic 32*, 39* 37, 40† 2/4 (50%) ?
Less than 800 m to school 32, 36 2/2 (100%) +
Steep road on route to school 32, 36 2/2 (100%) –
Busy road barrier on route to school 32, 36 2/2 (100%) –
No lights/crossings 32, 36 2/2 (100%) –
Public transport is limited 32†, 39† 39* 2/3 (66%) –

Correlate variables Related to PA during recess Unrelated to PA
during recess

Summary code‡

Positive ass. Negative ass. No association n/N for row (%)¶ Association
(+/-)§

Physical environmental variables
Availability of toys 40*, 40† 0/1 (0%) 0
Children/m2 40*, 40† 1/1 (100%) –
Supervising teachers 40† 40* 1/2 (50%) ?
Aiming equipment 40*, 40† 0/1 (0%) 0
Playing equipment 40*, 40† 0/1 (0%) 0
Recess duration 40*, 40† 1/1 (100%) –
Ground surface 40*, 40† 0/1 (0%) 0
Markings 40*, 40† 0/1 (0%) 0
Vegetation 40*, 40† 0/1 (0%) 0
Height differences 40*, 40† 0/1 (0%) 0

*Only boys.
†Only girls.
‡Summary code is an overall summary of the individual findings.
§Shows the direction of the individual/summary association.
¶n = number of studies that report support for the direction of the association; N = number of studies that have investigated and reported on possible
associations between the variable and active transport and PA during recess.
Ass., association; PA; physical activity.
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(balls and objects, open space and fixed equipment) (37),
presence of public open spaces or playgrounds (32), more
recreational facilities in public open spaces (32) having pay
television (32), more field trips (38) and a higher education
of the teacher (38). When children lived far away from
parks (23), when there was no lighting along public open
spaces (32), when children lived further than 800 m from
school (32), when they had electronic games (32), when
they had a bigger class size (36) and when they spent more
time outdoors at preschool (38) they were more likely to
have lower levels of MVPA. For wheel toys (37), quality of
the preschool (38) and television/computer use at preschool
(38), no association with MVPA was found.

For active transportation, five correlates were found.
Children living less than 800 m from school (32,36) were
more likely to walk or cycle to school. Children having
a steep road on their route to school (32,36), a busy
road barrier on their route to school (32,36), no lights
or crossings to use (32,39) and when public transport
was limited (32,39), they did not use active transportation
to go to a destination. No association was found for
owning more than one car (32,36,39) and heavy traffic
(32,36,39).

Several variables of physical activity during recess were
investigated. More children per square meter (40) and a
longer recess duration (40) were associated with lower
levels of physical activity during recess. No association was
found for the availability of toys (40), aiming equipment
(40), playing equipment (40), the ground surface (40), the
playground markings (40), the vegetation (40) and the
height differences (40).

Correlates of sedentary behaviour

Demographic and biological variables
Twelve demographic and biological variables of screen
viewing in preschool children were investigated across 13
studies (Table 6). The most frequently studied correlate
was gender (26,33,40–44), appearing to have no associa-
tion with screen-viewing activities. An indeterminate result
was found for the child’s age (33,41,43,45,46) and SES
(19,33,34,41,43–46). Children having parents with a
higher weight (29,34,42) and having a bigger family (45)
were associated with higher levels of screen viewing. No
association was found for ethnicity (33), parents’ marital
status (42), number of adults in the household (33) and
child’s motor skills (47) and for parental employment
status (34,44) and having siblings (44,48), an indetermi-
nate result was found.

Behavioural variables
Ten behavioural variables were investigated across six
studies. Children having a higher energy intake (46,49),
having more high energy drinks (50) and having more

savoury snacks (50) engaged more in screen-viewing activi-
ties. Children eating fruits (50) were more likely to do less
screen-viewing activities. Physical activity (44,46,50), take-
away food per day (50) and vegetables (50) were not asso-
ciated with screen viewing, and for eating breakfast or
dinner in front of the television (43), an indeterminate
result was found.

Social and cultural variables
Twelve social and cultural variables were investigated
across six studies. Higher parental television viewing time
(44,45) was associated with more children’s engagement in
screen-viewing activities. Indeterminate results were found
for rules regarding television time (35,45), parental depres-
sive symptoms (41,42), parental limits (33) and the child
spending time with the television (33).

Physical environmental variables
Seven physical environmental variables were investigated
across eight studies. Having a television in the bedroom
(43,51) appeared to be associated with more screen-
viewing activities. Furthermore, having a cable subscription
(45) and the day of the week (weekdays) (19) were also
significantly associated with more television viewing. Chil-
dren living in an urban region (9) engaged less in screen-
viewing activities. No association with screen-viewing
activities was found for neighbourhood safety (33,41), the
number of televisions in the household (35) and the char-
acteristics of the backyard (35).

Correlates of eating behaviour

Demographic and biological variables
Seven demographic and biological variables were investi-
gated across five studies (Table 7). Gender (52), age (52)
and parental education (52) were not associated with the
intake of sweet beverages. For fruit and vegetable intake,
no associations were found with gender (52), age (52),
ethnicity (53) and parental education (52,53). A higher
parental income (34) was associated with a smaller snack
consumption. The amount of physical activity of the child
(34) was not correlated with snack intake. Furthermore,
black, non-Hispanic and Hispanic children (53) had a
smaller milk intake. Again, gender (52), age (52) and
parental education (52,53) were not associated with milk
intake. Additionally, younger children (54), Hispanic chil-
dren (54), parents having a higher income (54) and parents
having a higher education (54) were associated with a
lower intake of added sugar. Male gender (55), higher age
(55), higher parental employment (55) and higher parental
education (55) were associated with higher HEI compo-
nents: grains, vegetables, fruits, milk, meat, total fat, satu-
rated fat, cholesterol, sodium and variety.
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Table 6 Correlates of sedentary behaviours in 4- to 6-year-old children and direction and strength of association

Correlate variables Related to screen viewing Unrelated to screen viewing Summary code†††

Positive ass. Negative ass. No association n/N for

row (%)§§§

Association

(+/-)‡‡‡

Demographic and biological variables
Gender (male) 32††, 44§§ 42*,§§, 42†,§§, 42‡,§§ 26, 33§§,¶¶, 41††,‡‡,***, 42*,††, 42†,††,

42‡,††, 43††, 45††, 46††

2/14 (14%) 00

Age 33§§,¶¶, 42*,††,§§, 42†,§§,

42‡,††,§§, 44††,‡‡,§§,***

33††, 42†,††, 46††, 47 5/9 (55%) ?

Ethnicity (white, non-migrant) 33††,§§,¶¶ 0/1 (0%) 0
SES 35§,†† 35¶,††, 42*,††, 42†,††,

44††,‡‡,§§,***, 46††, 47

19, 33††,§§,¶¶, 42*,§§, 42†,§§, 42‡,††, 45†† 6/13 (46%) ?

Parents’ marital status (not married) 43†† 0/1 (0%) 0
Parental employment status (full-time) 35**,†† 45†† 1/2 (50%) ?
Parental weight status/overweight/BMI 35††, 43††, 47 3/3 (100%) +
Family conflict 33††,§§,¶¶, 42*,††,§§, 42†,††,§§, 42‡,††,§§ 0/4 (0%) 00
Number of adults 33††,§§,¶¶ 0/1 (0%) 0
Family size 46†† 1/1 (100%) +
Presence of siblings 48†† 45†† 1/2 (50%) ?
Motor skills 34 0/1 (0%) 0

Behavioural variables
Physical activity 45††, 47, 50†† 0/3 (0%) 0
Energy intake 47, 49†† 2/2 (100%) +
Takeaway food/d 50†† 0/1 (0%) 0
High energy drinks 50†† 1/1 (100%) +
Sweet snacks 50†† 0/1 (0%) 0
Savoury snacks 21†† 1/1 (100%) +
Fruit 50†† 1/1 (100%) –
Vegetables 50†† 0/1 (0%) 0
Eat breakfast or dinner in front of the television 44††,‡‡,*** 44§§ 1/2 (50%) ?
Child attends swim lessons 36 1/1 (100%) –

Social and cultural variables
Television time rules 36 46†† 1/2 (5%) ?
Parents limit television advertising 36 0/1 (0%) 0
Parental encouragement for television 46†† 0/1 (0%) 0
Maternal smoking 43†† 0/1 (0%) 0
Parental television viewing time 45††, 46†† 2/2 (100%) +
Parental time with child 33††,§§,¶¶, 45†† 0/2 (0%) 0
Parental depressive symptoms 42*,††, 43†† 42*,§§, 42†,††,§§ 2/4 (50%) ?
Parental self-esteem 42†,†† 42*,††,§§, 42†,§§ 1/3 (33%) 0
Parental limits 33†† 33§§,¶¶ 1/2 (50%) ?
Time with television 33¶¶ 33§§ 1/2 (50%) ?
Time with video games 33††,¶¶ 0/1 (0%) 0
Time with a computer 33††,§§ 0/1 (0%) 0

Physical environmental variables
Television in bedroom 44††,‡‡,§§,***, 51§§ 51†† 2/3 (66%) +
Neighbourhood safety 33†† 42*,††,§§, 42†,††,§§, 33§§,¶¶ 1/4 (25%) 0
Region of residence (urban) 45†† 1/1 (100%) –
Cable subscription 46†† 1/1 (100%) +
Day of the week (weekdays) 16 1/1 (100%) +
Number of televisions in the household 36 0/1 (0%) 0
Characteristics of the backyard 36 0/1 (0%) 0

*European Americans.
†African Americans.
‡Hispanic Americans.
§Middle income.
¶High income.

**Part-time.
††Television viewing.
‡‡DVD/videos.
§§Electronic games.
¶¶Computer use.

***Total media time.
†††Summary code is an overall summary of the individual findings.
‡‡‡Shows the direction of the individual/summary association.
§§§n = number of studies that report support for the direction of the association; N = number of studies that have investigated and reported on possible associations between

the variable and sedentary behaviour.

Ass., association; BMI, body mass index; SES, socioeconomic status.
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Table 7 Correlates of sweet beverages, fruit and vegetable intake, snacks, milk intake, added sugar intake, energy intake and Healthy Eating Index
in 4- to 6-year-old children and direction and strength of association

Correlate variables Related to sweet
beverages

Unrelated to sweet
beverages

Summary code***

Positive
ass.

Negative
ass.

No association n/N for row
(%)‡‡‡

Association
(+/-)†††

Demographic and biological variables
Gender (male) 52‡, 52§ 0/2 (0%) 0
Age 52‡, 52§ 0/2 (0%) 0
Parental education 52‡,§,¶,‡‡ 52‡,§,¶,††, 52‡,§,¶ 1/3 (33%) 0

Behavioural variables
Eating snacks while watching television 56 1/1 (100%) +
Eating while watching television 36, 56 2/2 (100%) +
Television viewing 57 1/1 (100%) +
Perceptions of adequacy of child’s diet 57 0/1 (0%) 0
Parental modelling of eating 57 0/1 (0%) 0
Restriction of eating 36 57 1/2 (50%) ?
Monitoring of eating 57 0/1 (0%) 0
Pressure to eat 57 1/1 (100%) +
Confidence in cooking 57 0/1 (0%) 0
High cost/low preference for fruit and vegetables 57 0/1 (0%) 0
Mealtime interruptions 57 0/1 (0%) 0
Less-frequent family meals 36 1/1 (100%) +
More frequent use of food rewards for good behavior 36 1/1 (100%) +

Physical environmental variables
Food availability 36 57 1/2 (50%) ?

Correlate variables Related to fruit and
vegetable intake

Unrelated to fruit and
vegetable intake

Summary code***

Positive
ass.

Negative
ass.

No association n/N for row
(%)‡‡‡

Association
(+/-)†††

Demographic and biological variables
Gender (male) 52§§ 0/1 (0%) 0
Age 52§§ 0/1 (0%) 0
Ethnicity (white, non-migrant) 53§§,¶¶ 0/1 (0%) 0
Parental education 53§§,¶¶ 52¶,§§, 52**,§§ 1/3 (33%) 0

Behavioural variables
Television on during dinner 53§§,¶¶ 1/1 (100%) –
Television viewing 57¶¶ 1/1 (100%) –
Perceptions of adequacy of child’s diet 57¶¶ 1/1 (100%) –
Parental modelling of eating 57¶¶ 1/1 (100%) +
Restriction of eating 57¶¶ 0/1 (0%) 0
Monitoring of eating 57¶¶ 0/1 (0%) 0
Pressure to eat 36 57¶¶ 1/2 (50%) ?
Confidence in cooking 57¶¶ 1/1 (100%) –
High cost/low preference for fruit and vegetables 57¶¶ 0/1 (0%) 0
Mealtime interruptions 57¶¶ 0/1 (0%) 0
Larger overall size of mealtime serve 36 1/1 (100%) +
Less acceptance of wasted foods 36 1/1 (100%) +
Less use of food rewards and incentives 36 1/1 (100%) +
Not allowing child to eat in front of television 36 1/1 (100%) +
More frequent restriction of extra foods 36 1/1 (100%) +

Physical environmental variables
Food availability 57¶¶ 0/1 (0%) 0
Family dinner 53§§,¶¶ 1/1 (100%) +
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Table 7 Continued

Correlate variables Related to snacks Unrelated to snacks Summary code***

Positive
ass.

Negative
ass.

No association n/N for row
(%)‡‡‡

Association
(+/-)†††

Demographic and biological variables
Parental income 35 1/1 (100%) –
Amount of physical activity 35 0/1 (0%) 0

Behavioural variables
Television viewing 35, 57† 57* 2/3 (66%) +
Perceptions of adequacy of child’s diet 57*, 57† 2/2 (100%) +
Parental modelling of eating 57*, 57† 0/2 (0%) 0
Restriction of eating 57*, 57† 0/2 (0%) 0
Monitoring of eating 57*, 57† 0/2 (0%) 0
Pressure to eat 57*, 57† 2/2 (100%) +
Confidence in cooking 57*, 57† 0/2 (0%) 0
High cost/low preference for fruit and vegetables 57* 57† 1/2 (50%) ?
Mealtime interruptions 57*, 57† 0/2 (0%) 0

Physical environmental variables
Food availability 57*, 57† 0/2 (0%) 0

Correlate variables Related to milk
intake

Unrelated to milk
intake

Summary code***

Positive
ass.

Negative
ass.

No association n/N for row
(%)‡‡‡

Association
(+/-)†††

Demographic and biological variables
Gender (male) 52 0/1 (0%) 0
Age 52 0/1 (0%) 0
Ethnicity 53 1/1 (100%) –
Parental education 52¶ 52**, 53 1/3 (33%) 0

Behavioural variables
Television on during dinner 53 0/1 (0%) 0

Physical environmental variables
Family dinner 53 0/1 (0%) 0

Correlate variables Related to added
sugar intake

Unrelated to added
sugar intake

Summary code***

Positive
ass.

Negative
ass.

No association n/N for row
(%)‡‡‡

Association
(+/-)†††

Demographic and biological variables
Age 54 1/1 (100%) +
Ethnicity 54 1/1 (100%) +
Parental income 54 1/1 (100%) –
Parental education 54 1/1 (100%) –

Social and cultural variables
Attends school/child care 54 1/1 (100%) –

Physical environmental variables
Region (US: Northeast, West, South) 54 1/1 (100%) –
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Behavioural variables
Nineteen behavioural variables concerning eating behaviour
in preschool children were investigated across six studies.
Children eating snacks while watching television (56),
eating while watching television (35,56), watching televi-
sion (57), experiencing pressure to eat (57), having less-
frequent family meals (35) and receiving more food rewards
for good behaviour (35) consumed more sweet beverages.
Children having the television on during dinner (53) and

watching television (57) consumed less fruit and vegetables.
Children with parents having a good perception of adequacy
of the child’s diet (57) and having confidence in their
cooking (57) also consumed less fruit and vegetables. For
snack intake, children watching television (34,57) and expe-
riencing pressure to eat (57) engaged in a higher consump-
tion. When parents of children had a good perception of the
adequacy of the child’s diet (57), then again, the children
consumed more snacks.

Table 7 Continued

Correlate variables Related to energy
intake

Unrelated to energy
intake

Summary code***

Positive
ass.

Negative
ass.

No association n/N for row
(%)‡‡‡

Association
(+/-)†††

Behavioural variables
Television viewing 57 1/1 (100%) +
Perceptions of adequacy of child’s diet 57 0/1 (0%) 0
Parental modelling of eating 57 0/1 (0%) 0
Restriction of eating 57 0/1 (0%) 0
Monitoring of eating 57 0/1 (0%) 0
Pressure to eat 57 1/1 (100%) +
Confidence in cooking 57 0/1 (0%) 0
High cost/low preference for fruit and vegetables 57 1/1 (100%) +
Mealtime interruptions 57 1/1 (100%) –

Physical environmental variables
Food availability 57 0/1 (0%) 0

Correlate variables Related to HEI Unrelated to HEI Summary code***

Positive
ass.

Negative
ass.

No association n/N for row
(%)‡‡‡

Association
(+/-)†††

Demographic and biological variables
Gender (male) 55 1/1 (100%) +
Age 55 1/1 (100%) +
Parental employment 55 1/1 (100%) +
Parental education 55 1/1 (100%) +

Physical environmental variables
Place of residence (rural/small towns) 55 1/1 (100%) +

*Savoury snack.
†Sweet snack.
‡Fruit juice.
§Sugared milk drinks.
¶Mother.
**Father.
††Medium.
‡‡High.
§§Fruit.
¶¶Vegetables.
***Summary code is an overall summary of the individual findings.
†††Shows the direction of the individual/summary association.
‡‡‡n = number of studies that report support for the direction of the association; N = number of studies that have investigated and reported on
possible associations between the variable and dietary intake.
Ass., association.
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Social and cultural variables
The only social/cultural variable investigated was school or
child-care attendance (54), with children attending pre-
school or child care having higher sugar intakes.

Physical environmental variables
Four physical environmental variables in preschool chil-
dren were investigated across four studies. The availability
of food (57) was not associated with the intake of sweet
beverages, fruit and vegetable intake and snacking. Having
a family dinner (53) was correlated with fruit and vegetable
intake but not with milk intake. Furthermore, living in a
rural residence (55) was associated with a higher HEI.

Discussion

The purpose of this review was to investigate the correlates
of three EBRBs. First, the correlates of each behaviour will
be discussed separately, followed by an integrated discus-
sion of all three behaviours.

Correlates of physical activity
This review reported little support for correlates of physical
activity in preschool children. There was strong evidence
against differences between boys and girls, and against an
association between total physical activity and age. In con-
trast, in the review by Hinkley et al. (7), male gender was
associated with higher levels of physical activity. Further-
more, in the present review, SES and the presence of sib-
lings were also not associated with total physical activity. A
negative association was found for higher family risk for
obesity (i.e. the number of obese parents in the family) with
child’s physical activity levels. Similar results were found
regarding gestational age with children born at term being
more physically active compared to children born preterm.
An indeterminate result was found for spending time out-
doors or in play spaces. The rural preschool that the child
attended was associated with higher levels of physical activ-
ity. These results are comparable to the results of Hinkley
et al. (7), who reported an inverse association for family
risk and preterm birth, but a strong positive correlation for
parental physical activity and spending time outdoors or in
play spaces.

Differences between this review and the review by
Hinkley et al. (7) could be explained by different inclusion
criteria. Hinkley et al. (7) included four articles between
1980 and 1989 because the literature search included
articles between 1980 and March 2007. In this review, the
literature search started from 1990 until September 2010,
which means that older articles were deleted and recent
new articles were also included in this review. Furthermore,
two articles investigating patients were included in the
review by Hinkley et al. (7), with one article investigating
children with a history of wheezing and one article inves-

tigating coronary heart disease risk factors. In this review,
studies addressing clinical populations were excluded.

Correlates of sedentary behaviour
Regarding the correlates of sedentary behaviour, several
variables were not associated with screen-viewing activi-
ties, e.g. gender, ethnicity, family conflict, parental encour-
agement for watching television and neighbourhood safety.
Indeterminate results were found for age, SES and the
presence of siblings. In the review by Hinkley et al. (9) in
preschool children, also a lot of indeterminate results were
found, e.g. for age, ethnicity and parental education. No
association was found for gender and having a television in
the bedroom, whereas in contrast with this review article, a
positive association with sedentary behaviour was found
for having a television in the bedroom. In the review by
Hoyos Cillero and Jago (10), conducted in children at the
age of 7 or younger, indeterminate results were only found
for the presence of siblings and having a television in the
bedroom. Furthermore, a positive association was found
for age, non-white ethnicity and neighbourhood safety,
and a negative association was found for parental educa-
tion (10).

Correlates of eating behaviour
The dietary habits of preschool children were divided into
different categories, e.g. sweet beverages, milk consump-
tion and snacking. Most variables of eating behaviour in
preschoolers were investigated in only one or two studies,
which makes it difficult to draw final conclusions on cor-
relates of eating behaviour in this age category.

In this review, television viewing was positively associ-
ated with the intake of sweet beverages, snacks and
inversely associated with fruit and vegetables. Furthermore,
parental modelling was associated with fruit and vegetables
intake. No association with fruit and vegetables was found
for restriction of eating, and an indeterminate result was
found for pressuring the child to eat. Also, the food avail-
ability was not associated with fruit and vegetable intake
and snacking but had an indeterminate result for sweet
beverages.

Correlates of EBRBs
Overviewing the results of this review article, it is clear that
gender appears to have no association with physical activ-
ity, screen-viewing activities and the consumption of sweet
beverages, milk and fruit and vegetables. Consequently,
in both genders, interventions in the scope of overweight
prevention targeting all three behaviours are of equal
importance. Furthermore, in this age group, no association
was found of age with these behaviours, except for screen-
viewing activities, which showed an indeterminate result.
Interventions should try to target all preschool-aged chil-
dren to decrease screen-viewing activities.
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SES appeared to have no association with EBRBs except
for screen-viewing activities, which had an indeterminate
result. Ethnicity did not have an association with screen
viewing and fruit and vegetable intake, and the result for
total physical activity was indeterminate. Consequently, an
intervention focusing on the three EBRBs is of importance
for children of low as well as high SES of all ethnic groups.

Looking at the environmental variables, it is clear that
the day of the week is a significant correlate of physical
activity as well as sedentary behaviour, which means that
children are more physically active and more sedentary
on weekdays compared to weekends. Interventions should
target both weekdays and weekends. For weekends, the
focus should be on increasing physical activity and for
weekdays on decreasing sedentary behaviours.

For the behavioural variables, when children watched
television, they were more likely to consume more sweet
beverages and snacks and less fruit and vegetables. Conse-
quently, decreasing television viewing could produce a
decrease in the consumption of sweet beverages and snacks.
Furthermore, eating in front of the television was associ-
ated with a decrease in fruit and vegetable consumption
and an increase in sweet beverage consumption. An inde-
terminate result was found for screen viewing (watching
television, computer use and total media time). Again, not
eating in front of the television could produce a decrease in
sweet beverage intake.

A lot of correlates have been studied in only one or two
of these behaviours, making it difficult to draw conclusions
on the correlates of the three behaviours together. The
correlates have mainly been studied for physical activity
and for sedentary behaviour, while little research has been
done on the correlates of eating behaviour in preschoolers.
Moreover, a wide range of different correlates for each
behaviour were studied, making it difficult to compare.

Because of the limited number of studies investigating
the correlates of these three behaviours in 4- to 6-year-old
children, it is difficult to draw final conclusions on the best
correlates to target in the development of an intervention.
Future research should focus on identifying the common
correlates of physical activity, sedentary behaviour and
eating behaviour in preschool-aged children so that better
tailored interventions could be developed. Furthermore,
more longitudinal studies could contribute in drawing
stronger conclusions on determinants of these EBRBs.

Limitations and strengths
There were some limitations regarding this study. The
method used for coding of the association of the variables
in this review was based on the model by Hinkley et al.
(7,9). This model itself was based on the model by Sallis
et al. (12) but had some slight differences. In the model by
Sallis et al. (12), variables were not shown in the summary
table, unless three or more comparisons were available. In

the method used by Hinkley et al. (7,9), even if only one
comparison was available, this was noted in the summary
table and this could be a significant correlate of a certain
behaviour. Also, in this review, due to the small number of
studies, variables with only one comparison were men-
tioned in the different tables. Consequently, if a variable
had a positive association with a certain behaviour in
one single variable, the variable was indicated as a positive
correlate of the behaviour. Therefore, a distinction was
made between correlates having four or more times a posi-
tive or negative association with the behaviour and corre-
lates having less than four times an association with the
behaviour. When four or more studies supported the asso-
ciation, this was coded as a strong correlate.

In some studies, the results of boys and girls were men-
tioned separately (e.g. (32), (43)). In that case, these results
were also mentioned separately in this review, and these
results counted as a separate association. For example,
when being a girl of low SES in one particular study was
associated with MVPA, this was mentioned as a correlate.
When being a boy of low SES in the same study did not
have an association with MVPA, this was mentioned as no
association.

Finally, new categories for each behaviour were made.
The associations of the variables of different sub-
behaviours are presented under the same behaviour. This
means that, e.g. for screen-viewing activities, different
studies were mentioned more than once because a different
sub-behaviour was investigated. For example, when one
variable was associated with total media time and the same
variable was not associated with television viewing, then
both associations were mentioned under screen-viewing
activities as two separate associations.

The strength of this review is the combination of corre-
lates of physical activity, sedentary behaviour and eating
behaviour into one review. To our knowledge, a review
combining correlates of EBRBs into one article has never
been published, although the combination is important for
the development of interventions, targeting on these three
EBRBs simultaneously (11).

Second, several reviews have summarized the research on
correlates of physical activity, sedentary behaviour or
eating behaviour separately in a wider age range. A review
with correlates of EBRBs specifically in preschool-aged
children has not yet been published.

Conclusion

Strategies aiming to influence EBRBs in 4–6 year olds
should target both boys and girls, all ethnic groups, and
parents of both low and high SES. Especially on weekdays,
there should be a focus on maintaining the level of physical
activity and decreasing the level of sedentary behaviour. On
weekends, the focus should be on increasing the level of
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physical activity. Also, targeting television viewing and the
consumption of food (fruit and vegetables, snacks) and
sweet beverages could be an aim of the intervention
because when television viewing could be restricted, there
will possibly be a decrease in the consumption of snacks
and sweet beverages. Future studies should investigate
similar correlates of all three behaviours to develop more
efficient interventions, which could target these three
EBRBs simultaneously. Additionally, future research should
also be on interventions to predict whether interventions
targeting these correlates will have an impact.
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Abstract

Background: Qualitative research is a method in which new ideas and strategies can be discovered. This
qualitative study aimed to investigate parents’ and teachers’ opinions on physical activity and beverage consumption
of preschool children. Through separate, independent focus groups, they expressed their perceptions on children’s
current physical activity and beverage consumption levels, factors that influence and enhance these behaviours, and
anticipated barriers to making changes.

Methods: Multi-cultural and multi-geographical focus groups were carried out in six European countries (Belgium,
Bulgaria, Germany, Greece, Poland and Spain). In total, twenty-four focus groups with 122 parents and eighteen
focus groups with 87 teachers were conducted between October 2010 and January 2011. Based on a semi-
structured interview guide, questions on preschoolers’ physical activity (opinions on preschoolers’ physical factivity,
how to increase physical activity, facilitators and barriers of physical activity) and beverage consumption (rules and
policies, factors influencing promotion of healthy drinking, recommendations for future intervention development)
were asked. The information was analyzed using qualitative data analysis software (NVivo8).

