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Samenvatting 

 

Ondanks inspanningen om fysieke activiteit te promoten, haalt een aanzienlijk deel van de 

Vlaamse volwassen populatie de richtlijn van 30 minuten matig intense beweging per dag 

niet. Een inactieve levensstijl gaat nochtans gepaard met gezondheidsrisico‟s. Daarom is er 

nood aan effectieve interventies ter promotie van (meer) beweging. 

Om beweging te promoten, maakten recente interventies in de Verenigde Staten, Australië, 

en Japan gebruik van stappentellers of pedometers, meestal in combinatie met „stapdoelen‟. 

In het algemeen bleken deze pedometerinterventies effectief te zijn. Europese gegevens 

omtrent pedometerinterventies ontbreken echter, evenals informatie omtrent 

methodologische aspecten van pedometergebruik in Europa. Bijgevolg omvat deze thesis 

methodologisch onderzoek in verband met pedometergebruik en pedometerinterventies in 

Europa, meer bepaald Vlaanderen (België).   

De eerste methodologische studie ging de validiteit van een goedkope pedometer na. Uit de 

studie bleek dat de „Stepping Meter‟ invalide informatie geeft en dus niet aanvaardbaar is 

voor gebruik in onderzoek of promotievoering. Twee andere methodologische studies 

vonden significante correlaties tussen pedometerdata („stappen‟) en zelfgerapporteerde 

fysieke activiteit. Er werd ook aangetoond dat valide pedometers niet alleen wandelen, maar 

ook matig en zwaar intense fysieke activiteit kunnen meten in verschillende contexten. 

Pedometerinterventies werden geïmplementeerd op het micro-, meso-, en macroniveau en 

toonden veelbelovende resultaten. Een individugerichte pedometerinterventie, al dan niet 

gebruikmakend van „ondersteunend materiaal‟, beïnvloedde het bewegingsgedrag positief. 

Het materiaal, zoals een informatiebrochure en dagboek, had vooral een positieve invloed op 

de attitudes in verband met pedometergebruik. Een pedometerinterventie in een bedrijf 

bleek effectief te zijn bij reeds actieve werknemers: bij hen was de daling in de hoeveelheid 

beweging, waarschijnlijk veroorzaakt door een seizoensgebonden effect, minder sterk. 

Onderzoek wees uit dat de campagne “10.000 Stappen Gent” een hoge naambekendheid 

had, een daling veroorzaakte in de tijd die men zittend doorbracht, en een stijging 

teweegbracht in de hoeveelheid beweging, in zowel actieve als inactieve individuen. Er werd 

ook gevonden dat pedometergebruik meer voorkwam bij oudere personen en bij personen 

die op de hoogte waren van de campagne, terwijl een stijging in het aantal stappen/dag 

meer voorkwam bij personen met een hoger diploma, bij inactieve personen (<10.000 

stappen/dag) en bij pedometergebruikers. Tevens bleek dat pedometergebruik het 

interventie-effect deels medieert.   
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Summary 

 

Despite the fact that physical activity has been promoted previously, a considerable amount 

of adults still do not meet the current health-related physical activity guideline of 30 minutes 

of moderate to vigorous physical activity per day. However, an inactive lifestyle is related to 

inverse health outcomes, consequently, effective physical activity interventions are needed.  

Recent interventions used step counters or pedometers, mostly in combination with step 

count goals, to encourage physical activity. In general, the pedometer was found to be an 

effective intervention tool in the United States, Australia, and Japan. However, no European 

data on physical activity promotion through pedometer use and step count goals are 

available. Also information about methodological aspects of pedometer use is missing in 

Europe. Therefore, the current thesis presents pedometer-related methodological research 

and pedometer-based intervention studies in Flanders, Belgium (Europe).  

The first methodological study evaluated the validity of an inexpensive pedometer. Results 

showed that the „Stepping Meter‟ was unacceptable for research and practice, as it gave 

invalid information. Two other methodological studies found significant correlations 

between pedometer-determined step counts and self-reported physical activity, and showed 

that a valid pedometer is capable of assessing not only walking, but also moderate and 

vigorous physical activity in different contexts.  

Pedometer-based interventions were implemented on the micro-, meso-, and macro-level 

and showed promising results. It was found that a 3-week individual-based intervention 

consisting of pedometer use, with or without cognitive and behavioural support materials, 

increased physical activity in motivated individuals. In this study, support materials, such as 

an information brochure, and a log to set goals and record steps, had an additional positive 

effect on attitudes towards pedometer use. A workplace pedometer-based intervention was 

effective in reducing the decrease in step counts, probably caused by winter time, in already 

active employees. Two effectiveness studies of the community campaign “10,000 Steps 

Ghent” showed a high project awareness level, a decrease in sitting time, and an increase in 

physical activity among both active and inactive individuals. An additional study found that 

pedometer use was more likely in older participants and in those aware of the campaign. 

Increased step counts were more likely among higher educated individuals, at-risk persons 

(baseline step counts below 10,000 steps/day) and those who used a pedometer. 

Furthermore, it was found that pedometer use partly mediated the intervention effect on 

step counts.  
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1 Introduction 

 

The overall purpose of the present thesis is to provide insights about physical activity 

promotion through pedometer use and the „10,000 steps/day‟-concept, in adults. It is known 

that regular physical activity is associated with increased health benefits. However, physical 

inactivity still is a major public health concern in modern society. Therefore, efforts are 

needed to promote (more) physical activity.  

 

The original research of the present thesis includes pedometer-related studies. Consequently, 

the general introduction will include aspects on physical activity, measurement of physical 

activity, and physical activity promotion, specifically concerning pedometers or step 

counters.  

 

This general introduction will start with the description of some aspects about physical 

activity and health in adults, including current health-related physical activity guidelines. 

Then, attention will be given to physical activity measurement methods. Since it was decided 

to use a combination of self-administered questionnaires and pedometers in the original 

research, only self-reports and step counters will be described in detail. It is not within the 

scope of this thesis to clarify other measurement techniques producing data that can be 

converted to energy expenditure, such as the method of doubly labelled water (following the 

difference in elimination rates of the stable isotopes of oxygen and hydrogen in body water 

after initial labelling of the body water pool) (Bouchard et al, 1994), calorimetry (measuring 

heat exchange directly or through respirometry that analyzes oxygen uptake and carbon 

dioxide waste) (Bouchard et al, 1994), or accelerometers (motion-sensing devices with 

piezoelectric ceramics, recording accelerations of the waist/hip/lower back) (Bassett et al, 

2000). A next section of this general introduction will be dedicated to physical activity 

promotion, again with specific attention for pedometer-based interventions and strategies 

used in the original studies of the thesis. Finally, a problem analysis and the outline of the 

thesis will be given. 
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2 Physical activity and health 

 

2.1 Definitions  

In order to avoid confusion, a clear definition of the frequently used terms „physical activity‟, 

„physical fitness‟, „health‟, and „health-related physical activity„ will be given. In addition, the 

mutual association between physical activity, physical fitness, and health will be described 

concisely.  

Caspersen and colleagues (1985) defined physical activity as “any bodily movement 

produced by skeletal muscles that results in energy expenditure”. Everyone performs 

physical activity in order to sustain life and physical activity can be categorized in a variety 

of ways, for example occupational, leisure time, household or other activities. Also exercise 

can be a subcategory of physical activity: exercise is physical activity that is planned, 

structured, repetitive, and purposive with an improvement or maintenance of one or more 

components of physical fitness as objective. In contrast to physical activity, which is related 

to movements of individuals, physical fitness is a set of attributes that individuals have or 

achieve (Caspersen et al, 1985). Components of physical fitness can be health-related (cardio-

respiratory endurance, muscular endurance, body composition, and flexibility) or related to 

skills that pertain more to athletic ability. Furthermore, health can be defined as “a state of 

complete physical, mental and social well-being and not merely the absence of disease or 

infirmity” (World Health Organization, 1948). In 1988, the International Consensus 

Conference on Physical Activity, Physical Fitness, and Health (Bouchard et al, 1994) defined 

health as “a human condition with physical, social, and psychological dimensions, each 

characterized on a continuum with positive and negative poles. Positive health is associated 

with a capacity to enjoy life and to withstand challenges; it is not merely the absence of 

disease. Negative health is associated with morbidity and, in the extreme, with premature 

mortality”.  

Research revealed that physically active people, as contrasted with their sedentary 

counterparts, develop and maintain higher levels of physical fitness. Furthermore, protective 

effects were found between physical activity and risk for developing several chronic diseases 

such as coronary heart disease, hypertension, diabetes mellitus type II, obesity, osteoporosis, 

colon cancer, and anxiety and depression (US Department Surgeon General, 1996). As a result, 

health-related physical activity refers to the minimum recommendable dose of activity 

needed to guarantee physiological health effects (Laitakari et al, 1996). 



GENERAL INTRODUCTION AND OUTLINE OF THE THESIS 

 

7 

 

2.2 Health-related physical activity guidelines 

To encourage increased participation in physical activity, public health recommendations on 

the types and amount of physical activity were/are needed (Pate et al, 1995). Traditionally, 

guidelines prescribed the recommended frequency, duration and intensity of physical 

activity. However, more recently, step count goals have been introduced. 

 

2.2.1 Physical activity frequency, duration and intensity goals 

During the 1970‟s, researchers believed that health benefits could only be obtained by 

increasing physical fitness. Consequently, the American College of Sports Medicine (ACSM) 

made a guideline for the development and maintenance of cardio-respiratory fitness and 

body composition. The organization recommended healthy adults at least 20 minutes of 

continuous aerobic activity, using large muscle groups, such as jogging, hiking, and other 

endurance activities. The exercise training should be performed on 3 to 5 days a week, and 

this at an intensity of 60 % to 90 % of maximum heart rate reserve, or at 50 % to 85 % of 

maximum oxygen uptake (ACSM, 1978). 

 

Since the early 1990‟s, various departments have released public health recommendations for 

physical activity to achieve health promotion and disease prevention. The focus was no 

longer on „exercise and fitness‟, but on „physical activity and health‟, since research revealed 

that benefits can also be obtained through lower intensity levels (Pate et al, 1995).  

In 1993, an expert team convened by the Centers for Disease Control and Prevention (CDC) 

and the ACSM, stated that every adult should accumulate at least 30 minutes of moderate-

intensity activity on most, preferably all, days of the week (Pate et al, 1995). An activity 

performed at an intensity of 3 to 6 metabolic equivalents (METs) (1 MET is equal to the 

resting metabolic rate of 3.5 ml/kg/minute), is considered as moderate-intensity activity. 

Examples are brisk walking, gardening, or bicycling.  

The recommendation published in 1996, was part of the US Public Health Service‟s Surgeon 

General‟s Report on Physical Activity and Health (US Department Surgeon General, 1996), 

and stated that men and women of all ages benefit from daily longer sessions of moderately 

intense activities (such as 30 minutes of brisk walking) as from shorter sessions of more 

strenuous activities (such as 15-20 minutes of jogging). There, moderate-intensity activity 

was defined as physical activity that uses 150 kcal/day or 1000 kcal/week, for example 

swimming laps for 20 minutes, or gardening for 30 to 45 minutes. Some activities can be 



PART 1 

8 

 

performed in a range of intensities, so the suggested duration corresponds to expected 

intensity of effort. Both guidelines differ from the earlier exercise prescription, by 

recommending a different activity intensity and duration. Furthermore, the guidelines 

emphasized that adults can meet the physical activity recommendations by accumulating a 

variety of shorter activity bouts throughout the day, including sports and exercise, 

occupational activity, active transport, home and garden activities, or other unstructured 

physical activity.  

Linked to the previous recommendations, is the concept of „lifestyle physical activity‟: “the 

daily accumulation of at least 30 minutes of self-selected activities, which includes all leisure, 

occupational, or household activities that are at least moderate to vigorous in their intensity 

and could be planned or unplanned activities that are part of everyday life” (Dunn et al, 

1998). 

 

Recently, Haskell and colleagues (2007) updated and clarified the 1995 physical activity 

recommendation for adults to improve and maintain health (Pate et al, 1995). The expert 

panel of scientists concluded that to promote and maintain health, all adults between 18 and 

65 years, need moderate-intensity aerobic physical activity for a minimum of 30 minutes on 5 

days each week, or vigorous-intensity aerobic physical activity for a minimum of 20 minutes 

on 3 days each week. It is possible to perform combinations of moderate- and vigorous-

intensity activity to meet the recommendation. Moderate-intensity aerobic activity 

accelerates the heart rate and is generally equivalent to brisk walking. The 30 minutes 

minimum of moderate-intensity activity can be reached by accumulating different bouts 

lasting at least 10 minutes. Vigorous-intensity activity is exemplified by jogging, and causes a 

considerable increase in heart rate, and rapid breathing. These moderate- or vigorous 

physical activities should be done in addition to light intensity routine activities of daily 

living (e.g. preparing a meal, shopping) or activities lasting less than 10 minutes (e.g. 

walking around office or home). Furthermore, every adult should perform activities (8-10 

exercises using the major muscles) to maintain or increase muscular strength and endurance, 

at least 2 days each week. Finally, the experts recommend persons who wish to further 

improve their fitness, reduce their risk for chronic diseases and disabilities, or prevent 

unhealthy weight gain, to exceed the minimum recommended amount of physical activity 

(Haskell et al, 2007). 
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2.2.2 Step count goals 

Previous recommendations, mainly expressed as duration goals, require constant timing and 

summing of scattered bouts of activity during the day, which can be impractical. More 

recently, alternative goals have been introduced, which are more practical than the 

minutes/day recommendations and do not require constant tracking of at least moderate-

intensity activity time during the day: step count goals.  

In Japan, Hatano (1993, 1997) was the first to propose the recommendation of accumulating 

10,000 steps/day to gain health benefits in adults. Hatano (1993) estimated that taking 10,000 

steps/day equals the expenditure of 300-400 kcal/day, a energy degree which should protect 

against heart attacks (Paffenbarger et al, 1978). This quantity is double the amount (150 

kcal/day) that the US Surgeon General indicated as related to improved health (US 

Department Surgeon General, 1996). The difference in energy expenditure here, can be 

explained by the fact that the step count goal is a daily recommendation that includes all 

activity, while the minute-guideline is a recommendation over and above an unidentified 

minimal level of daily activity (Tudor-Locke and Bassett, 2004). Usual daily activity in 

healthy adults approximates 6000-7000 steps/day (Tudor-Locke and Bassett, 2004). Different 

publications (Welk et al, 2000; Wilde et al, 2001; Tudor-Locke, 2002) showed that 30 minutes 

of moderate intensity walking represented approximately 3100-4000 steps. Consequently, the 

summation of usual daily activity (6000-7000 steps/day) plus the recommended health-

related extra physical activity (30 minutes/day or 3100-4000 steps/day) is more or less 10,000 

steps/day. 

The 10,000 steps/day- recommendation is simple, easy to remember, and it provides people 

with a concrete goal for increasing physical activity. Furthermore it is focused on behaviour, 

and not on metabolic cost, which makes it relevant for individuals of different body sizes 

(Hatano, 1993). The step count concept can be used in the recommended active living 

approach, which stresses the importance of doing moderate activities as a part of daily living 

(Choi et al, 2007). Moreover, step count goals could be beneficial especially for sedentary 

individuals who dislike exercise or vigorous physical activity (Welk, 2002). Wilde et al (2001) 

also support “10,000-steps” as a challenging behavioural target for sedentary women. For 

many of them, achieving 10,000 steps may be appropriate. However, not all sedentary 

individuals are “equally inactive”, consequently lower or higher step count targets may be 

needed. Le Masurier et al (2003) showed that individuals who accumulate 10,000 steps/day 

are more likely to meet the traditional guideline, however it does not guarantee it.  
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Tudor-Locke and Bassett (2004), suggested that 10,000 steps/day may not be a sustainable 

goal for some groups, such as older people and those with chronic diseases, consequently 

selecting personally relevant step count goals, based on an individual‟s baseline step level, 

may be more appropriate (Tudor-Locke, 2002). For example, Hill et al (2003) believed that 

increasing baseline physical activity by 2000-2500 steps/day, could prevent weight gain and 

cause health benefits of a more active lifestyle. An increase of 2000 steps/day represents 

about 1 mile (1.6 km) of walking, takes about 15-20 minutes of walking, and represents an 

energy expenditure of approximately 80-100 kcal. To conclude, any step count goal selected 

should be an improvement from the individual baseline step level and should be sustainable 

for a longer period (Sidman, 2002). 

 

More detailed step count indices for public health have been introduced (Tudor-Locke and 

Bassett, 2004) and revisited (Tudor-Locke et al, 2008): less than 5000 steps/day can indicate a 

„sedentary lifestyle‟, accumulating between 5000-7499 steps/day corresponds to typical daily 

activity without sports/exercise and might be considered as „low active‟, while accumulating 

7500-9999 steps/day likely includes some activities and might be classified as „somewhat 

active‟. Taking 10,000 steps/day or more, indicates the point that should be used to classify 

individuals as „active‟, and people who take more than 12,500 steps/day are likely to be 

classified as „highly active‟. 

 

Steps/day are associated inversely with percentage body fat, Body Mass Index (BMI), waist 

circumference, blood pressure, and components of the metabolic syndrome (Hatano, 1997; 

Tudor-Locke et al, 2001; Chan et al, 2003; Dwyer et al, 2007; Schmidt et al, 2007). Recently, 

researchers established preliminary criterion-referenced cut points for adult pedometer-

determined physical activity related to weight status defined by BMI (Tudor-Locke et al, 

2008). Using a cross-sectional international pedometer dataset, they found that best 

estimated cut points for normal versus overweight/obesity, ranged from 11,000 to 12,000 

steps/day for men, and 8000 to 12,000 for women, with consistently higher numbers for 

younger age groups: to maintain a normal weight BMI level, the need for steps/day is lower 

with higher age. The cut point that best predicts group (normal weight versus 

overweight/obese) classification for men aged 18 to 50.9 years was 12,000 steps/day, while 

11,000 steps/day was the best cut point for 51-88 year-old men. For women, the cut points 

were presented in four age groups: 12,000 steps/day for women aged 18 to 39.9 years, 11,000 
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steps/day for 40-49.9 year-old women, 10,000 steps/day for 50-59.9 year-old women, and 

8000 steps/day for women aged 60 to 94 years.  

 

 

3 Measuring physical activity 

 

For public health purposes, it is essential to monitor the (changes in) proportions of 

individuals meeting the health-related physical activity guidelines. Additionally, to 

investigate associations between health and physical activity, or to measure the effectiveness 

of physical activity interventions, individuals‟ amount of physical activity needs to be 

assessed accurately (Prince et al, 2008). In general, the combination of self-reported 

(„subjective‟) and motion-detecting (more „objective‟) measures are suggested as a good 

solution to measure physical activity in free-living populations (Sallis and Saelens, 2000; 

Tudor-Locke and Myers, 2001b; Tudor-Locke et al, 2002). 

 

3.1 Self-reported measurement methods of physical activity: questionnaires 

The most frequently and widely used methods of assessing physical activity are self-report 

instruments (Sallis and Saelens, 2000). Benefits of these methods (e.g. questionnaires) include 

the ability to collect data from a large number of people at a low cost. Furthermore, recalls 

have no influence on the behaviour under study. When people are asked to recall their past 

physical activity behaviour, they cannot alter or modify behaviour at the moment of recall. 

Finally, using self-reports, it is possible to assess the type and context of physical activity, e.g. 

work-related physical activity, gardening activities. Despite the fact that self-reports are 

popular and practical, various limitations of self-reports need to be considered (Ainsworth et 

al, 1994). First of all, social desirability can cause over-reporting of physical activity (Adams 

et al, 2005). Second, since recalling physical activity is a complex cognitive task, recall biases 

can occur. At last, typical terms e.g. „physical activity‟, „moderate intensity‟, can be 

understood or interpreted differently by participants and researchers, which can also cause 

errors (Sallis and Saelens, 2000). Furthermore, self-report measures do not succeed in 

assessing accurately the lower end of the continuum of physical activity i.e. lighter intensity 

activities, walking (Tudor-Locke and Myers, 2001b). Despite their limitations, the use of 

physical activity questionnaires remains popular because of the previously given benefits.  
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A well-developed physical activity questionnaire, regularly used to obtain estimates of 

physical activity, is the International Physical Activity Questionnaire (IPAQ) 

(http://www.ipaq.ki.se). The purpose of the IPAQ is to provide an instrument that can be 

used internationally to obtain comparable levels of physical activity in different countries. 

The IPAQ has been shown to be a valid and reliable instrument for measuring population-

based physical activity in many settings and in different languages, also in Europe (Craig et 

al, 2003), and in Belgium (Vandelanotte et al, 2005). Furthermore, the IPAQ is being used as 

an evaluation tool in intervention studies. The „IPAQ short form‟ assesses three specific types 

of physical activity, namely walking, moderate, and vigorous physical activity, during the 

last seven days. The „IPAQ long form‟ assesses different types of physical activity 

undertaken across a comprehensive set of domains such as work (vigorous and moderate 

physical activity, walking), transport (bicycling, walking), house and garden (vigorous and 

moderate physical activity in the garden, moderate physical activity inside home), and 

leisure time (vigorous and moderate physical activity, walking). All questions in both 

versions assess the frequency (days) and duration (time) of all the types of activities, if they 

lasted for at least ten minutes. Both versions, which can be interview-based or self-

administered, also assess the time spent sitting on a weekday (short and long form) and on a 

weekend day (only in the IPAQ long form).  

 

3.2 Motion-sensing measurement methods of physical activity: pedometers  

As self-report methods of physical activity possess several limitations, more objective 

motion-sensing devices such as accelerometers and pedometers have become popular. 

However, accelerometers are relatively expensive (€ 110-375, $ 150-500 per unit) and require 

computer application for data processing, which makes them inconvenient for studies with a 

large sample size.  

In recent years, step counters or pedometers are regularly being used. With their lower price 

(€ 15-20, $ 20-25 per unit) and no requirement of extra software or expertise, they are a good 

alternative for accelerometers (Tudor-Locke and Myers, 2001b; Tudor-Locke, 2002). The 

pedometer is appropriate to assess total levels of physical activity and aspects not captured 

through self-reports, such as incidental daily movement or small, incremental changes 

(Freedson and Miller, 2000; Tudor-Locke and Myers, 2001b). Furthermore, pedometer use 

does not raise recall biases (Prince et al, 2008). Moreover, with the growing use of step count 

goals, pedometers have become (more) popular monitoring tools for physical activity in 
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(large) free-living populations (Tudor-Locke and Myers, 2001b; Tudor-Locke, 2002). Below, 

the pedometer will be described and discussed in detail.  

 

3.2.1 Pedometer device 

Pedometers are small, light weight, unobtrusive instruments that are typically worn on the 

belt or waistband and count movement (Tudor-Locke, 2002). They put a relatively low 

burden on participants and can be used in populations with language and literacy barriers 

(Tudor-Locke and Myers, 2001b). The originally used pedometer, was a gear-driven device, 

using a mechanical system of a pendulum arm. This model however showed problems with 

reliability and validity, making it unsuitable as research instrument (Galye et al, 1977). Later, 

electronic pedometers became available, differing in cost and sensitivity (Bassett et al, 1996). 

Electronic pedometers operate on a horizontal, spring-suspended lever arm that moves up 

and down with vertical accelerations of the hip. The internal mechanism, with a sensitivity 

threshold, detects vertical accelerations above a certain force needed to record a step (Tudor-

Locke et al, 2002). For example, one brand of pedometer (Yamax Digi-Walker) is not likely to 

detect forces less than 0.35 g (g = standard gravity) (Hatano, 1997). With each step taken, the 

lever arm makes an electronic contact, and one step is recorded (Bassett, 2000; Leenders et al, 

2001). Electronic pedometers are considered to be more accurate than their mechanical 

predecessors (Tudor-Locke and Myers, 2001a; Welk, 2002). Furthermore, there are also 

pedometers using a magnetic reed proximity switch, and pedometers using an 

accelerometer-type mechanism with a horizontal beam and a piezoelectric crystal (Schneider 

et al, 2003). From here, the term „pedometer‟, will refer to the electronic type of step counters. 

  

A review of Tudor-Locke and Myers (2001b), including different studies using pedometers to 

assess daily activity in free-living conditions, showed the feasibility of pedometers in large 

population observation studies. Furthermore, different studies used pedometers to assess the 

effectiveness of behavioural and environmental lifestyle physical activity programs (Tudor-

Locke and Myers, 2001b).  

Even though the pedometer has several advantages, the device is not perfect and limitations 

need to be considered. Compared with the accelerometer mechanism, that is able to track the 

frequency, intensity, and duration of activity, the technology of the pedometer is less 

sophisticated. The internal mechanism of the step counter is unable to distinguish between 

vertical accelerations above a certain threshold. Consequently, the pedometer does not 
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determine the intensity of the activity and no differentiation can be made between walking 

and running (Freedson and Miller, 2000). Furthermore, pedometers do not reflect the amount 

of time spent in physical activity. However, some pedometer models count “time in activity” 

and start a clock when initiating stepping and stop the clock with inactivity (Le Masurier and 

Tudor-Locke, 2003). Moreover, there are models available that count the number of aerobic 

steps (a minimum of 10 minutes of continuous walking more than 60 steps per minute). 

Finally, pedometers do not provide information on non-ambulatory activities like 

swimming, bicycling or weightlifting (Tudor-Locke and Myers, 2001b). However, walking is 

one of the most common forms of physical activity (Reis et al, 2008).  

 

 

3.2.2 Validity and reliability of pedometers 

With the increasing popularity of pedometers, several investigators examined the validity 

and reliability of the device. Step counters have shown evidence of acceptable reliability 

(Tryon et al, 1991). The reliability within a single pedometer model (Cronbach‟s alpha) was 

found to be > 0.80 (Schneider et al, 2003). A review of Tudor-Locke et al (2002) found a great 

concordance between pedometers and accelerometers (median of reported correlations 

r = 0.86). Pedometers also correlated well with time in observed activity (median of reported 

correlations r = 0.82), and somewhat less with different measures of energy expenditure 

(median of reported correlations r = 0.68). Lowest correlations were found between 

pedometers and self-reports (median of reported correlations r = 0.33) (Tudor-Locke et al, 

2002). More recently, good to moderate correlations were found between pedometer scores 

and total activity estimated by other instruments such as accelerometers (r = 0.70), heart 

monitoring (r = 0.40), a physical activity log (r = 0.40), and a questionnaire (r = 0.30) 

(Macfarlane et al, 2006). The most accurate measurement unit of pedometers is the pure, or 

raw data i.e. step counts. Less precise are energy expenditure or distance estimates derived 

from pedometers (Tudor-Locke and Myers, 2001a; Leenders et al, 2001; Crouter et al, 2003). 

 

Notwithstanding previous evidence, certain threats to validity need to be taken into account. 

First, slow walking speeds may affect accuracy. Research revealed that different pedometers 

showed increased error at walking speeds < 80 m/minute (Bassett et al, 1996; Crouter et al, 

2003; Melanson et al, 2004). A less pronounced vertical acceleration of the waist during slow 

walking, and consequently not exceeding the threshold required to trigger a step, can 
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explain the incorrectness (Crouter et al, 2003). However, while consistently under-recording 

at speeds < 54 m/minute (Le Masurier and Tudor-Locke, 2003; Le Masurier et al, 2004), the 

brand „Yamax Digi-Walker‟ showed acceptable accuracy at speeds of 54 m/minute or more 

(Bassett et al, 1996; Crouter et al, 2003; Le Masurier and Tudor-Locke, 2003; Le Masurier et al, 

2004). In addition, such slow speeds of walking (< 54 m/minute) are uncommon in healthy 

adult populations (Le Masurier and Tudor-Locke, 2003; Swartz et al, 2003), but can cause 

problems in elderly or obese individuals who ambulate at slower walking speeds (Melanson 

et al, 2004).  

Second, walking surface could threaten accuracy. However, Bassett et al (1996) found that 

pedometers provided a reasonably accurate estimate of the number of steps taken, regardless 

of the walking surface.  

Third, non-step movements, for example caused by simple agitation while riding in a 

motorized vehicle, may overestimate actual steps taken. However, the error caused by 

motorized transport is no more than 2-3% of daily accumulated steps which is considered 

negligible (Tudor-Locke et al, 2002; Le Masurier and Tudor-Locke, 2003).  

Fourth, pedometer step recording may fail in overweight or obese individuals with 

abdominal fat. The belt may be tilted forward, reducing the vertical acceleration needed to 

trigger a step. However, BMI, waist circumference, and percentage body fat did not affect 

pedometers accuracy (Swartz et al, 2003; Le Masurier et al, 2004).  