Results: The focus group results indicated misperceptions of caregivers on preschoolers’ physical activity and
beverage consumption levels. Caregivers perceived preschoolers as sufficiently active; they argue that children need
to learn to sit still in preparation for primary school. At most preschools, children can drink only water. In some
preschools sugar-sweetened beverages like chocolate milk or fruit juices, are also allowed. It was mentioned that
sugar-sweetened beverages can be healthy due to mineral and vitamin content, although according to parents
their daily intake is limited. These opinions resulted in low perceived needs to change behaviours.

Conclusions: Although previous research shows need of change in obesity-related behaviours, the participants in
the current study didn’t perceive such. The awareness of parents and teachers needs to be raised concerning their
shared responsibility about healthy behaviours in preschoolers. Providing preschool teachers with ready-to-use
classroom material will encourage them to change physical activity and beverage consumption, and to implement
related activities in the classroom. Involvement in activities that their children perform at preschool will motivate
parents to extend these behaviours to the home environment.
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Background
In developed countries, the prevalence of overweight and
obesity among children between the age of zero and five
years increased from 7.9% in 1990 to 11.7% in 2010 with
an expected prevalence of 14.1% in 2020 [1]. This increase
in obesity prevalence is driven by changes in lifestyle
(behaviour) rather than changes in biologic or genetic fac-
tors [2]. The cumulative effect of eating behaviour, seden-
tary behaviour and physical activity (PA), referred to as
energy balance-related behaviours (EBRBs), determines
whether a positive energy balance or weight gain is experi-
enced [3]. Consequently, to prevent this unnecessary
weight gain, interventions should target EBRBs [4]. In the
scope of obesity prevention, focusing on one single EBRB
as a universal causal factor in obesity, is not ideal [3] as
focusing on these EBRBs simultaneously could be more ef-
fective in the prevention of overweight in preschoolers [5].
Some reviews on physical activity and diet behaviours,

such as in preschoolers, have already been published.
Recent reviews and studies concluded that activity
patterns of preschoolers are characterized by low levels
of total PA [6-9]. For example, in a study by Hinkley
et al., virtually no preschool children (<1% of pre-
schoolers) met the recent Australian PA guidelines of
180 minutes of PA per day [9]. Several studies in differ-
ent countries showed low intakes of non-sugared bever-
ages, fruit, vegetables, water and milk and high intakes
of unhealthy snacks, sugared drinks, juices, total and
saturated fat and added sugar [10-15]. A growing number
of studies on behaviours and determinants of PA and
beverage consumption in preschool children have already
been published [10-13,16-18]. On the other hand, studies
on the perspectives of the caregivers (i.e. parents and
teachers) on how to change these behaviours (i.e. more
PA and water consumption) in the scope of overweight
and obesity prevention are currently lacking.
Qualitative research – and in particular the execution

of focus groups – is a research method in which new in-
formation and ideas can be discovered, which would not
be possible with questionnaires. Conducting focus
groups is a good step in collecting ideas and strategies
for future interventions. For PA and beverage consump-
tion, focus groups with parents, teachers or caregivers
have already been conducted to obtain extra information
on these specific behaviours, performed by the pre-
schoolers at home or at preschool. These focus groups
investigated barriers (e.g. trouble finding enough time to
help the children, space, equipment, safety, inclement
weather), and facilitators (e.g. parent role modelling,
parent support, a child’s preference for being active,
organised activities) of children’s PA and parental feed-
ing styles, preschool nutrition policies and practices, and
barriers and facilitators of healthy eating for pre-
schoolers’ nutrition [19-32]. However, no focus group

discussions have ever assessed recommendations of
these caregivers (parents and teachers) for future inter-
vention development, and what they perceive as feasible
strategies.
Involving the parents is important, because the home

environment can be considered as the most important
place where children develop these behaviours [22,33].
Nonetheless, preschool-aged children also spend a con-
siderable amount of time at preschool educational pro-
grams and many children attend preschool: about 99%
of all preschool-aged children attend preschool in
Belgium, about 98% in Spain, about 95% in Germany,
about 70% in Bulgaria, and about 45% in Greece and
Poland [34,35]. Consequently, such setting could as well
play an important role in the promotion of healthy
EBRBs in preschool children.
To our best of our knowledge, only one other study

previously investigated parental perceptions on sugges-
tions for PA programming in preschoolers [36]. No
other studies have been carried out, focusing on parents’
and teachers’ recommendations for future intervention
development and feasible strategies to increase PA and
change beverage consumption in preschoolers. Therefore,
the aim of this study is to qualitatively assess parents’
and teachers’ perceptions of children’s PA and beverage
consumption behaviours, factors that influence these
behaviours, strategies to enhance these behaviours, and
anticipated barriers to change. More insight into parent
and teacher perceptions can help to develop a more
effective intervention in preschoolers that aims at in-
creasing preschoolers’ PA and modifying beverage con-
sumption. This method follows the community-based
participatory research methodology, in which interven-
tions are developed by a bottom-up approach [37].
Furthermore, this paper investigates these opinions on

a European level, by executing focus groups in six differ-
ent European countries. The execution of these multi-
country focus groups on a cross-European level adds
multi-cultural and multi-geographic value to the results
found in the focus group discussions. Based on the out-
comes of this study, a European preschool-based inter-
vention – named ToyBox – has been developed.

Methods
Study background
This qualitative study was carried out as part of the
European ToyBox-study, and was implemented in the
preschool setting. The ToyBox-study is a multifactorial
evidence-based approach to prevent overweight and
obesity in preschool children between the age of four
and six years old [38]. The project targets: (1) increasing
PA, (2) decreasing sedentary behaviour, (3) increasing
the water intake and (4) decreasing the intake of sugar-
sweetened beverages. Within the scope of this study,
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focus groups with parents and teachers of four- to six-
year-old preschoolers were conducted. In this paper, find-
ings on PA and beverage consumption will be reported. For
this paper, we will use the term “preschool” to refer to the
range of preschool educational programs (e.g. preschool,
childcare, or kindergarten) which are available, in one form
or another, in all six European countries [39]. This study
was included in the approval of the ToyBox-study by Eth-
ical Committees in all six European countries, in line with
national regulations (i.e. the Ethical Committee of Ghent
University Hospital (Belgium), CEICA (Comité Ético de
Investigación Clínica de Aragón (Spain)), Ethikkommission
der Ludwig- Maximilians-Universität München (Germany),
Komisja Bioetyczna (Poland), Committee for the Ethics of
the Scientific Studies (KENI) at the Medical University of
Varna (Bulgaria), and the Ethical Committee of Harokopio
University of Athens (Greece)).

Participants
Between October 2010 and January 2011, focus groups
were executed in six different European countries:
Belgium, Bulgaria, Germany, Greece, Poland and Spain.
The focus groups were conducted in municipalities with
the highest prevalence of overweight or obesity of either
child or parent, because the ToyBox intervention will
take place in comparable municipalities. When this was
not feasible, the prevalence of overweight had to be
higher than the national level. In each country, four
focus groups were undertaken with parents and three
with teachers. In order to receive feedback from parents
across the range of socioeconomic status (SES) - who will
both be targeted in the ToyBox intervention - two focus
groups were performed in parents of low SES (secondary
school or less) and two focus groups in parents of
medium or high SES (parents with higher education,
college or university) in each country. An overview of
the number of participants by low SES and medium-
high SES can be found in Table 1. The recruitment of

parents of children attending preschool and teachers
mostly occurred through preschools and through the
researchers’ networks.

Procedure
Logistics
Focus groups took place at preschools or local meeting
rooms that were easily accessible. The focus groups
lasted from one hour up to two hours and took place in
a sufficiently comfortable and neutral room. At the onset,
parents and teachers had to fill out a demographic ques-
tionnaire and a written informed consent – in which they
gave permission to audio-tape the focus groups. In all
countries, refreshments and biscuits or fruit were pro-
vided for the participants. In three countries, incentives
were given because of difficulties with the recruitment
(fruit basket, cinema ticket).

Focus group procedures
All partners followed focus group training led by re-
searchers from Belgium to ensure consistency among the
different countries. To obtain standardization, a structured
protocol - including a semi-structured interview guide -
was developed, reviewed, accepted and used in all partici-
pating countries.
The protocol consisted of guidelines for the sampling and

recruitment of the participants, information about the loca-
tion and setting, the taping of the discussions and guide-
lines for the moderator and co-moderator so they could
optimally lead the sessions. The focus groups were led by a
trained moderator and were assisted by a co-moderator.
The moderator was familiar with the interview guide so
that the topics for discussion could be introduced. Further-
more, the moderator helped the group to participate in a
lively and natural conversation. The co-moderator handled
the logistics by for example taking notes, monitoring the re-
cording equipment, or arranging the tables/chairs in the
room. After each focus group session, both moderator and
co-moderator debriefed, focusing on the most important
topics raised, different ideas, differences with previous focus
groups, unexpected findings and main impressions about
the session.
The semi-structured interview guide for PA and beverage

consumption was developed in accordance with established
guidelines [40-42], based on the themes of the ToyBox-
project and on previous focus groups on PA or nutrition
[43,44]. The interview guide was formulated to investi-
gate the parents’ and teachers’ perspectives of influences
on preschool children’s PA and beverage consumption.
The questions provided were broad and open-ended.
More detailed optional questions were asked when the
discussion did not start up or continue spontaneously.

Table 1 Overview of the number of participants by low
SES parents and medium-high SES parents in six
European countries (Belgium, Bulgaria, Germany, Greece,
Poland, and Spain)

Country Number of low
SES parents

Number of medium-high
SES parents

Belgium 6 10

Bulgaria 6 16

Germany 7 11

Greece 8 13

Poland 8 10

Spain 11 16

Total 46 76
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Data analysis
A verbatim written transcription of the focus groups in
the local language was made in all countries, based on
the information of the audiotapes. After each country
obtained full transcripts of the focus group discussions,
a qualitative content analysis of the transcriptions was
independently conducted by local researchers in each
country, based on the instructions in the standardized
protocol (either with or without data analysis software) to
standardize the analysis of the focus groups. The original
information and main findings of the focus groups were
identified and written down in English in a standardized
template, including quotes and excerpts from the tran-
scripts. In each country, this information was put into a
report and was sent to the researchers responsible.
Two researchers analyzed and summarized the avail-

able information from the six reports (including quotes
and excerpts) from all six countries using the qualitative
data analysis software NVivo8 (QSR International Pty
Ltd., Doncaster Victoria, Australia, Version 8, 2008). A
data framework to code the data was used and was
based on the major topics of the interview guide. After
analysing the data from all six countries, all findings
from all countries were summarized into a covering
report, and included quotes and excerpts from the tran-
scripts. This report was reviewed and validated by all the
focus group organizers [45,46].

Results
In total, 24 focus groups with 122 parents and 18 focus
groups with 87 teachers were conducted between October
2010 and January 2011. The total number of participants
in all countries for parents ranged from 16 to 27 parents.
For teachers, this number ranged from 11 to 20 partici-
pants. More detailed information is described in Table 2.
An overview of the results can be found in Table 3 (PA)
and Table 4 (beverage consumption).

Physical activity
Parental and teacher perceptions of children’s current PA
levels
The majority of parents think that their children are suffi-
ciently active and do not need additional activity. Many
parents reported that their preschool child is a member of
a sports club. For example, preschoolers attend lessons in
gymnastics, swimming, or dancing classes. Some parents
raised concerns that children should not be involved in
too many organized activities, so that they have sufficient
time for resting as well.

“I rather think that I have to slow down my child at
that age.”

“Mine is very active, so we wanted a big part of this
energy to be channeled to a sport.”

“He should not get too much. . . he is only 4.”

The majority of the teachers mentioned that pre-
schoolers are already very active. Although they think
that sufficient PA is healthy and beneficial for the chil-
dren, they also reported that it is important that pre-
school children also learn to sit still in preparation for
primary school.

“It’s difficult for the children to sit still for a certain
period of time.”

Factors influencing children’s PA (facilitators and barriers)
Parents were able to identify multiple factors of the en-
vironment that either facilitated their child’s activity or
created barriers to it, most of which were related to the
physical environment. Almost all parents mentioned that
the weather was the most important factor as it deter-
mines whether or not their child can play outside.

Table 2 Descriptive information of the focus groups with parents and teachers in six European countries

Parents Teachers

Range of
participants
(mean range)

Age range
(mean age)

Total
participants

Range of
participants
(mean range)

Age range
(mean age)

Range of number of children in
the classroom (mean number)

Total
participants

BELGIUM 2-6 (4.0) 30-45 (34.4) 16 2-8 (4.3) 22-55 (34.2) 14-30 (21.1) 13

BULGARIA 4-7 (5.5) 23-44 (35.1) 22 3-5 (4.0) 23-59 (46.5) 22-34 (28.4) 12

GERMANY 3-7 (4.5) 27-50 (36.8) 18 3-7 (4.7) 26-59 (42.9) 24-55 (29.8) 14

GREECE 4-7 (5.3) 35-44 (38.4) 21 5-6 (5.7) 29-52 (43.6) 17-25 (21.1) 17

POLAND 4-6 (4.5) 26-38 (32.0) 18 3-4 (3.7) 28-43 (35.5) 20-27 (22.2) 11

SPAIN 4-10 (6.8) 28-43 (36.3) 27 5-8 (6.7) 28-52 (41.4) 14-18 (16.0) 20

TOTAL 122 87
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Environmental factors that were perceived to encourage
children’s PA included having a playground close to the
house, living in a rural area (children have more space to
play outside), having an allotment, garden or yard and
living close to a forest to go for a walk. Environmental
barriers to children’s PA having a TV left switched on,
and having big streets that need to be crossed to reach the
playground. In addition to these environmental factors,
parental work-load was also perceived as a barrier.

“I do not have that much space in my house. My son
cannot play upstairs in his room; there is only place
for one bed and a closet. The only option I have, is
letting my child play downstairs in a little corner.”

“We all work which means that we do not have enough
free time for the children during the work week.”

Also teachers mentioned several aspects of the phys-
ical environment as influencing factors of children’s PA
at preschool. Having enough available facilities and

having nice weather during spring and summer facili-
tates the children to be more active at preschool. Other
facilitators mentioned were having enough space at pre-
school, having stimulating material at their disposal to
keep the children physically active, and having a gym
room that is available to them. Reported barriers to chil-
dren’s PA were staff shortage and safety of the playground.

“In order to offer moving opportunities, more staff is
necessary. For instance, a climbing landscape requires
more supervisory staff. The children are not allowed to
do it by themselves.”

“We have a space... very big... thank God for the
past 1.5 years we are in a new building, very nice and
we have a lot of equipment.”

Strategies to increase children’s PA at home and at
preschool
While parents may not believe that their children need
additional activity, they were confident that they would be

Table 3 Results from parents’ and teachers’ opinions on preschoolers’ physical activity

Theme Parents Teachers

Opinion on preschoolers’ physical
activity levels

Preschoolers are sufficiently active. Preschoolers are already very active. They also have
to learn to sit still in preparation for primary school.

It is not necessary to increase their physical activity
level.

How to increase preschoolers’
physical activity levels

Being a role model for the child. Using the hallway, the dining-hall or other spaces to
do movement activities.

Playing together with the child. Organizing a sports day or an “Olympic day”.

Let the child participate in organized activities. Let the children bring their bicycle, roller-skates or
rollerblades to preschool.

Regularly going outside with the children. Morning gymnastics.

Traditional-, balance- and team games.

Facilitators to increase preschoolers’
physical activity

Having friends and/or siblings; having cousins’ and/
or neighbours’ children; preschool providing sports
activities; having an environment which invites the
children to be active; having acquaintances with
children from the same age, size of the garden,
space at home.

Available facilities, enough space, stimulating
material, availability of the gym room

Children’s reactions (smiling, having fun, being
happy); parents’ approval; children’s joy of being
allowed to experience things by themselves.

Barriers to increase preschoolers’
physical activity

Lack of time, not being in the mood to play
together with the child, big distance to the sports
club, work-load, cost price, means of transport.

Staff shortage

Safety of the playground.

Time schedule.

Do you have recommendations for a
future intervention targeting
physical activity in preschoolers?

Involving the parents in child-activities. Ready-to-use material.

Organization of parent–child activities. Practical tips and information with new ideas and
new activities.

Teachers exchanging useful information to each
other.

Parental involvement.
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successful in making their children more active if needed.
They were able to come up with multiple strategies that
could be employed. Parental strategies included being a
role model for their child, going outside or playing outside
together with their child, making a routine to regularly go
outside, letting children participate in organized activities
(e.g. swimming lessons, gymnastics for preschoolers) and
making time to take the children to sports lessons on
weekend days.

“I have decided to send my children to a youth movement
or scouting to make them more physically active.”

“When we are active, our children will also be active.”

One of the strategies mentioned by teachers that pos-
sibly could be used in the future to increase children’s PA
at preschool was the use of other spaces, for example the

playground, the hallway or the dining-hall. Furthermore,
teachers reported they had already organised a sports day
or an “Olympic day”. Other strategies used were: bringing
their bicycle, roller-skates or rollerblades to preschool,
organising morning gymnastics or playing traditional-,
balance- and team games. Teachers mentioned that they
are also role models for the children, when teachers are
more active, the children will be more active as well.

“Sometimes the children are easier to motivate when I
participate myself. When I run around and jump on
one leg they have a lot more fun and rather take part
than when I just stand there and play with my drum.”

Barriers in encouraging children to be more active
Parents also anticipated multiple barriers in encouraging
their children to be more active. The most commonly

Table 4 Results from parents’ and teachers’ opinions on preschoolers’ beverage consumption

Theme Parents Teachers

Beverages Children usually drink water, fruit juices (orange and
apple juices), milk (plain, chocolate, flavoured/
sweetened), soft drinks and (un)sweetened tea.

Most teachers think they have an important
role in increasing preschoolers’ water intake
(one of the main role models).

A few parents (different countries) do not think it is
necessary to decrease the intake of sugar-sweetened
beverages (soft drinks and coloured milk).

Children usually drink water.

In some preschools and countries, children
drink milk (plain, chocolate, flavoured/
sweetened), fruit juices and (unsweetened) tea.

How to increase preschoolers’ water
intake

Being a role model for the child. Remind them to drink water before the start of
a long activity or after being physically active.

Making it a habit to drink water at home. When children are thirsty, they can always drink
water in the classroom.

Putting a water jug on the table, together with some
glasses.

Providing a nice drinking cup or a bottle with a sports
cap.

Barriers to increase preschoolers’ water
intake

Children tend to forget that they have to drink;
children have to be reminded to drink more; parents
cannot control the water access at preschool.

They have to go to the bathroom more
frequently.

Parents that think that teachers are meddling in
their family situation.

Not all parents want to introduce the preschool
rules at home.

How to decrease preschoolers’ intake
of sugar-sweetened beverages

Not buying those beverages; diluting soft drinks with
water; using cacao powder instead of chocolate milk;
using fresh fruits instead of packed fruit juices or fruit
drinks; not drinking soft drinks themselves.

Soft drinks are not distributed at preschool.

Only allow the intake of water.

Do you have recommendations for a
future intervention targeting beverage
consumption in preschoolers?

Having the children bring home information from
preschool on beverage consumption.

Educate the parents.

Ready-to-use material.

Practical tips and information with new ideas
and new activities.

Teachers exchanging useful information to each
other.

Parental involvement.
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reported barriers included not being in the mood to do
activities together with their child, difficult access to PA
areas, large distances to the sports club, high cost of ac-
tivities, and means of transportation (having no car, hav-
ing only one car, bicycles).

“The obstacle to play outside with the children is that
I am too busy or lazy or something like that. However,
playing outside by themselves, I think, is fine under
appropriate circumstances.”

“It would be difficult for me. For example on a
Sunday, that is my relaxation day. Most of the time, I
am not in the mood to go for a walk or to go to a
swimming pool. On that day, we just lie in our couch
with our pyjamas on.”

For teachers, competition for resources and time were
the major barriers reported. It is not always possible to
use other spaces at the playground (e.g. playground, hall-
way) to make the children more active. For example, using
the hallway is sometimes difficult because of the noise that
is being produced and other classes could be disturbed.

Motivational factors to make changes and overcome
barriers
Parents must be motivated to encourage their children
to be more active before they will invest in these strat-
egies and tackle the anticipated barriers. Parents
reported that a health professional or doctor’s advice to
increase their child’s activity level would serve as a
source of motivation. Additionally, a scientist offering
information on the objectively measured PA level of
their child could also help provide motivation and en-
couragement. Parents also reported that being involved
in activities that the children perform at preschool could
help motivate them to increase their child’s PA. Further-
more, when parent–child activities are organised – in
which parents and children perform activities together –
parents reported they would be more motivated to be
involved in these activities.
Some teachers reported that they frequently hear chil-

dren talk about watching television at home and the
teachers reported believing that the children are inactive
at home. For that reason, teachers want to promote PA
at preschool.

“The last years, you hear that the children watch a lot of
television. In the mornings, in the evenings, in the
weekend,. . . I think it is important for the children to give
them a chance to be physically active in the classroom.”

Other encouraging factors for promoting PA in pre-
schoolers are the children’s reactions (smiling, having

fun, being happy), parents’ approval and the children’s joy
of being allowed to experience things by themselves. Also,
when teachers received ready-to-use material, they would
be more motivated to increase preschoolers’ PA levels.
Furthermore, they mentioned that practical tips and new
ideas and activities would be very helpful to them, as well
as involving the parents into the classroom activities.

“Maybe some party games or books or stories would
motivate us.”

“Encourage the parents to do their best, to participate.”

“It has to be feasible in the classroom and with the
children. Not material for children older than six
years, but really adjusted for the right age.”

PA in six European countries (at home and at preschool)
Parental perceptions on preschoolers’ PA between
European countries are not necessarily the same. German,
Greek, Polish, Belgian and Spanish parents all agreed that
preschoolers are already active enough. Only Bulgarian
parents did not spontaneously mention anything about
their children being physically active enough. More low
SES parents compared to high SES parents did not per-
ceive the need to increase the PA levels of their children.
According to Spanish teachers, preschoolers are already

active enough and some teachers even mentioned that
more PA would be too much because the children would
be exhausted. On the other hand, in Bulgaria, teachers
mentioned that preschool children are not active enough.
Bulgarian teachers thought it was necessary to increase
preschoolers’ PA levels. Furthermore, in Poland, Spain,
Greece and Belgium, teachers mentioned that pre-
schoolers are very energetic and cannot sit still in pre-
school. Only in Belgium and Spain, most children have
two hours of physical education weekly. In Belgium, some
children also have movement breaks in the classroom.

Policies at European preschools
In the different European countries conducting these
focus groups, differences across countries concerning
policies on PA became clear. In Belgium, teachers
reported they do not have a set policy on PA although
they have a comprehensive policy on health and PA. In
Bulgaria, teachers felt that the preschool policy focuses
too much on teaching and other lessons, instead of on
PA. In Greece, there are no set policies or rules, so
teachers can set their own rules. In Poland, they do not
have a policy on PA, while in Spain they have a policy
but it varies across types of preschools (e.g. public (spe-
cific programs) versus private (more equipment)). In
Germany, policies were not specifically mentioned,
teachers talked more about the curriculum instead.
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Beverage consumption
Parental and teacher perceptions of children’s beverage
consumption
The majority of the parents mentioned that their chil-
dren usually drink all kinds of beverages like water, fruit
juices (orange and apple juices), plain, chocolate and
flavoured/sweetened milk, soft drinks and (un)sweetened
tea. Some parents had established rules about the con-
sumption of beverages. For example, preschoolers cannot
drink soft drinks or only on special occasions or during
the weekend but they are always allowed to drink water.
Furthermore, preschool children have restricted access to
fruit juices and chocolate milk (most of the time they can
have it once a day) in some households. Finally, children
cannot drink much before they eat or go to bed.

“My children only drink cartons of orange juice. I have
nothing else.”

“No, I have no rules. My children only drink water and
they can drink as much as they want!”

In Belgium, Germany and Greece, soft drinks are not
allowed at preschool. Preschools are not allowed to pro-
vide or sell soft drinks and the children cannot bring
them to preschool. In most preschools of these three
countries, children can drink water, milk, chocolate milk,
(organic) fruit juices and (unsweetened) tea. In Bulgaria,
the children cannot bring beverages to preschool, they
only have water available at the preschools. In Spain and
Poland, only water is allowed.
In Bulgaria, Greece, Poland and Spain, the children can

drink water, usually after permission from the teacher,
throughout the day. Greek teachers reported that they re-
mind children to drink water before starting a long activity
or after being physically active. In Belgium, the children
usually can drink together as a group at set times, for
example before or after recess. Also, when some children
are thirsty, they can always separately drink water.
Teachers reported that they sometimes try to postpone
the drinking to avoid that the children need to go to the
toilet too often. Furthermore, in Poland, children get a
glass of milk in the morning.

“We don’t have sugar sweetened beverages. We only
offer water. The children drink water, milk, juice,
diluted juices, and tea.”

Factors influencing children’s beverage consumption
(at home and at preschool)
Parents mentioned that being a role model themselves
influences their children’s beverage consumption. Next
to playing a role themselves, almost all parents had the
opinion that the preschool and the teachers also have a

key role in the promotion of healthy drinks in young
children. Nowadays, preschools and teachers pay atten-
tion to healthy eating and according to the parents,
teachers are a role model for the children. Other parents
mentioned that teachers do not have an influence on
what their children drink. German low SES parents
reported that the preschool and the teachers have a big
influence on children concerning food.

“When children have chocolate milk or other sugar
sweetened beverages at school every day, the preschool
will have a stimulating and key role for the intake of
sugar.”

Most teachers from all countries mentioned that they
think they have an important role in increasing the water
intake and decreasing the intake of SSBs in preschool chil-
dren. Teachers think they are one of the main role models
for preschool children’s consumption of beverages. Fur-
thermore, they think it is important to educate the parents
and to give them more information on this topic.

Strategies to improve children’s beverage consumption
(intake of water and reduction of SSB)
Parents reported several strategies to increase the water
intake of their children. First of all, the parents men-
tioned that they would try to be an example for the chil-
dren by making it a habit to also drink water at home.
Furthermore, they would put a water jug on the table,
together with some glasses so that children can take and
drink water whenever they want to. Finally, parents
would also provide a nice drinking cup or a bottle with a
sports cap, because this is also inviting for the children
to drink water.

“The packaging is really important for children.”

“I think it would be a good idea to install such a water
station or something like that. When the children get
in contact with water right from the beginning they
will get used to drinking water and unsweetened tea.
Or maybe also fruit juices diluted with water or fruit-
water mixes. I think it would be very important to
install such a station.”

“We drink (water), and when we drink, the children
also drink.”

“It (the glass) has to be colorful, to be a favorite cup, to
have a (cartoon) hero on it, to tell (the child): come
and drink (water).”

The participating parents reported different strategies
on how to decrease the intake of soft drinks and sugared
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milk drinks in preschoolers. The most commonly men-
tioned strategies included not buying those beverages,
diluting soft drinks with water, using cocoa powder
instead of chocolate milk, using fresh fruit juices instead
of packed fruit juices or fruit drinks and not drinking
soft drinks themselves. However, a few parents in differ-
ent countries mentioned that it is not necessary to
decrease the intake of soft drinks and sugared milk
drinks in this age group.

“I don’t have anything against it that, at that age now,
he sometimes drinks a glass of lemonade with the
meal.”

Barriers to changing children’s beverage consumption at
home
Parents mentioned some barriers to increase water con-
sumption in preschoolers. For example, children tend to
forget that they need to drink when they are playing,
children have to be reminded to drink more, the parents
cannot control the access to water that the children have
at preschool and being consistent and not having any
other drinks at home. Belgian low SES parents men-
tioned that they would have a lot of difficulties with
increasing the water intake of their children.

Motivational factors to make changes and overcome
barriers in the preschool class
Because of the high prevalence of overweight in chil-
dren, teachers are stimulated to promote healthy drinks
in preschool-aged children. Other reported motivational
factors included preschoolers’ (sometimes unlimited)
consumption of soft drinks at home and teachers being
convinced that healthy drinks are better for the children.
Barriers for encouraging preschoolers to drink water in-
cluded parents who sometimes think that teachers are
meddling in their family situation, and not all parents
want to introduce the preschool rules at home.

“Because if a child tells you he already had coke in the
morning. . . You don’t like to hear that and that’s why
it’s important they can drink a healthy drink in
school.”

Teachers reported to be motivated to carry out new
information into the preschool classroom, when they
would receive ready-to-use material. This way, teachers
do not lose a lot of time and they can immediately intro-
duce new materials. Furthermore, teachers do not like to
use material with a lot of theoretical background, be-
cause they already know the theory.

“For instance to make a game in which you can learn
what is healthy, what is less healthy, and why. This

could, for example, be made with cards. Those could
also be used for further discussions. And maybe the
game could be performed physically active.”

“A seminar, a two- hour seminar, I think I would not
attend. . . I do not think (of this) as further education;
if it was a hundred-hour seminar I would not attend
(either), I could not manage.”

Beverage consumption at home in six European countries
The most important differences in the six countries were
found in the kind of beverages that the children drink.
Belgian, German and Spanish parents reported serving
sugared milk drinks and fruit juices to their children.
However, some parents mentioned that they only serve
soft drinks at special occasions. In Bulgaria, Greece and
Poland, children only received fruit juices in addition to
water and milk. Sometimes, they also drink unsweetened
tea in Poland. In Germany, children more often drink
(unsweetened) tea, while in Greece and Poland, pre-
schoolers more often drink fruit juices. In all countries
however, water was mentioned most. Furthermore, par-
ents would be motivated to increase their child’s water
intake and decrease the intake of SSBs, if they received
some extra information on the topic from the preschool.

Discussion
Parents and teachers perceive children to be sufficiently
active at home. They also report that children’s intake of
SSBs is limited; however, parents and teachers are not
factoring in children’s intake of sugared milk drinks and
fruit juices because they provide vitamins and minerals
and are considered healthy. In other qualitative studies
in which focus group interviews were conducted, similar
perceptions on PA were reported by parents [20,26,47]
and teachers [19]. However, quantitative studies showed
that the activity pattern of preschoolers is characterized
by low levels of total PA [6,7] and MVPA [48] and that
preschool children have a high mean intake of sugared
drinks [11,12] and a low intake of water [13]. Emphasis
should be laid on the discrepancy between the care-
givers’ perceptions of the healthiness of children’s PA
and beverage consumption on the one hand and what
has been concluded from more objective methods such
as accelerometers and dietary records on the other hand.
Parallel results were found by Pate et al. [49] in which
discrepancy in the perception of caregivers and the
actual behaviour was found. As long as parents and
teachers perceive preschoolers as physically active, and do
not see the need to consume sugared milk drinks and fruit
juices only in moderation, they will not take any action
to change their children’s behaviour. Once the aware-
ness on this problem is raised (e.g. by letting the chil-
dren wear an objective measurement device (e.g. an
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accelerometer), letting the parents fill in a food diary or
by using social marketing strategies to spread informa-
tion about the topic), future interventions targeting both
behaviours could include caregivers to positively adapt
these EBRBs, at home as well as at preschool. However,
in the case of using objective measurement devices, this
can only work when parents receive some sort of report
so that they can understand what the activity-values
mean. After they have received the report, they can set
some goals (with or without help from external persons)
regarding their child’s PA level. Although, it is important
to keep in mind that this is just one strategy that can
be used, which will be more effective in combination
with other strategies and even more with changes in the
environment.
Moreover, the parents’ and teachers’ awareness has to

be raised on their shared responsibility concerning pre-
schoolers’ PA and beverage consumption. In both the
home and preschool environment, preschoolers are
influenced to make (un)healthy decisions on PA and bev-
erage consumption [22,33,34]. In the current study, par-
ents and teachers agree that teachers are one of the
main role models for the EBRBs (PA and beverage con-
sumption in particular) of preschool children. However,
according to the teachers, parents should be educated,
informed and involved in the promotion of water and
PA in preschoolers. In the study of Hingle et al. (2010),
results showed that indirect methods, like bringing home
information, do not have a big effect on behaviour change
(with respect to nutrition) [50]. For a change in dietary
outcome, they suggested direct methods to involve the
parents. For example, involving them in activities
together with the child [50]. On the other hand, bringing
home information was mentioned by the parents to mo-
tivate them to promote healthy drinks and PA. Similar
results were found in a qualitative study with parents
and teachers from 10- to 12-year olds [45]. Again, this
shows a discrepancy between results of previous studies
and the opinions of parents.
Furthermore, it is not always clear in interventions

what both teachers and parents have to carry out. In the
current study, teachers mentioned that they only wanted
material that is ready-to-use. They reported that they do
not want any theoretical explanation, because they
already have the theoretical background. With ready-to-
use material, they do not lose a lot of time and they can
use this material immediately in the classroom. In
addition, parents want to be involved in what their chil-
dren learn at preschool but do not always have enough
time to attend meetings in the preschool setting. A
possible way to increase children’s PA levels is by involv-
ing parents and children together in physical activities
[23]. For example, one way to increase preschoolers’ PA
is the organisation of walking school buses, in which the

children come to school in an active way. The walking
school bus [51,52] is an opportunity for children to walk
to and from school, meanwhile being supervised by
adults (mostly parents) and it is timetabled and struc-
tured. Currently, this is only established in primary
school children. However, the feasibility in preschool
children should be investigated. Furthermore, parent–
child activities could be organised at the preschool envir-
onment, because in the current study, parents reported
to be more motivated when they could do activities
together with their children at preschool. In these par-
ent–child activities, the messages on PA and beverage
consumption could be integrated. For example, the pre-
school could organise a guided walk with stops along
the way with healthy drinks and fun and active activities,
in which parents and children could participate together.
Other examples of parent–child activities are described
by Tucker et al. [23] in which parents come to the class-
room to take part in classroom-activities together with
the children and in which game nights are organised,
where the children have the opportunity to compete
against their parents in several games. The message on
healthy drinks and water consumption can be easily
integrated into the parent–child activities. On the other
hand, parents reported that they do not always have the
time to participate in this kind of activities and teachers
reported that it is hard to gather parents at preschool.
Therefore, other means of parental involvement could
be used. For example, the use of newsletters, tip cards,
and bringing home handiworks, could motivate the
parents to integrate the healthy messages into the home
environment.
The discrepancy between caregivers’ opinions on PA

and beverage consumption and the actual behaviour, was
also noticed across the different countries. German,
Greek, Polish, Belgian and Spanish parents agreed that
preschoolers are already active enough. Additionally,
Polish, Spanish and Belgian teachers reported that pre-
schoolers are very energetic and cannot sit still in pre-
school. However, in Bulgaria, teachers mentioned that
preschool children are not active enough which might be
due to the fact that Bulgarian teachers think that the
physical environment/sporting facilities of Bulgarian pre-
schools are not adjusted to the need for PA. These
teachers think it is necessary to increase the PA levels.
Furthermore, parents from the six European countries
reported that the intake of SSBs in preschool children is
limited. However, objective data on the intake of SSBs in
different European countries show the opposite. In
Greece, 59.8% of four- to seven-year-old children con-
sumed sugar-added beverages on a daily basis [53]. In
Belgium, more than 50% of children under four years
drink soft drinks or sweetened juices on a daily basis
[54]. Furthermore, for preschoolers specifically, almost
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52% drinks 200 ml or more of sugared drinks every day
(including fruit juices) [55]. A Spanish study found that
when preschoolers drink sugared drinks (soft drinks,
extract-based drinks or fruit juices), they drink an
amount of 338 ml on a daily basis [56]. For the other
European countries, no evidence was found on the
current levels of sugar-sweetened beverage consumption.
However, we can conclude that it is a parental perception
that the consumption is low enough. Quantitative
numbers show that the intake of sugar-sweetened bever-
ages is high. Furthermore, teachers from the six European
countries reported serving different drinks at preschool.
Bulgarian, Polish and Spanish teachers only serve water
at preschools, but Belgian and Greek teachers are
allowed to serve sugared milk drinks, fruit juices and
tea. In Germany, teachers reported to serve diluted fruit
juices and unsweetened tea. In summary, it is also
important to raise the parents’ and teachers’ awareness
in the different countries on the importance of water
consumption and enough PA. Furthermore, changing
the policies at European preschools could be seen as po-
tential targets for intervention development, since now,
there are differences in European countries that can
explain differences in preschoolers’ physical activity and
beverage consumption. For example, in Belgium and
Spain, preschools should include two hours of physical
education in the curriculum, which is compulsory in
those countries [57-60]. This is reflected in the individual
centre policies, practices and environments which Belgian
and Spanish preschools provide for their children. In
those preschools, preschool children receive two hours of
physical education each week and they can receive other
physical activities on top of the compulsory two hours of
physical education. In the other participating European
countries, this is not included in the country-level policy,
which means that in those countries, preschoolers receive
less physical activity compared to preschool children in
Belgium and Spain. This can be a possible explanation
for the fact that Belgian and Spanish teachers think pre-
schoolers are active enough, while Bulgarian teachers
think the preschool children are not active enough.

Strengths and limitations
The main strength of this article is that the focus groups
were undertaken in six different European countries.
Differences and similarities between different European
countries were revealed and it was possible to draw
multi-cultural and multi-geographical conclusions about
parents’ and preschool teachers’ opinions. A second
strength of this article is the undertaking of focus group
interviews with parents and teachers in which their
opinions about preschoolers’ PA and beverage consump-
tion at home and at preschool were asked. To our best
knowledge, no qualitative study has investigated both

parents’ and teachers’ views on how to change pre-
schoolers’ PA and beverage consumption, although the
combination is important for the development of inter-
ventions, targeting these behaviours simultaneously. Fur-
thermore, executing focus groups with a semi-structured
interview guide was also an additional strength of this
study.
This study has some limitations. First of all, due to re-

cruitment difficulties, some focus groups were conducted
without reaching the conventional group size (e.g. focus
group with two teachers instead of a minimum of four
teachers), which was required in the focus group protocol.
Therefore, the findings might be influenced by the low
number of participants in some focus groups. Furthermore,
while standardized protocols were used in each European
country, different moderators and co-moderators executed
the focus group discussions. Consequently, different as-
pects or themes might have been emphasized in the six dif-
ferent countries. A second limitation was the possibility of
selection bias, because participants attended the focus
group discussions voluntarily. The most motivated parents
and teachers might have participated, whose preschoolers
already might have healthy PA and beverage consumption
behaviours.

Conclusion
The focus groups revealed an important discrepancy be-
tween parents’ and teachers’ perceptions of children’s PA
levels and beverage consumption compared with what has
been found in more objective quantitative studies (e.g. ac-
celerometers, dietary records). As long as parents and
teachers do not consider it necessary to increase pre-
schoolers’ PA and to increase their water intake, they will
not be convinced to take actions to change these behav-
iours. Furthermore, their awareness about their shared re-
sponsibility has to be raised concerning healthy EBRBs in
preschoolers. Both parents and teachers need to carry out
different tasks to ensure the development of healthy
EBRBs at the home and preschool environment. Parents
like to be involved in the things their children learn at pre-
school, while teachers like to receive ready-to-use material
they can easily implement in their classroom.
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ABSTRACT 

Although sufficient physical activity is beneficial for preschoolers‟ health, activity levels in most 

preschoolers are low. Since preschoolers spend a considerable amount of time at home and at 

kindergarten, interventions should target both environments to increase their activity levels. The 

aim of the current paper was to describe the six different steps of the Intervention Mapping 

protocol towards the systematic development and implementation of the physical activity-

component of the ToyBox-intervention. This intervention is a kindergarten-based, family-

involved intervention implemented across six European countries. Based on the results of 

literature reviews and focus groups with parents/caregivers and kindergarten teachers, matrices of 

change objectives were created. Then, theory-based methods and practical strategies were 

selected to develop intervention materials at three different levels: (1) individual level 

(preschoolers), (2) interpersonal level (parents/caregivers), and (3) organisational level (teachers). 

This resulted in a standardised intervention with room for local and cultural adaptations in each 

participating country. Although the Intervention Mapping protocol is a time-consuming process, 

using this systematic approach may lead to an increase in intervention effectiveness. The 

presented matrices of change objectives are useful for future programme planners to develop and 

implement an intervention based on the Intervention Mapping protocol to increase physical 

activity levels in preschoolers.  
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INTRODUCTION 

Physical activity (PA) is defined as “any bodily movement produced by skeletal muscles that 

results in energy expenditure” (1), and primarily occurs through unstructured active play among 

four- to six-year-old preschool children (2, 3). Higher levels of PA during childhood might have 

an influence on PA practices during adolescence and adulthood, since this behaviour tracks from 

year to year (4-6). PA provides a number of health benefits and is associated with cardiovascular 

health, improved motor skills, psychosocial health and cognitive development (7). In addition, 

PA may contribute to the prevention and/or treatment of childhood overweight and obesity (7-9). 

Because of the positive health outcomes associated with high levels of PA, and growing evidence 

of low levels of preschoolers‟ PA, guidelines have been formulated. These PA guidelines 

recommend that preschoolers accumulate three hours (180 minutes) of total PA per day, 

irrespective of intensity (10-12). Other guidelines recommend 15 minutes of PA per hour per day, 

which is equivalent to three hours of PA across a period of 12 waking hours (13). 

Despite formulated guidelines and evidence that sufficient PA is beneficial to health, recent 

systematic reviews demonstrated that PA levels in most preschool children are low (9, 14-16). 

Interventions aiming to increase preschoolers‟ PA levels have been previously developed, but the 

effects were limited (17-19). In a Belgian study, increasing four- to six-year-old preschoolers‟ PA 

by decreasing the preschool playground density resulted in small improvements in their PA levels 

(19). In addition, changing three- to five-year-old US preschoolers‟ preschool curriculum led to 

significant changes in gross motor skills, but no intervention effects were found for PA (17). 

Reilly et al. (2006) targeted both the preschool and the home environment in their intervention 

study to increase four-year-old Scottish preschoolers‟ PA levels (18). Preschool PA sessions and 

home-based health education were part of the intervention, but these strategies did not increase 

preschoolers‟ PA (18).  

As preschool children spend a considerable amount of time at some form of out-of-home care 

(e.g., preschools, childcare centres), these settings provide the ideal opportunity to increase 

preschoolers‟ PA levels (20). Additionally, involving parents/caregivers may be promising as 

well, since preschool children spend most of their time at the home environment (21, 22), which 

is an important place for the development of healthy behaviours (23-26). Consequently, 

interventions aiming at increasing preschoolers‟ PA levels should focus on both the preschool 

and the home environment. The ToyBox-intervention – a kindergarten-based intervention with 
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family involvement – was developed to prevent overweight and obesity in four- to six-year-old 

preschoolers across six European countries (Belgium, Bulgaria, Germany, Greece, Poland, and 

Spain) by improving their energy balance-related behaviours and implemented over the academic 

year 2012-2013 (www.toybox-study.eu) (27, 28). This intervention targets four behaviours that 

were found to be related with the development of overweight and obesity in preschoolers: (1) PA, 

(2) sedentary behaviour, (3) drinking behaviour, and (4) snacking (27). To address these four 

different behaviours, four different intervention components were developed of which some parts 

were sequentially implemented, and some parts were concurrently implemented. The 

development and implementation of the ToyBox-intervention was done on a scientific and 

systematic basis using the Intervention Mapping (IM) protocol (29).  

In the current paper, we aimed to provide information on how the different steps of the IM 

protocol were implemented and to present the developed matrices for the PA-component of the 

ToyBox-intervention. We will first introduce the IM protocol, followed by a description on how 

we applied the IM protocol for the development of the PA-component of the ToyBox-

intervention. Finally, we will formulate suggestions for programme planners of future 

interventions. 

 

METHODS 

The IM protocol consists of six steps: (1) needs assessment, (2) formulation of the change 

objectives, (3) selection of theory-based methods and practical strategies, (4) development of the 

PA-intervention components and materials, (5) development of an adoption and implementation 

plan, and (6) evaluation planning (29). As described in the following steps, data and feedback 

from all participating countries were provided.  

 

Step 1: Needs assessment 

The PRECEDE-PROCEED model, an educational and ecological approach in health programme 

planning, was chosen to support the development of the ToyBox-intervention (30). The IM 

protocol has been incorporated as an intermediary step between the PRECEDE and PROCEED 

components of the PRECEDE-PROCEED model within the ToyBox-study (27, 30). In the first 

step of the IM protocol, a needs assessment was executed to analyse the prevalence of overweight 

and obesity in preschoolers and its association with PA. For this first step, the PRECEDE-phases 
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of the PRECEDE-PROCEED model were used (30). In phases 1 and 2 of the PRECEDE-model, 

a description of the prevalence of preschoolers‟ overweight and obesity was formulated and 

quality of life indicators were investigated. The association between PA and overweight at the 

individual level of the preschool child was identified during the third phase of the PRECEDE-

model. Furthermore, an environmental analysis – next to the behavioural analysis – was 

performed (30), which included the environmental factors at the interpersonal (i.e., 

parents/caregivers in the home environment) and organisational level (i.e., teachers in the 

kindergarten environment) that influence the prevalence of preschoolers‟ overweight and obesity 

directly or indirectly through its behavioural causes (29) (p. 9-12). Focus groups with 

preschoolers‟ parents/caregivers and teachers were conducted in all six intervention countries to 

gather information on preschoolers‟ PA levels, ways to increase preschoolers‟ PA levels, barriers 

and facilitators of PA, and recommendations for the development of the intervention (31). At the 

end of the needs assessment, the program goal or program objective was stated; it described what 

and how much had to be changed in which target group and in what time frame.  

 

Step 2: Formulation of the change objectives 

In the second step of the IM protocol, the program objective was subdivided into performance 

objectives. These performance objectives are the expected targets that have to be accomplished 

by the target groups (i.e., preschoolers, parents/caregivers, teachers) to achieve the program 

objective. Based on literature reviews and results from the focus groups, specific behavioural and 

environmental determinants of PA were listed. Next, determinants were selected in terms of 

relevance (strength of the association with PA) and changeability (likelihood that the intervention 

influences a change in the determinant). Then, specific intervention objectives (i.e., change 

objectives) were created by crossing the determinants with the performance objectives. These 

change objectives specify what needs to change in the determinants of behavioural or 

environmental outcomes, in order to accomplish the performance objectives. Since three target 

groups were selected, three different matrices of change objectives were developed.  

 

Step 3: Selection of theory-based methods and practical strategies 

In step three, theoretical methods that can influence changes in determinants were identified and 

selected. During this selection process, theoretical methods provided by Bartholomew et al. 
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(2011) were used (29). A list of all change objectives that were linked with a specific determinant 

(e.g., self-efficacy) was made, and the theoretical methods (e.g., guided practice) were then 

matched with the corresponding determinant. Then, practical strategies were designed to put the 

theoretical methods into practice. The results of the focus groups were used to develop new 

practical strategies.  

 

Step 4: Development of the PA-intervention component and materials 

In this step of the IM protocol, the information from the previous three steps was combined and 

summarised into the intervention programme. The preparation and the design of the intervention 

materials – that met the program objective – were based on the suggestions that were made by the 

parents/caregivers and teachers during the focus groups. Regulatory and cultural differences 

between countries were taken into account to ensure feasibility of implementing the intervention 

in all participating countries.  

 

Step 5: Development of an adoption and implementation plan 

The focus of the fifth step of the IM protocol was on developing an adoption and implementation 

plan for the intervention. Parents/caregivers and teachers were chosen as intervention adopters 

and implementers, based on the four previous steps in the IM protocol. In addition, local 

differences between and within the participating European countries were considered. 

Furthermore, an implementation plan was made for the researchers that consisted of a clear 

outline on the central components of the intervention. Details about the different steps in 

delivering the materials were extensively explained and documented. All procedures and 

materials (e.g., Classroom Activities Guide) used during the intervention were the same across 

participating countries, but some small cultural adaptations at a local level were possible to 

ensure easy adoption and sustainability. For example, teachers could use materials that were 

already available in the classroom (e.g., balls, jumping ropes) and did not need to use project-

specific materials that were imposed by the intervention. Also, if kindergartens already provided 

structured physical education sessions, kindergarten teachers could choose to focus more on the 

other activities provided in the teachers‟ handbook (Classroom Activities Guide). 
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Step 6: Evaluation planning 

In the sixth and last step of the IM protocol, a plan to evaluate the effectiveness of the ToyBox-

intervention was developed. Furthermore, the implementation of the intervention was assessed by 

the process-evaluation (32). Finally, the evaluation of the cost-effectiveness of the intervention 

was included in the last part of this step (33).  

 

RESULTS 

Step 1: Needs assessment 

In the first step of the needs assessment, literature reviews and secondary data analyses were 

executed to gain insight into the prevalence of overweight and obesity among European 

preschoolers. The secondary data analyses indicated that the prevalence of overweight and 

obesity across the intervention countries ranged from 8% to 30% and 1% to 13%, respectively 

(34). A systematic review found strong evidence for an inverse association between total PA and 

overweight (35). Based on the results of the focus groups with European parents/caregivers and 

teachers, both parents/caregivers and teachers perceive preschoolers to be sufficiently active and 

they do not see the need to increase preschoolers‟ PA levels (31). Also, teachers argued that 

“preschool children need to learn to sit still in preparation for primary school” (31). Based on the 

information of the literature reviews (34-39) and the focus groups (31), the following program 

objective was formulated at the individual level: “Children between four- and six-years old 

increase their total PA throughout the whole day by 10% at the end of the intervention”. Also for 

the interpersonal and organisational level, program objectives were formulated and are depicted 

in Table 1. 

 

Step 2: Formulation of the change objectives 

For the program objective of PA, specific performance objectives were formulated at three 

different levels: the individual level (preschool child), the interpersonal level (parents/caregivers), 

and the organisational level (teachers). An overview of each performance objective for each level 

of the intervention can be found in Table 1. The performance objectives were formulated based 

on the current PA guidelines for preschoolers, namely 180 minutes of total PA per day, 

irrespective of intensity (10-13). 
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After formulation of all performance objectives for PA for each target group, specific 

determinants for each performance objective of PA were listed, based on the results of the 

literature reviews and the focus groups. The personal determinants selected for preschoolers at 

the individual level were (a) attitude, (b) knowledge, (c) self-efficacy, (d) habit, and (e) 

capability. For parents/caregivers at the interpersonal level, and for teachers at the organisational 

level, four determinants – (a) attitude, (b) knowledge, (c) self-efficacy, and (d) habit were 

selected. After the selection of the determinants, the performance objectives were crossed with 

the selected determinants, resulting in matrices of change objectives. Since performance 

objectives were formulated separately for each level of the intervention – individual, 

interpersonal, and organisational – three different matrices were developed for preschool 

children, parents/caregivers, and teachers respectively and are depicted in Tables 2, 3, and 4. For 

example, the performance objective for parents/caregivers stated that parents/caregivers facilitate 

children to be more physically active and was crossed with the determinant “habit”, which 

resulted in the change objective “parents/caregivers plan more PA into their children‟s daily 

routine”. The change objectives were formulated with the use of action words (e.g., „express‟, 

„plan‟, „organise‟, „explain‟) – listed by Bartholomew et al. (2011) – and were followed by a 

statement of what is expected to result from the intervention (29).  
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Table 1. Overview of the formulated program and performance objectives for physical activity at each level of the intervention 

Level of the 

intervention 

Target group Program objective Performance objectives 

Individual level Preschool child Children between 

four- and six-years 

old increase their 

total PA throughout 

the entire day by 

10% at the end of the 

intervention 

PO1. Children increase their current physical activity levels by 10% 

over the entire day on weekdays. 

PO2. Children increase their current physical activity levels by 10% 

over the entire day on weekend days. 

PO3. Children experience a variety of structured and unstructured 

PA at kindergarten. 

PO4. Children experience a variety of unstructured PA at home. 

Interpersonal level Preschoolers’ 

parents  

at the home 

environment 

Parents increase 

their child’s physical 

activity by 10% at 

home at the end of 

the intervention 

PO1. Parents facilitate children to be more physically active. 
PO2. Parents use active transport to move from place to place 

together with their child. 
PO3. Parents participate in sports activities and/or unstructured 

physical activities inside, together with their child(ren). 

PO4. Parents participate in sports activities and/or unstructured 

physical activities outside, together with their child(ren). 

PO5. Parents motivate (verbally) their children to play outside. 

PO6. Parents are a role model for their child(ren) by being physically 

active themselves.  

Organizational level Preschoolers’ 

teachers  

at the 

kindergarten 

environment 

Teachers increase 

preschoolers’ 

physical activity by 

10% at kindergarten 

at the end of the 

intervention 

PO1. Every day, teachers organise movement breaks that last 

between one and five minutes in the kindergarten classroom, two in 

the morning and two in the afternoon. 

PO2. Teachers encourage the children’s parents to use active 

transport. 
PO3. Teachers use an active way to teach, (e.g., counting, 

expressions, stories). 
PO4. Teachers encourage the children to be active at the playground.  

PO5. Teachers are a role model for the children by being physically 

active themselves. 

PO6. Teachers encourage the parents to dress the preschoolers 

correctly to play indoors and outdoors. 
PO7. Teachers provide two physical education lessons per week.  

PO = Performance objective; PA = Physical activity 



Table 2. Matrix of change objectives for preschoolers at the individual level of the physical activity component of the ToyBox-

intervention. 

Program objective: Children between four- and six-years old increase their total PA throughout the whole day by 10% at the end of 

the intervention. 

Preschoolers’ POs  Personal determinants 

Attitude Knowledge Self-efficacy Habit Capability 

PO1. Children 

increase their current 

physical activity 

levels by 10% over 

the entire day on 

weekdays. 

CO1.1. Children 

express positive 

feelings towards 

being physically 

active during 

weekdays. 

CO2.1. Children 

tell their peers 

that being 

physically active 

is beneficial. 

CO3.1. Children 

express confidence 

about increasing their 

current PA levels by 

10% on weekdays, even 

when it is raining or it is 

cold. 

CO4.1. Children 

increase their PA 

levels by 10% 

every day on 

weekdays. 

CO5.1. Children 

are physically 

capable of 

increasing their 

PA levels by 10% 

on weekdays. 

PO2. Children 

increase their current 

physical activity 

levels by 10% over 

the entire day on 

weekend days. 

CO1.2. Children 

express positive 

feelings towards 

being physically 

active during 

weekend days. 

CO2.2. Children 

explain to their 

parents that being 

physically active 

is beneficial. 

CO3.2. Children 

express confidence 

about increasing their 

current PA levels by 

10% on weekend days, 

even when it is raining 

or it is cold. 

CO4.2. Children 

increase their PA 

levels by 10% 

every day on 

weekend days. 