Fifth, since the recommended position of the pedometer is on the belt or waistband at the 

mid-line of the thigh, oriented vertically (Welk, 2002), positioning the pedometer elsewhere 

may influence the step counting. Nevertheless, placement on the front, side, or back of the 

waistband did not affect accuracy for counting steps (Swartz et al, 2003). Also Bassett et al 

(1996) concluded that it does not matter which side of the body the pedometer is worn on.  

A final threat to validity can be reactivity, i.e. participants showing a change in behaviour 

due to being monitored. However, different studies showed that reactivity does not appear 

to threaten the validity of using pedometer self-monitoring to objectively assess free-living 

physical activity in healthy adults (Eastep et al, 2004; Matevey et al, 2006; Behrens and 

Dinger, 2007; Marshall, 2007). Clemes et al (2008) on the other hand, found that reactivity 

may implicate validity in short-term studies.   

 

As a consequence of the promising research, different pedometers became commercially 

available. Out of different brands, the Yamax Digi-Walker (Yamax Inc., Tokyo, Japan) was 

found to be the most accurate (Bassett et al, 1996; Le Masurier et al, 2004). High correlations 
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were found between the Yamax Digi-Walker and different brands of accelerometers (r≈0.80 

to 0.90) in field and laboratory settings (Bassett et al, 2000; Leenders et al, 2000; Tudor-Locke 

et al, 2002). Consequently, the Yamax Digi-Walker is a brand that received the most scientific 

attention. Also Crouter et al (2003) and Schneider et al (2003) found that the Yamax Digi-

Walker pedometer gave step count values within 1 % of the actual steps taken, which is less 

than the maximum permissible error of miscounting steps (3 %) in controlled conditions, set 

by the Japanese Ministry of Industry and Trading Regulations (Hatano, 1993, 1997). 

Furthermore, the intra-model reliability of the Yamax Digi-Walker was very high (> 0.99) 

(Schneider et al, 2003). 

 

 

3.2.3 Methodological aspects of pedometer use 

Since the pedometer is shown to be a valid and reliable tool for measuring physical activity, 

it can be used in research. Below, some procedural features of pedometer use will be given. 

The gathering of pedometer step counts in free-living populations can be done in various 

ways. In general, there are two options: researchers record the step counts, or participants 

submit the results on a daily or weekly basis and return the pedometer by mail. An activity 

log can be used to record the step counts taken at the end of the day. Also minutes spent 

biking and/or swimming, common behaviours in Belgium (de Geus et al, 2008), can be 

reported on the activity log. As stated earlier, these non-ambulatory activities cannot be 

detected correctly by pedometers. However, Miller and colleagues (2006) suggested to 

account for these activities: 150 steps extra can be added for every minute spent biking or 

swimming. The main limitation of using an activity log (just like diaries and self-reports) is 

the possibility that participants forget to fill in the log, forget (to write down) or overestimate 

the time spent in bicycling, swimming.  

Since pedometer-based physical activity during the weekend tends to be lower compared to 

weekdays (Tudor-Locke et al, 2004), and physical activity behaviour may vary from day to 

day, any single day of data collection is not acceptable. Research revealed that a minimum of 

three days can provide a sufficient estimate of weekly physical activity (Tudor-Locke et al, 

2005). It is however recommended to collect pedometer data over a seven-day period for a 

reliable estimate of monthly activity in adults (Clemes and Griffiths, 2008). 

Furthermore, Tudor-Locke et al (2004) suggested to conduct surveillance in spring or fall, 

because steps taken during summer are higher than those recorded during winter. Finally, 
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Basset et al (1996) believed that for epidemiologic studies, there may be an advantage to 

models using a plastic cover that can be closed to prevent accidental resetting. 

 

3.3 Pedometer-based physical activity in healthy adults 

Even though, as described above, pedometers can have limitations, pedometer-based data 

are useful to determine the physical activity level in free-living populations. Several 

international studies have been conducted using a pedometer to collect physical activity data 

in whole populations. For example, in the United States, a state-wide study in Colorado 

revealed that adults took on average 6804 steps/day (Wyatt et al, 2005). Adults in South 

Carolina took on average 5931 ± 3664 steps/day (Tudor-Locke et al, 2004). The average 

number of steps taken each day in a sample of working Australian adults was 8873 ± 2757 

(Miller and Brown, 2004), while the step level of the Western Australian adult population 

was 10,079 ± 848 steps/day for men and 9169 ± 3800 for women (Mc Cormack et al, 2006). 

For Tasmanian 25-64 year old adults, the median number of daily steps was 10,062 (Schmidt 

et al, 2007). In Europe, a Swiss study showed a mean of 10,400 ± 4700 steps/day for men and 

8900 ± 3200 for women (Sequeira et al, 1995). A recent review of 42 studies, mostly from the 

United States or Japan, but some from Europe and Australia, showed an overall average of 

9501 ± 2295 steps/day (Bohannon, 2007). In conclusion, for many people, the daily 10,000-

step count goal is not normally achievable through routine daily activities. Consequently 

physical activity promotion is needed.  

 

 

4 Physical activity promotion 

 

Since physical activity is associated with improved health, there is a growing need for 

interventions designed to prevent sedentary behaviour and promote physical activity (US 

Department Surgeon General, 1996). Interventions are most effective when they change the 

underlying variables that influence physical activity (Trost et al, 2002). Therefore, an 

overview of factors associated with physical activity will be given below. Further, the role of 

pedometers in physical activity promotion will be described, and different levels of physical 

activity promotion will be discussed, each with illustrations of pedometer-based 

interventions. 
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4.1 Understanding physical activity 

In order to develop interventions, it is interesting to know which factors have an influence  

on physical activity behaviour. A brief summary of the most frequently used theories and 

models explaining physical activity behaviour and an overview of behavioural correlates 

and determinants of physical activity will be given below.  

 

4.1.1 Health behaviour theories and models 

All theories and models described here are designed as guides to understand and explain 

behaviour. The first two models address behaviour on the individual level. The Health Belief 

Model (Rosenstock, 1990) instructed that health-related behaviour depends on four types of 

beliefs: the perception of the severity of a potential illness (for example health problems 

caused by inactivity), the perception of the susceptibility to that illness, the perception of the 

benefits of taking a preventive action, and the perception of the barriers to taking that action. 

Also cues to action (for example leaving a written reminder to oneself to be active) and the 

construct of self-efficacy (a person‟s confidence in his or her ability to successfully perform 

an action, the perceived ease or difficulty of performing a behaviour) have been incorporated 

later in the model. However, some researchers believe that exercise or physical activity is a 

more complex behaviour and that the health belief model is not comprehensive enough to 

explain it (Marcus et al, 1996).  

In the Transtheoretical Model or Stages of Change Model, behaviour change is 

conceptualized as a five-stage process or continuum related to someone‟s readiness to 

change. The five stages are precontemplation (no intention to change to a healthier 

behaviour), contemplation (considering a change to a healthier behaviour), preparation 

(preparing or taking steps to change to a healthier behaviour), action (change to a healthier 

behaviour is made, but for no longer than six months), and maintenance (the healthier 

behaviour is maintained for more than six months). It is possible that individuals move 

backwards and forwards between these stages before attaining the goal of maintenance  

(Prochaska et al, 1992). Those in the early stages of change for example could be unaware of 

the benefits of physical activity and in need of encouragement to become active (Marcus et 

al, 1996).  

 

In contrast to the previous models, the following theories operate on the interpersonal level. 

In the Social Learning Theory/Social Cognitive Theory (Bandura, 1997, 1986), behaviour is 
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identified as an interaction between personal factors, attributes of the behaviour, and the 

environment. Each may affect or be affected by either of the other two. Central principles are 

(1) self-efficacy (a person must believe in his or her ability to successfully achieve a 

behaviour and must perceive an incentive to do so) and (2) the outcome or consequence 

expectations (belief that performing a behaviour will produce a specific outcome). This 

theory suggests that enhancing an individual‟s confidence in their capability to be active is 

useful to increase physical activity levels. Techniques, based on the Social Cognitive Theory, 

used to promote changes in physical activity behaviour are goal setting, decisional balance 

sheets, relapse prevention training, stimulus control strategies, and social support (Marcus et 

al, 1996).  

 The Theory of Reasoned Action states that a behaviour is determined by a person‟s intention 

to perform the behaviour, which is in turn determined by the person‟s attitude (instrumental 

or affective beliefs about the behaviour and the value attached to those beliefs) and the 

subjective norm (beliefs about what other people think the person should do, social pressure 

of family, friends, others to perform a behaviour) (Fishbein and Ajzen, 1975). Simply said, 

the theory states that if an individual believes that physical activity improves health, energy 

and mood, if they perceive minimal barriers (costs) to being active, and if the individual has 

support that encourage physical activity, then the individual will form the intention to be 

active, which will lead to performing the behaviour (Marcus et al, 1996). In the Theory of 

Planned Behaviour, Ajzen (1985) improved the last theory by adding the concept of 

perceived control (self-efficacy), which can influence both intention and behaviour and 

reflects the fact that external factors can influence a person‟s behaviour.  

A combination of the Theory of Reasoned Action and the Social Cognitive Theory is the 

Attitude, Social influence and self-Efficacy (ASE) model (De Vries et al, 1995). The ASE-

model states that behaviour and intention are determined by the attitudes, social influences 

and self-efficacy. Furthermore, the model indicates that skills and barriers have an influence 

on the intention-behaviour interaction.  

 

Mainly the previously described psychological models have been used to explain behaviour, 

however, they alone cannot fully describe certain behaviours. They pay little attention to 

socio-cultural and physical environmental influence on behaviour (McLeroy et al, 1988). 

Therefore, a final group of models, commonly referred to as social ecological models, are 

based on a broad, overarching concept that link several different fields of research. The 

models integrate behavioural change and environmental enhancement within a wide 
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systems-theoretical framework (Stokols, 1996). Social ecological models state that behaviour 

is determined by multiple levels of influence such as intrapersonal aspects, interpersonal 

factors, institutional or organizational factors, the socio-cultural environment, and the 

physical environment, and their interrelationships. Important aspects are (1) the fact that the 

environment is considered to have multiple dimensions (social, cultural, physical), and (2) 

the dynamic interplay between the environmental and personal factors. Otherwise, the 

models take into account the physical environment and its relationship to the social 

environment, namely people at intrapersonal, interpersonal, organizational, community, and 

public policy levels (see Figure 1). Intrapersonal factors can involve an individual‟s 

knowledge, attitudes, skills, or intentions; while interpersonal factors are, for example, 

relationships with family, friends, neighbours, colleagues, or acquaintances, and social 

norms. As stated previously, a social ecological perspective tends to refocus attention away 

from strictly intra-individual factors and processes, and focus more towards environmental 

factors of behaviours, such as the effects of interpersonal relationships. A third level of 

environmental considerations within social ecological frameworks concerns organizations. 

Examples of institutional or organizational structures include the workplace policy or 

management. Organizations can provide incentives, social support, changes in rules and 

regulations, changes in benefits, or changes in work structure (e.g. time off to participate in 

physical activities). Another important aspect of the social environment is the community 

level. The community level includes community resources, neighbourhoods, social and 

health services, and governmental structures. Finally, public policy (legislations, policies, 

laws) plays a role in influencing behaviour (e.g. restrictions on smoking in public spaces) 

(McLeroy et al, 1988; Stokols, 1992; Gregson et al, 2001). Multi-level social ecological models 

have been widely accepted in both specific (tobacco control) and broad (public health) areas. 

There is also a great interest in social ecological models in the physical activity field, possibly 

because physical activity can be done in specific settings and is associated with 

environmental variables (Elder et al, 2007). 
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Figure 1: an ecological perspective on health promotion program (McLeroy et al, 1988). 

 

Many of the previously described theories and models are applicable to different ecological 

levels (Bartholomew et al, 2006). For example, someone may not engage in physical activity 

due to determinants at different levels: lack of self-efficacy (intrapersonal level), lack of social 

support from family and friends (interpersonal level), lack of fitness norms and facilities 

(organizational level), and barriers to physical activity in the built environment (community 

level) (Bartholomew et al, 2006). 

 

4.1.2 Correlates and determinants of physical activity  

The identification of factors associated with physical activity is mostly based on correlational 

studies, mainly using previous models or theories. However, some variables are not 

associated with a specific theory, but still related to physical activity (Bauman et al, 2002). 

The variables associated with physical activity are called „correlates‟ or „determinants‟ of 

physical activity. The term correlate is used for factors found in cross-sectional studies, 

which are associated or related with a behaviour; while determinants are causal variables 

showing a cause-and-effect relationship in longitudinal studies (Bauman et al, 2002). In 

general, most research is based on cross-sectional studies and has revealed that different 
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personal, social, and environmental factors („correlates‟) are associated with being physically 

active or not (Sherwood and Jeffery, 2000; Bauman et al, 2002; Trost et al, 2002).  

 

Of the demographic and biological factors, age and gender are the two most consistent, 

followed by socioeconomic variables such as income, occupation, and education. Physical 

activity participation is found to be  consistently higher in men than in women, and inversely 

associated with age and positively with socioeconomic status. Overweight or obesity shows 

a negative association with physical activity. For example, a European study found that 

individuals in the upper quintile for leisure physical activity were about 50 % less likely, 

than those in the lowest quintile, to be categorized as obese (Martínez-González et al, 1999). 

Of the psychological, cognitive, and emotional factors, self-efficacy is the most consistent 

correlate of physical activity. Also enjoyment of exercise, expected benefits, intention to 

exercise, perceived health or fitness, self-motivation, self-schemata for exercise, and stage of 

change are positively associated with physical activity. In contrast, barriers to physical 

activity, for example lack of time, and mood disturbance, have a negative influence on 

physical activity participation.  

Past exercise behaviour and dietary habits are behavioural attributes and skills related to 

physical activity. Smoking behaviour is inversely associated with physical activity.  

Other correlates of physical activity, are social and cultural factors, with social support, for 

example from friends, peers, partner or family, being a consistently important positive 

correlate of physical activity.  

Several physical environmental factors have also been identified as positive correlates of 

physical activity. These include individual level influences, such as exercise equipment at 

home, access to facilities, satisfaction with facilities, and some community level influences, 

such as neighbourhood safety, hilly terrain, regular observation of others engaging in 

physical activity, and enjoyable scenery. Furthermore, more leisure time physical activity 

was reported by adults in urban areas than individuals in rural regions (Trost et al, 2002; 

Bauman et al, 2002). Martin et al (2005) believe that urban-rural differences can be explained 

by other known social and cultural determinants of physical activity such as race/ethnicity, 

gender, education, and income level. Also „walkability‟ (the extent to which characteristics of 

a neighborhood may or may not be conducive to walking behaviour, based on residential 

density, street connectivity, and land use mix), may play a role in the association (Leslie et al, 

2005). A more recent review (Wendel-Vos et al, 2007) found that important environmental 

correlates of physical activity were social support (socio-cultural environment), the 
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availability of physical activity equipment, having a companion for physical activity (socio-

cultural environment), and connectivity of trails.  