CO5.2. Children 

are physically 

capable of 

increasing their 

PA levels by 10% 

on weekend days. 

PO = Performance objective; PA = Physical activity; CO = Change objective 

  



Table 3. Matrix of change objectives for preschoolers’ parents at the interpersonal level of the physical activity component of the 

ToyBox-intervention. 

Program objective: Parents increase their child’s physical activity by 10% at home at the end of the intervention. 

Parents’ POs Personal determinants 

Attitude Knowledge Self-efficacy Habit 

PO1. Parents 

facilitate children 

to be more 

physically active.  

CO1.1. Parents 

express positive 

feelings about their 

children being 

physically active. 

CO2.1. Parents explain 

the current PA 

guidelines for 

preschoolers of 3 hours 

total PA/day. 

CO3.1.1. Parents express confidence 

that they can facilitate their children 

to be more physically active, even 

when they had a rough day at work 

and they want their children to be 

silent. 

CO3.1.2. Parents express confidence 

that they can facilitate their children 

to be more physically active, even 

when their neighbors/friends/family 

do not do this with their own 

children. 

CO4.1. Parents plan 

more physical 

activity into their 

children’s daily 

routine.  

PO2. Parents use 

active transport to 

move from place to 

place together with 

their child. 

CO1.2. Parents 

express positive 

feelings about using 

active transport to 

move from place to 

place together with 

their child. 

CO2.2. Parents can list 

different forms of active 

transportation, and they 

state that it is good for 

their child’s health and 

that it helps to reach the 

PA norm. 

CO3.2.1 Parents express confidence 

that they are able to use active 

transport to move from place to 

place together with their child, even 

when the weather is rainy or cold. 

CO3.2.2. Parents express confidence 

that it is possible to use active 

transport to move from place to 

place together with their child, even 

when they have to get to work in the 

morning. 

CO3.2.3. Parents express confidence 

that they are able to use active 

transport to move from place to 

place together with their child, even 

when their neighbors/friends/family 

CO4.2.1. Parents 

organise their family, 

so that they have 

enough time to use 

active transport to 

move from place to 

place together with 

their child. 

CO4.2.2. Parents 

schedule active 

transport into their 

child’s daily routine. 



do not do this. 

PO3. Parents 

participate in sports 

activities and/or 

unstructured 

physical activities 

inside, together 

with their 

child(ren). 

CO1.3. Parents 

express positive 

feelings about 

participating in sports 

activities and/or 

unstructured physical 

activities inside, 

together with their 

children. 

CO2.3.1. Parents explain 

that participating in 

sports activities inside, 

together with their child, 

is beneficial and healthy 

for their children. 

CO2.3.2. Parents can list 

several sports activities 

and/or unstructured 

physical activities that 

they can do inside 

together with their child. 

CO3.3.1. Parents express confidence 

that they can participate in sports 

activities and/or unstructured 

physical activities inside together 

with their child, even when they had 

a rough day at work. 

CO3.3.2. Parents express confidence 

that they can participate in sports 

activities and/or unstructured 

physical activities inside together 

with their child, even when they are 

tired. 

CO3.3.3. Parents express confidence 

that they can participate in sports 

activities and/or unstructured 

physical activities inside together 

with their child, even when they 

have to manage their household.  

CO4.3. Parents plan 

the participation in 

sports activities 

inside, together with 

their children, into 

their daily routine. 

PO4. Parents 

participate in sport 

activities and/or 

unstructured 

physical activities 

outside, together 

with their 

child(ren). 

CO1.4. Parents 

express positive 

feelings about 

participating in sports 

activities and/or 

unstructured physical 

activities outside, 

together with their 

children. 

CO2.4.1. Parents explain 

that participating in 

sports activities outside, 

together with their child, 

is beneficial and healthy 

for their children. 

CO2.4.2. Parents can list 

several sports activities 

and/or unstructured 

physical activities that 

they can do outside 

together with their child. 

CO3.4.1. Parents express confidence 

that they can participate in sports 

activities and/or unstructured 

physical activities outside together 

with their child, even when they had 

a rough day at work. 

CO3.4.2. Parents express confidence 

that they can participate in sports 

activities and/or unstructured 

physical activities outside together 

with their child, even when they are 

tired. 

CO3.4.3. Parents express confidence 

that they can participate in sports 

CO4.4. Parents plan 

the participation in 

sports activities 

outside, together with 

their children, into 

their daily routine. 



activities and/or unstructured 

physical activities outside together 

with their child, even when they 

have to manage their household. 

PO5. Parents 

motivate (verbally) 

their children to 

play outside. 

CO1.5.1. Parents 

express positive 

feelings about their 

children playing 

outside. 

CO1.5.2. Parents 

express positive 

feelings about playing 

outside being 

beneficial for their 

child. 

CO2.5.1. Parents can list 

appropriate ways to 

dress their child to the 

weather conditions. 

CO2.5.2. Parents can list 

reasons why playing 

outside is beneficial and 

healthy for their child. 

CO3.5.1. Parents express confidence 

that they are able to motivate their 

children to play outside, even when 

it is cold. 

CO3.5.2. Parents express confidence 

that they have the skills to motivate 

their children to play outside, even 

when the weather is bad.  

CO3.5.3. Parents express confidence 

that they can motivate their children 

to play outside, even when their 

neighbors/friends/family do not do 

this. 

CO4.5. Parents plan 

to motivate their 

child to play outside 

into their daily 

routine. 

PO6. Parents are a 

role model for their 

children by being 

physically active 

themselves. 

CO1.6. Parents 

express positive 

feelings about being a 

role model for their 

children by being 

physically active 

themselves. 

CO2.6. Parents explain 

that they are a role 

model for their children 

by being physically 

active themselves, and 

that the children will 

copy the behaviour of 

the parents.  

CO3.6. Parents express confidence 

to be a role model for their children 

by being physically active 

themselves, even when they have an 

off-day. 

 

CO4.6. Parents plan 

to be a role model for 

their children by 

being physically 

active during their 

daily routine. 

PO = Performance objective; PA = Physical activity; CO = Change objective 
  



Table 4. Matrix of change objectives for preschoolers’ teachers at the organisational level of the physical activity component of the 

ToyBox-intervention. 

Program objective: Teachers increase preschoolers’ physical activity by 10% at kindergarten at the end of the intervention. 

Teachers’ POs Personal determinants 

Attitude Knowledge Self-efficacy Habit 

PO1. Every day, teachers 

organise movement 

breaks that last between 

one and five minutes in 

the kindergarten 

classroom, two in the 

morning and two in the 

afternoon. 

CO1.1. Teachers 

express positive 

feelings about the 

benefits of movement 

breaks for the children. 

CO2.1.1. Teachers 

describe how movement 

breaks in the 

kindergarten classroom 

are beneficial for the 

children. 

CO2.1.2. Teachers can 

list different activities, 

which they can do during 

the movement breaks in 

the kindergarten 

classroom.  

CO3.1.1. Teachers express 

confidence that they can 

provide movement breaks in 

the kindergarten classroom 

during the day/lessons, even 

when they have a tight 

schedule.  

CO3.1.2. Teachers express 

confidence  that they can 

provide movement breaks in 

the kindergarten classroom 

even when other teachers do 

not provide them. 

CO4.1. Teachers plan 

and implement 

movement breaks in 

the kindergarten 

classroom during the 

day. 

PO2. Teachers 

encourage the children’s 

parents to use active 

transport. 

CO1.2.1. Teachers 

express positive 

feelings about the 

benefits of active 

transportation for the 

children. 

CO1.2.2. Teachers 

express positive 

feelings about using 

active transport 

themselves. 

CO2.2. Teachers can list 

two benefits for 

children’s health if they 

would use active 

transport. 

CO3.2.1. Teachers express 

confidence that they can 

encourage the children’s 

parents to use  active 

transport, even when they do 

not feel like it because for 

example they are tired.  

CO3.2.2. Teachers express 

confidence that they can 

encourage the children’s 

parents to use active 

transport, even when the 

other teachers do not do this. 

CO4.2.1. Teachers 

plan to encourage the 

children’s parents to 

use active transport 

into their daily 

routine. 

CO4.2.2. Teachers 

plan to use active 

transport  themselves. 

PO3. Teachers use an 

active way to teach (e.g. 

CO1.3.1. Teachers 

express positive 

CO2.3.1. Teachers 

describe that teaching in 

CO3.3.1. Teachers express 

confidence that they can 

CO4.3. Teachers plan 

and implement active 



counting while jumping, 

movement stories,…). 

feelings about using an 

active way to teach. 

 

an active way is 

beneficial for the 

children, because they 

will learn faster and they 

will experience health 

benefits. 

CO2.3.2. Teachers 

describe  how they can 

teach in an active way. 

teach in an active way, even 

if the subject is not that easy.  

CO3.3.2. Teachers express 

confidence that they can 

teach in an active way, even 

if they don’t have the 

required space/with limited 

space. 

CO3.3.3. Teachers express 

confidence that they can 

teach in an active way, even 

when their colleagues do not 

teach in an active way. 

ways to teach into 

their daily routine. 

PO4. Teachers 

encourage the children to 

be active at the 

playground. 

CO1.4. Teachers 

express positive 

feelings about 

encouraging children to 

be active at the 

playground. 

CO2.4. Teachers can list 

two benefits for 

children’s health if they 

are physically active at 

the playground. 

CO3.4.1. Teachers express 

confidence that they can 

encourage the children to be 

active at the playground, 

even when there is already a 

lot of noise on the 

playground. 

CO3.4.2. Teachers express 

confidence that they can 

encourage the children to be 

active at the playground, 

even when the weather is bad 

(e.g. cold, rainy, windy,…). 

CO3.4.3. Teachers express 

confidence that they can 

encourage the children to be 

active at the playground, 

even when their colleagues 

do not do this. 

 

CO4.4. Teachers plan 

to encourage the 

children to be active 

at the playground into 

their daily routine. 



PO5. Teachers are a role 

model for the children by 

being physically active 

themselves. 

CO1.5. Teachers 

express positive 

feelings about being a 

role model for the 

children by being 

physically active 

themselves. 

CO2.5. Teachers explain 

that they are a role 

model for the children by 

being physically active 

themselves. 

CO3.5.1. Teachers express 

confidence that they can be a 

role model for the children 

by being physically active 

themselves, even when they 

have an off-day. 

CO3.5.2. Teachers express 

confidence that they can be a 

role model for the children 

by being physically active 

themselves, even when the 

other teachers do not pay 

attention to it. 

CO4.5. Teachers plan 

to be a role model for 

the children by being 

physically active 

themselves in the 

daily routine. 

PO6. Teachers 

encourage the parents to 

dress the preschoolers 

correctly to play indoors 

and outdoors.   

CO1.6. Teachers 

express positive 

feelings about 

motivating the parents 

to dress the 

preschoolers 

appropriately for 

weather conditions.  

CO2.6. Teachers can list 

the benefits of 

motivating parents to 

dress the preschoolers 

appropriately for weather 

conditions.  

CO3.6. Teachers express 

confidence that they can 

encourage the parents to 

dress the preschoolers 

appropriately for weather 

conditions, even when the 

parents think teachers are 

meddling in their family 

situation.  

CO4.6. Teachers plan 

to encourage the 

parents to dress the 

preschoolers 

correctly to the 

weather conditions 

on a regular basis.  

PO7. Teachers provide 

two physical education 

lessons per week.  

CO1.7. Teachers 

express positive 

feelings about planning 

two PE lessons per 

week.  

CO2.7. Teachers explain 

that two PE lessons may 

contribute to reaching 

the preschoolers’ PA 

guidelines of 3 hours 

total PA/day.  

CO3.7.1. Teachers express 

confidence that they can 

provide two PE  lessons per 

week, even when space 

and/or equipment is limited.  

CO3.7.2. Teachers express 

confidence that they can 

provide two PE lessons per 

week, even when they have 

limited skills or knowledge. 

CO4.7. Teachers plan 

and implement two 

PE lessons per week 

into their weekly 

schedule.  

PO = Performance objective; PE = Physical education; PA = Physical activity; CO = Change objective 
 



 
 

Step 3: Selection of theory-based methods and practical strategies 

During the third step of the IM protocol, theory-based methods to influence changes in 

determinants were chosen. The first step was to list all determinants that were included in the 

matrices at the different intervention levels. These determinants were then matched with theory-

based methods, mentioned by Bartholomew et al. (2011) (29). For example, the result of crossing 

the performance objective “parents/caregivers facilitate children to be more physically active” 

with the determinant “knowledge” was the change objective “parents/caregivers know the current 

PA guidelines for preschoolers of three hours of total PA per day” at the interpersonal level. The 

selected theory-based method that corresponded to the determinant “knowledge” in order to 

achieve the change objective was “persuasive communication”. This theory-based method was 

then translated into a practical strategy. In this case, a practical strategy that was chosen for the 

method “persuasive communication” was to provide parents/caregivers with newsletters with 

information and tips on how to increase their child‟s PA. In addition, suggestions from the focus 

groups were also used to develop practical strategies. For example, teachers mentioned that they 

would like to have ready-to-use materials – so that they do not need extra time to develop the 

materials themselves – together with practical tips and information with new ideas and activities 

(31). Table 5 provides an overview of all the methods and strategies that were selected and used 

to achieve the change objectives for each level of the intervention.  
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Table 5. Theory-based methods and practical strategies to achieve the change objectives at each level of the ToyBox-intervention 
Level of the 

intervention 

Determinant Change objective 
a
 Theory-based method 

b 
Theory 

c 
Practical strategy 

INDIVIDUAL 

LEVEL 

Preschoolers 

Attitude CO1.1., CO1.2. Direct experience TL Physical 

education lessons 

CO1.1., CO1.2. Repeated exposure TL Physical 

education lessons 

Knowledge CO2.1., CO2.2. Using imagery TIP Kangaroo stories 

(with support of 

the hand puppet) 

Self-efficacy CO3.1., CO3.2. Modeling SCT; TL Kangaroo stories 

Habit CO4.1., CO4.2. Modeling SCT; TL Kangaroo stories 

Capability CO5.1. Active learning SCT Physical 

education lessons 

Classroom 

activities 

CO5.1., CO5.2. Guided practice SCT; TSR Physical 

education lessons 

Classroom 

activities 

INTERPERSONAL 

LEVEL 

Parents 

 

Attitude CO1.1., CO1.2., CO1.3., CO1.4., 

CO1.5., CO1.6.1., CO1.6.2. 

Arguments PCM; 

ELM 

Newsletters 

Tip-cards 

CO1.1., CO1.2., CO1.3., CO1.4., 

CO1.5.1., CO1.5.2., CO1.6. 

Environmental 

reevaluation 

TTM; 

SCT 

Newsletters 

Knowledge CO2.1., CO2.2., CO2.6. Discussion TIP Parent-child 

activities at 

kindergarten 

CO2.1., CO2.2., CO2.3.1., 

CO2.3.2., CO2.4.1., CO2.4.2., 

CO2.5.1., CO2.5.2., CO2.6. 

Active learning PCM; 

ELM; 

SCT 

Newsletters 

Tip-cards 

Poster 

CO2.1., CO2.2., CO2.3.1., 

CO2.3.2., CO2.4.1., CO2.4.2., 

CO2.5.1., CO2.5.2., CO2.6. 

Elaboration TIP; ELM Newsletters 

Tip-cards 

Poster 



Self-efficacy  CO3.2.1., CO3.2.2.,  CO3.2.3., 

CO3.3.3., CO3.4.1., CO3.4.2., 

CO3.4.3., CO3.6.1. 

Modeling 

 

SCT; TL Newsletters 

CO3.1.1, CO3.1.2.,  CO3.2.1., 

CO3.2.2., CO3.2.3., CO3.3.1., 

CO3.3.2., CO3.3.3., CO3.4.1., 

CO3.4.2., CO3.4.3., CO3.5.1., 

CO3.5.2., CO3.5.3., CO3.6.1. 

Guided practice 

 

SCT; TSR Newsletters 

Tip-cards 

CO3.1.1, CO3.1.2., CO3.2.1., 

CO3.2.2., CO3.2.3., CO3.3.1., 

CO3.3.2., CO3.3.3., CO3.4.1., 

CO3.4.2., CO3.4.3., CO3.5.1., 

CO3.5.2., CO3.5.3., CO3.6.1. 

Verbal persuasion 

 

SCT; TSR Newsletters 

Tip-cards 

Poster 

Habit CO4.1., CO4.2.1., CO4.2.2., 

CO4.3., CO4.4., CO4.5, CO4.6 

Modeling SCT; TL Newsletters 

ORGANISATIONAL 

LEVEL 

Teachers 

Attitude CO1.1., CO1.2.1., CO1.3.1., 

CO1.4., CO1.6., CO1.7. 

Consciousness raising 

(providing 

information) 

HBM Teachers’ guide 

Teachers’ 

training 

CO1.1., CO1.2.1., CO1.2.2., 

CO1.3.1., CO1.4., CO1.5., 

CO1.6., CO1.7. 

Environmental 

reevaluation 

TTM; 

SCT 

Teachers’ guide 

CO1.1., CO1.2.1., CO1.2.2., 

CO1.3.1., CO1.4., CO1.5., 

CO1.6., CO1.7. 

Discussion TIP Teachers’ 

training 

Knowledge 

 

CO2.1.1., CO2.1.2., CO2.2., 

CO2.3.1., CO2.3.2., CO2.4., 

CO2.5., CO2.6., CO2.7. 

Discussion TIP Teachers’ 

training 

CO2.1.1., CO2.1.2., CO2.2., 

CO2.3.1., CO2.3.2., CO2.4., 

CO2.5., CO2.6., CO2.7. 

Consciousness raising 

(providing 

information) 

HBM Teachers’ guide 

Teachers’ 

training 

Self-efficacy CO3.1.1., CO3.1.2., CO3.2.1., 

CO3.2.2., CO3.3.1., CO3.3.2., 

CO3.3.3., CO3.4.1., CO3.4.2., 

Modeling 

 

SCT; TL Teachers’ guide 

Teachers’ 

training 



CO3.4.3., CO3.5.1., CO3.5.2., 

CO3.6., CO3.7.1., 3.7.2. 

CO3.1.1., CO3.1.2., CO3.2.1., 

CO3.2.2., CO3.3.1., CO3.3.2., 

CO3.3.3., CO3.4.1., CO3.4.2., 

CO3.4.3.,  CO3.5.1., CO3.5.2., 

CO3.6., CO3.7.1., 3.7.2. 

Guided practice SCT; TSR Teachers’ guide 

Teachers’ 

training 

Habit CO4.1., CO4.2.1., CO4.2.2., 

CO4.3., CO4.4., CO4.5., CO4.6., 

CO4.7. 

Modeling SCT; TL Teachers’ guide 

Teachers’ 

training 
a 
The detailed change objectives can be found in Table 2, 3, and 4 

b
 The theory-based methods can be found in Bartholomew et al. (2011), pages 327-344 [34], but a brief description can be found here. Direct experience = 

Encouraging a process whereby knowledge is created through the interpretation of experience; Repeated exposure = Making a stimulus repeatedly accessible to 

the individual’s sensory receptors; Using Imagery = Using artifacts that have a similar appearance to some subject; Modeling = Providing an appropriate model 

being reinforced for the desired action; Active learning = Encouraging learning from goal-driven and activity-based experience; Guided practice = Prompting 

individuals to rehearse and repeat the behaviour various times, discuss the experience, and provide feedback; Arguments = Using a set of one or more meaningful 

premises and a conclusion; Environmental reevaluation = Encouraging realizing the negative impact of the unhealthy behaviour and the positive impact of the 

healthful behaviour; Discussion = Encouraging consideration of a topic in open informal debate; Elaboration = Stimulating the learner to add meaning to the 

information that is processed; Verbal persuasion = Using messages that suggest that the participant possesses certain capabilities; Consciousness raising = 

Providing information, feedback, or confrontation about the causes, consequences, and alternatives for a problem or a problem behaviour 
c
 TL = Theories of learning; TIP = Theories of information processing; SCT = Social cognitive theory; TSR = Theory of self-regulation; TPB = Theory of 

planned behaviour; TRA = Theory of reasoned action; PCM = Persuasion-communication matrix; ELM = Elaboration likelihood model; TTM = Trans-theoretical 

model; HBM = Health-belief model 



 
 

Step 4: Development of the PA-intervention component and materials 

Based on the results of the first three steps of the IM protocol, the intervention programme and 

materials were developed. For teachers (organisational level), a teachers‟ guide („Teacher‟s 

General Guide‟) and a handbook with classroom activities („Classroom Activities Guide‟) were 

developed to change preschoolers‟ PA-behaviour at the individual level. This teachers‟ guide 

provided some general information, for example on the definition of PA and the importance of 

increasing preschoolers‟ PA levels to establish healthy PA behaviour. In the Classroom Activities 

Guide, three different themes were included, namely (1) setting environmental changes in the 

classroom (i.e., how to rearrange the classroom), (2) the child performing the actual behaviour 

(i.e., being physically active during structured PA sessions), and (3) classroom activities (i.e., 

kangaroo stories, and PA excursions).  

To involve the parents/caregivers in the PA-component of this kindergarten-based intervention, 

preschoolers‟ parents/caregivers received two newsletters, two tip-cards and one poster. The 

newsletters and tip-cards contained tips and strategies to increase preschoolers‟ PA levels. The 

poster provided key messages on PA and pictures of the physically active „Little Kangaroo‟ (role 

model of the ToyBox-study) that could be coloured at kindergarten and taken home. At the end of 

the ToyBox-study (April 2014), the intervention material will be made available on the ToyBox-

website (www.toybox-study.eu). Detailed information on the content of the intervention materials 

for PA is provided in another paper elsewhere in this supplement (40).  

 

Step 5: Development of an adoption and implementation plan 

During the fifth step of the IM protocol, the implementation plan of the intervention was 

developed. The entire ToyBox-intervention was implemented over the academic year 2012-2013. 

Before the start of the intervention, environmental changes for PA occurred in the classroom, 

which were retained throughout the whole school year. The PA-component of the intervention 

also included physical education sessions and classroom activities. Before the start of the 

intervention, all kindergarten teachers were invited to attend two teacher training sessions in 

which the goals of the ToyBox-intervention were explained and the materials were presented (41, 

42). During the first training session, teachers were provided with the “ToyBox”, i.e., a plastic 

box which contained a teachers‟ guide, four handbooks, nine newsletters, eight tip-cards, four 

posters and a kangaroo hand puppet. Before the start of the implementation of the repetition 
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period, teachers received a third teachers‟ training session. During this third training session, a 

short repetition was provided concerning the goals, behaviours and the materials of the ToyBox-

intervention, while selected teachers were invited to present their experiences from the 

intervention implementation. At the end of each training session, there was time allocated for 

questions and discussion.  

 

Step 6: Evaluation planning 

In the final step of the IM protocol, a plan to evaluate the effectiveness of the ToyBox-

intervention was developed. The general effectiveness of the intervention will be evaluated on 

different levels. First, the changes in anthropometric measures (height, weight, waist 

circumference), Body Mass Index, and the prevalence of overweight and obesity will be 

investigated (43). Furthermore, changes in behaviour related to the specific program objectives 

will be examined. This will be done using a parental/caregivers‟ questionnaire that 

parents/caregivers filled in before and after the implementation of the intervention (44). With this 

questionnaire, child‟s membership in a sports club, time per week that the child spends doing 

sport in a sports club, what kind of sport the child does, and how the child usually gets to and 

from kindergarten (i.e., active transportation) and how long it takes, were reported. Additionally, 

questions about parents/caregivers‟ PA levels were reported. Finally, preschoolers‟ steps per day 

and steps per hour were objectively measured before and after the intervention by using 

pedometers (Omron Walking Style Pro Pedometer, HJ-720IT-E2) (45). Process-evaluation 

questionnaires for both parents/caregivers and teachers were developed to record the 

implementation of the intervention (32). Finally, the cost-effectiveness of the intervention will be 

analysed by using a health economics model (33).  

 

DISCUSSION 

The aim of the current paper was to describe how the IM protocol was applied towards the 

development of the PA-component of the ToyBox-intervention to prevent overweight and obesity 

in four- to six-year-old European preschool children. The way the different steps of the IM 

protocol were implemented is described, and the developed matrices are presented. 

During the needs assessment, focus groups with parents/caregivers and teachers of preschoolers 

were conducted in the six intervention countries to inform the development of the PA-component 
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of the intervention (31). As these focus groups were implemented in all six intervention 

countries, the challenge was to find the balance between the more general information and 

country-specific details. Therefore, as a first step, the findings from all countries were 

summarised into a covering report, with recommendations for the intervention development. 

Country-specific details were then used to make minor local and cultural adaptations. Although 

the materials and instructions provided to the teachers were common in all six countries, teachers 

were able to make some adaptations themselves. For example, in the developed Classroom 

Activities Guide, teachers were asked to provide two physical education sessions per week. 

However, in countries that already provided such physical education sessions (like Belgium and 

Spain) (46, 47), it was suggested to spend extra time on the classroom activities that were 

mentioned in the teachers‟ handbook. In this way, cultural and local adaptations were included in 

the development and implementation of the ToyBox-intervention. Programme planners are 

advised to use the information from the focus groups during the needs assessment step, to prepare 

for local and cultural adaptation (31). 

The evaluation of the effectiveness of the PA-component of the ToyBox-intervention will be 

based on both subjective parental/caregivers‟ information (a questionnaire in which 

parents/caregivers filled in information about their child‟s PA during after school hours, in 

combination with questions about the parents/caregivers‟ PA levels) and objective information 

(with the use of pedometers). The objective measurement will provide reliable data on 

preschoolers‟ steps per hour and steps per day, while the subjective parental/caregivers‟ 

questionnaire will provide the context of preschoolers‟ physical activities. This general 

evaluation of the effectiveness of the intervention, in combination with the process-evaluation, 

can indicate where the PA-component of the ToyBox-intervention was effective and where it had 

some shortcomings. Future programme planners are advised to carefully select the method of 

evaluation to assess the effectiveness of the intervention. 

The IM protocol was used as the conceptual framework for developing the ToyBox-intervention. 

Using the IM protocol has the benefit that the intervention is developed in a systematic, evidence-

based and theory-driven manner. Every decision during the development and implementation of 

the IM protocol is well thought-out and carefully considered. In addition, different 

implementation levels are included in the IM protocol; this increases complexity, but also might 

raise effectiveness. Yet, the development of the intervention was perceived as a time-consuming 
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process, which was not only the case for the current ToyBox-intervention but has also been 

mentioned in previously-developed interventions that also used the IM protocol (e.g., IDEFICS, 

Pro Children) (48, 49). In this case, the first steps that were taken for the needs assessment 

occurred in March 2010, and the sixth and last step (i.e., evaluation) will be finished in April 

2014. This means that the total duration of the IM protocol process will have taken four years and 

two months. Therefore, it is important for future programme planners to allocate adequate time 

and accordingly an adequate budget for the development and implementation of an intervention 

based on the IM protocol. Also scientific staff are required to develop and implement an 

intervention, and this scientific staff should be experienced and have a background in using the 

IM protocol. In addition, this scientific staff should also be capable of training the implementers 

of the intervention (i.e., kindergarten teachers) to ensure a successful implementation of the 

intervention. However, to alleviate the work-load, future programme planners could use and 

adapt the current developed matrices of change objectives to use in their intervention to increase 

preschoolers‟ PA. 

 

CONCLUSION 

In conclusion, the PA-component of the ToyBox-intervention was carefully developed based on 

the IM protocol, and resulted in a standardised kindergarten-based intervention with family 

involvement to increase four- to six-year-old preschoolers‟ PA across six European countries. A 

standardised intervention was developed, allowing for minor cultural adaptations. While the use 

of the IM protocol was perceived as time-consuming, it may lead to an increase in the 

effectiveness of the intervention. Therefore, future programme planners should allocate adequate 

time, budget and experienced scientific staff to develop and implement an intervention.  
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Abstract

Background: The ToyBox-study developed an evidence- and theory-based intervention to improve preschoolers’
energy balance-related behaviours – including physical activity (PA) – by targeting the kindergarten environment
and involving their parents/caregivers. The present study aimed to examine the effect of the ToyBox-intervention
on increasing Belgian preschoolers’ objectively measured PA levels.

Methods: A sample of 472 preschoolers (4.43 ± 0.55 years; 55.1% boys) from 27 kindergartens (15 intervention,
12 control kindergartens) in Flanders, Belgium were included in the data analyses. Preschoolers wore an ActiGraph
accelerometer for six consecutive days and were included in the data analyses if they had a minimum of two
weekdays and one weekend day, both at baseline and follow-up (one year later). Preschoolers’ PA outcomes were
estimated for an average day, weekday, weekend day, during school hours, and during after school hours. To
assess intervention effects, multilevel repeated measures analyses were conducted for the total sample, and for
sub-groups (according to sex, kindergarten levels of socio-economic status (SES) and risk groups (low levels of
PA at baseline)) of preschoolers.

Results: Small intervention effects were found in the total sample. Most intervention effects were found in boys
and in preschoolers from high SES kindergartens. Boys from the intervention group had an increase in vigorous PA
(ß = 1.47, p = 0.03) and moderate-to-vigorous PA (ß = 1.27, p = 0.03) from baseline to follow-up, whereas PA levels
in boys from the control group stagnated or decreased. In preschoolers from high SES kindergartens, the largest
effects were found for PA outcomes during school hours and during after school hours.

Conclusion: The results from the Belgian sample demonstrate that effects of the PA-component of the
ToyBox-intervention on objectively measured PA were found in preschool boys and in preschoolers from high
SES kindergartens, which means that the ToyBox-intervention was mainly effective in those sub-groups. Future
interventions should search for alternative strategies to increase preschoolers’ PA levels in preschool girls and
preschoolers from low SES kindergartens, as these are the most important at-risk groups regarding PA.

Keywords: Physical activity, Kindergarten, Accelerometer, Intervention effect, Children

* Correspondence: marieke.decraemer@ugent.be
1Department of Movement and Sport Sciences, Ghent University,
Watersportlaan 2, 9000 Ghent, Belgium
Full list of author information is available at the end of the article

© 2014 De Craemer et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly credited. The Creative Commons Public
Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this
article, unless otherwise stated.

De Craemer et al. International Journal of Behavioral Nutrition and Physical Activity 2014, 11:38
http://www.ijbnpa.org/content/11/1/38

221



Introduction
Preschool children (between four and six years old)
should engage in sufficient levels of physical activity
(PA), because even at this young age, PA is associated
with a number of positive mental and physical health
outcomes [1,2]. Furthermore, childhood PA tracks from
year to year [3-5]. PA also plays an important role in the
prevention of overweight and obesity in children [1,6].
Nevertheless, most preschoolers accumulate low PA
levels throughout the day [7], and few preschool children
comply with the current PA guidelines for preschoolers
of 180 minutes of total PA per day [7-9]. In addition,
according to the review of Hinkley et al. (2008), already
at preschool age differences in physical activity levels
between boys and girls exist, with preschool boys being
more physically active compared to preschool girls [10],
and preschool boys engaging in activities with higher
intensities compared to preschool girls [7,11]. Further-
more, while one study found more higher intensity PA in
preschoolers’ from families with higher socio-economic
status (SES) [12], recent systematic reviews found no asso-
ciation between preschoolers’ SES and PA levels [10,11].
Several studies have focused on increasing preschoolers’

PA levels. As preschool children spend a considerable
amount of time at some form of out-of-home care, these
settings provide an opportunity to increase preschoolers’
PA, resulting in preschool-based interventions [13]. Some
studies investigated the effect of targeting preschoolers’
PA levels during recess, but mixed results were found
[14-16]. Activity-friendly equipment during recess in-
creased three- to five-year-old US preschoolers’ PA [16],
whereas providing four- to five-year-old Belgian pre-
schoolers with play equipment and playground markings
did not increase PA levels [15]. In addition, lowering the
playground density resulted in only small improvements
in four- to six-year-old Belgian preschoolers’ activity levels
[14]. Other preschool-based interventions targeted the
preschool curriculum to increase preschoolers’ PA levels
[17]. For example, teacher-led structured PA sessions,
integrated in the preschool curriculum, are promising to
increase PA in four- to six-year-old Belgian preschoolers
[13]. A study in three- to five-year-old US preschoolers
consisted of a curriculum of 18 weeks with 15- to 20-
minute-lessons – comprising of multiple activities focus-
ing on stability (trunk strength), locomotor skills (running,
hopping, skipping), or manipulation skills (ball skills) –
four days a week (72 lessons in total). Although positive
changes in gross motor skills were found, no intervention
effects were found for PA [17]. To conclude, only a few
preschool-based interventions in preschool children have
been successful in increasing preschoolers’ PA levels.
Involving parents to increase preschoolers’ PA levels

may be promising [18-23], because children also spend –
next to the out-of-home care – a considerable amount of

time at the home environment, and significant correla-
tions exist between child’s PA level and parental support
[24]. The involvement of parents in interventions with
preschoolers is still understudied. However, one study of
O’Dwyer et al. (2012) demonstrated a significant increase
in three- to five-year-old English preschoolers’ PA on
week (4.5%) and weekend days (13.1%), after their family
received a ten-week active play program [25].
Also combined interventions exist – a preschool-based

and a parental involvement component – targeting an
increase in preschoolers’ PA levels, but inconsistent
results were found [26,27]. In the study of Reilly et al.
[26] in four-year-old Irish preschoolers, PA programs
(i.e., three 30-minute sessions per week for 24 weeks)
and home-based health education (i.e., families receiv-
ing materials and health education leaflets) did not
increase PA. In another study, parents were motivated
to develop and implement their own project ideas to pro-
mote four- to six-year-old German preschoolers’ PA, apart
from a state-sponsored program consisting of gym classes
twice a week for six months [27]. Results showed that pre-
school children in the intervention group had an increase
in total PA, compared to the control group in which no in-
crease was found [27].
The ToyBox-study aimed at preventing overweight and

obesity in four- to six-year-old preschoolers, by developing
a theory- and evidence-based multidisciplinary kinder-
garten intervention with family involvement and testing it
in six European countries (Belgium, Bulgaria, Germany,
Greece, Poland, and Spain) [28]. The evidence-based
kindergarten intervention with family involvement was
framed in a social ecological perspective because of the
significant influence of the family environment and
individual factors. The intervention was developed
with the use of the PRECEDE-PROCEED model [29]
and the Intervention Mapping protocol [30], and targets
four behaviours: (1) PA, (2) sedentary behaviour, (3) water
consumption, and (4) snacking.
The present study aimed to examine the effect of the

ToyBox-intervention on four- to six-year-old preschoolers’
objective PA levels in Belgium, as only Belgian preschoolers
wore accelerometers to objectively measure PA. Conse-
quently, differences in light PA (LPA), moderate PA (MPA),
vigorous PA (VPA), total PA, and moderate-to-vigorous PA
(MVPA) were investigated from baseline to follow-up. In
addition, we examined whether the intervention had a dif-
ferent impact on PA in boys versus girls, in low versus high
SES kindergartens, or in low (high levels of PA at baseline)
versus high risk groups (low levels of PA at baseline).

Methods
Study protocol
The kindergarten-based ToyBox-intervention with family
involvement – targeting four- to six-year-old preschoolers –
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had a randomized cluster design and consisted of a pre-
test post-test design with intervention and control schools
across six European countries. Preschool children and
their families were recruited at kindergartens, daycare
centers or preschool settings. In order to avoid confusion
for the reader, these settings will be referred to as “kin-
dergartens” in this paper. Only in Belgium, preschoolers’
PA levels were measured by the use of accelerometers.
Since these motion sensors assess different intensities of
objectively-based PA, the effect of the ToyBox-intervention
on light, moderate, as well as vigorous PA of Belgian pre-
school children could be evaluated.
Within two provinces (West- and East-Flanders) in

Flanders, the northern part of Belgium, kindergartens
were recruited from different socio-demographic back-
grounds. Lists of all municipalities that exist within the

selected provinces were collected and information on
the SES variables was provided (mean years of education
for the population of 25–55 years or annual income).
Tertiles were created, based on the selected SES vari-
ables, and five municipalities were randomly selected
from those tertiles (i.e., five municipalities for low SES,
five for medium SES, and five for high SES). Then, 97
kindergartens within these randomly chosen munici-
palities were randomly selected (with the exclusion of
the lowest 20% of the smallest kindergartens), and a per-
sonal visit was performed to inform the kindergarten
staff about the ToyBox-study. Twenty-seven kindergar-
tens (27.8%) agreed to participate in the study, and all
preschoolers of the first and second kindergarten class
(n = 2,912) received an information letter to take home
in which the purpose of the study was explained to the

Figure 1 Flow chart of included kindergartens and preschoolers in the ToyBox-study. SES = Socio-economic status.
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parents/caregivers, and the child was invited to wear an
accelerometer for six consecutive days (Figure 1).
After the recruitment of the kindergartens, kindergartens’

municipalities were randomly assigned to the intervention
or the control condition (2:1) to avoid contamination
between kindergartens in the same municipality. Kinder-
gartens allocated to the intervention condition received
the intervention material which could be used during the
school year 2012–2013 (from October 2012 until March
2013). Kindergartens allocated to the control condition
were informed that they would receive the intervention
material one year later (which they could use to their own
needs), and that they could continue with the normal
kindergarten curriculum.
Before the start of the intervention, pre-test measure-

ments were performed on weekdays from March until
June 2012. On those days, researchers visited interven-
tion and control kindergartens and fitted those pre-
school children with an accelerometer for whom written
informed consent from their parents/caregivers had been
obtained. One year later, from March until June 2013,
post-test measurements were performed and again, pre-
schoolers with written informed consent from both
intervention and control kindergartens received an ac-
celerometer to objectively measure their PA levels. The
Belgian part of the ToyBox-study was approved by the
Ethical Committee of the Ghent University Hospital
(EC/2010/037).

ToyBox-intervention: PA-component
The kindergarten-based ToyBox-intervention with family
involvement was planned and developed following the
PRECEDE-PROCEED model [29] and the six different
steps of the Intervention Mapping protocol (i.e., Needs as-
sessment, Formulation of change objectives, Selection of
theory-based methods and practical strategies, Develop-
ment of the intervention and materials, Development of an
adoption and implementation plan, Evaluation planning)
[30], and included the four different behaviours which are
aimed at in the ToyBox-study [28]. These energy balance-
related behaviours were handled in four different compo-
nents, including the PA-component.
The ToyBox-intervention consisted of 24 intervention

weeks, and started in October 2012 until March 2013.
Before the start of the ToyBox-intervention, environ-
mental changes for PA occurred in the classroom, which
were retained throughout the whole school year. The
PA-part of the intervention was implemented in weeks 5
until 8, and had a two-week repetition period in weeks
19 and 20. During the other weeks, the other three
behaviours were targeted and implemented. Furthermore,
some PA-components were also implemented throughout
the whole school year. The ToyBox-intervention was
implemented by the kindergarten teachers, who had two

teachers’ training sessions with the researchers to explain
the goals and the material of the ToyBox-study, and to
answer to kindergarten teachers’ questions, prior to the
intervention. During the first training session (i.e., before
the start of the intervention), teachers were provided with
the “ToyBox”, a box containing a teachers’ guide, class-
room activity guides, newsletters, tip-cards, posters and a
kangaroo hand puppet. The teachers’ guide provided some
background information, for example on the definition of
PA and the importance of increasing preschoolers’ PA
levels to establish healthy PA behaviour. In the classroom
activity guide for PA, three different themes were inclu-
ded, namely (1) setting environmental changes in the
classroom (i.e., how to rearrange the classroom; this was
retained throughout the whole school year), (2) the child
performing the actual behaviour (i.e., being physically
active during structured PA sessions; these sessions were
implemented for 20 weeks), and (3) classroom activities
(i.e., kangaroo stories, and PA excursions; these activ-
ities were implemented for six weeks in total). Before the
start of the repetition period, teachers received a third
teachers’ training, during which the goals of the ToyBox-
intervention were repeated and a short repetition was
provided concerning the behaviours and the materials.
Teachers were asked to allocate a minimum of one hour
per week to use the ToyBox-materials and to implement
the ToyBox-intervention in the classroom. To involve the
parents/caregivers, preschoolers received two newsletters,
two tip-cards and one poster (with key messages on PA
that could be colored at kindergarten or at home) to take
home for their parents/caregivers. The newsletters and
tip-cards contained tips and strategies to increase pre-
schoolers’ PA levels.
To get an insight in the role of the main implementers

and their fidelity in implementing the ToyBox-intervention
(i.e., teachers and parents/caregivers), process evaluation
tools were developed. Teachers received monthly logbooks,
containing questions on changes made to the kindergarten
environment, preschoolers’ performing PA, execution of
classroom activities, whether they handed out the interven-
tion materials and what their feedback was on the interven-
tion materials. At the end of the ToyBox-intervention,
preschoolers’ parents/caregivers received a questionnaire
containing questions on whether they received and read the
newsletters, tip-cards and poster, and how they perceived
these materials (e.g., reliable, understandable, useful).

Instrumentation
To objectively quantify Belgian preschoolers’ PA levels,
three models of ActiGraph accelerometers (Pensacola, FL)
were used, namely the GT1M (3.8 cm × 3.7 cm × 1.8 cm;
27 g), the GT3X (3.8 cm × 3.7 cm × 1.8 cm; 27 g), and the
GT3X+ (4.6 cm × 3.3 cm × 1.5 cm; 19 g). The use of
three different accelerometer models was inevitable as
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all available accelerometers had to be used in order to
measure a large sample in a limited amount of time.
Accelerometers were worn on the right hip, secured by an
elastic waist band. Only the vertical axis output was used
in the present study. There is a strong agreement between
the GT1M, GT3X and GT3X + accelerometers, which
makes it acceptable to use these activity monitors together
in one study [31]. Furthermore, the GT1M accelerometer
has been validated to measure PA in preschool children
[32]. Accelerometers were initialized to measure activity
counts in 15-second epochs – because of preschoolers’
intermittent pattern of movement [33] – using ActiLife
version 5.5.5-software.

Procedure
Preschoolers’ parents/caregivers were instructed to let
their child wear the accelerometer during all waking
hours for six consecutive days, including two weekend
days, and only to remove the device during water-based
activities and during sleeping. To ensure that the accel-
erometer was worn correctly, parents/caregivers were
given an informational letter with instructions on how
to handle the device.
After data collection, accelerometers were downloaded

and raw data files were then reduced using the Meter-
plus version 4.3 software (Santech Inc., San Diego, US).
Both the first and sixth day were omitted, because these
days were incomplete. Periods of ten minutes or more of
consecutive zeros were deleted, as these periods were
regarded as non-wearing time. To be included in the
analyses, preschoolers were required to have at least six
hours of accelerometer recordings on two weekdays and
one weekend day [34]. For ease of interpretation, the
15-second data were divided by four to express the
outcome in minutes. Minutes of LPA, MPA, and VPA
were afterwards categorized using the cut-points by
Evenson et al. [35], which are recommended to use in
this age group [36]. The procedure of data collection,
data deposition and data reporting was standardized
and harmonized within the ToyBox-intervention.

Statistical analyses
For PA, all outcomes (i.e., LPA, MPA, VPA, total PA,
and MVPA) were separately calculated for an average
day, weekday, weekend day, during school hours (be-
tween 8 AM and 4 PM), and after school hours (between
4 PM and 8 PM). To take into account that some pre-
schoolers had more weekend days than others, outcome
variables on an average day were calculated using the
following formula: ((MEAN (outcome on weekday 1,
outcome on weekday 2)*5) + (MEAN(outcome on week-
end day 1, outcome on weekend day 2))/7. All outcomes
were expressed in percentages of the total wearing time
by dividing all outcome variables by the total wearing

time and multiplying by 100. Prior to all analyses, all out-
come measures were first checked for normal distribution
(skewness < 0.70). Several outcome measures were posi-
tively skewed and were therefore logarithmically trans-
formed (log10). Transformed variables were used in the
analyses, but for ease of interpretation, non-transformed
data were reported in the text and tables. Descriptive
statistics were computed to describe the characteristics
(age, sex, SES) of the sample, and were reported as per-
centages or means and standard deviations.
Multilevel repeated measures analyses were performed

using MLwiN 2.28 (Centre for Multilevel Modelling,
University of Bristol, UK) to assess the effectiveness of
the intervention on all outcome variables [37]. Multilevel
modeling (four levels: time; preschool child; kindergar-
ten class; kindergarten) was used to take clustering of
two measurements (baseline and follow-up) of preschool
children in kindergarten classes in kindergartens into
account. The likelihood ratio test was used to justify that
the data fits the model. All analyses were adjusted for
age and sex. Two ß-values will be reported in the results:
(1) the ß-value for ‘time’ is the estimate for the time
effect, and can be interpreted as the magnitude of
change in the outcome variable going from baseline to
follow-up, irrespective of the condition to which pre-
schoolers belong, and (2) the ß-value for ‘time*condition’
is the estimate for the intervention effect for all outcome
variables, which describes the difference between the
mean change in the intervention group and the mean
change in the control group. To investigate the dif-
ferences between boys and girls, different levels of SES
from the kindergarten, and differences between low risk
(i.e., preschoolers with the highest two tertiles of total
PA at baseline) and high risk (i.e., preschoolers with the
lowest tertile of total PA at baseline) groups, three-
way interaction effects (‘time*condition*sex’, ‘time*con-
dition*SES’, and ‘time*condition*risk group’) were calculated
for all outcome variables. When these three-way interaction
effects were significant, stratifications in sub-groups were
reported. To consider the effect size of significant interven-
tion effects, we reported Cohen’s d statistic (small = 0.20,
moderate = 0.50, large = 0.80). Cohen’s d statistic was cal-
culated using the means and standard deviations from the
intervention and control group (d = (M1 – M2) / √[(s21 +
s22 )/2]) [38]. Values were only reported in the text, not in
the tables. To check for differences between the interven-
tion and control group at baseline, multilevel regression
analyses were conducted (three-level: preschool child;
kindergarten class; kindergarten). To compare the pre-
school children who had valid data with the preschool
children who did not have valid data, attrition analyses
were conducted as a three-level logistic regression analysis
(preschool child; kindergarten class; kindergarten). For all
analyses, statistical significance level was set at p < 0.05,
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and p-values between 0.05 and 0.10 were considered bor-
derline significant.

Results
In total, 472 preschoolers (55.1% boys, mean age 4.43 ±
0.55 years) provided valid accelerometer data at baseline
and follow-up. The flow of participants through the
study is illustrated in Figure 1. The mean accelerometer
wearing time was 11.8 ± 1.1 hours and 12.1 ± 3.3 hours
per day for baseline and follow-up respectively. At base-
line, preschoolers spent 54.3% (± 6.4) of the day in total
PA. At follow-up, they spent 54.5% (± 6.2) of the day in
total PA. For all dependent variables, no significant dif-
ferences were found between the intervention and con-
trol group at baseline. Attrition analyses showed that
preschool girls were more likely to have incomplete data
than preschool boys (OR = 1.16; 95% CI = −0.11 – 0.42),
and older preschool children were more likely to have in-
complete data than younger preschool children (OR = 1.48;
95% CI = 0.13 – 0.69).
Results obtained from the multilevel repeated mea-

sures analyses for the PA outcomes in the total sample
are shown in Table 1. For VPA and MVPA during after
school hours, a significant intervention effect was found
with preschoolers from the intervention group having an
increase in VPA and MVPA from baseline to follow-up,
and preschoolers from the control group having a de-
crease in VPA (ß = 1.31, p = 0.04, d = 0.14) and MVPA
(ß = 1.18, p = 0.03, d = 0.16). Two borderline significant
intervention effects were found for VPA on a weekday
and MVPA on an average day, with preschoolers from
the intervention group having a steeper increase in VPA
on a weekday (ß = 1.14, p = 0.09, d = 0.01) and MVPA on
an average day (ß = 1.07, p = 0.09, d = 0.12) from baseline
to follow-up, compared to the control group.
A significant three-way interaction effect was found

for sex for LPA during school hours (p = 0.04), and also
a borderline significant interaction effect was found for
sex for total PA during school hours (p = 0.07). This
means that changes in PA between the intervention and
control group from baseline to follow-up were different
for boys and girls. Results obtained from the multilevel
repeated measures analyses for the PA outcomes strati-
fied by sex are illustrated in Table 2. In boys, significant
intervention effects were found for VPA and MVPA
during after school hours. For VPA during after school
hours, boys from the intervention group had a 0.5%
increase from baseline to follow-up, whereas VPA in
boys from the control group stagnated (ß = 1.47, p = 0.03,
d = 0.26). Furthermore, boys from the intervention group
had a 0.9% increase in MVPA during after school hours
from baseline to follow-up, whereas boys from the control
group had a 0.5% decrease (ß = 1.27, p = 0.03, d = 0.19).
Finally, a borderline significant intervention effect was

Table 1 Time and interaction effects for PA outcomes in
the total sample (adjusted for age and sex)

n = 472
(I = 301, C = 171)

PRE
(%)

POST
(%)

Time Time * condition

ß ß

LPA

Day I 47.7 46.8 −0.80* −0.06

C 46.7 45.9

Weekday I 48.1 47.1 −1.18** 0.11

C 47.4 46.2

Weekend day I 46.5 46.3 −0.11 −0.09

C 45.2 45.1

School hours$ I 49.0 39.6 −1.26*** 1.02

C 47.8 37.8

After school hours I 38.8 34.1 −5.86*** 1.18

C 38.3 32.4

MPA

Day$ I 5.6 6.3 1.05* 1.06

C 5.6 5.9

Weekday$ I 5.5 6.1 1.05 1.05

C 5.5 5.8

Weekend day$ I 5.6 6.1 1.05 1.02

C 5.4 5.7

School hours I 5.9 6.0 −0.33 0.45

C 6.0 5.6

After school hours$ I 4.3 4.2 1.15** 1.11

C 4.3 3.7

VPA

Day$ I 1.7 2.1 1.16** 1.11

C 1.8 2.0

Weekday$ I 1.5 1.9 1.16 1.14*

C 1.5 1.8

Weekend day$ I 1.8 2.3 1.17 1.08

C 1.9 2.2

School hours$ I 1.2 1.7 1.43*** 1.02

C 1.2 1.8

After school hours$ I 1.2 1.5 −1.02 1.31**

C 1.3 1.3

Total PA

Day I 55.5 56.0 −0.05 0.48

C 54.6 54.6

Weekday I 55.7 55.9 −0.48 0.65

C 55.2 54.7

Weekend day I 55.1 55.9 0.93 −0.09

C 53.6 54.6

School hours$ I 56.4 48.5 −1.19*** 1.03

C 55.2 46.2
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found in boys for VPA on a weekday, with boys from the
intervention group having a steeper increase compared to
boys from the control group (ß = 1.20, p = 0.09, d = 0.10).
In girls, only borderline significant intervention effects
were found for LPA and total PA during school hours.
Girls from the control group had a steeper decrease in
LPA (ß = 1.14, p = 0.06, d = 0.30) and total PA (ß = 1.11,
p = 0.06, d = 0.31) during school hours from baseline
to follow-up, compared to girls from the intervention
group who had a smaller decrease.
Significant three-way interaction effects were found

for kindergarten SES for several PA outcomes (p < 0.05),
meaning that changes in PA between the intervention
and control group from baseline to follow-up were
different for kindergarten SES levels. Results obtained
from the multilevel repeated measures analyses for the
PA outcomes stratified by SES are depicted in Table 3.
For preschoolers from low SES kindergartens, no posi-
tive intervention effects – with the exception of VPA
during after school hours – were found between the
intervention group and the control group from baseline
to follow-up. For preschoolers from medium SES kinder-
gartens, a significant intervention effect was found for
LPA on a weekday, with preschoolers from the interven-
tion group having a smaller decrease in LPA from baseline
to follow-up compared to the control group (ß = 2.35,
p = 0.03, d = 0.12). For preschoolers from high SES
kindergartens, significant intervention effects were found
for LPA, MPA, and total PA during school and after
school hours, for MPA and MVPA on an average day and
on a weekday and for VPA on a weekday. Preschoolers
from the intervention group had a smaller decrease in

LPA (ß = 1.36, p < 0.001, d = 0.81) and total PA (ß = 1.27,
p < 0.001, d = 0.65) during school hours from baseline to
follow-up compared to the control group. The same re-
sults were found for LPA (ß = 7.97, p < 0.001, d = 0.74) and
total PA (ß = 9.52, p < 0.001, d = 0.75) during after school
hours. Furthermore, preschoolers from the intervention
group had a 1.0% and 1.2% increase in MPA on an average
day (ß = 1.21, p = 0.004, d = 0.61) and on a weekday (ß =
1.26, p = 0.002, d = 0.58) whereas the control group stag-
nated and had a 0.2% decrease respectively. For MVPA on
an average day, preschoolers from the intervention group
had a 1.2% increase from baseline to follow-up, whereas
preschoolers from the control group only had a 0.1.0%
increase in MVPA (ß = 1.21, p = 0.01, d = 0.56). For MVPA
on a weekday, preschoolers from the intervention group
had an increase in MVPA whereas the control group
decreased (ß = 1.29, p = 0.004, d = 0.52). Also, for VPA on
a weekday, preschoolers from the intervention group
increased their VPA whereas preschoolers from the con-
trol group stagnated from baseline to follow-up (ß . 1.42,
p = 0.02, d = 0.32).
No significant three-way interaction effects were found

with baseline PA level, meaning that changes in PA
between the intervention and control group from base-
line to follow-up were not different for high risk groups
(low levels of PA at baseline) and low risk groups (high
levels of PA at baseline). Therefore, no risk group-
stratifications were performed.