Despite the advantages of prospective study designs (e.g. less dependent of the moment of 

measuring) compared to cross-sectional designs, limited research used longitudinal data to 

examine „determinants‟ of physical activity (Trost et al, 2002; Wendel-Vos et al, 2007). 

However, the findings of these studies did not differ from the results of cross-sectional 

research. Consistent results were found for age, gender, income, socioeconomic status, 

intention to exercise, perceived health or fitness, self-efficacy (except in one study), self-

motivation, stage of change, past exercise behaviour, social support, and the environmental 

factors found in the review of Wendel-Vos and colleagues (2007). 

 

A Flemish study has shown that the relative contribution of different psychosocial correlates, 

such as social variables, self-efficacy, perceived benefits and perceived barriers varies by age 

and sex groups (De Bourdeaudhuij and Sallis, 2002). Social variables (social norm, modelling, 

social support) provide the most unique explanatory information, and „having someone to 

accompany them‟ was an important correlate in almost all subgroups. Self-efficacy was also 

a generalized correlate in all age and gender subgroups. A significant perceived benefit was 

competition for young men, and health for young women. Among older adults, health 

concerns were perceived barriers to participation in physical activity.  

Another Flemish study examined specific environmental correlates of physical activity (De 

Bourdeaudhuij et al, 2003) and found that walking and moderate physical activity were 

associated with quality of sidewalks and accessibility of shopping and public transportation. 

Vigorous physical activity was associated with the presence of activity supplies in the home 

and convenient activity facilities outside the home.  

A final study including Flemish data, showed that the variance explained by psychosocial 

factors was higher than that explained by environmental factors (De Bourdeaudhuij et al, 

2005). Social support from family and/or friends, and the walkability and walking facilities 

in the neighbourhood were associated with walking and cycling. Recreational physical 

activity was influenced by social support, self-efficacy, and perceived benefits and barriers. 

 

The success of intervention strategies will depend to some degree on a good understanding 

of the factors that explain or influence physical activity. Therefore, it is important to 

categorize variables into two groups, namely those that cannot be modified (age, gender) 

and those that are modifiable. Due to their susceptibility to change, modifiable factors are 
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most important to identify, namely behavioural and personal characteristics, and 

environmental circumstances. Successful interventions take into account the individual 

needs, personal level of fitness, readiness for a change in behaviour, perceived personal 

control of the activity and its outcome, and social support from family, peers and 

communities (Seefeldt et al, 2002). Sherwood and Jeffery (2000) also highlight the importance 

of (1) understanding and assessing different motivations for physical activity, (2) self-efficacy 

as a predictor of physical activity and a target for intervention, (3) assessing readiness for 

physical activity change, (4) addressing prominent barriers to physical activity such as time 

and access, and (5) enhancing social support for physical activity.  

 

4.2 Promoting physical activity   

Behavioural sciences are being used to understand and explain physical activity. In addition, 

behavioural science theories and models are also being used as a conceptual and knowledge 

base for the promotion of health-related physical activity. The previously described theories 

and models are effective or promising for intervening with physical activity (Marcus et al, 

1996). Different interventions are designed and implemented to promote physical activity. 

Interventions can be defined as specific strategies or programs developed to address a 

particular problem or issue, for example an inactive lifestyle.  

In a systematic review, evaluating the effectiveness of various physical activity programs, 

interventions were categorized by their approach: informational (cognitive skills, education), 

behavioural and social, or environmental and policy approaches (Kahn et al, 2002). Effective 

results were found in two informational studies (“point-of-decision” prompts to encourage 

stair use, and community-wide campaigns), in three behavioural and social interventions 

(school-based physical education, social support in community settings, and individually-

updated health behaviour change) and in one environmental and policy intervention 

(enhanced access to places for physical activity combined with informational outreach 

activities) (Kahn et al, 2002). 

 

Another way to categorize interventions, is the level on which they operate. Intervention 

strategies can be designed to intervene at the micro-level, meso-level or macro-level. The 

level-classification here is based on the context in which the intervention is implemented, 

and not on the intervention strategies. Interventions at the micro-level are designed to reach 

individual persons with the aim to support individuals in changing their behaviour. Meso-
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level interventions are implemented in different settings, this to reach more individuals at 

once. A „setting‟ is a physical structure with defined borders wherein people are connected 

and interact with each other, for example schools, workplaces, churches (Harting et al, 2007). 

Finally, macro-level interventions are delivered to a total population, for example a 

community population (such an intervention is here called „a community intervention‟). A 

„community‟ is an aggregate of individuals in a geographic location and consists of 

environmental and social factors, and their interrelationships (Economos and Irish-Hauser, 

2007). At each level, different intervention strategies or theoretical concepts can be used to 

promote physical activity.  

 

Interventions on the micro-level approach individual correlates or determinants of physical 

activity. In a one-on-one relation (face-to-face contact, telephone, or mail), cognitive 

behavioural techniques are used to change a behaviour. Examples of behavioural 

management approaches are self-monitoring, feedback, reinforcement, contracting, 

incentives and contests, goal setting, skills training to prevent relapse, behavioural 

counselling, prompts or reminders, and social support. Research revealed that previous 

techniques have been used with mixed results. Where effects have been demonstrated, they 

have often been small (US Department Surgeon General, 1996).  

 

Another way of approaching individual behaviour change, is through interventions 

implemented at the meso-level. Meso-level refers to a setting where (a group of) individuals 

spend a lot of their waking time, for example schools for children and adolescents, and 

workplaces and churches for adults. The advantage of such interventions is the ability to 

reach a large(r) percentage of a population. Furthermore, in workplaces for instance, there is 

easy access to employees and supportive social networks, and the opportunity exists to 

change the worksite environment (Shephard, 1996). By combining behavioural models, 

which are individually- and interpersonally-focussed, and social ecological approaches, 

using broader organizational and environmental strategies, worksite interventions can 

increase physical activity (Dishman et al, 1998). Also Marshall (2004) suggested multi-

strategy worksite interventions that incorporate individually-tailored behaviour change 

techniques, mass reach approaches, social support strategies, and management support and 

integration with the organizational structure. A review by Dishman et al (1998) indicated 

that typical worksite interventions for increasing physical activity yielded a small positive 

effect. A later review (Proper et al, 2003), showed strong evidence for a positive effect of 
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worksite programs on physical activity and musculoskeletal disorders. Limited evidence was 

found for a positive effect on fatigue, and inconclusive evidence for a positive effect on 

specific health outcomes such as cardio-respiratory fitness, muscle flexibility, muscle 

strength, body weight, body composition, blood serum lipids, and blood pressure. Overall, 

workplace interventions have shown favourable outcomes, especially in short-term studies 

using individually tailored theory-based materials and/or environmental prompts (Marcus 

et al, 2006). 

 

To reach a whole population, interventions can be designed and implemented at the macro-

level, for example community interventions, which focus on reaching an entire community 

population. By focusing on the community, the likelihood of influencing a greater proportion 

of the underactive population increases, and also the likelihood of reaching the most 

sedentary part of the population increases (King, 1994). Interventions at the macro-level can 

focus on one or more, or a combination of personal, environmental, social, cultural, political, 

and economic factors. Examples of strategies used for physical activity promotion in the 

community are the sponsoring or supporting of physical activity by community 

organizations or institutions (e.g. park and recreation departments, local public health 

departments), mass media to increase awareness and knowledge related to physical activity, 

environmental strategies to increase safety and enhance environmental support for 

(un)structured physical activity, legislative and regulatory policies (e.g. zoning and building 

legislation that encourage stair use), and professional training for physicians, nurses, 

psychologists, other health professionals, physical education instructors (King, 1994). 

Focusing on one aspect, for example only mass media campaigns, does not result in 

population increases in activity. Therefore, broader multi-strategic programs with inter-

sectoral approaches are more recommended (Cavill and Bauman, 2004).  

Many of the previous multi-strategy interventions at the macro-level focused on a range of 

health behaviours, including smoking, high blood pressure, cholesterol, obesity, and 

physical activity, to reduce cardiovascular disease (US Department Surgeon General, 1996). 

One of the first major health intervention programs at the macro-level was the “North Karelia 

Project” in the 1970‟s in Finland. The comprehensive educational and service-oriented 

program showed decreases in different risk factors (Puska et al, 1989). Ever since the 1980‟s, 

the “Minnesota Heart Health Program” (Crow et al, 1986), the “Pawtucket Heart Health Program” 

(Eaton et al, 1999), the “Stanford Five-City Project” (Young et al, 1996), the “Bootheel Heart 

Health Project” (Brownson et al, 1998) were community interventions in the United States, 
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using for example physical activity education, creating awareness and knowledge about 

physical activity, and organizing walking events and worksite exercise programs. However, 

all interventions showed modest effects on physical activity (Crow et al, 1986; Luepker et al, 

1994; Young et al, 1996; Eaton et al, 1999; Browson et al, 2005). Soon after, a European health 

intervention “Hartslag Limburg”, encouraging community inhabitants to become more active, 

eat healthier, and give up smoking, showed reduced cardiovascular risk factors (Schuit et al, 

2006).  

Later, interventions at the macro-level began to focus exclusively on physical activity, mostly 

through programs guided by social ecological models of health behaviour (Mummery and 

Brown, 2008). For example in Australia, “Concord, a Great Place to be Active”, aimed to 

increase physical activity levels of 20-50 year-old women in Sydney, through a local social 

marketing campaign, walking events, and council capacity-building strategies. A 

6.4 % reduction in the proportion of sedentary women was found (Wen et al, 2002). More 

recently, “Wheeling Walks”, a theory-based mass media campaign in West Virginia, 

promoting walking among sedentary 50-65 year-old adults, resulted in a 23 % increase in the 

number of walkers in Wheeling (Reger et al, 2002). The program “Agita São Paulo” promotes 

messages about the health benefits of physical activity and coordinates activities and 

interventions for broader physical activity opportunities in the Brazilian state. Inactive 

physical activity levels decreased from 9 % to 4 % and active levels increased from 54 % to 

64 % over a 1-year period (Matsudo et al, 2006). Finally, the Norwegian project “Romsås in 

Motion” included physical activity, communication, environmental, and participatory 

components. A favourable intervention effect was found on stages of change (Lorentzen et 

al, 2007). 

 

A quantitative synthesis of Dishman and Buckworth (1996) showed that interventions 

employing principles of behaviour modification, delivered to healthy people in a 

community, are associated with large effects (effect size: r ≥ 0.50), particularly when the 

interventions are delivered to groups using media approaches or when the physical activity 

is unsupervised, emphasizing leisure physical activity of low intensity, regardless of the 

duration or frequency of participation. Also Dunn et al (1998) showed that lifestyle physical 

activity interventions are effective in increasing and maintaining levels of physical activity.  

 

In the past few decades, there has been a shift in emphasis from individually oriented 

behaviour change interventions to environmentally based intervention strategies. Physical 
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activity interventions trying to directly influence individual behaviour will often fail because 

appropriate opportunities and support are not available. An alternative approach is the 

development and implementation of interventions based on social ecological frameworks 

that treat the local area and not the individual per se. From a social ecological perspective, 

physical activity promotion is viewed not only in terms of the specific behaviour of the 

individual, but more broadly as a dynamic interaction between the individual and groups 

and their physical and social environment. The underlying idea of a social ecological 

approach is that interventions are most effective if they include multiple levels of appeal. The 

social ecological concept emphasizes the advantages of multi-level interventions that 

combine behavioural and environmental factors. Thus, environmental interventions are 

implemented to support changes in individuals behavioural. For example, a workplace 

program that encourages employees to improve their diet and physical activity level may be 

facilitated by media campaigns in the community to promote heart-healthy lifestyles, in 

addition to regulatory interventions to enhance food quality and safety, and the provision of 

physical fitness and recreational facilities in work environments and residential areas. The 

social ecological approach suggests that multi-strategy interventions that incorporate 

environmental and behavioural components and span multiple settings are more likely to be 

effective in promoting personal and public health than are those more narrow in scope  

(Stokols, 1996; Cochrane and Davey, 2008). 

 

 

4.3 Pedometer-based interventions 

The purpose of pedometer-based interventions is to achieve an active lifestyle, wherein 

physical activity should become a part of daily living. According to Choi et al (2007), the key 

to increasing the daily steps is to “get off the chair or couch”. Pedometer-based programs 

make it possible to meet a step count goal either by going for one long walk or by 

accumulating steps throughout the day. Pedometer-based interventions are flexible and 

popular as the individual can incorporate physical activity whenever convenient 

(Richardson et al, 2008). Using a pedometer to encourage an accumulation of daily steps 

appears to be appealing, as „time‟ is often found to be the biggest barrier to physical activity 

in adults (Trost et al, 2002). 
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While pedometers have been shown to be appropriate measurement instruments, they also 

appear to have utility as a motivational and behaviour modification tool (Freedson and 

Miller, 2000). First, the pedometer can be used as a (self-)monitoring device, continuously 

tracking current physical activity, and increasing cognitive awareness of the level of physical 

activity. Second, the pedometer provides immediate and direct feedback to the user. Due to 

the feedback received from a pedometer, the user can monitor their physical activity level 

easily. This is an important aspect in the light of the goal-setting theory (consistent with 

Social Cognitive Theory) as performance enhancement through goal setting is gained only 

with immediate confirmation of the extent to which goals have been attained (Locke and 

Latham, 2002). Goal-setting, whether personalized or not, has been suggested as vital to the 

success of pedometers (Tudor-Locke and Myers, 2001a). A pedometer allows the user to 

easily set (short-term) goals. Baker et al (2008) found that the instant feedback gained from 

checking the pedometer aided participants in achieving their goals, allowing them to adjust 

the level and direction of their effort. In summary, pedometers facilitate self-monitoring, 

personal goal-setting and feedback, all theoretical principles of the Social Cognitive Theory 

(Tudor-Locke et al, 2001). Furthermore, the pedometer serves as an environmental cue, a 

reminder to be more active (Tudor-Locke, 2002; Schneider et al, 2003; Wyatt et al, 2004). 