Discussion
The aim of the present study was to examine the effect
of the ToyBox-intervention on Belgian four- to six-year-
old preschoolers’ objective PA levels. Differences in PA
outcomes were investigated from baseline to follow-up.
Kindergarten-based and family-involved components were
used in the intervention to achieve the goal of increasing
preschoolers’ PA levels. At the kindergarten level, teachers
had to implement the PA intervention component and
received a manual in which environmental changes in the
classroom, PA sessions, and classroom activities were de-
scribed. To involve parents/caregivers at the home en-
vironment, educational materials (newsletters, tip-cards,
poster) were provided to the parents/caregivers to intro-
duce them with strategies and tips and tricks to increase
their child’s PA levels. It was expected that the inter-
vention would increase preschoolers’ PA of different
intensities, whereas PA levels from preschoolers from
the control group would stagnate.
In the total sample, intervention effects were found for

VPA and MVPA during after school hours. There was a
0.3 and 0.4% increase in the intervention group for VPA
and MVPA during after school hours compared to a
stagnation in VPA and a 0.5% decrease in MVPA in the
control group. Taking an accelerometer wearing time of

Table 1 Time and interaction effects for PA outcomes in
the total sample (adjusted for age and sex) (Continued)

After school hours I 45.6 41.5 −6.06*** 1.93

C 45.2 39.2

MVPA

Day$ I 7.4 8.6 1.08** 1.07*

C 7.5 8.1

Weekday$ I 7.0 8.1 1.08 1.07

C 7.2 7.8

Weekend day$ I 7.7 8.7 1.09 1.04

C 7.6 8.2

School hours$ I 6.8 7.6 1.06 1.05

C 6.8 7.3

After school hours$ I 5.7 6.1 −1.10 1.18**

C 5.9 5.4

*p < 0.10, **p < 0.05, ***p < 0.001.
$Variable was log-transformed.
LPA = Light Physical Activity; MPA =Moderate Physical Activity; VPA = Vigorous
Physical Activity; Total PA = Total Physical Activity; MVPA =Moderate- to
Vigorous Physical Activity; I = Intervention group; C = Control group.
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Table 2 Time and interaction effects for LPA, MPA, VPA, total PA, and MVPA in boys and girls (adjusted for age)

Boys n = 260 (I = 168, C = 92) Girls n = 212 (I = 133, C = 79)

PRE (%) POST (%) Time Time * condition PRE (%) POST (%) Time Time * Condition

ß ß ß ß

LPA

Day I 47.8 46.8 −0.46 −0.64 45.7 45.1 −1.22* 0.64

C 46.2 45.7 45.5 44.3

Weekday I 48.2 46.9 −0.78 −0.56 46.1 54.4 −1.64** 0.91

C 46.9 46.1 46.1 44.5

Weekend day I 46.4 46.3 0.42 −0.46 45.3 44.9 −0.73 0.34

C 44.8 44.4 44.3 43.5

School hours$ I 49.4 38.6 −1.21*** −1.06 46.7 39.9 −1.33*** 1.14*

C 47.5 39.5 46.1 34.6

After school hours I 38.9 34.0 −5.20*** 0.32 37.7 33.3 −6.63*** 2.21

C 37.9 32.7 37.7 31.1

MPA

Day§ I 5.7 6.4 1.04 1.09 5.5 6.1 0.42* 0.17

C 5.6 5.8 5.5 5.9

Weekday§ I 5.5 6.2 1.05 1.08 5.5 6.0 0.32 0.19

C 5.5 5.8 5.4 5.7

Weekend day$ I 5.7 6.2 1.04 1.06 5.3 5.6 1.08 −1.03

C 5.4 5.6 5.2 5.6

School hours§ I 5.4 5.4 −1.06 1.06 5.4 5.6 −0.38 0.50

C 5.5 5.2 5.4 5.0

After school hours$ I 4.3 4.4 −1.14 1.18 4.3 3.9 −1.15* 1.02

C 4.2 3.7 4.4 3.8

VPA

Day$ I 1.7 2.1 1.14* 1.10 1.7 2.3 1.19** 1.13

C 1.8 2.0 1.9 2.3

Weekday$ I 1.5 2.0 1.12 1.20* 1.6 2.0 1.22** 1.07

C 1.5 1.7 1.7 2.1

Weekend day$ I 1.9 2.2 1.19 1.00 1.9 2.6 1.14 1.18

C 1.9 2.3 2.0 2.3

School hours$ I 1.2 1.8 1.38** 1.08 1.4 1.9 1.48*** −1.05

C 1.2 1.7 1.4 2.1

After school hours$ I 1.2 1.7 −1.02 1.47** 1.3 1.5 −1.01 1.13

C 1.2 1.2 1.6 1.6

Total PA

Day I 55.7 55.9 0.17 −0.01 53.1 53.8 −0.34 1.01

C 54.1 54.3 53.1 52.8

Weekday I 55.8 55.8 −0.16 0.18 55.5 55.7 −0.86 1.15

C 54.8 54.6 55.5 54.7

Weekend day I 55.1 56.0 1.44 −0.49 53.3 53.9 0.36 0.32

C 53.2 54.7 52.3 52.6

School hours$ I 56.9 47.5 −1.15*** −1.04 53.8 48.3 −1.24*** 1.11*

C 55.2 47.9 53.2 42.9
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four hours during after school hours into account, this
0.3% and 0.4% increase in VPA and MVPA corresponds
to an additional 0.7 and 0.9 minutes of VPA and MVPA
during after school hours. These small increases in VPA
and MVPA during after school hours were also reflected
in the small effect sizes. Additionally, borderline signifi-
cant effects were found for VPA on a weekday and MVPA
on an average day, with the intervention group having a
0.4% increase in VPA and a 1.2% increase in MVPA.
Assuming an average accelerometer wearing time of ten
hours per day, this 0.4% and 1.2% increase in VPA and
MVPA respectively, corresponds to an additional 2.4 and
7.2 minutes of VPA and MVPA. Although these inter-
vention effects for the higher intensities of PA were statis-
tically significant in the total sample, the biological
relevance should be interpreted with caution since it is
unclear whether this small increase in VPA and MVPA
will cause a health effect in preschool children.
Further, changes in PA between the intervention group

and control group from baseline to follow-up were dif-
ferent for boys and girls. During after school hours, boys
from the intervention group had a 1.0% increase in time
spent in VPA and MVPA whereas time spent in VPA
and MVPA in boys from the control group stagnated
and declined, respectively. The increase in higher inten-
sities of PA in preschool boys was very small and was
again reflected in the small effect sizes. In preschool
girls, only borderline significant effects were found for
total PA and LPA during school hours, with girls from
the intervention group having a smaller decrease in time
spent in total PA and LPA during school hours. This
means that stronger intervention effects were found in

boys compared to girls, which might indicate that more
effort should be taken to involve preschool girls in PA
interventions. A possible strategy might be to make
changes in the current ToyBox-material to make it more
attractive to preschool girls. At the moment, the class-
room activity guide for PA consisted for a significant
part of structured PA sessions which mostly consisted of
higher intensity activities. Since preschool boys engage
in activities with higher intensities compared to preschool
girls [7,11] and preschool boys are found to be more phys-
ically active in general [10], the ToyBox-material might
have addressed preschool boys more compared to pre-
school girls.
Different effects were found for preschoolers from high

versus low SES kindergartens, which means kindergartens
located in high versus low SES neighbourhoods. In pre-
schoolers from low SES kindergartens, negative inter-
vention effects were found for time spent in total PA and
LPA during school hours, with preschoolers from the
intervention group having a steeper decrease from base-
line to follow-up compared to the control group who had
a smaller decrease in total PA and LPA. In contrast with
the negative intervention effects in low SES kindergartens,
we did find positive intervention effects for all PA out-
comes in high SES kindergartens. Since kindergarten SES
was based on SES of the municipality, it might be plaus-
ible to say that low or high SES kindergartens were located
in low or high SES neighbourhoods. In high SES neigh-
bourhoods, children have more opportunities to be physic-
ally active because of a higher access to a private garden at
home and the availability of safe playgrounds in the neigh-
bourhood [39]. Children from low SES neighbourhoods

Table 2 Time and interaction effects for LPA, MPA, VPA, total PA, and MVPA in boys and girls (adjusted for age)
(Continued)

After school hours I 45.7 41.5 −5.12** 0.97 44.5 40.4 −7.15*** 3.03

C 44.7 39.6 44.9 37.8

MVPA

Day§ I 7.5 8.7 1.06 1.09 7.4 8.7 0.90* 0.36

C 7.4 7.9 7.6 8.5

Weekday§ I 7.1 8.3 1.07 1.10 7.3 8.4 0.79** 0.25

C 7.2 7.7 7.5 8.2

Weekend day$ I 8.0 8.7 1.09 1.02 7.3 8.4 1.09 1.05

C 7.5 8.2 7.4 8.0

School hours$ I 6.8 7.7 1.05 1.07 6.5 7.2 1.07 1.04

C 6.9 7.2 6.5 7.0

After school hours$ I 5.6 6.5 −1.10 1.27** 5.9 5.8 −1.09 1.07

C 5.7 5.2 6.2 5.7

*p < 0.10, **p < 0.05, ***p < 0.001.
$Variable was log-transformed for both boys and girls.
§Variable was log-transformed for boys.
LPA = Light Physical Activity; MPA =Moderate Physical Activity; VPA = Vigorous Physical Activity; Total PA = Total Physical Activity; MVPA =Moderate- to Vigorous
Physical Activity; I = Intervention group; C = Control group.
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Table 3 Time and interaction effects for LPA, MPA, VPA, total PA, and MVPA in preschoolers from low SES, medium
SES and high SES kindergartens (adjusted for sex and age)

Low SES n = 169 (I = 102, C = 67) Medium SES n = 149 (I = 104 , C = 45) High SES n = 154 (I = 95, C = 59)

PRE
(%)

POST
(%)

Time Time * condition PRE
(%)

POST
(%)

Time Time * condition PRE
(%)

POST
(%)

Time Time * condition

ß ß ß ß ß ß

LPA

Day I 47.0 46.4 −0.04 −0.52 48.9 47.0 −3.00*** 1.08 46.7 46.4 0.08 −0.38

C 45.5 45.4 49.2 46.2 45.7 45.8

Weekday I 48.0 47.0 −0.13 −0.95 48.8 47.8 −3.33*** 2.35** 46.9 45.9 −1.09 0.04

C 46.5 46.4 49.6 46.3 46.4 45.3

Weekend day I 44.8 45.3 0.63 −0.10 48.1 45.6 −3.04** 0.49 46.6 47.7 1.53 −0.44

C 43.1 43.7 47.6 44.6 45.5 47.0

School hours1 I 49.6 39.6 −1.07 −1.17** 49.8 38.6 −1.25** 1.04 48.1 41.3 −1.58*** 1.36***

C 47.4 44.5 50.9 40.9 45.8 29.0

After school
hours

I 38.1 35.1 −3.26** 0.26 38.7 31.3 −1.98 −5.40* 39.3 35.5 −11.80*** 7.97***

C 38.2 34.9 39.0 37.1 37.2 25.4

MPA

Day2 I 5.8 6.3 0.23 0.32 5.8 6.3 1.16** −1.07 5.7 6.7 −1.01 1.21**

C 5.7 5.9 5.5 6.4 5.9 5.9

Weekday2 I 5.8 6.1 0.28 −0.01 5.6 6.1 1.20** −1.10 5.4 6.6 −1.04 1.26**

C 5.7 6.0 5.5 6.5 5.8 5.6

Weekend day3 I 5.2 5.6 1.09 −1.01 6.0 6.6 0.12 0.41 6.2 6.7 1.06 1.01

C 5.0 5.4 5.9 6.0 6.0 6.4

School hours4 I 5.9 5.8 −0.21 0.08 5.6 5.3 1.09 −1.13 5.9 6.5 −0.95** 1.64***

C 5.9 5.7 5.6 6.1 5.9 5.0

After school
hours1

I 4.5 4.0 −1.14 1.03 4.3 4.1 1.11 −1.15 4.3 4.5 −1.37** 1.41**

C 4.1 3.6 4.2 4.7 4.5 3.3

VPA

Day1 I 1.6 2.1 1.14 1.14 1.6 2.0 1.33** −1.05 1.9 2.4 1.03 1.26*

C 1.8 2.0 1.5 2.1 1.9 1.9

Weekday1 I 1.4 1.8 1.09 1.12 1.4 1.9 1.54*** −1.14 1.6 2.2 −1.01 1.42**

C 1.6 1.7 1.3 2.0 1.7 1.7

Weekend day1 I 1.7 2.4 1.26* 1.09 1.6 1.9 −1.00 1.21 2.3 2.7 1.17 1.01

C 1.9 2.4 1.8 1.8 1.9 2.2

School hours1 I 1.2 1.5 1.26** 1.05 1.1 1.8 1.55*** 1.05 1.3 1.9 1.58*** −1.09

C 1.2 1.5 1.2 1.8 1.3 2.1

After school
hours1

I 1.2 1.4 −1.29* 1.50** 1.1 1.9 1.38 1.25 1.3 1.4 1.05 1.04

C 1.3 1.0 1.1 1.5 1.5 1.5

Total PA

Day I 54.5 55.2 0.65 −0.004 57.1 56.1 −1.62 0.60 54.8 56.1 0.21 1.12

C 53.2 53.8 57.0 55.4 54.0 54.2

Weekday I 55.6 55.3 0.52 −0.78 56.7 56.6 −1.58 1.52 54.6 55.4 −1.28 2.08

C 54.0 54.6 57.0 55.4 54.6 53.4
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have less access to a private garden at home, a park or suit-
able nearby nature [39]. Furthermore, playgrounds in low
SES neighbourhoods are more hazardous compared to
playgrounds from high SES neighbourhoods [39]. There-
fore, it might have been easier for preschoolers’ parents/
caregivers from high SES neighbourhoods to put the infor-
mation from the newsletters and the tips and strategies
from the tip-cards into practice. Furthermore, parents/
caregivers from high SES neighbourhoods might perceive
the traffic as safer [40], and together with the information
from the newsletters and tip-cards this might have in-
creased preschoolers’ active transportation to high SES
kindergartens. Although the effects of low and high SES
neighbourhoods on PA are understudied in this age group,
this might be a possible explanation for the positive inter-
vention effects on preschoolers’ PA from high SES kinder-
gartens only.
In preschool girls and high SES kindergartens, most

intervention effects were found for PA outcomes during
school and after school hours. In girls and in high SES
kindergartens, preschoolers from the intervention group
had a smaller decrease in total PA and LPA during
school hours compared to the control group. This de-
crease in total PA and LPA might be explained by the

fact that preschool children have to learn to sit still in
preparation of primary school [41], which might have
caused a shift from total PA and LPA to sedentary time.
However, this decrease was smaller in the intervention
group in girls and children from high SES kindergartens,
which means that the intervention had a positive effect
on the decrease in total PA and LPA in girls and pre-
schoolers from high SES kindergartens, and the imple-
mentation of the intervention might have counteracted
the steep decrease of time spent in total PA and LPA
during school hours. Furthermore, half of the preschool
children at follow-up were going to the third kindergarten
class (birth year 2007), which means that – in Belgium –
they get the opportunity to participate in after school
activities (i.e., structured activities out of school like
preschool gymnastics, swimming classes, football). Since
one study found a decline in physical activity when pre-
school children get older [42] and PA rapidly declines
during childhood and adolescence [43], the participation
in after school activities in older preschool children might
have slowed down the decrease in LPA and total PA
during after school hours in the intervention group.
Although Belgian preschoolers’ physical activity levels

were measured during the same period (March-June 2012)

Table 3 Time and interaction effects for LPA, MPA, VPA, total PA, and MVPA in preschoolers from low SES, medium
SES and high SES kindergartens (adjusted for sex and age) (Continued)

Weekend day I 52.9 54.7 2.02 −0.30 56.2 54.6 −2.81 1.19 56.3 58.3 2.84* −0.76

C 51.1 53.1 56.0 53.2 54.4 57.3

School hours1 I 56.6 47.9 −1.05 −1.12** 57.3 47.9 −1.18** −1.01 55.9 50.6 −1.40*** 1.27***

C 54.6 51.8 58.6 49.7 53.6 38.2

After school
hours

I 45.0 42.2 −3.66* 0.91 45.7 50.7 −0.85 5.82* 46.2 43.0 −12.66*** 9.52***

C 44.9 41.2 45.6 44.7 44.6 32.0

MVPA

Day2 I 7.5 8.7 0.67* 0.53 7.4 8.4 1.20** −1.06 7.7 9.3 1.00 1.21**

C 7.8 8.4 7.1 8.6 7.9 8.0

Weekday1 I 7.0 7.5 1.05 1.02 7.1 8.1 1.27*** −1.11 7.1 8.9 −1.02 1.29**

C 7.0 7.4 6.8 8.7 7.7 7.5

Weekend day1 I 7.1 8.2 1.13 1.02 7.3 8.2 1.00 1.12 8.9 9.8 1.12 −1.01

C 7.1 8.0 7.5 7.6 8.1 9.0

School hours1 I 6.7 7.0 1.03 1.01 6.8 7.6 1.18** −1.05 6.8 8.2 1.03 1.16

C 6.6 6.8 6.9 8.2 7.0 7.2

After school
hours1

I 5.7 5.8 −1.20** 1.22* 5.6 6.6 1.15 1.02 5.8 6.1 −1.15 1.22

C 5.7 5.7 5.6 6.4 6.1 5.4

*p < 0.10, **p < 0.05, ***p < 0.001.
1Variable was log-transformed for all three SES-levels.
2Variable was log-transformed for medium SES and high SES.
3Variable was log-transformed for low SES and high SES.
4Variable was log-transformed for medium SES.
LPA = Light Physical Activity; MPA =Moderate Physical Activity; VPA = Vigorous Physical Activity; Total PA = Total Physical Activity; MVPA =Moderate- to Vigorous
Physical Activity; I = Intervention group; C = Control group; SES = Socio-Economic Status.
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at baseline and at follow-up (one year later; March-June
2013), the weather might partly explain the decrease in
physical activity levels of preschoolers from the control
group. During Spring 2012, the mean outside temperature
was 10.5°C, whereas this was only 7.7°C during Spring
2013. In addition, there were more hours of sunshine dur-
ing Spring 2012 compared to Spring 2013 (469 hours vs.
386 hours), and less rainy days (43 days vs. 47 days) with
less rain in total (200.4 mm vs. 222.5 mm) (www.meteo.be).
Other studies have also reported higher physical ac-
tivity levels in preschool children when the weather is
warmer or drier compared to colder and wetter weather
conditions [44,45].
A possible explanation for the fact that only small

effects were found for the total sample of preschoolers
after receiving the ToyBox-intervention might be that
Belgian (Flemish) kindergartens already implement
PA components into the curriculum. For example, pre-
schoolers already receive structured PA sessions during
the time they spend at kindergarten [46]. In Flemish kin-
dergartens, these sessions are scheduled in the curriculum
for two hours per week to realize one of the develop-
mental goals of the kindergarten curriculum prescribed by
the Flemish government, namely physical education of the
preschool child [13,47]. In the ToyBox-intervention, pre-
school teachers had to implement the PA-module for at
least one hour per week, which is shorter compared to the
physical education sessions preschoolers already receive.
This might mean that the intervention dose might have
been too low to cause more effect in the total sample, as
both intervention and control groups already received the
two hours of physical education in the curriculum.
A detailed process-evaluation on the implementation

of the PA-component of the ToyBox-intervention by
both the teachers and the parents/caregivers might be
needed to provide insights in and to draw meaningful
conclusions on the outcome results. For example, an
explanation for the limited intervention effects in the
total sample could be the lack of kindergarten teachers’
motivation to spend time on increasing preschoolers’ PA
levels due to time constraints and the full curriculum.
Another explanation might be related to the implementa-
tion of the parental-involved component of the ToyBox-
intervention. Preschoolers’ parents/caregivers received
two newsletters, two tip-cards and a poster with tips and
tricks to increase their child’s PA levels. Nevertheless, it
might be possible that part of the preschoolers’ parents/
caregivers did not read the newsletters and tip-cards, or
that they did not carry out the tips and tricks at home.
Since only materials were handed out to the parents/care-
givers, there was only a passive parental-involved com-
ponent in the ToyBox-intervention. In addition, actively
involving parents/caregivers as intervention targets might
be a promising factor in an intervention [18,19,22,23].

Thus, intensifying the parental-involved component of the
ToyBox-intervention possibly might lead to better effects.
Finally, the time spent on PA during the ToyBox-
intervention might have been too short (six weeks in total,
but with the environmental changes implemented through-
out the whole school year and the structured PA sessions
implemented for 20 weeks) and/or the intensity might have
been too low (a minimum of one hour per week) to expect
changes in preschoolers’ PA levels. The short time and the
low intensity spent on PA had two reasons. First of all, the
ToyBox-intervention targeted four different behaviours, of
which PA was only one. Therefore, only a limited amount
of time (six weeks for each behaviour) was available to
focus on preschoolers’ PA. Secondly, to enhance future
implementation of the ToyBox-intervention, teachers had
to implement the intervention instead of researchers.
Consequently, the time asked to allocate to each of the
intervention components was kept to a minimum, so that
the implementation was more attainable for the teachers.
Study limitations include the use of different accelerom-

eter models, and the relatively large drop-out of children
due to the lack of valid accelerometer data. Strengths of
the present study include the objective assessment of PA
in a large sample of four- to six-year-old Belgian pre-
schoolers, with the disposal of different PA intensities, and
the randomized controlled trial with the pre-test post-test
design including an intervention and control group.

Conclusion
The ToyBox-intervention caused small effects in the total
sample, but the biological relevance should be interpreted
cautiously. Further, positive effects were found in preschool
boys and in preschoolers from high SES kindergartens,
meaning that the ToyBox-intervention was mainly effective
in these sub-groups. These results show that preschoolers’
sex and kindergartens’ SES are moderators of the inter-
vention effects on preschoolers’ objectively measured PA.
Future interventions should search for alternative strategies
to target preschool girls and preschoolers from low SES
kindergartens to increase PA levels in these sub-groups, as
these are at-risk groups for PA. In addition, future research
could focus on examining the environmental details of the
neighbourhoods in which the kindergartens were located
and how this is related to preschoolers’ PA.
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Part 3│ General discussion 

 
 

The main objective of this doctoral thesis was to investigate the prevalence of energy balance-

related behaviours and to identify ways of promoting physical activity in four- to six-year-old 

preschoolers. These research questions can be framed within the Behavioural Epidemiology 

Framework (Sallis et al., 2000) (Figure 1). Part 1 (General introduction) and Part 2 (Original 

research) of the doctoral thesis were framed within the first four phases of the Behavioural 

Epidemiology Framework, in which preschoolers‟ energy balance-related behaviours were 

discussed. Also Part 3 (General discussion) of the doctoral thesis was framed within the 

Behavioural Epidemiology Framework, in which phases two until four of the Behavioural 

Epidemiology Framework were again discussed, and the research conducted within this doctoral 

thesis was then translated into conclusions and practical implications.  

 

  

Figure 1. Behavioural Epidemiology Framework (adapted from Sallis et al., 2000). 
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This final part will start with a summary of the main findings of the original research, of which 

the complete results and specific discussions were presented in part two of this thesis (Part 2: 

Original research). After this summary, an overall discussion will be provided, subdivided into 

two main topics, namely (1) measurement methods (phase 2 of the Behavioural Epidemiology 

Framework), and (2) targeting energy balance-related behaviours (phase 2, phase 3, and phase 4 

of the Behavioural Epidemiology Framework). Finally, overall strengths and limitations are 

outlined and recommendations for future research and practice are formulated (phase 5 of the 

Behavioural Epidemiology Framework). 

 

1. Summary of the main research findings 

Chapter 1 consisted of two research articles elaborating on the measurement methods of 

preschoolers‟ physical activity, and can be situated within the second phase of the Behavioural 

Epidemiology Framework (Sallis et al., 2000). The study in Chapter 1.1. aimed to validate the 

step count function of the GT1M Actigraph accelerometer and the Omron Walking Style Pro 

pedometer against accelerometer-based activity counts in preschool children. In addition, 

pedometer-based and accelerometer-based step counts were compared. First of all, the results 

showed that the GT1M accelerometer step count function is a good estimate of preschoolers‟ 

physical activity throughout the day. Furthermore, pedometer-based steps from the Omron 

Walking Style Pro pedometer appeared to be a good measure of preschoolers‟ physical activity 

levels. Comparing pedometer-based and accelerometer-based steps, results showed that 

pedometer-based and accelerometer-based steps are comparable at the group level, but much less 

at the individual level. We showed that the Omron Walking Style Pro pedometer is a good and 

less expensive alternative for measuring preschoolers‟ physical activity in large-scale studies. In 

addition, since this type of pedometer is able to measure preschoolers‟ steps per hour, this 

measurement device enables the investigation of preschoolers‟ physical activity patterns 

throughout the day. Based on the validation study, outlined in Chapter 1.1., we translated the 

most recent physical activity guideline for preschoolers (i.e., 180 minutes of total physical 

activity per day) into a step count target in this age group (Chapter 1.2.). Because there is up to 

now not yet a consensus on which accelerometer cut-points to use in preschool children, the 

study in Chapter 1.2. used four different cut-points to calculate a step count target in preschool 
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children. Based on the Pate cut-point, the step count target consisted of 5,274 steps per day. 

Based on the Evenson cut-point – which is the most commonly used cut-point in preschoolers – 

the step count target consisted of 4,653 steps per day. In addition, based on the Reilly cut-point 

and the Van Cauwenberghe cut-point, the step count targets consisted of 11,379 and 13,326 steps 

per day, respectively. Virtually all preschool children complied with the step count target of 

5,274 (79.8%) and 4,653 steps per day (87.1%), compared with only a smaller group complying 

with the step count target of 11,379 (37.6%) and 13,326 steps per day (1.3%). However, since 

prevalence rates of preschoolers‟ overweight and obesity are high, and studies using direct 

observations have reported low levels of physical activity in preschool children (Gubbels et al., 

2011; Nicaise et al., 2011; Van Cauwenberghe et al., 2012), it seems not acceptable to propose a 

step count target that categorizes almost all preschool children as sufficiently active. Therefore, it 

is important to set a step count target that is high enough, so that most preschool children are not 

categorized as sufficiently active, but that the percentage of children meeting the guideline is 

realistic and truthful. On the other hand, it should also be achievable. Based on this reasoning, a 

provisional step count target of 11,500 steps per day was proposed. However, this step count 

target should be used with caution as long as there is no consensus on which accelerometer cut-

points to use in preschool-aged children. This will be further discussed in 2.1. (Measurement 

methods). 

The research article presented in Chapter 2 was the first study that compared four- to six-year-

old preschoolers‟ levels of energy balance-related behaviours – measured with comparable 

measurement methods – across six European countries (i.e., Belgium, Bulgaria, Germany, 

Greece, Poland, and Spain), and can also be situated within the second phase of the Behavioural 

Epidemiology Framework (Sallis et al., 2000). Results showed that low levels of physical activity 

and high levels of sedentary behaviour occur among European preschool children, since most of 

the preschool children from all countries did not meet the physical activity guidelines nor the 

screen time guidelines. It was apparent that preschoolers from Belgium, Germany, Poland, and 

Spain engaged in higher levels of physical activity and lower levels of sedentary behaviour 

compared to preschoolers from Bulgaria and Greece. However, Belgian, German and Polish 

preschoolers had lower intakes of water and higher intakes of sugar-sweetened beverages and 

snacks compared to Bulgarian, Greek and Spanish preschoolers.  
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In accordance with the third phase of the Behavioural Epidemiology Framework (Sallis et al., 

2000), influencing factors of preschoolers‟ energy balance-related behaviours were examined in 

Chapter 3. The systematic review in Chapter 3.1. examined the correlates of four- to six-year-

old preschoolers‟ energy balance-related behaviours through a systematic literature search. Only 

a limited number of studies investigated correlates of preschoolers‟ energy balance-related 

behaviours, and most correlates were studied in only one or two behaviours. This has led to 

difficulties in drawing meaningful conclusions on the best correlates to target in future 

interventions. Furthermore, since most included studies were cross-sectional, there is a need for 

more longitudinal studies to draw stronger conclusions on determinants of preschoolers‟ energy 

balance-related behaviours. The qualitative study presented in Chapter 3.2. investigated parents‟ 

and teachers‟ opinions on preschoolers‟ physical activity, and water and sugar-sweetened 

beverage consumption. The results from these focus group studies indicated misperceptions of 

both parents and teachers on preschoolers‟ physical activity levels and beverage consumption. 