Together with a calendar, diary, or daily log to keep record of and reflect on the amount of 

physical activity, the pedometer can be used to effectively increase daily physical activity 

(Tudor-Locke and Myers, 2001a; Tudor-Locke, 2002). In addition, Health and Human 

Services stated that pedometers can be effective to increase walking, and should be 

considered as a successful tool for combating the obesity epidemic (Melanson et al, 2004).  

 

Behavioural concepts used during pedometer-based interventions can be various, such as 

strategies based on the Social Cognitive Theory, stages of change, attitudes, and social 

support. Research revealed that pedometer users had higher coping self-efficacy and higher 

outcome expectations than those who did not own one. It is possible that using a pedometer 

made one think more about the benefits of physical activity, thus increasing outcome 

expectations (Berry et al, 2007). Rooney et al (2003, 2005) and Clarke et al (2007) also found 

that a pedometer-based intervention resulted in significant improvements in self-efficacy. 

Furthermore, participants were more aware of their own level of activity (Rooney et al, 2003; 

2005). In contrast, an earlier study of Speck and Looney (2001) found that self-efficacy scores 

decreased after a pedometer-based intervention (maybe due to the increased subject 

awareness of their physical activity from daily recording), while other conceptual model 
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variables (barriers, outcome expectations, value expectations, family support, friend support) 

remained the same. Dinger et al (2007) and Winett et al (2007) did not find changes in self-

efficacy, while all other constructs of the Transtheoretical Model (motivational readiness or 

stage of change, decision balance) positively changed (Dinger et al, 2007).  

 

In the past, pedometers, in combination with step count goals, record-keeping, and other 

strategies have been used in lifestyle physical activity interventions in different populations, 

in controlled and free-living conditions, and this at different levels. A recent systematic 

review (Bravata et al, 2007) showed that pedometer users increased their physical activity by 

26.9 % over baseline after an intervention. An important predictor of increased step counts 

was having a step goal, such as 10,000 steps/day. Furthermore, BMI and systolic blood 

pressure significantly decreased in pedometer users (Bravata et al, 2007). Another recent 

review examined the effect of pedometer-based walking interventions on weight loss 

(Richardson et al, 2008). The review showed that pedometer-based walking programs 

(median duration of 16 weeks), without a dietary intervention component, resulted in a 

modest amount of weight loss (pooled estimate of weight change = -1.27 kg). A final review 

(Ogilvie et al, 2007), assessed the effects of different interventions designed to promote 

walking. Three of the seven pedometer interventions, with follow-up periods of up to three 

months, showed significant net increases in self-reported walking or in step counts. In the 

three studies with longer follow-up periods, the significant net increases in step counts after 

4-16 weeks could not be sustained at 24 weeks or 12 months. Below, examples of pedometer-

based physical activity interventions at different levels will be given.  

 

4.3.1 Pedometer-based interventions at the micro-level 

The first pedometer-based interventions were delivered to clinical populations, for example 

obese diabetes patients (Yamanouchi et al, 1995; Tudor-Locke et al, 2001; Tudor-Locke et al, 

2004), chronic obstructive pulmonary disease patients (Puente-Maestu, 2000; de Blok et al, 

2006), hypertensive patients (Iwane et al, 2000), postmenopausal women with borderline to 

stage 1 hypertension (Moreau et al, 2001), and overweight/obese adults (Van Wormer, 2004; 

Schneider et al, 2006) or overweight and/or obese women (Swartz et al, 2003). Also in 

primary care, pedometer interventions have been implemented, and showed to be effective: 

adding pedometer use and daily record use to brief physician counselling resulted in 

increased daily step counts and a higher frequency of short walking trips (Stovitz et al, 2005). 
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Next to clinical settings, pedometer-based physical activity interventions were also 

conducted in the general healthy population (see table 1).  

The first ‟10,000 Steps‟ program was an 8-month, mail-based program designed for 35-50 

year-old adults, using pedometers, personal action planners, a step log, and motivational 

cards (Lindberg, 2000). Results showed significant increases in step counts, concluding that 

pedometer use with support materials may be successful to support individuals or groups in 

becoming more physically active (Lindberg, 2000). Furthermore, when menopausal women 

were encouraged to increase physical activity through a 24-month intervention, including 

exercise and daily pedometer registrations, daily step counts increased significantly and the 

profile of serum lipids improved (Sugiura et al, 2002). Also an email-delivered, pedometer-

based intervention showed to be effective in impacting walking and most Transtheoretical 

Model scores among insufficiently active women (Dinger et al, 2007). Sedentary women also 

increased their step counts by using pedometers with a step count goal. There was no 

difference between the group who aimed for 10,000 steps/day and the group who had set a 

personal step count goal (Sidman et al, 2004). Hultquist and colleagues (2005) showed that 

previously inactive women walked more when they used a pedometer and were told to take 

10,000 steps/day, compared with those instructed to take a brisk 30-minute walk. A 6-weeks 

intervention in healthy women (35-65 year) as well, showed that physical activity can be 

increased with the aid of pedometers and individualized, specific target goals in steps 

(Glazener et al, 2004). Even a minimal intervention of 12 weeks of daily record keeping (step 

counts) resulted in greater activity levels in women (Speck and Looney, 2001). Another study 

in women, has shown that the combination of setting goals, keeping a log of steps, and 

wearing a pedometer all the time, were indicators most likely to predict improvements in 

level of awareness and amount of physical activity, self-efficacy, and other physical 

improvements, such as increased energy, being ill less often, and weight loss (Rooney et al, 

2003). Wearing a pedometer and being encouraged to walk 10,000 steps/day for 12 weeks, 

improved physical activity attitudes, self-efficacy and activity level among healthy families 

(Rooney et al, 2005). Healthy adults, advised to increase walking by 2000 steps/day, also 

increased step counts and estimated energy expenditure (Koulouri et al, 2006). In conclusion, 

several studies proved the effectiveness of pedometer-based interventions at the micro-level 

in increasing physical activity levels and some health outcomes. 
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4.3.2 Pedometer-based interventions at the meso-level 

The most obvious meso-level setting for adult physical activity promotion is the workplace. 

Recently, different workplace interventions using pedometers as intervention tool, have been 

implemented (see table 1). Strategies and techniques used to change employees‟ physical 

activity behaviours included counseling, tailoring, goal setting, self-monitoring, feedback, 

education, motivation, incentives, team competitions, contact with a facilitator, or focusing 

on organizational and environmental changes. The majority of these studies, which took 

mainly place in the United States, Canada, Australia and Japan, reported significant 

increases in step counts, self-reported physical activity and/or health parameters. However, 

most of these pedometer-based workplace interventions were of short duration (4-12 weeks), 

and the studies had problematic designs and did not include a control group. 

Other settings at meso-level include churches or community centers (see table 1). Different 

pedometer-based interventions, such as a physical activity and dietary program, a tailored, 

social cognitive “Guide to Health Internet” intervention, a program to self-monitor ambulatory 

activity, and “Colorado on the Move”, showed considerable step count increases after 

interventions of various durations (Clarke et al, 2007; Winett et al, 2007; Whitt-Glover et al , 

2008, Wyatt et al, 2004). 

 

4.3.3 Pedometer-based interventions at the macro-level 

Macro-level interventions aim to reach a great proportion of the population, for example a 

community population. Interventions at the macro-level using pedometers are limited (see 

table 1). One of the first multi-strategy projects in a community setting was the Australian 

intervention “10,000 Steps Rockhampton”(2002-2003) (Brown et al, 2003). The physical activity 

promotion strategies used during this 18-month pedometer-based intervention were based 

on social ecological frameworks. The first strategy consisted of a local media campaign 

(print, radio, and TV media) to raise awareness of the low levels of physical activity in the 

community and to profile the project theme („10,000 steps/day‟ and „every step counts‟) and 

community role models, and to promote associated activities. Secondly, physical activity was 

promoted through general practice and other health services using evidence-based protocols 

and materials, such as posters, brochures, pedometers. Thirdly, social support among 

disadvantaged groups was improved by working with a range of community partners to 

initiate group-based activity programs. A fourth strategy was to attempt to change policy 

and the environment, focusing on infrastructure (key footpaths, sings, maps) and safety. 
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Finally, community initiatives, such as community competitions for micro-project funding, 

were established (Brown et al, 2003). The results of the quasi-experimental study showed 

significant project reach and awareness among Rockhampton adults. Furthermore, the 

downward trend in physical activity seen in the comparison community (48.3 % categorized 

as „active‟ to 41.9 % „active‟), was not evident in Rockhampton (41.9 % categorized as „active‟ 

to 42.8 % „active‟) (Brown et al, 2006).  

In 2004, the campaign “Canada on the Move” promoted walking through pedometer use 

among all Canadian adults. The focus on encouraging pedometer usage and walking, was 

supported by a public-private partnership with Kellogg‟s Canada, distributing step counters 

with mass media advertisements via cereal boxes. The specific messages were „add 2000 

steps‟ and „donate your steps to health research‟ (Craig et al, 2006, 2007). Proximal effects of 

the campaign were that it raised awareness of the campaign message, that pedometer 

ownership increased, and that awareness of the messages was associated with pedometer 

use (Craig et al, 2006). Distal results showed that those who were aware of the campaign and 

its general message („add 2000 steps‟), and those who owned a pedometer, had a higher 

prevalence of sufficient walking, than those who were unaware and did not own a 

pedometer respectively (Craig et al, 2007). 

In the “Step-by-Step” program, a community sample of inactive healthy adults was 

encouraged to increase their walking, using a mailed theoretically based self-help booklet 

and weekly diaries. One group also received a pedometer and step diaries. Only participants 

who received a pedometer were significantly more likely to meet the regular leisure time 

physical activity criterion. Furthermore, the group that used a pedometer showed the 

greatest magnitude of change, suggesting that pedometers enhanced the effects of the self-

help walking intervention (Merom et al, 2007). 

The “Walking for Well-being in the West” is a multi-dimensional community intervention 

which aims to promote and maintain increased walking. This 12-week program in the 

United Kingdom used physical activity consultations, based on the Transtheoretical Model, 

and a pedometer-based walking program, encouraging an increase of 3000 steps above 

baseline value. Significant increases were found for step counts, leisure walking time, and 

positive affect (an individual‟s feelings and emotions), while sitting time decreased 

significantly. The intervention group reported significantly more leisure time, occupational, 

and total walking, and less sitting than the comparison group. The campaign had no effect 

on health outcomes such as body mass, BMI, fat, waist and hip circumference, blood 

pressure, and cholesterol (Baker et al, 2008). 
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5 Problem analysis and outline of the thesis 

 

The research reported in this thesis is a collection of seven articles that are published in 

international scientific journals, and one article that is under review for publication. The first 

three papers of the original research are pedometer and/or step count-related 

methodological studies, while the other papers report the results of pedometer-based 

intervention studies. The final part of the present thesis (part 3: general discussion) will give 

an overall conclusion, practical implications and directions for future research.  

 

In recent years, the pedometer has become a popular monitoring and motivational tool in 

physical activity research and promotion (Tudor-Locke and Myers, 2001b). Pedometers of 

different types and brands became available on the market. However, research revealed a 

considerable variation in pedometer validity, reliability, and accuracy between different 

types and brands (Crouter et al, 2003; Schneider et al, 2003). The Yamax Digi-Walker was 

found to be one of the best pedometers with regard to accuracy and reliability for counting 

steps (Bassett et al, 1996; Bassett et al, 2000; Leenders et al, 2000; Tudor-Locke et al, 2002; 

Crouter et al, 2003; Schneider et al, 2003; Le Masurier et al, 2004). However, also less 

expensive and/or free pedometers, often given as marketing gadgets, became accessible to 

the public and the validity of these inexpensive pedometers is questionable. Therefore, the 

aim of chapter 2.1.1 is to evaluate the validity of an inexpensive pedometer, namely the 

„Stepping Meter‟, in free-living conditions in adults. The criterion pedometer used in this 

study was the Yamax Digi-Walker SW-200.  

 

Despite the fact that pedometers became popular measuring devices for public use and 

research, one could wonder what the pedometer actually measures. What is the „meaning‟ of 

pedometer step counts? Which dimensions of physical activity are exactly being determined 

by pedometers? Do step counts only represent ambulatory behaviour, i.e. walking, or can 

pedometers also be used to assess overall physical activity throughout the day? In the United 

States and Canada, the focus is mainly on measuring walking. However, Europe has a 

different culture with other environmental (e.g. more cycle paths available, mild climate) and 

socioeconomic characteristics (e.g. governmental health regulation), which can reflect in 

other physical activity patterns. Consequently, it is interesting to know what pedometers 

measure: only walking or also other aspects besides walking? In chapter 2.1.2 pedometer 

step counts are compared with physical activity data from four validated different 
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questionnaires (one interview and three self-administered questionnaires) in order to 

investigate what pedometer counts represent. Associations between step counts and physical 

activity, i.e. walking, moderate physical activity and vigorous physical activity, reported in 

the questionnaires are being evaluated.  

Moreover, in the study in chapter 2.1.2 different step count thresholds (7500 steps/day, 

10,000 steps/day, and 12,500 steps/day) are compared with the current health-related 

physical activity recommendation of 30 minutes/day of moderate to vigorous physical 

activity. Previous research assessing whether step count standards are corresponding to the 

30 minutes standard, was only done in women and in non-European countries. This study 

explored whether Flemish adult men and women reaching the different step count goals, 

also reached 30 minutes of physical activity, based on self-reports. 

 

In the past, valid pedometers have been used to collect physical activity data in free-living 

populations. However, population-based step counts have only been collected in a limited 

number of countries, mostly outside Europe (Wyatt et al, 2005; Tudor-Locke et al, 2004; 

Brown and Miller, 2004; Mc Cormack et al, 2006; Schmidt et al, 2007; Sequeira et al, 1995). In 

the recent literature, no pedometer-based data can be found for European countries, while 

physical activity levels may differ from other continents, due to different environmental and 

socioeconomic characteristics. Therefore, the pilot study in chapter 2.1.3, will provide 

pedometer-based physical activity data in Flemish adults, and evaluate comparisons 

between sexes, age groups, employment status, and days of monitoring.  

It was already found that pedometers are able to discriminate between sitting, standing, and 

moderate effort categories in a European sample (Sequeira et al, 1995). However, it remains 

unclear whether pedometer-based data provide enough information to sufficiently describe 

differences in various domains of physical activity. Consequently, a second aim of the study 

in chapter 2.1.3 was to compare step counts with physical activity data (at work, during 

transport, at home, and during leisure time) assessed by the valid IPAQ (Craig et al, 2003).  

 

The modern way of living, including automation of occupation and domestic tasks, creates a 

sedentary and inactive lifestyle. Currently, physical inactivity is one of the most important 

modifiable risk factors for chronic disease, together with smoking. Furthermore, an inactive 

lifestyle may contribute significantly to total mortality in Western countries (US Department 

Surgeon General, 1996). Despite numerous attempts to promote exercise, voluntary or leisure 

time physical activity or exercise remains unpopular (Sherwood and Jeffrey, 2000). For 
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example, only 15 % of adults in the United States engage regularly in vigorous physical 

activity during leisure time (US Department Surgeon General, 1996). In Belgium, this figure is 

no more than 12 % (Bayingana et al, 2006). Fortunately, lifestyle physical activity of moderate 

intensity have been shown to have health benefits (Pate et al, 1995). Still, the majority of 

American (60 %) (US Department Surgeon General, 1996), Australian (43 %) (Bauman et al, 

2003), and European (43-87 %) (Varo et al, 2003) adults do not meet the current health-related 

physical activity guideline, which recommend 30 minutes of moderate-intensity physical 

activity (Haskell et al, 2007). In Belgium, 66 % of the population is not sufficiently active 

enough to achieve health benefits (Bayingana et al, 2006).  

Consequently, easy accessible physical activity interventions, targeting the individuals most 

at risk, are needed. One way to do this, is through pedometer-based physical activity 

interventions. Pedometers have the potential to reach individuals who might not otherwise 

participate in structured exercise (Merom et al, 2007). Furthermore, recent pedometer-related 

reviews have found promising results and showed that pedometer-based interventions can 

increase physical activity, decrease BMI and blood pressure (Bravata et al, 2007), and can 

result in a modest amount of weight loss (Richardson et al, 2008). However, most pedometer-

based studies have been conducted in the United States, Canada, Australia, or Japan, leaving 

a gap concerning the effectiveness of pedometer-based interventions in European countries, 

which have different environmental and socio-cultural characteristics than other parts of the 

world. Therefore, the papers in the second part of the original research, will present 

pedometer interventions in a European country, namely Belgium. Even though Belgium is 

not representative for the whole of Europe (as within this continent, there are different 

cultures, climates, environments), and not all East-Flemish study samples are representative 

for Belgium, it can be said -with some caution- that the present studies represent preliminary 

pilots for Europe. Specially since no earlier pedometer-based studies have been implemented 

in Europe and since this continent clearly differs from the United States and Australia. 

 

Previous international pedometer-based interventions were implemented on different levels, 

resulting in mixed effects, sometimes based on research with a poor study design (see table 

1). The studies in the present thesis were however controlled, and also implemented on the 

micro (individual)-, meso (workplace)-, and macro (community)-level.  

As stated earlier, to be effective, interventions should focus on correlates or determinants 

that influence physical activity. Most consistent modifiable factors are self-efficacy, stage of 

change, social support, time constraints, and access to facilities (Sherwood and Jeffrey, 2000). 
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Studies have already shown that through self-monitoring, goal-setting and feedback from 

pedometer use, self-efficacy and stage of change can positively evolve (Rooney et al, 2003; 

Rooney et al, 2005; Clarke et al, 2007; Dinger et al, 2007). Furthermore, the concept of 

pedometer use and step count goal-setting is flexible and not time-consuming. 

Consequently, these principles will be used in the different interventions. Furthermore, the 

intervention at the meso- and macro-level will use a social ecological approach to facilitate 

more social support and environmental changes.   

Chapter 2.2.1 describes the effects of a pedometer-based physical activity intervention at the 

micro-level. In this study, physical activity was promoted through pedometer use in 

combination with cognitive and behavioural support materials. This study aimed to 

demonstrate that the combination of pedometer use with support materials has a positive 

effect on physical activity and attitudes towards pedometer use. Furthermore, this study 

investigated how familiar a Flemish sample was with pedometers and the „10,000 steps/day‟ 

guideline. 

In chapter 2.2.2, an intervention at the meso-level is described. The aim of the study was to 

evaluate a 20-week pedometer-based intervention in a workplace, including educational 

approaches (emails), program feedback (pedometer use, email), motivational aspects (email 

tips), environmental approaches (staircase use promotion, walking circuit), and components 

of the Social Cognitive Theory such as self-monitoring (pedometer use), goal setting (10,000 

steps/day), and social support (worksite step competition).  

Another intervention, based on social ecological models (McLeroy et al, 1988; Stokols, 1992; 

Gregson et al, 2001), was implemented at the macro-level. Chapter 2.2.3 presents the effects of 

the community intervention “10,000 Steps Ghent” on physical activity levels, while the effects 

on sitting time are evaluated in chapter 2.2.4. A final study (chapter 2.2.5) aimed to examine 

which individual characteristics and intervention exposure variables of intervention 

participants in Ghent were associated with (1) pedometer use, and (2) increased step counts. 

The third aim of that final study was to evaluate the mediational effect of pedometer use on 

step count change. 
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ABSTRACT 

Pedometer use and step count goals have become popular in physical activity (PA) interventions in 

different settings. Previous pedometer-based workplace interventions were short term, uncontrolled, 

and executed in the United States, Canada, Australia or Japan. The present European quasi-

experimental study evaluated the effects of a 20-week pedometer-based PA workplace intervention. 

Pedometer-based and self-reported PA from one intervention worksite (68 participants at follow-up) 

were compared to the data of a comparison workplace (79 participants at follow-up). A downward 

trend in overall step counts from baseline (end of summer) to follow-up (winter) was found (F=3.3, 

p=0.071). However, the intervention effect revealed a significant smaller decrease in the intervention 

workplace (-618 steps/day) than in the comparison workplace (-1389 steps/day) (F=8.8, p=0.004). 

This intervention effect was only present in already active participants, reaching 10,000 steps/day at 

baseline (intervention participants: -1706 steps/day; comparison participants: -4006 steps/day) 

(F=5.5, p=0.023). Overall project awareness was very high (97%) and the separate intervention 

strategies were judged „good-to very good‟ by 57%-95% of the participants. However, the proportion 

of intervention participants, reporting that they had adjusted their PA behavior (31%), and that they 

had used the pedometer (48%), was limited. Future workplace projects should give extra attention to 

inactive employees. 

 

Introduction 

Regular physical activity (PA) is associated with a reduced risk of morbidity and overall 

mortality [1]. To maintain good physical and mental health, all 18-65 years old adults should 

accumulate 30 minutes or more of moderate-intensity aerobic PA on 5 days each week, or a 

minimum of 20 minutes of vigorous-intensity aerobic PA on 3 days each week [1]. Next to 

these traditional guidelines, expressed in activity duration and intensity, step count goals 

such as „10,000 steps/day‟ have also been used to promote PA [2]. Together with step count 

guidelines, the use of pedometers, as a measurement tool and/or a behavior modification 

tool, has become popular in PA interventions in various settings [3].  

The European pedometer-based project “10,000 Steps Ghent” was implemented in a whole 

community setting. Results showed a step count increase and high project awareness after 

one year [4]. Self-reports revealed that the participants not reaching 10,000 steps/day at 

baseline, increased their PA mostly at work, which suggests that the workplace might be a 

suitable location to reach this non-active group [4]. A review of Dishman et al [5] indicated 

that the typical worksite PA intervention had a non-significant, small positive effect on PA or 

fitness. Similar conclusions were drawn in a review by Marshall [6]. In contrast, strong 

evidence for a positive effect of a worksite PA program on PA was found in a review by 
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Proper et al [7]. It should be noted that most of the literature comprise studies showing that 

employees assigned to exercise increased their fitness if they exercised, which confirms the 

efficacy of an intervention. However, they do not represent the true population effectiveness 

of the interventions in real life [5].  

Although the workplace has been recommended as an appropriate setting for promoting 

lifestyle PA [1], and the pedometer is found to be an effective tool to promote PA [3], only a 

limited number of worksite programs (n=9), using pedometers as intervention tool, could be 

found in the literature [8-16]. To change employees PA behaviors, different strategies such as 

counseling [8], tailoring [8], goal setting [8-13,15,16], self-monitoring [8-16], feedback [8-

11,13,15], education [8-10,13,14,16], motivation [8,10,13,15,16], incentives [11,12], team 

competitions [11,12,15], contact with a facilitator [9], or focusing on organizational and 

environmental changes [14], were used in these pedometer-based worksite interventions. 

The majority of these studies reported significant increases in step counts [8-11,13,15], self-

reported PA [12,14-16] and/or health parameters [9,13-16], mostly after interventions of 

short duration (4-12 weeks) [8-13,15]. However, most of the studies had problematic designs 

and reported the lack of a control group [8-13,15]. Furthermore, these worksite programs 

promoting pedometer use and (step count) goals, took place in the United States [8,11-

13,15,16], in Canada [9], in Australia [10], or in Japan [14]. No research could be found 

studying the effects of a pedometer-based worksite intervention in Europe, a continent with 

different socioeconomic (e.g. healthcare regulation) and environmental (e.g. mild climate, 

walking/bicycle tracks) characteristics compared to other parts of the world. Therefore, the 

aim of the present quasi-experimental controlled study was to evaluate the effect of a 20-

week pedometer-based PA intervention, based on the principles of the multi-strategy 

intervention “10,000 Steps Ghent”, in a Belgian worksite with mainly sedentary jobs. 

Intervention and comparison participants‟ pedometer-based and self-reported PA were 

evaluated in the total sample and in those not reaching 10,000 steps/day at baseline (at-risk 

group). An additional aim was to describe the awareness of and opinion about the project in 

the intervention worksite.  

 

Methods 

Procedure 

A quasi-experimental controlled pretest-posttest design was used in the present study. A 

social services company met three main selection criteria (employment of predominantly 

white-collar workers with a sedentary job; employment of at least 500 eligible employees; 
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and no earlier participation in a pedometer-based program). The company has a department 

near the research department, which was selected to be the intervention worksite, and a 

comparable department (7km further away), which served as the comparison worksite. The 

intervention and comparison workplace, both located in Ghent, were already exposed to the 

earlier community project “10,000 Steps Ghent” [4], which had an intensive promotion 

period between 2005-2006. However in the scope of this project, no actions were taken at the 

worksites participating in the present study. 

Before baseline measurements (September 2007), all employees in both worksites were 

informed through email about the study purposes (to assess PA through a questionnaire and 

a 7-day pedometer registration). One week later at the worksite, researchers personally asked 

employees to participate. Those willing to participate were given information about the 

procedures, a questionnaire, a pedometer, an activity log, and a guide on how to use the 

pedometer and the activity log. Three weeks later, researchers collected the questionnaires, 

activity logs, and pedometers (only in the comparison worksite). Intervention participants 

were told that they would be informed about a PA intervention and that they could hold on 

to the pedometer during the intervention. At follow-up (February 2008), the same 

procedures were used for data collection. An additional questionnaire on the awareness of 

and opinion about the intervention was given to the participants in the intervention 

worksite. Information on response rates is shown in figure 1. All participants signed 

informed consent forms and the study protocols were approved by the Ethical Committee of 

Ghent University.  
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Comparison worksite

n=231

Intervention worksite

n=324

Follow-up participation

n=68 (46.6%)

Baseline participation

n=152 (65.8%)

20 weeks of intervention

Pedometer availability

Informative email

Flyer + posters

12 emails with information & tips

Staircase promotion

Step competition

New year‟s wishes

Baseline participation

n=146 (45.0%)

Follow-up participation

n=79 (52.0%)

Lost to follow-up

n=78

72 no response

2 no longer at worksite

2 pregnant

2 sick

Lost to follow-up

n=73

70 no response

2 no longer at worksite

1 sick

Emails with information and tips:

week1: work-related health problems & the advantages of PA

week1: “park the car further away, get earlier on/off the bus, walk/cycle to 

work if possible”

week2: benefits of PA for employer & employee

week2: “walk while being on the phone or during a meeting”

week3: average number of steps/day for different sport & household 

activities

week3: “join the local worksite social society”

week4: promotion of a walking circuit in a nearby park

week4: “carry walking/sport shoes/clothes in the car, at your desk & be 

active whenever you can”

week10: health-related guidelines for PA, pedometer indices for public 

health by Tudor-Locke and Bassett

week10: “take part in the worksite step competition”

week11: 30 minutes of extra PA/day = ± 4000 extra steps; daily routine + 

extra PA = ± 10,000 steps

week11: “walk over to a colleague instead of calling”

week12: health benefits of regular PA

week12: “get something to drink on another floor or send a printing order to 

the machine on another floor & use the stairs”

week13: arguments for staircase use

week13: “use the stairs instead of the elevator, always & everywhere”

week17: there are 1440 minutes in 1 day, take every opportunity to be 

active

week17:“go to the toilet on another floor & take the stairs”

week18: effects of the project “10,000 Steps Ghent” on step counts [5]

week18: “take an active (lunch)break & enjoy the first sunshine”

week19: effects of the project “10,000 Steps Ghent” on sitting time (ref) 

week19: “put your rubbish in a dustbin on another floor & use the stairs”

week20: results on the baseline step counts in the intervention worksite

week20: “use the car as less as possible, play with (grand)children, go out & 

walk or bicycle”

  

Figure 1: participants‟ flow and intervention content. 

 

Intervention 

Participants in the intervention worksite were exposed to a 20-week PA intervention based 

on “10,000 Steps Ghent”, a whole-community intervention based on the social ecologic 

model [4]. The underlying idea is that interventions should include multi-level strategies 

focusing on behavioral and (social) environmental factors. Following aspects were 

emphasized during the present worksite intervention: education (emails), program feedback 

(pedometer use, email), motivation (email tips), environmental approaches (staircase use 

promotion, walking circuit), and components of the Social Cognitive Theory [17] such as self-

monitoring (pedometer use), goal setting (10,000 steps/day), and social support (worksite 

step competition). Intrapersonal level strategies include pedometer use and educational and 

motivational emails and tips. A competition was implemented as an interpersonal level 

strategy, as competition was found to be a perceived benefit of PA for young Flemish men 

[18]. Furthermore, the stair case promotion approach was a strategy implemented at the 



MESO-LEVEL INTERVENTION 

111 

physical environmental level. The researchers designed an intervention easy to implement. 

Little personal contact or arrangements were needed and only the assistance of the health 

and safety officer of the social services company was necessary. The present intervention 

elements were also implemented in previous successful pedometer-based worksite programs 

[8-16].  