Preschoolers‟ parents and teachers perceive preschool children as sufficiently active. They do not 

perceive the need to increase preschoolers‟ physical activity levels. Furthermore, parents and 

teachers are convinced that sugar-sweetened beverages like sugared milk drinks (e.g., chocolate 

milk) and fruit juices (e.g., orange juice) are healthy since they contain vitamins and minerals. 

They also believe that preschoolers‟ intake of sugar-sweetened beverages is limited. The opinions 

of parents and teachers on preschoolers‟ physical activity levels and beverage consumption 

resulted in low perceived needs to change these behaviours. Therefore, their awareness 

concerning the importance of preschoolers engaging in sufficient amounts of physical activity 

and limiting their sugar-sweetened beverage consumption needs to be raised. In addition, both 

parents and teachers have a shared responsibility regarding preschoolers‟ healthy behaviours. 

During the focus groups, teachers mentioned that they would like to receive ready-to-use 

materials, while parents would like to be involved in parent-child activities at preschool. This 

means that these are possible strategies to enhance preschool children‟s physical activity and 

beverage consumption both at home and at preschool. 

The final chapter (Chapter 4) contained research articles on the development and evaluation of 

the physical activity part of the ToyBox-intervention, and can be situated within the fourth phase 

of the Behavioural Epidemiology Framework (Sallis et al., 2000). In Chapter 4.1., the systematic 

development of the physical activity part of the ToyBox-intervention with the use of the six 
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different steps of the Intervention Mapping protocol was described. The result was a standardised 

intervention with limited room for local and cultural adaptations in the six intervention countries. 

In the second part of the last chapter (Chapter 4.2.), the effect of the ToyBox-intervention on 

Belgian preschoolers‟ physical activity levels was evaluated. Only small intervention effects were 

found for the total sample, but more intervention effects were found in sub-groups (i.e., preschool 

boys, preschoolers from high socio-economic status (SES) preschools). In preschool boys from 

the intervention group, an increase in vigorous physical activity and moderate-to-vigorous 

physical activity was found from baseline to follow-up, while physical activity levels in 

preschool boys from the control group stagnated (vigorous physical activity) and even decreased 

(moderate-to-vigorous physical activity). Furthermore, most effects in preschoolers from high 

SES preschools were found for physical activity outcomes during and after school hours. 

However, these results also showed that the ToyBox-intervention was mainly effective in sub-

groups instead of the total sample. As no intervention effects were found in preschool girls and 

preschoolers from low SES preschools, future interventions should search for alternative 

strategies to increase physical activity levels in these sub-groups, because these are the at-risk 

groups for physical activity in preschool children. 

 

2. Overall discussion and conclusion 

2.1. Measurement methods 

High-quality measures are essential for all stages of research, and measurement methods are 

therefore situated within the second phase of the Behavioural Epidemiology Framework (Sallis et 

al., 2000). Measuring energy balance-related behaviours in a general population is a challenge, 

and it is even a bigger challenge in preschool children due to the presence of limitations that are 

characteristic for their age (i.e., sporadic and intermittent physical activity) and their cognitive 

development (Corder et al., 2009; Ekelund et al., 2011; Pate et al., 2010). For example, if 

researchers want to use questionnaires to monitor preschoolers‟ behaviours, they have to use 

parental proxy-reports, as preschoolers themselves are not able to recall their own past behaviour. 

However, accurately recalling preschoolers‟ behaviours might be a challenge, as parents are 

sometimes in charge of several children and they are unable to constantly monitor each child 
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(Corder et al., 2009). Also, preschoolers‟ parents cannot recall on preschoolers‟ behaviours 

during preschoolers‟ time at preschool, which is an environment where preschoolers spend a 

considerable amount of time during the day in the absence of their parents. 

Furthermore, different measurement methods exist for measuring preschoolers‟ energy balance-

related behaviours, which makes the choice of the measurement method difficult. As this doctoral 

thesis mainly focussed on preschoolers‟ physical activity, the next paragraphs will only focus on 

the measurement of preschoolers‟ physical activity, and not on other energy balance-related 

behaviours like sedentary behaviour or dietary behaviour. Preschoolers‟ physical activity levels 

can objectively be assessed by means of accelerometers and pedometers. Accelerometers are the 

most widely-used objective measurement devices that have the ability to assess preschoolers‟ 

physical activity intensities (Pate et al., 2010), and have already been validated for measuring 

preschoolers‟ physical activity levels (Oliver et al., 2007a; Pate et al., 2010; Reilly et al., 2008). 

Because of the high cost of accelerometers (~ €190/piece), researchers can decide to use 

pedometers to objectively quantify preschoolers‟ physical activity because of their relatively low 

cost (ranging from ~ €16 to ~ €74/piece). Also pedometers are good and widely-used motion 

sensors (Pate et al., 2010), and different types of pedometers are validated for measuring 

preschoolers‟ steps per day (Cardon and De Bourdeaudhuij, 2007; McKee et al., 2005; Oliver et 

al., 2007b; Pagels et al., 2011). In addition, newly developed pedometers (e.g., Omron Walking 

Style pro) make it possible to assess preschoolers‟ steps per hour as well as per day. This newly 

added function enables researchers to investigate preschoolers‟ patterns of physical activity on 

top of the general overview of preschoolers‟ physical activity per day (i.e., total step counts per 

day), and has already been validated in preschool children (Chapter 2.1.). As pedometers have a 

significantly lower cost compared to accelerometers (Loprinzi, 2011; Pate et al., 2010; Sirard and 

Pate, 2001), it might be an option to use pedometers in large-scale studies to monitor preschool 

children‟s physical activity levels and patterns. However, it is then necessary to translate the most 

recent physical activity guidelines of 180 minutes of total physical activity per day (Department 

of Health and Ageing, 2009; Department of Health Physical Activity Health Improvement and 

Protection, 2011; Institute of Medicine of the National Academies, 2011; Ministerie van Welzijn 

Volksgezondheid en Gezin, 2012; Tremblay et al., 2012) into a step count target, so that 

pedometer-based studies can investigate whether preschool children comply with preschool-

specific physical activity guidelines. As stated in Chapter 1.2., translating the most recent 
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physical activity guidelines for preschool children into a step count target is a challenge because 

of the different existing accelerometer cut-points that have been calibrated in different studies, 

with different methods and protocols, and activities (e.g., structured activities in a laboratory 

setting versus unstructured activities during free-living conditions) (Evenson et al., 2008; Pate et 

al., 2006; Reilly et al., 2003; Sirard et al., 2005; van Cauwenberghe et al., 2011). As there is no 

consensus yet on which accelerometer cut-points to use in preschool children (Cliff et al., 2009), 

only a provisional step count target could be proposed in Chapter 1.2. because of the 

accelerometer being used as a criterion measure. However, this is only a temporary solution until 

a consensus on which accelerometer cut-points to use in preschool children will have been 

reached. The accelerometer cut-point problem not only has an effect on preschoolers‟ step count 

target, also large differences in preschoolers‟ physical activity levels are reported in studies based 

on different accelerometer cut-points. As a consequence, virtually all preschool children engage 

in sufficient amounts of physical activity in the study of Vale and colleagues (2010) based on a 

combination of cut-points (Pate et al., 2006; Reilly et al., 2003; Vale et al., 2010), while virtually 

no preschool children comply with the most recent physical activity guidelines based on the cut-

points of Sirard and colleagues (2005) in the study of Hinkley and colleagues (2012) (Hinkley et 

al., 2012; Sirard et al., 2005). As a result, some studies concluded that preschool children are 

already sufficiently active, while other studies concluded that preschool children are inactive and 

efforts should be made to increase preschool children‟s physical activity levels. Therefore, as 

long as a consensus on which accelerometer cut-points to use in preschool children is lacking, 

research studies on preschoolers‟ physical activity levels cannot be compared due to 

methodological differences. In addition, as the step count target is also based on the choice of 

accelerometer cut-points, the same problem arises, which complicates the translation of the 

physical activity guidelines for preschool children into a correct step count target.  

It is important to find out which studies using accelerometer cut-points provide the correct 

information; either the studies that label preschool children as sufficiently active, or the studies 

that conclude that most preschool children are physically inactive. The literature has shown that 

overweight and obesity prevalence rates in preschool children are high (de Onis et al., 2010; 

International Association for the Study of Obesity, 2012), which might be due to preschoolers‟ 

low levels of physical activity. In that case, this would mean that the accelerometer cut-points 

that categorize preschool children as sufficiently active are not strict enough. Conversely, another 
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possible explanation might be that preschool children are sufficiently active, but engage in 

unhealthy dietary behaviours or spend too much time sedentary, which causes this increase in 

their overweight and obesity. However, if we look at studies that have used direct observation to 

monitor preschoolers‟ physical activity (either during structured physical education lessons or 

during free-living conditions), it was observed that preschool children do not engage in high 

levels of physical activity, and that they spend most of their time being sedentary (Gubbels et al., 

2011; Nicaise et al., 2011; Van Cauwenberghe et al., 2012). Therefore, it is important to choose 

accelerometer cut-points that are strict enough, which means that a higher intensity is needed 

before an activity can be considered a „physical activity‟, and consequently that not all preschool 

children will be categorized as sufficiently active. The accelerometer cut-points of Reilly and 

colleagues (2003) were calibrated using direct observation as the criterion measure. Direct 

observation has often been considered as the criterion measure for assessing preschoolers‟ 

physical activity (Oliver et al., 2007a). In addition, it is a reflection of what happens in real life. 

Therefore, this higher accelerometer cut-point of Reilly and colleagues (2003) should be 

preferred to accurately quantify preschoolers‟ total physical activity. As mentioned in Chapter 

3.2., preschoolers‟ parents and teachers consider preschool children as sufficiently active, as they 

cannot sit still. However, the remark should be made that wobbling on a chair – which preschool 

children frequently do – is not equal to engaging in physical activity. Using the higher, stricter 

accelerometer cut-point to quantify preschoolers‟ total physical activity would justify the use of a 

step count target of 11,500 steps per day (Chapter 1.2.) to assess preschoolers‟ compliance with 

the physical activity guidelines, measured with pedometers.  

One can ask the question whether the use of a step count target in preschool children is 

meaningful. It can be argued if having a step count target in preschool children is really necessary 

in research as researchers can measure preschoolers‟ physical activity without the use of a step 

count target. However, having a step count target in preschool children is of added value for the 

evaluation of preschoolers‟ physical activity when measured with pedometers, and a pedometer 

can be used as a monitoring instrument in combination with a step count target in preschool 

children. Also in adults, having a step count target proved to be useful, but it is important to 

recognize the limitations of a step count target in preschool children. It is essential to 

acknowledge that a step count target in preschool children based on accelerometer data, directly 

depends on the choice of accelerometer cut-points. For example, choosing the cut-points of Pate 
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and colleagues (2006) would mean that a much lower step count target would be selected. This is 

reflected in the paper of Gabel and colleagues (2013), in which the cut-points of Pate and 

colleagues (2006) resulted in a step count target of 6,000 steps per day (Gabel et al., 2013). The 

implication is that the step count target proposed in Chapter 1.2. should be used with caution, as 

there is not yet a consensus on which accelerometer cut-points to use in preschool children (Cliff 

et al., 2009), and as there is not yet convincing evidence that the proposed step count target is the 

most accurate step count target in preschool children. Differences in calibration methods might 

explain the large differences in accelerometer cut-points. Studies in which accelerometers were 

calibrated based on free-living activities and the use of direct observation (Reilly et al., 2003; 

Sirard et al., 2005; van Cauwenberghe et al., 2011) resulted in a higher threshold between 

sedentary behaviour and light physical activity compared to studies in which accelerometers were 

calibrated based on structured activities in laboratory settings and the use of indirect calorimetry 

(Evenson et al., 2008; Pate et al., 2006). This means that the latter studies classify a larger 

volume of preschoolers‟ physical activity as light physical activity, while the first three studies 

classify this proportion of preschoolers‟ behaviour as time spent in sedentary behaviour. As the 

cut-point of Reilly and colleagues (2003) is the only cut-point that was calibrated based on only 

free-living activities of preschool children (e.g., Van Cauwenberghe et al. (2011) calibrated the 

cut-points based on free-living activities in combination with structured activities), this might be 

the cut-point that most realistically approaches preschoolers‟ physical activity behaviour. As long 

as there is no consensus on the accelerometer cut-points, it is important for researchers to clearly 

state and argue why they select one set of cut-points.  

Furthermore, little is known about the volume of physical activity that is needed to cause health 

benefits in preschool children. This is due to a lack of large-scale longitudinal studies with 

sufficiently long follow-up. Based on the current evidence and pending on the results of 

longitudinal studies, experts proposed a guideline of 180 minutes of total physical activity per 

day, because there is a high prevalence of overweight and obesity at this young age, and because 

studies with direct observation showed low levels of physical activity in preschool children. 

However, while some researchers underline the need to base physical activity guidelines on 

different physiological and biological factors related to physical activity, others emphasize that 

physical activity guidelines should be based on current levels of physical activity and should 

promote physical activity but at the same time be attainable. Guidelines that truly reflect 
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physiological and biological benefits are currently lacking, partly because it is very hard to study 

in preschoolers. Therefore, and because of attainability, some of the latter researchers even 

propose gender specific physical activity guidelines in certain age groups since physical activity 

levels differ between boys and girls. The step count target proposed in Chapter 1.2. is based on 

the current physical activity behaviour, seems realistic and attainable and it promotes physical 

activity behavior as it is higher than the step count target of 6,000 steps per day which virtually 

all preschool children adhere to (Gabel et al., 2013).  

In Chapter 2, preschoolers‟ physical activity levels in terms of step counts were measured with 

pedometers (Bulgaria, Germany, Greece, Poland, and Spain) and accelerometers (Belgium). 

Since the ToyBox-study is a large-scaled European study, pedometers provided a more cost-

effective approach to measure European preschoolers‟ physical activity, but still provided an 

overall level of their daily physical activity. Only in Belgium, accelerometers were used to 

evaluate the effectiveness of the physical activity-component of the ToyBox-intervention in 

preschoolers, since these devices were only available in Belgium (Chapter 4.2.). Compared with 

pedometers, accelerometers have the advantage that they can measure the frequency, intensity 

and duration of preschoolers‟ physical activity (Oliver et al., 2007a; Pate et al., 2010; Sirard and 

Pate, 2001), and therefore enable to investigate the effect of the ToyBox-intervention on different 

intensities of preschoolers‟ physical activity, which provides added value to the current 

knowledge of intervention effectiveness. The Evenson cut-point was used in this study (Evenson 

et al., 2008), as it is the most used accelerometer cut-point in preschool children (Trost et al., 

2011), and to be consistent with other manuscripts evaluating the effects of the ToyBox-

intervention in Belgium. Moreover, the aim of the study in Chapter 4.2. was not to provide an 

overview on the current state of preschoolers‟ physical activity levels, but to investigate an effect 

in preschoolers‟ physical activity after the implementation of the ToyBox-intervention. To 

evaluate the effectiveness of an intervention with accelerometers, it is of less importance which 

accelerometer cut-point to use, since the main focus is on assessing an effect instead of 

measuring preschoolers‟ volume of physical activity. For that reason, no statements were made in 

Chapter 4.2. regarding the percentage of preschool children complying with the current physical 

activity guidelines. In addition, only the effects on the relative figures of time spent in physical 

activity were investigated, instead of the effects on the absolute figures. However, it might be 

possible that a different effect would have been found if for example the cut-points of Van 
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Cauwenberghe and colleagues (2011) were used. Nevertheless, this different effect would not 

relate to the moderate-to-vigorous physical activities, as the cut-point for moderate-to-vigorous 

physical activity is almost equal in both studies (>574 counts/15 seconds in the study of Evenson 

et al. (2008) and >585 counts/15 seconds in the study of Van Cauwenberghe et al. (2011)). The 

large difference in both cut-points can be found in the threshold between sedentary behaviour and 

light physical activity, which is much lower in the study of Evenson and colleagues (2008) (≤25 

counts/15 seconds) compared with the study of Van Cauwenberghe and colleagues (2011) (≤372 

counts/15 seconds). It might be possible that there would be a difference in effect on light 

physical activity, and accordingly in total physical activity, with the use of the cut-points of Van 

Cauwenberghe and colleagues (2011). 

To conclude, it is important to further search for a consensus about which accelerometer cut-

points to use in preschool children, so that preschoolers’ physical activity levels can accurately 

be assessed and a definite step count target can be calculated in preschool children. 

Furthermore, this would enable a better use of pedometers in large-scale studies in preschool 

children. As the Reilly et al. (2003) cut-point is calibrated with the use of direct observation (in 

contrast with the Pate et al. (2006) and the Evenson et al. (2008) cut-points, which were 

calibrated with the use of indirect calorimetry), which can accurately measure preschoolers’ 

total physical activity; we propose to use this stricter accelerometer cut-point in preschool 

children to investigate their total physical activity prevalence until a consensus is reached. 

Accordingly, we propose to use a provisional step count target of 11,500 steps per day in 

preschoolers. However, it is important to consider that this step count target should be used with 

great caution as long as there is no consensus regarding the accelerometer cut-points. In 

addition, the Van Cauwenberghe et al. (2011) cut-points were also calibrated using direct 

observation and can be used when preschoolers’ physical activity intensities need to be assessed, 

as Reilly et al. (2003) only calibrated a cut-point for sedentary behaviour and not for the 

different intensities of preschoolers’ physical activity.  

Based on the study design, the sample size and the desired detail of preschoolers’ objectively 

measured physical activity, researchers should decide upon using either pedometers or 

accelerometers. In large-scaled studies – for example on a European basis – researchers could 

decide to use pedometers and the proposed step count target of 11,500 steps per day. Moreover, 
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if researchers aimed to investigate preschoolers’ physical activity patterns, they could decide to 

use a pedometer that enables the measurement of steps per hour (e.g., the Omron Walking Style 

Pro pedometer). Also, accelerometers could be used in a subsample, which enables an insight in 

the different intensities of preschoolers’ physical activity. Conversely, if researchers only want to 

investigate the different intensity levels of preschoolers’ physical activity, accelerometers are the 

best measurement device, but the intensity specific results from these devices should be 

interpreted with caution because of the cut-point problem. Reporting the counts per registered 

time frame could partly solve this problem as this estimate is independent of physical activity 

intensity cut-points. Furthermore, it should be noted that subjective (i.e., parental proxy-reports) 

measurement methods provide an insight in the type and context of preschoolers’ activity 

behaviour, and therefore it might be suggested to additionally include parental questionnaires 

into the research design.  

 

2.2. Targeting energy balance-related behaviours 

The discussion within 2.2. (Targeting energy balance-related behaviours) can be situated within 

phases 2 (measurement of the behaviour), 3 (identifying influences on the behaviour), and 4 

(evaluating interventions to change the behaviour) of the Behavioural Epidemiology Framework 

(Sallis et al., 2000). Results from Chapter 2 showed that preschool children engage in low levels 

of physical activity and high levels of sedentary behaviour, and that preschoolers from some 

countries (i.e., Belgium, Germany and Poland) have high intakes of sugar-sweetened beverages 

and low intakes of water. Conversely, Chapter 3.2. clearly showed that preschoolers‟ parents and 

teachers have misperceptions about preschoolers‟ physical activity levels and their consumption 

of sugar-sweetened beverages, although previous research pointed out the need for a change in 

these energy balance-related behaviours among preschoolers. The results in Chapter 2 showed 

the need for a change in preschoolers‟ energy balance-related behaviours because in general, a 

considerable number of preschool children did not comply with the physical activity and 

sedentary behaviour guidelines for this age group. These findings underline the need for 

interventions promoting healthy behaviours among preschool children. In addition, it became 

clear that these energy balance-related behaviours should be targeted simultaneously in health 

promotion interventions since these behaviours can co-exist and interact, and they contribute to 
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the development of preschoolers‟ overweight and obesity by positively or negatively influencing 

the energy balance (Hill et al., 2000; Kremers et al., 2006; Kremers et al., 2005). Furthermore, 

cross-behavioural energy balance-related behavioural patterns already exist at the age of five, and 

stress the importance of an integrated approach of physical activity, sedentary behaviour and 

dietary behaviour in the prevention of preschoolers‟ overweight and obesity (Gubbels et al., 

2012). To develop such health promotion interventions, an important step is the identification of 

the factors that are related to preschoolers‟ energy balance-related behaviours to increase 

intervention effectiveness. The systematic review conducted in Chapter 3.1. showed that the 

influencing factors of preschoolers‟ energy balance-related behaviours are still understudied. In 

addition, qualitative research also enables investigating influencing factors. The focus groups 

conducted in Chapter 3.2. revealed additional influencing factors of preschoolers‟ energy 

balance-related behaviours, like for example modelling of parents and teachers.  

The ToyBox-intervention (Manios et al., 2012) focussed on the prevention of overweight and 

obesity in four- to six-year-old preschool children from six European countries (Belgium, 

Bulgaria, Germany, Greece, Poland, and Spain) by enhancing their energy balance-related 

behaviours (more specifically physical activity, sedentary behaviour, beverage consumption and 

snacking). The goal of the ToyBox-study was to develop a standardised intervention across those 

six countries. The ToyBox-intervention (including the physical activity component (Chapter 

4.1.)) has been developed in a systematic and evidence-based manner with the use of the 

Intervention Mapping protocol (Bartholomew et al., 2011). The results from Chapter 4.2. are the 

first results regarding the effectiveness of the ToyBox-intervention, and they focussed 

specifically on Belgian preschoolers‟ objectively measured physical activity. It should be 

emphasized that without the results of the parental questionnaire (which contains information on 

the context and type of preschoolers‟ physical activity), and without the results of the sedentary 

behaviour-component and the dietary behaviour-component, no decisive conclusions can be 

drawn on the overall effect of the ToyBox-intervention on Belgian and European preschoolers‟ 

energy balance-related behaviours. As the main results are not yet available, no conclusions could 

be made for example regarding preschoolers‟ Body Mass Index, physical activity, sedentary 

behaviour, and dietary behaviour at the European level. The results from Chapter 4.2. showed 

that only small intervention effects on preschoolers‟ objectively measured physical activity were 

found in the Belgian subsample of preschool children, with most effects mainly in sub-groups 
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like in preschoolers from high SES preschools and in preschool boys. These results showed that 

the ToyBox-intervention induced most effects in low-risk groups. Preschool boys and 

preschoolers from high SES preschools are already the sub-groups that perform better with 

regards to physical activity. In addition, a previous study showed that overweight and obesity is 

especially prevalent among preschool girls (van Stralen et al., 2012), and unfortunately, this is 

also the sub-group in which only smaller effects were found after evaluating the physical activity-

component of the ToyBox-intervention.  

Although only small intervention effects were found in the total sample of Belgian preschoolers, 

this does not mean that the ToyBox-intervention did not cause an effect in the total European 

sample. It may be possible that the physical activity component of the ToyBox-intervention had a 

smaller impact on Belgian preschoolers‟ physical activity, due to a couple of reasons. For 

example, at preschools in Belgium, a lot has already been undertaken to increase preschoolers‟ 

physical activity levels. Most Belgian preschool children receive two hours of structured physical 

education each week – which is implemented in the preschool curriculum – since this is 

recommended by the Flemish government (Flemish Ministry of Education and Formation, 2013). 

Furthermore, Belgian preschools provide two recess times during the day, namely in the morning 

and in the afternoon. In those recess times, Belgian preschool children can engage in unstructured 

physical activity. In addition, an extensive break during lunch also provides opportunities for 

Belgian preschoolers to be physically active in an unstructured manner. Also, Belgian preschools 

often organize other movement activities on top of the existing structured physical education 

lessons (e.g., movement days, bringing your bicycle to school). These movement activities can be 

carried out during or after school hours (Vlaams Instituut voor Gezondheidspromotie en 

Ziektebestrijding, 2012). Finally, most Belgian preschools are mostly located together with 

primary schools, which means that most preschool children have a large play area at their 

disposal.  

Possibly due to these already existing physical activity opportunities for Belgian preschool 

children, the physical activity-component of the ToyBox-intervention was only able to cause 

small effects on Belgian preschoolers‟ physical activity levels. Also, the physical activity-

component mainly focussed on implementing structured physical education lessons in the 

preschool curriculum. In addition to these two hours of physical education lessons per week, 
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teachers were asked to use the ToyBox-material for at least one hour per week. Probably, one 

hour per week was too limited to provoke an effect in Belgium. The results from Chapter 2 also 

clearly show that Belgian preschool children are amongst the European preschoolers with the 

highest levels of physical activity, which reflects the fact that preschool children already receive 

different opportunities to be physically active at preschool. However, it should also be 

emphasized that many of them still do not reach the physical activity guideline of 11,500 steps 

per day (Chapter 1.2.). These results show that it is important to keep promoting physical 

activity even among Belgian preschoolers, but it might be preferable to promote this behaviour 

more thoroughly in a different setting where more effects might be expected, for example the 

home environment.  

The previous paragraph suggests that the small intervention effects could be associated with the 

intervention setting of the school, but also the home environment was targeted in the ToyBox-

intervention. This implies that the small effects that were found as a result of the ToyBox-

intervention could also be related to this setting. As stated in Chapter 3.2., parents as well as  

teachers have a shared responsibility concerning preschoolers‟ healthy energy balance-related 

behaviours. Moreover, both the home environment and the preschool environment are the 

settings where preschool children spend most of their time, and both settings provide 

opportunities to enhance preschoolers‟ energy balance-related behaviours (Golan, 2006; Oliver et 

al., 2010; Ward et al., 2010). Therefore, interventions targeting both parents and teachers as 

intervention implementers might try to actively involve both parents and teachers, which might 

increase the effectiveness of these health promoting interventions. In the ToyBox-intervention, 

preschoolers‟ parents were involved in a more passive way: they received newsletters and tip-

cards and preschoolers brought home a poster with some key messages related to physical 

activity. The decision of using these rather passive strategies to involve parents in increasing 

preschoolers‟ physical activity was based on previous qualitative research, and on the qualitative 

research conducted in Chapter 3.2. of this doctoral thesis. In a study of Van Lippevelde and 

colleagues (2011), parents from ten- to twelve-year-old children – which is a slightly older age 

group – mentioned that they do not want to be too actively involved in health promotion 

interventions, and that they do not want the school to interfere with the behaviour of the parents 

at home in educating their child to engage in healthy energy balance-related behaviours (Van 

Lippevelde et al., 2011). Besides, results from the focus groups, described in Chapter 3.2., 
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showed that parents mentioned to be motivated to promote healthy physical activity and healthy 

drinks if their preschool child brought home information from preschool. Therefore, we chose to 

focus on passive strategies to alter the parent-related determinants during the development of the 

physical activity component of the ToyBox-intervention with the use of the Intervention Mapping 

protocol (Bartholomew et al., 2011). However, the lack of active involvement of preschoolers‟ 

parents in the ToyBox-intervention might also have led to a lack of large intervention effects on 

Belgian preschoolers‟ objectively measured physical activity. A more active parental 

involvement might induce larger effects on preschool children‟s physical activity, but actively 

involving preschoolers‟ parents is less feasible. In the study of O‟Dwyer and colleagues (2012), 

parents were involved in an active way, which resulted in positive effects on preschoolers‟ 

physical activity and sedentary behaviour. However, the focus of that intervention was only on 

the active involvement of preschoolers‟ parents and the intervention was not implemented at 

preschool. In addition, parents and preschool children were actively involved by trained active 

play professionals who delivered the intervention, instead of parents trying to engage their own 

children in increasing their physical activity (O'Dwyer et al., 2012). Also in the study of Bayer 

and colleagues (2009), parents were involved in the intervention. This was comparable to the 

ToyBox-intervention, since preschoolers‟ parents received short informative messages and 

newsletters concerning physical activity, and fruit and vegetable consumption. Only intervention 

effects were found on preschoolers‟ fruit and vegetable consumption and not on preschoolers‟ 

physical activity, which might also be due to a more passive involvement of preschoolers‟ parents 

(Bayer et al., 2009). A notable difference between the ToyBox-intervention and the intervention 

developed by O‟Dwyer and colleagues (2012) was the fact that active play professionals 

implemented the active play sessions in the study of O‟Dwyer and colleagues (2012), whereas 

this was not the case in the ToyBox-intervention. Also, in the TigerKids study of Bayer and 

colleagues (2009), a face-to-face contact occurred between preschoolers‟ parents and the 

researchers during two information evenings. Since the studies of O‟Dwyer and colleagues 

(2012) and Bayer and colleagues (2009) were successful in enhancing one or more behaviours in 

preschool children, these results might indicate that personal contact with preschoolers‟ parents 

might positively influence parents‟ opinion and behaviour towards enhancing preschoolers‟ 

energy balance-related behaviours. Since no personal face-to-face contact was made between the 

ToyBox researchers and preschoolers‟ parents, this possibly might have led to only small effects 
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on preschoolers‟ physical activity in the less at-risk groups after the implementation of the 

ToyBox-intervention. 