All intervention participants received an informative email in the first week of the 

intervention (October 2007). They were told that they could hold on to the pedometer of the 

pretesting during the intervention, and that different activities would be implemented in the 

coming weeks. In the first week, flyers were handed out through a local postal service, and 

posters were placed on each floor (n=6) on strategic places (copying machine, hall, water 

fountain). Every week, participants received an email with some information on health 

and/or PA with a tip on how to increase PA in the daily life (see figure 1). In November, 

staircase use was promoted by hanging posters at the staircase and elevators, and by placing 

footsteps on the ground leading to the stairs instead of the elevator (next to the staircase). In 

the last week of November, information was given on the activity planned in December, 

namely a worksite step competition. Through email, everyone was invited to form groups of 

2-10 employees and to aim at as much steps as possible during the following 3 weeks. 

Activity logs, designed for the competition, were distributed through email and were sent 

back to the researchers at the end of the competition. Furthermore, weekly emails with 

information and PA tips were sent to all the participants (see figure 1). In January 2008, New 

Year‟s wishes and feedback on the worksite step competition were mailed to the intervention 

worksite. During the last 4 weeks of the intervention, participants received a weekly email 

with information and tips on how to increase PA (see figure 1). Furthermore, two new poster 

designs were used to promote staircase use. All flyers, posters, and emails referred to 

“www.10000stappen.be”, an informative website. 

 

Instruments 

Questionnaire. 

In the first part of the questionnaire, used at baseline and follow-up, participants were asked 

to complete demographic variables such as age, gender, highest degree of education (high 

school/ college/ university), height, weight, distance to work, transport to work (active/ 

motorized/ public transport), smoking behavior (smoker/ non-smoker), stage of change 

(precontemplation/ contemplation/ preparation/ action/ maintenance), and health 

(excellent/ very good/ good/ moderate/ poor). 

http://www.10000stappen.be/
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In the second part of the questionnaire, the self-administered International Physical Activity 

Questionnaire (IPAQ) long form was used to assess PA at work, during transport, during 

domestic and gardening activities, and during leisure time. Based on the guidelines for data 

processing and analysis of the IPAQ (Guidelines, 2005), total scores for PA, expressed in 

minutes/week were computed. The IPAQ is known as a valid and reliable instrument to 

assess PA in Europe [19] and Belgium [20].   

Pedometer. To measure PA objectively at baseline and follow-up, the Yamax Digi-Walker 

SW-200 (Yamax Cooperation, Tokyo, Japan) was used, which is known to be valid, accurate, 

and reliable for counting steps in adults [21]. 

Activity log. On a 7-day activity log, participants were asked to record the date, steps taken 

at the end of the day, the type of day (workday or not), and the type and duration of non-

ambulatory activities (i.e. biking and swimming). An equivalent in step counts (150 steps for 

every minute of reported biking and/or swimming) was added to the daily total of step 

counts by the researchers [22].  

Questionnaire at follow-up on the awareness of and opinion about the intervention. 

Participants in the intervention worksite were asked if they were aware of the intervention 

(yes/no). When they answered „yes‟, they were asked to indicate of which parts of the 

intervention they were aware: flyers; posters at staircase; informative email; emails with 

information and tips; footsteps on the ground; worksite step competition; New Year‟s 

wishes; pedometer availability (one or more answers could be marked with a cross). They 

were also asked to judge those strategies on a 5-point scale 

(very bad/bad/neutral/good/very good). Furthermore, they were asked if they had adjust 

their PA and sport behaviors due to the intervention (yes/no) and how they did it (sport 

activities; parking the car further away; walk before work, at lunch or after work; walk 

during the weekend; walk the dog; use the stairs instead of the elevator; walk instead of 

using motorized transport) (one or more answers could be marked with a cross). In the next 

item, participants were asked which of the previous strategies was most easy to implement 

in their daily life (only one answer possible). Finally, intervention participants were asked if 

they used the pedometer, which they could keep after baseline measurement, during the 20 

weeks of intervention (yes/no). When participants indicated „no‟, the reason for not using 

the pedometer was asked (no interest; no time; wearing the pedometer is not useful; wearing 

the pedometer is bothersome; I am already active enough; I already did an earlier pedometer 

study) (one answer could be marked with a cross). Participants who used the pedometer 
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during the intervention, were asked how often they were using it 

(daily/weekly/monthly/occasionally).  

 

Data analysis 

All data were analyzed using SPSS 15.0 for Windows (SPSS Inc., Chicago, USA) and the 

alpha level was set at 0.05. Body Mass Index (BMI) was calculated from the self-reported 

weight and height (weight/height²) and recoded in 4 categories: underweight (BMI<20), 

normal weight (20≤ BMI<25), overweight (25≤BMI<30), and obese (30≤BMI). Independent 

samples t-tests (for quantitative variables) and chi-square tests (for qualitative variables) 

were used to compare characteristics between the intervention and comparison worksite at 

baseline and follow-up. Drop-out analyses were executed using independent samples t-tests 

and chi-square tests.   

For every participant providing at least 3 days of pedometer registration (=total sample) [23], 

average daily step counts were calculated for the baseline and follow-up period. Values over 

20,000 steps/day were recorded as 20,000 to limit unrealistically high averages and to ensure 

normal distributions [24]. This was done for 2 intervention participants and 2 comparison 

participants at baseline, and for 1 intervention participant at follow-up. To analyze the effect 

of the intervention on pedometer-based and self-reported PA, repeated measures analysis of 

covariance was conducted with time (baseline/follow-up) as the within-subjects factor, and 

worksite (intervention/comparison) and risk profile (<10,000 steps/day at baseline / ≥10,000 

steps/day at baseline) as between-subjects factors. This analysis was executed using both a 

retained sample analysis (without drop-outs) and an intent-to-treat analysis (assuming a 15% 

decline in step counts at follow-up for drop-outs). As no differences were found between 

both analyses, only results on the retained sample analysis will be reported. The repeated 

measures analysis of covariance was also done to evaluate the effect of the intervention on 

workday and non-workday step counts. Descriptive statistics (n and %) were used to analyze 

the responses to questions about the awareness of and opinion about the intervention at 

follow-up.  

 

Results  

Participant characteristics 

Participants‟ characteristics at baseline (all participants) and follow-up (all participants 

minus drop outs) are shown in table 1. Intervention participants were significantly older 

than comparison participants at both times (baseline: p=0.031; follow-up: p=0.026). There 
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were significantly more participants with an unhealthy BMI (overweight and obese) in the 

comparison worksite than in the intervention worksite, this at baseline (p=0.006) and at 

follow-up (p=0.020). At baseline, the distance to work was significantly shorter for the 

intervention participants than for the comparison participants (p=0.004). No changes could 

be found between the two worksites in gender, education, smoking behavior, stages of 

change, and self-reported health at baseline and follow-up (see table 1). The total sample was 

mainly highly educated (college or university degree), had a low percentage of smokers, had 

a normal BMI, and reported to be in good health (see table 1). Drop-out analyses revealed 

that those who dropped out in the intervention worksite were significantly younger (37.2±9.1 

year) (t=2.9, p=0.006) and took less steps at baseline (8073±3408) (t=2.3, p=0.026) than those 

who did not drop out (see table 1 and table 2). No significant differences could be found in 

those who dropped out and those who did not in the comparison worksite. 

Table 1: Participants‟ characteristics at baseline (pre) and follow-up (post). 

 

        Intervention group  Comparison group  Group contrast 

        Pre   Post   Pre   Post   Pre  Post 

Variable      (n=146)  (n=68)  (n=152)  (n=79)  t/ ² (p) t/ ² (p) 

Age 

 Years (mean ± SD) 39.9 ± 9.8 41.4 ± 9.6 37.5 ± 8.7 37.8 ± 8.9 2.2 (*)  2.3 (*) 

 20-29 years (%)  17.8   12.5   23.4   22.7   5.3 (ns) 4.9 (ns) 

30-39 years (%)  30.4   31.3   35.9   37.3    

40-49 years (%)  34.1   34.4   31.0   28.0 

50-59 years (%)  15.6   20.3     8.3   10.7 

60-69 years (%)    2.2     1.6     1.4     1.3  

 

Gender 

 Men (%)     42.2   50.0   52.1   43.4   2.7 (ns) 0.6 (ns) 

 

Education 

 College/university (%) 86.2   89.8   92.1   90.9   1.8 (ns) 0.0 (ns) 

 

BMI 

 Kg/m² (mean ± SD) 23.8 ± 3.5 23.7 ± 3.2 24.5 ± 3.8 24.3 ± 3.9 1.5 (ns) 1.1 (ns) 

 Underweight (%)    6.9     6.5     9.9   11.0   12.6 (**) 9.8 (*) 

 Normal weight (%)  69.2   74.2   48.2   49.3 

 Overweight (%)   18.5   12.9   34.0   32.9 

 Obese (%)      5.4     6.5     7.8     6.8 

 

Distance to work 

 Km (mean ± SD)  22.0 ± 17.7 24.5 ± 19.2 28.6 ± 19.9 26.2 ± 17.5 2.9 (**) 0.5 (ns) 

 

Transport to work 

 Active      13.7   20.0     4.4     2.6   26.9 (***) 21.2 (***) 

 Motorized    70.5   64.6   93.1   94.9 

 Public transport   15.8   15.6     2.5     2.6   

 

Smoking behavior 

 Non smoker (%)  86.7   84.4   88.4   89.5   0.2 (ns) 0.8 (ns) 

 

Stages of change 

 Precontemplation (%) 16.8   18.3   20.0   17.3   0.9 (ns) 1.9 (ns) 

 Contemplation (%)  22.9   21.7   24.8   26.7 

 Preparation (%)   19.1   16.7   17.2   21.3 

 Action (%)      9.2   10.0     7.6     5.3 

 Maintenance (%)  32.1   33.3   30.3   29.3 

 

Self-reported health 

 Excellent (%)     5.9     4.7     7.5     6.6   4.6 (ns) 1.0 (ns) 

 Very good (%)   28.9   34.4   27.4   34.2 

 Good (%)    63.0   59.4   57.5   55.3 

 Poor (%)       2.2     1.6     7.5     3.9 

 Weak (%)      0.0     0.0     0.0     0.0 

  

ns : non significant (p > 0.05)  * 0.05 ≤ p < 0.01  ** 0.01 ≤ p < 0.001  *** p ≤ 0.001   
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Pedometer-based and self-reported PA 

Analyses (adjusted for age, BMI and distance to work) revealed a downward trend in 

average steps/day from baseline to follow-up in the total sample (Ftime=3.3, p=0.071) (see 

table 2). This decrease was however significantly different between the intervention and 

comparison worksite (Ftime x worksite=8.8, p=0.004). The average number of step counts in the 

intervention worksite dropped by 618 steps from baseline to follow-up, while the step count 

decrease was larger (-1389 steps) in the comparison worksite (see table 2). Risk profile had a 

significant impact on this time x worksite interaction (Ftime x worksite x risk profile=4.1, p=0.046). Post 

hoc analyses (adjusted for age, BMI and distance to work) showed that intervention 

participants reaching 10,000 steps at baseline had a smaller drop (-1706 steps/day) in 

average step counts than the comparison participants (-4006 steps/day) reaching 10,000 steps 

at baseline  (Ftime x worksite=5.5, p=0.023). There was no significant difference in step count 

change between intervention and comparison participants not reaching 10,000 steps at 

baseline (Ftime x worksite=0.6, p=0.454) (see table 2). 

Table 2: PA at baseline and follow-up for participants in the intervention and comparison worksite 1 

 2 

n  Baseline   Follow-up   Δ (95% CI)            F(p)
a
 3 

 4 

Daily pedometer step counts (steps/day) 5 

Total sample      132 9290 ± 3732  8252 ± 3188  -1038 (-1512, -553)    3.3 (ns) 6 

Intervention worksite   60  9484 ± 3684  8866 ± 3326  -618 (-1106, 35)        8.8 (**) 7 

Comparison worksite   72  9129 ± 3789  7740 ± 2996  -1389 (-2201, -716) 8 

Risk profile at baseline                      4.1 (*) 9 

≥ 10,000 steps/day               10 

Intervention worksite 26  12,806 ± 2743 11,100 ± 3267 -1706 (-2665, -656)   5.5 (*) 11 

Comparison worksite 25  13,345 ± 2665 9339 ± 3505  -4006 (-5234, -2459) 12 

< 10,000 steps/day  13 

Intervention worksite 34  6944 ± 1796   7158 ± 2181  +214 (-345, 832)        0.6 (ns) 14 

Comparison worksite 47  6886 ± 1912   6889 ± 2306  +3 (-818, 481) 15 

Workday pedometer step counts (steps/workday) 16 

Total sample      128 7103 ± 2404  6821 ± 2158  -282 (-686, -18)     1.3 (ns) 17 

Intervention worksite   57  7403 ± 2244  7317 ± 2087  -86 (-497, 238)         2.9 (ns) 18 

Comparison worksite   71  6862 ± 2515  6423 ± 2145  -439 (-1087, -5) 19 

Non-workday pedometer step counts (steps/non-workday) 20 

Total sample      128 9251 ± 4534  8126 ± 4882  -1125 (-2065, -228)    4.2 (*) 21 

Intervention worksite   57  9077 ± 4229  8366 ± 4896  -711 (-1857, 679)        1.7 (ns) 22 

Comparison worksite   71  9389 ± 4789  7934 ± 4897  -1455 (-2899, -263) 23 

 24 

Self-reported total physical activity (minutes/day) 25 

Total sample      128 66.5 ± 53.4  70.5 ± 54.6  +4.0 (-8.0, 9.3)      1.3 (ns) 26 

Intervention worksite   58  69.9 ± 58.0  72.1 ± 58.6  +2.2 (-148.8, 25.4)          0.02 (ns) 27 

Comparison worksite   70  63.7 ± 49.4  69.1 ± 51.6  +5.4 (-356.8, 311.1) 28 

 29 

ns : non significant (p > 0.05)  * 0.05 ≤ p < 0.01  ** 0.01 ≤ p < 0.001  30 
a
: when gender was entered as between subject factor in the analyses, effects did not change. 31 
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Average workday step counts did not change significantly over time in the total sample 

(Ftime=1.3, p=0.262), however, there was a tendency for a slightly smaller decrease in 

workday step counts in the intervention worksite (-86 steps/day) than in the comparison 

worksite (-439 steps/day) (Ftime x worksite=2.9, p=0.090) (see table 2). The risk profile had no 

influence on this interaction (Ftime x worksite x risk profile=2.1, p=0.155). The average number of step 

counts on a non-working day decreased significantly from baseline to follow-up in the total 

sample (Ftime=4.2, p=0.044). No significant difference in non-working step count change 

could be found between the intervention and comparison worksite (Ftime x worksite=1.7, 

p=0.192). Again, the risk profile did not affect this (Ftime x worksite x risk profile=0.001, p=0.975) (see 

table 2).  