ToyBox is a European project with the goal of developing a standardised intervention in a healthy 

population of preschool children on a European scale. The main aim of ToyBox was to enhance 

European preschoolers‟ energy balance-related behaviours, and therefore, we chose to focus on 

the same behaviours, the same determinants and the same goals in all participating European 

countries (i.e., Belgium, Bulgaria, Germany, Greece, Poland, and Spain). This means that the 

Intervention Mapping protocol (Bartholomew et al., 2011) was used on a European scale, instead 

of at the level of the specific countries. However, this approach can be questioned, since Chapter 

2 showed different levels of energy balance-related behaviours in the different European 

countries. For example, high levels of sedentary behaviour and low levels of physical activity 

were found in Bulgaria and Greece, while low levels of water consumption and high levels of 

sugar-sweetened beverage consumption were found in Belgium, Poland and Germany. Therefore, 

a better option might be to tailor the intervention based on the specific countries and based on the 

behaviours that are most prevalent in these countries. The next step is to then focus on the 

determinants that are most important in these specific countries for the specific behaviours, and to 

use the Intervention Mapping protocol (Bartholomew et al., 2011) at the level of these countries. 

However, it should be emphasized that we do not yet know the main results of the ToyBox-

intervention on European preschoolers‟ energy balance-related behaviours. Since these effects 

have not yet been studied, we are currently unable to draw meaningful conclusions on the overall 

effectiveness of the ToyBox-intervention. We can only base our conclusions on the results of the 

ToyBox-intervention on Belgian preschoolers‟ objectively measured physical activity. 

Another possible cause of the weak effects that were found after evaluating the effect of the 

ToyBox-intervention on Belgian preschoolers‟ physical activity levels might be the 

standardisation of the ToyBox-intervention (Hawe et al., 2004). However, to evaluate a 

randomised controlled trial, it is important that the intervention is standardised. Although the 

randomised controlled trial is considered as the golden standard in medical research (Rosen et al., 

2006), recent studies questioned the relevance of randomised controlled trials in the field of 

health promotion research, together with the assumption that interventions need to be 

standardised (Rychetnik et al., 2002; Tones, 2000; World Health Organization Europe, 1999). 
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Therefore, Hawe and colleagues (2004) suggest adapting the intervention to the local context, 

while the evaluation of these interventions might still be possible in controlled designs. Rather 

than standardising the components of the intervention (e.g., the content of the classroom activity 

guides for ToyBox), these components could be seen as “mechanisms” in the change process, and 

can thus take on different forms according to local context (Hawe et al., 2004). Future 

interventions targeting preschoolers‟ energy balance-related behaviours might try to take on the 

approach of Hawe and colleagues (2004) to increase the effectiveness of these interventions. If 

the ToyBox-intervention turned out to have caused only small effects on European preschoolers‟ 

energy balance-related behaviours – though it should be emphasized that these results are still 

lacking – it would be an option to make adaptations to the ToyBox-intervention in the future, 

based on the approach of Hawe and colleagues (2004). 

To conclude, interventions targeting preschoolers’ energy balance-related behaviours should try 

to simultaneously target physical activity, sedentary behaviour and dietary behaviour, as these 

behaviours can co-exist, and as they can positively or negatively influence the energy balance 

and accordingly cause weight gain. In addition, after evaluating the effect of the ToyBox- 

intervention on Belgian preschoolers’ objectively measured physical activity, only small 

intervention effects were found, with most effects in sub-groups like high SES preschools and 

preschool boys. These results might not be a surprise, as a lot of efforts have already been made 

in Belgian preschools to enhance and increase preschoolers’ physical activity. The main effects 

of the ToyBox-intervention on European preschoolers’ energy balance-related behaviours have 

not yet been studied. However, it might be possible that also on the European scale, only small 

effects will be found. If this were the case, it might be an option to move away from the 

standardised intervention and the randomised controlled trial. A better option could be to make a 

contextual adaptation of the intervention components by considering these intervention 

components as the mechanisms of the intervention, which can be adapted according to the local 

context. 
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3. Strengths & limitations 

In this section, the most important strengths and limitations of the original research studies 

conducted within this thesis will be briefly discussed. First, the limitations of this doctoral thesis 

will be acknowledged: 

 Although accelerometers and pedometers are the best measurement devices to objectively 

quantify preschoolers‟ physical activity, they also include some limitations which have 

been thoroughly described in Part 1 (General introduction) (Cliff et al., 2009; Oliver et al., 

2007a; Pate et al., 2010; Sirard and Pate, 2001). The most important limitation of the use 

of accelerometers in preschool children concerns the lack of consensus on which cut-

points to use in this age group, since this affects preschoolers‟ physical activity levels 

measured with both accelerometers (i.e., proportion of preschoolers complying with the 

physical activity guidelines) and pedometers (i.e., proportion of preschoolers complying 

with the step count target which was based on preschoolers‟ physical activity levels 

measured with accelerometers). Furthermore, due to the short time period to measure 

preschoolers‟ physical activity levels in Belgium and the limited availability of 

accelerometers in our research group, three different Actigraph accelerometer models 

(i.e., GT1M, GT3X, and GT3X+) were used in Chapter 1.2., Chapter 2, and Chapter 

4.2. in Belgium. Since the GT1M is a uniaxial accelerometer, and the GT3X and GT3X+ 

accelerometers are both triaxial, these differences have been taken into account by only 

applying the vertical axis output in all accelerometer studies. A recent study showed that 

there is a strong agreement between the GT1M, GT3X and GT3X+ accelerometers, which 

makes it acceptable to use these measurement devices together in one study (Robusto and 

Trost, 2012). However, since ideally it is better to use only one type of accelerometer in 

the same study, we have listed this as a limitation. 

 The research study in Chapter 2 investigated preschoolers‟ levels of energy balance-

related behaviours, of which physical activity was the only behaviour that was objectively 

measured. Sedentary behaviour and dietary behaviour were subjectively measured with 

the use of proxy-reports, which were filled in by the parents since preschool children do 

not have the cognitive ability to recall on their past behaviour (Corder et al., 2009; 

Ekelund et al., 2011; Pate et al., 2010). However, these parental proxy-reports might be 
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subject to recall bias since preschoolers‟ parents are unable to constantly monitor their 

child, and they sometimes are in charge of other children as well (Corder et al., 2009).  

 Additional analyses in Chapter 1.1. showed that the data had a clustered nature. For that 

reason, additional multilevel analyses were conducted to take clustering of hours within 

days within children into account. The results from the additional analyses showed that 

clustering was indeed apparent, but did not change the findings on the relationship 

between both measurement devices (i.e., Actigraph accelerometer and Omron Walking 

Style Pro pedometer). We can therefore conclude that conducting multilevel analyses 

would lead to more accurate results, but that the conclusions that were drawn in Chapter 

1.1. do not change after taking clustering into account. However, these analyses could not 

be amended in Chapter 1.1., since this paper is in press. 

 In Chapter 4.1., the programme objective of the physical activity-component of the 

ToyBox-intervention was specified. This programme objective stated that “children 

between four and six years old increase their total physical activity throughout the entire 

day by 10% at the end of the intervention”. In Chapter 4.2., the effect of the ToyBox-

intervention on Belgian preschoolers‟ objectively measured physical activity was 

examined. However, the programme objective from Chapter 4.1. was not evaluated in 

Chapter 4.2., which makes this a limitation of this doctoral thesis. After conducting 

additional analyses, the results showed that approximately 5 to 20% of preschoolers in all 

(sub)groups achieved the programme objective, i.e., an increase in physical activity of 

10% at the end of the intervention (Table 1). In addition, analyses showed that there was 

no difference in mean increase between boys and girls (p = 0.80), and between 

preschoolers from a low, medium or high SES (p = 0.39). However, a difference between 

preschoolers from the low risk group and high risk group was found (p < 0.001), with 

preschoolers from the high risk group having a larger mean increase in total physical 

activity at the end of the intervention. These results are hopeful as preschoolers who need 

an increase in physical activity the most, have the largest increase in their physical 

activity levels.  
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Table 1. Percentage of preschoolers achieving a 10% increase in total physical activity at the end 

of the intervention 

 Mean increase in total PA Percentage of preschoolers achieving 

a 10% increase in total PA 

Total intervention group 0.54% 7.4% 

Boys 0.43% 6.4% 

Girls 0.66% 7.7% 

Low SES 0.37% 5.0% 

Medium SES -0.12% 4.1% 

High SES 1.33% 10.5% 

Low risk group -1.55% 0.7% 

High risk group 4.21% 19.3% 

PA = Physical activity; SES = socio-economic status 

 

Next to these limitations, the following main strengths of the different studies included in this 

doctoral thesis are mentioned:  

 We chose to study four- to six-year-old preschool children, which is an important age 

group for two reasons. First of all, it is the age at which the adiposity rebound period 

occurs, which is when body fatness reaches a post infancy low point. Since the adiposity 

rebound period is inversely associated with the risk of developing overweight in 

adulthood, it is important to target this young age group to prevent overweight and obesity 

during their adult life (Janz et al., 2002; Reilly, 2008; Taylor et al., 2011). Furthermore, 

since preschool children engage in their own unique, sporadic and intermittent pattern of 

physical activity, characterized with short bursts of moderate-to-vigorous physical 

activity, alternated with periods of lower intensity (e.g., resting, walking) (Cliff et al., 

2009; Oliver et al., 2007a; Pate et al., 2010), it is important to study preschool children 

independently from the age group of “children”, which covers children between the age of 

six and twelve.   

 Although the focus of this doctoral thesis was on physical activity, the studies in this 

doctoral thesis are one of the first studies available on the simultaneous investigation of 
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preschoolers‟ energy balance-related behaviours. The study in Chapter 2 was the first to 

simultaneously investigate levels of physical activity, sedentary behaviours, and dietary 

behaviours making use of comparable measurement tools in preschool children from six 

European countries. Also the study in Chapter 3.1. was the first systematic review that 

simultaneously studied correlates of preschoolers‟ energy balance-related behaviours. 

These studies showed the importance of combining all energy balance-related behaviours 

into one study in preschool children, since these behaviours contribute to the development 

of overweight and obesity by either positively or negatively influencing the energy 

balance (Hill et al., 2000; Kremers et al., 2006; Kremers et al., 2005). 

 The design of the developed intervention in Chapter 4 was another strength. The design 

was a randomised controlled trial with a pre-test post-test design, with an intervention and 

control condition, which was implemented for the duration of six months in six European 

countries (i.e., Belgium, Bulgaria, Germany, Greece, Poland, and Spain). Intervention and 

control preschools were recruited from different socio-economic backgrounds, and the 

coordinating country of the ToyBox-study (i.e., Harokopio University, Greece) randomly 

divided the preschools to the control or intervention condition.  

 In addition, Belgium was the only country within the ToyBox-intervention countries that 

had accelerometers at their disposal, which means that it was possible to study the effect 

of the ToyBox-intervention on the different intensities of preschoolers‟ physical activity 

using objective measures (Chapter 4.2.).  

 Finally, relatively large sample sizes for objectively measuring preschoolers‟ physical 

activity were included in some studies of this doctoral thesis (535 preschool children in 

Chapter 1.2., 4,045 preschool children in Chapter 2, and 472 preschool children in 

Chapter 4.2.). Furthermore, in order to take clustering of preschool children in classes in 

preschools into account, multilevel analyses (with the use of MLwiN (Chapter 2 and 

Chapter 4.2.) or mixed models in SPSS (Chapter 1.2.)) were carried out.  
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4. Practical implications 

Based on the findings of the studies described in this doctoral thesis, some practical implications 

were formulated which can be situated in phase five of the Behavioural Epidemiology 

Framework (Sallis et al., 2000): 

Measurement tools to assess preschoolers‟ energy balance-related behaviours are important to 

understand the prevalence, influencing factors, the relationship with overweight and obesity, and 

the effectiveness of interventions targeting preschoolers‟ energy balance-related behaviours. The 

methods and methodologies used for measuring preschoolers‟ physical activity differ, which 

means that no meaningful conclusions can be drawn regarding preschoolers‟ compliance with 

physical activity guidelines (Beets et al., 2011). Therefore, if accelerometers are used to assess 

preschoolers‟ physical activity intensities, it would be better to apply different sets of 

accelerometer cut-points, until a consensus on which accelerometer cut-points to use in preschool 

children has been reached. In addition, reporting the counts per minute or counts per 15 seconds 

might have an added value since this is independent of physical activity intensities, and this can 

also indicate the effect of interventions. Finally, low threshold studies or health promotion 

interventions in preschool children could use the newly developed Omron Walking Style Pro 

pedometer, which proved to be a good measurement device for group estimates, but to a lesser 

extent for individual estimates of preschoolers‟ physical activity measured by step counts. 

Since we are unable to draw inferences on the outcome of the ToyBox-intervention on European 

and Belgian preschoolers‟ energy balance-related behaviours, we are unable to make statements 

about the dissemination of the ToyBox-intervention to other countries and other preschools. An 

effect on the context of Belgian preschoolers‟ physical activity might for example be possible. 

Therefore, the different contexts of preschoolers‟ physical activity should be analysed. As long as 

these analyses have not been carried out, no definite conclusions can be drawn.  

We can draw meaningful conclusions about the role of preschoolers‟ parents and teachers in 

enhancing preschool children‟s energy balance-related behaviours. Both the home and preschool 

environment are the settings in which preschool children spend most of their time, and both 

settings provide opportunities to promote healthy energy balance-related behaviours in this young 

age group (Golan, 2006; Oliver et al., 2010; Ward et al., 2010). For this reason, parents and 
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teachers are often considered as the best intervention implementers, since they spend most of 

their time together with the children. However, results showed that both parents and teachers 

have misperceptions regarding preschoolers‟ physical activity levels and sugar-sweetened 

beverage consumption, since they perceive preschool children as sufficiently active and they do 

not perceive sugar-sweetened beverages – chocolate milk for instance – as unhealthy. Therefore, 

a first step before the start of the implementation or during the implementation of an intervention 

should be to raise parents‟ and teachers‟ awareness about the health problem related to 

insufficient physical activity and the overconsumption of sugar-sweetened beverages. Without an 

increase in parents‟ and teachers‟ awareness, parents and teachers will not be motivated to change 

preschoolers‟ behaviours. In addition, it is important that both parents and teachers understand 

that they have a shared responsibility regarding preschoolers‟ healthy behaviours. Without a 

mutual engagement, it will be very difficult to change preschoolers‟ energy balance-related 

behaviours. As parents and teachers are role models, it is important that they also engage in 

healthy behaviours like physical activity and consuming healthy snacks and beverages. For 

example, parents who actively engage in physical activities together with their child might also 

motivate preschool children to engage in more physical activity. This can for example be 

accomplished by organising an active (preschool) day which consists of parent-child activities in 

which parents and children have to collaborate to achieve different physical activity goals. 

Another possible activity might be to organise a guided walk for parents and children with stops 

along the way with healthy drinks and fun and active activities. It would be important that these 

activities are organised on a regular basis. Also, parents can walk to preschool together with their 

child or walking school buses can be organised, which might stimulate preschool children to use 

active transportation to preschool. Another possible strategy might be the engagement in 

“movement schools”, which are frequently organised in Flanders. “Movement schools” offer 

opportunities to the preschool child to be physically active, while being actively supported by 

their parents. As children engage in different activities together with their parents, the child will 

explore more, which, in turn, is beneficial for their motor development. Finally, a new project 

(“Multimove”) was launched in Flanders to stimulate three- to eight-year-old children‟s motor 

development by offering a range of different movement activities, with children‟s parents also 

being involved.  
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Finally, future intervention implementers are still encouraged to use the Intervention Mapping 

protocol (Bartholomew et al., 2011), since it enables them to develop an intervention in a 

systematic and theory-based manner. They should try to tailor their intervention to the country, 

the region, or the preschool. Since countries or regions may differ according to their environment, 

culture, or politics, a standard intervention design will be less likely to be successful. When 

developing an intervention targeting preschoolers‟ physical activity, the developed matrices in 

Chapter 4.1. may serve as a basis for country-specific interventions, which can be adapted to the 

needs of the country, region or preschool.  

 

5. Directions and suggestions for future research 

With this doctoral thesis, a modest contribution was made to the current evidence on energy 

balance-related behaviours in preschool children, with a special focus on preschoolers‟ physical 

activity. However, much work remains to be done and some suggestions for future research are 

listed below (phase five of the Behavioural Epidemiology Framework (Sallis et al., 2000)). 

 First of all, to facilitate the measurement of preschoolers‟ physical activity with the use of 

accelerometers, it is important that a consensus is reached about which accelerometer cut-

points to use. A possible strategy to reach this goal could be to conduct a study in which 

all accelerometer cut-points in the same sample of preschoolers are compared, with these 

preschool children undergoing the same range of activities while being monitored through 

direct observation. After reaching a consensus on which accelerometer cut-points to use, 

it will become feasible to accurately estimate preschoolers‟ physical activity levels and to 

compare results between studies, which has so far been impossible (Beets et al., 2011). In 

addition, it will be possible to accurately translate the current physical activity guidelines 

into a step count target for preschool children, so that also pedometers can be used to 

measure preschoolers‟ physical activity. 

 Secondly, since most studies on correlates of preschoolers‟ energy balance-related 

behaviours are cross-sectional and are limited in number, longitudinal research has to be 

carried out to identify the determinants that are related to preschoolers‟ energy balance-

related behaviours and to their behaviour change, since only then meaningful conclusions 
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can be drawn. Furthermore, it will be possible to acquire evidence of causality, which 

cannot be obtained through studies with a cross-sectional design. 

 Thirdly, the goal of the ToyBox-study was not specifically to focus on preschoolers‟ 

weight status, but to promote healthy behaviours. However, by engaging in healthy 

energy balance-related behaviours, preschool children can maintain their healthy weight 

status. Because of the reason that the ToyBox-study mainly focuses on the prevention of 

overweight and obesity in preschool children, preschoolers‟ weight status was the main 

outcome of the ToyBox-study. For example, European preschoolers‟ current weight status 

measured at baseline within the ToyBox-study, still has to be evaluated. In addition, the 

association between preschoolers‟ weight status and energy balance-related behaviours 

has also not yet been assessed. This information would be valuable to compare the results 

from the baseline measurements of the ToyBox-study with the overweight and obesity 

prevalence rates from the pooled analysis study of van Stralen and colleagues (2012) (van 

Stralen et al., 2012). In addition, it would be interesting to investigate whether the Spanish 

preschool children from the ToyBox-study are also among the preschoolers with the 

highest proportion of overweight and obesity in Europe as was found in the study by van 

Stralen and colleagues (2012), especially as the results from Chapter 2 showed that 

Spanish preschool children engage in the highest levels of physical activity, have the 

highest intakes of water and have a low consumption of sugar-sweetened beverages. This 

could imply that other factors are of greater importance than those adopted by the 

ToyBox-study, like for example the amount that preschoolers consume, or foods and 

snacks that have a high sugar or fat content. This could plead for more country specific 

actions. 

 Fourthly, since the results included in this doctoral thesis regarding the effectiveness of 

the ToyBox-intervention are merely the first results, it is important to emphasize that the 

main effects of the ToyBox-intervention still have to be evaluated, both on a European 

and a Belgian level. The next step to be taken is the examination of the main effects of the 

ToyBox-intervention on European preschoolers‟ weight status and their energy balance-

related behaviours. For example, it has to be examined whether the ToyBox-intervention 

prevented excessive weight gain in preschool children, and whether it caused an increase 

in European preschoolers‟ physical activity, a decrease in European preschoolers‟ 
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sedentary behaviour, and a decrease in European preschoolers‟ sugar-sweetened beverage 

consumption and in their unhealthy snack consumption. Furthermore, moderation 

analyses could be conducted to examine whether the effect of the ToyBox-intervention on 

preschool children‟s energy balance-related behaviours is apparent in certain subgroups 

(e.g., preschool boys vs. preschool girls, low vs. high SES). Finally, mediation analyses 

could be conducted to gain more insight into the mechanisms of the intervention, i.e., 

whether the ToyBox-intervention has resulted in changes in the presumed mediator (e.g., 

parental rules regarding preschool children‟s energy balance-related behaviours), and 

whether this in turn has led to changes in European preschoolers‟ energy balance-related 

behaviours.  

 Fifthly, not only the general effectiveness of the ToyBox-intervention should be 

investigated, but also the implementation of the intervention needs to be evaluated. By 

conducting a process evaluation, it will become clear which characteristics of the 

intervention explained the results of the ToyBox-intervention. For example, the main 

implementers of the intervention (i.e., parents and teachers) were questioned on how they 

fulfilled their tasks within the intervention, which might provide an insight in how they 

delivered the intervention, and in how they perceived the intervention materials, which 

might result in drawing inferences on the outcome results. Also the characteristics of the 

preschool, preschool policies and extra physical activity initiatives were questioned in an 

audit questionnaire, and should be analysed to explain the intervention effects. However, 

these process evaluation analyses have not been carried out yet, and should therefore be 

conducted in the future. The process evaluation will be carried out using the conceptual 

framework of Saunders and colleagues (2005) (Saunders et al., 2005). 

 Sixthly, a rather new approach in public health promotion is called Participatory Health 

Research. It is based on a bottom-up approach by actively involving the target group into 

the development of health promotion initiatives (International Collaboration for 

Participatory Health Research, 2013; Wright et al., 2010). In the future, it might be an 

option to actively involve preschoolers, parents as well as teachers in the development of 

an intervention to enhance preschoolers‟ energy balance-related behaviours. Although 

preschoolers‟ parents and teachers were involved during the development of the ToyBox-

intervention because of their participation in the focus groups, it might be a better option 
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to let them participate even more actively during all stages of the intervention 

development. The result will be an intervention which is tailored at the level of a specific 

preschool instead of at the level of a specific country or even at the level of Europe.  
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steeds bij jou terecht voor mijn vele vragen. Een oprechte dankjewel is hier dus zeker op zijn 
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Bert en Yasmine, ook jullie verdienen een woordje van dank. Bedankt voor de vele bezoekjes die 

jullie ons brengen. Bert, bedankt voor al het vertrouwen dat je in me hebt. Bedankt voor je 

geruststellende woorden op momenten toen ik het nodig had en voor je overtuigingskracht dat 

alles in orde komt. Yasmine, wat ben ik blij dat je er voor hebt gekozen om samen met Bert voor 

de toekomst te kiezen. Je bent een super schoonzus waar we altijd op kunnen rekenen. Bedankt 

voor de urenlange babbels en de fijne momenten samen. Ook jij hebt de gave om mij gerust te 

stellen op momenten dat ik het nodig heb. Voor mij ben je een beetje de zus die ik nooit gehad 

heb .  

Papa en mama, bedankt voor jullie eindeloze vertrouwen in mij. Dankzij jullie sta ik waar ik nu 

sta. Jullie zijn mijn inspiratiebron en ik hoop dat jullie weten dat ik enorm naar jullie opkijk. 

Bedankt dat Nel en Lili elke week een dagje bij jullie mogen blijven, ik weet dat jullie dat super 

doen en ik kan dan ook altijd met een gerust hart gaan werken. Papa, bedankt voor de vele 

babbels en om mijn aandacht soms eens af te leiden van het werk met je mailtjes met de vraag om 

weer eens wat nieuwe foto’s van de kindjes door te mailen. Mama, woorden schieten te kort om 

jou te bedanken, maar ik denk dat je dat wel weet. Jij was degene die me aangespoord heeft om er 

voor te gaan na mijn zwangerschapsverlof. Jij was ook degene waar ik altijd terecht kon als ik er 

eventjes door zat. Bedankt voor de vele babbels, kopjes koffie, wandelingen en fietstochtjes, 

waarbij je altijd probeerde om mijn gedachten te doen verzetten of net probeerde om mijn 
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gedachten te ordenen. Ik hoop dat ik later net zoveel voor Nel en Lili zal betekenen zoals jij voor 

mij betekent.  

Tim, tijdens de bijna vier jaren van dit doctoraat zijn wij op privévlak ook heel wat nieuwe 

uitdagingen aangegaan. Zo zijn we gaan samenwonen, hebben we ons verloofd, zijn we getrouwd 

en hebben we twee schatten van kinderen mogen verwelkomen in ons leven. Ons leven samen is 

al heel hard gegaan en tijdens het schrijven van dit doctoraat heb je ook heel wat van me moeten 

verdragen. Soms was ik zodanig bezig met mijn werk, dat ik eigenlijk niet echt luisterde naar wat 

jij te zeggen had. Daarom wil ik je bedanken voor je geduld, je luisterend oor als ik het nodig 

had, je interesse in mijn werk, je steun en je rustgevende invloed. Dat we ook deze drukke 

periode doorgekomen zijn, bewijst alleen maar des te meer dat we bij elkaar horen! Ik kijk uit 

naar de iets rustigere maanden die er aan komen, zodat we hopelijk terug wat meer tijd voor 

elkaar kunnen maken.  

Nel en Lili, jullie hebben het mij niet gemakkelijk gemaakt… Drukke, intensieve schrijfdagen op 

het werk werden thuis bijna altijd afgewisseld met lange, slapeloze nachten. Het was precies alsof 

jullie aanvoelden dat deze periode zwaar was voor mij en misschien net daarom wilden jullie er 

nog een schepje bovenop doen. Gelukkig werden de slapeloze nachten opgevolgd door – meestal 

dan toch – twee vrolijke kindjes overdag. Vaak kon ik mijn doctoraat toch even van mij afzetten 

tijdens onze vele wandelingen, fietstochtjes en speelpartijtjes. Het is altijd even hard genieten om 

jullie te zien opgroeien en ontwikkelen. Ik zie jullie zo ongelofelijk graag! De vele kusjes en 

knuffels die jullie altijd spontaan geven doen zo ongelofelijk veel deugd. Jullie zijn het mooiste 

wat ons ooit kon overkomen. Bedankt om ons leven zo mooi te maken! 
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