No significant changes in the total amount of self-reported PA could be found over time for 

the total sample (Ftime=1.3, p=0.264). The changes in self-reported PA did not differ 

significantly between the intervention and comparison worksite (Ftime x worksite=0.02, p=0.887), 

nor did the risk profile affect this (Ftime x worksite x risk profile=0.07, p=0.788) (see table 2). 

Furthermore, the changes in self-reported PA in the different domains (at work, during 

transport, during domestic and gardening activities, or during leisure time) did not differ 

significantly over time, or between groups (data not shown). 

 

Awareness of and opinion about the intervention  

Almost 97% (n=63) was aware of the 20-week PA intervention. Nearly all participants were 

aware of the posters at the staircase (95%), footsteps towards the staircase (95%), informative 

email (92%), weekly email with information and tips (92%), and pedometer availability 

(92%). About 83% was aware of the worksite step competition and more than half (57%) 

were aware of the flyers and New Year‟s wishes (see table 3). A considerable amount of 

participants had a good to very good evaluation about posters at the staircase (89%), 

pedometer availability (88%), flyers (78%), informative email (77%), and weekly emails 

(68%). Less participants found the footsteps towards the staircase (56%), New Year‟s wishes 

(51%), and the worksite step competition (49%) good to very good (see table 3). Only 26 (8%) 

intervention participants took part in the worksite step competition, most of them women 

(81%,n=21) and half of them with baseline step counts below 10,000 steps/day (50%,n=13).  
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Table 3: Intervention participants‟ awareness and opinion about the project strategies. 

          Awareness         Opinion of those who are aware of the strategy n (%)    

Strategy        n (%)    very bad  bad  neutral  good  very good 

Posters at staircase    62/65 (95.4)  0 (0.0)  0 (0.0)   7 (11.2)  35 (56.5)  20 (32.3) 

Footsteps towards staircase  62/65 (95.4)  1 (1.6)  4 (6.5) 22 (35.5)  25 (40.3)  10 (16.1) 

Informative email     60/65 (92.3)  1 (1.7)  1 (1.7) 12 (20.0)  27 (45.0)  19 (31.7) 

Weekly emails      60/65 (92.3)  1 (1.7)  2 (3.3) 16 (26.7)  25 (41.7)  16 (26.7) 

Pedometer availability    59/64 (92.2)  0 (0.0)  1 (1.7)   6 (10.2)  36 (61.0)  16 (27.1) 

Worksite step competition  54/65 (83.1)  1 (1.9)  6 (11.1) 20 (37.0)  21 (38.9)    6 (11.1) 

Flyer         37/65 (56.9)  0 (0.0)  1 (2.7)   7 (18.9)  25 (67.6)      4 (10.8) 

New year‟s wishes     37/65 (56.9)  0 (0.0)  4 (10.8) 14 (37.8)  18 (48.6)    1   (2.7) 
 

 

Twenty (11 males) intervention participants (31%) reported to have changed their PA 

behavior because of the intervention. Most of them used the stairs instead of the elevator 

(90%,n=18). Less indicated „sport activities‟ (35%,n=7), „walking at work‟ (25%,n=5), „walking 

during the weekend‟ (20%,n=4), „walking for transport‟ (15%,n=3), „parking the car further 

away‟ (10%,n=2), and „walking the dog‟ (10%,n=2) as their strategy to increase PA. 

According to 45% (n=9), „staircase use‟ was the most easy strategy to implement in daily life.  

Almost half the intervention participants (48%,n=31) reported to have used the pedometer 

during the intervention. Most of them had baseline step counts below 10,000 steps/day 

(61%,n=19), and about half of them were men (45%,n=14). The majority used the pedometer 

occasionally (65%,n=20), 29% (n=9) daily, 3% (n=1) weekly and another 3% monthly. The 

other half did not use a pedometer and this for no particular reason (47%,n=16), because they 

believed to be already active enough (24%,n=8), because they found it bothersome 

(12%,n=4), because they had no interest in it (6%,n=2), because they had no time (6%,n=2), 

because they found it not useful (3%,n=1), or because they already completed an earlier 

pedometer study (3%,n=1). About 60% of those not using the pedometer during the 

intervention had baseline step counts below 10,000 steps/day. 

 

Discussion 

Summary of findings and reflections 

Overall, a downward trend was found in average daily step counts from baseline (end of 

summer: September) to follow-up (winter: February) in „somewhat active‟ employees [25] of 

a workplace with sedentary jobs. This decrease in daily step counts was significantly smaller 

in the intervention worksite than in the comparison worksite. Furthemore, a significant 

intervention effect was only found in already active participants reaching 10,000 steps/day 

at baseline. In addition, overall non-working day step counts decreased significantly and the 
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decrease in workday step counts in the intervention worksite was slightly smaller than that 

in the comparison worksite.   

The overall decrease from baseline (summer) to follow-up (winter) may be explained by a 

seasonal effect: a previous pedometer-based study also revealed a decrease in the amount of 

PA during wintertime, compared with the rest of the year [26]. The findings suggest that this 

is mainly due to a decrease in non-working day step counts. Since the present worksite 

intervention was effective in reducing the step count decrease, which was probably caused 

by the time of year, it can be suggested that intervention participants partly compensated the 

decline of step counts due to wintertime by taking step counts indoors (for example taking 

the stairs, walking around at work). It has to be kept in mind that this strategy was overall 

only done by already active employees. Similar patterns (reaching already active people) 

were found in worksite fitness or exercise programs [6]. It was however thought that the 

present intervention would reach more inactive persons, since it was more accessible than 

e.g. fitness program. Here, the usefulness of the “10,000 steps/day-concept” for increasing 

PA [4,8-11,13,15] in inactive individuals could not be confirmed. Only the suitability of the 

concept for maintaining PA in already active people was proved.  

 

Also, in contrast to the community project “10,000 Steps Ghent”, the present worksite project 

did not result in increased step counts. However, it should be noted that the latter was 

evaluated after 12 months, consequently comparing data collected in springtime. In addition, 

“10,000 Steps Ghent” was designed to intervene at the individual, social, and environmental 

level of the whole community. The range of the present worksite intervention was less 

widespread, however the current workplace intervention was more explicitly present to the 

participants than in a community intervention, since individuals spend a considerable 

amount of their waking time in the workplace. Consequently, in the present study, almost 

everyone (97%) was aware of the intervention, while project awareness in “10,000 Steps 

Ghent” was somewhat less (63%) [4]. However, the higher project awareness here did not 

result in increased steps. 

   

Despite the high overall intervention awareness and the good evaluation of the intervention 

strategies, only 20 participants (31%) reported to have changed their PA behavior because of 

the intervention. Intervention participants indicated „the use of the stairs instead of the 

elevator‟ as most easy to implement in daily life (90%). A workplace study in the United 

States showed that this strategy was less popular (24%) [27]. However, the latter 8-week 
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intervention did not promote stair use explicitly, while the present intervention did (posters 

in the hall and footsteps towards the stairs). Unfortunately, there is no objective information 

available on staircase use. Although staircase use can be a valuable aspect in a broad PA 

promotion approach, emphasizing the accumulation of lifestyle activities, it is important to 

recognize that simply taking the stairs instead of the elevator once or twice a day, is not 

enough to increase PA considerably. Boreham et al [28] showed that previously sedentary 

young women who progressed (over 7 weeks) from 1 ascent per day to 6 ascents per day, 

had considerable cardiovascular health benefits. 

 

Although pedometers were made available to every employee in the intervention worksite, 

only 31 (48%) indicated to have used the pedometer during the intervention, mostly 

occasionally (65%), only 29% daily. It was however promising that most pedometer users 

(61%) had baseline step counts below 10,000 steps/day. However, the majority (59%) of 

those who did not use a pedometer was also inactive. The rather low proportion of 

pedometer users, could explain the low proportion of step count increase. Previous research 

showed that step count increase is associated with pedometer use, which partly mediated the 

effect of “10,000 Steps Ghent” on increasing step counts [29].  

 

Practical implications 

Although the differences between the worksites were significant, one could doubt the 

importance of the reduction in seasonal decline for health and wellbeing. It is indeed 

impossible to prove the biological relevance, since no objective health factors were measured 

here. Still, the step count decreases in the comparison worksite are considerable (-1389 steps 

or -15% from baseline overall, and -4006 steps or -30% from baseline in active comparison 

employees) and could stand for a decrease of about 13 minutes (overall) and 40 minutes 

(active employees) of walking. To prevent such decreases is meaningful, even in somewhat 

active employees.    

Present findings suggest that this intervention was not effective for „at-risk employees‟. 

Consequently, more attention should be given to those most in need of (more) PA. The 

intervention was easy to implement and Marshall suggested programs with less 'organized' 

approaches [6], however, it is probably desirable to provide counseling sessions or extra 

support in order to increase PA in the workplace. Still, this approach may be unrealistic and 

unaffordable in a public health promotion perspective.  
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Furthermore, as only about half of the intervention participants used the free available 

pedometer during the program, future interventions could request (employees) explicitly to 

use the pedometer and to keep daily log books. 

Although the intervention was implemented in the workplace, overall PA in different 

settings (e.g. during transport, leisure time) was promoted. Nevertheless, the intervention 

effect was only present on workday step counts. No significant intervention effect was found 

for non-workday step counts. Maybe more attempts should be made to affect leisure time 

and non-workday PA behaviors during workplace interventions. 

 

Strengths and limitations 

The main limitation of the present study is the substantial selection bias, caused by the 

relatively small sample size at baseline and the low response rate at follow-up. In addition, 

enrollment and attrition rates differed between the intervention and comparison worksite, as 

also did some participant characteristics. Furthermore, drop-out analysis revealed that the 

intervention drop-outs were younger and took less step counts than those who completed 

the study. Overall, these weaknesses limit the generalizability of the results. Moreover, the 

sample is limited to well educated, normal weight, non-smoking, and self-perceived healthy 

adults. 

Other limitations are the lack of objective data on staircase use and the relatively short term 

follow-up period, giving data collection in different seasons. It is unknown whether step 

counts will indeed increase again in springtime and whether the intervention has any effect 

on that. In addition, the finding on the workday step count should be interpreted with 

caution. Since the pedometer used in the present study does not include a time indication, it 

is not known whether the workday step counts were actually taken at work or elsewhere. 

Furthermore, individual-level randomization was not possible. However, the present quasi-

experimental study has also strengths. First of all, this pedometer-based workplace study is 

one of the few including a control group. Additionally, the intervention was done in a real 

life setting and evaluated with objective pedometer data. Pedometers are able to detect 

subtle change in PA behavior, which may not be found through questionnaire. That‟s maybe 

why the present effects on step counts were not confirmed by the self-reported PA data [30].  

 

Conclusion 

The present pedometer-based workplace intervention was successful in already active 

individuals, by showing a reduction in the decrease in step counts caused by the time of 



MESO-LEVEL INTERVENTION 

121 

year. Project awareness was very high and the employees had a good to very good 

evaluation of the intervention strategies. Continued high-quality research investigating the 

effectiveness of easily implementable pedometer-based workplace interventions nested in a 

supportive environmental context is needed to contribute to the health promotion field.  
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The following papers regarding the intervention at the macro-level, do not describe in detail 

the approaches used before and during the community intervention “10,000 Steps Ghent”. 

The project was based on a social ecological model (McLeroy et al, 1988; Stokols, 1992; 

Gregson et al, 2001), meaning that strategies are being developed to intervene at different 

environmental levels (intrapersonal, interpersonal, organizational, community, societal). A 

strategy can have an effect on that specific level, but also on all the levels below it. 

Throughout the intervention, the role of power in environmental change should be 

recognized. Consequently, empowerment (the process through which individuals, 

communities and organizations change their social and political environment), community 

capacity, and social capital are essential (Bartholomew et al, 2006; Harting et al, 2007). 

„Community capacity‟ is the interaction of human capital, organizational resources, and social 

capital available to increase community problem solving to improve or maintain well-being 

(Norton et al, 2002), while „social capital‟ is the total of norms and social networks available in 

a community (Morgan and Swann, 2004).  

 

The community intervention was based on the five-stage process of community organization 

of Bracht and colleagues (1999). Stage one consists of the „community analysis‟, or careful 

mapping of the community assets, capacity, and history, while involving local members of 

the community. In Ghent, the Department of Movement and Sports Sciences of the Ghent 

University, who had the approval of the researchers from Rockhampton, was the initiator of 

the intervention. At this stage, the local city (department sport and department mobility) and 

provincial (department sport) governments, three local health insurance companies, and the 

local health promotion service were involved to set up a broad framework for intersectoral 

collaboration. This core group, with citizens and professionals, prepared stage two, namely 

the „design and initiation of a campaign‟, and made preliminary decisions regarding 

campaign objectives and interventions. It was decided that “10,000 Steps Rockhampton” 

(Brown et al, 2003) would form the basis of the intervention in Ghent. The initial aims of the 

Ghent project were to 

 increase physical activity in sedentary citizens 

 convince the population that regular physical activity  

- is beneficial for health 

- improves fitness and overall well-being  
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- is a way of easy exercising in daily life 

- can enhance traffic and make it environmentally friendly  

 integrate daily physical activity into the city scene 

 convince intermediaries to carry out the message. 

The central theme was ‟10,000 steps‟, with the secondary tagline of „every step counts‟ (elke stap 

telt, elke trap telt), used to stress that step counts can be accumulated during the whole day. 

Furthermore, the secondary tagline also encourages those who do not reach 10,000 steps/day 

to find ways to increase daily steps (Brown et al, 2003). Several strategies were adapted (e.g. 

media campaign, sale of pedometers) from the original campaign in Rockhampton. In the 

third stage, the „campaign implementation‟, theory and ideas turned into action, translating 

the mission into an operating program. A sequential or simultaneous set of activities (see 

chapter 2.2.3) was implemented. During stage four („program refinement and 

consolidation‟), successes and problems in implementation were reviewed and new 

directions or modifications determined. For example, the sale of pedometers was 

disappointing, therefore, a loan system was developed by the local sports department. In the 

final stage, „dissemination and durability‟, project results were spread and a durability plan 

included a vision for future improvements and strategies. In Ghent, it was decided that the 

local authorities could support the continuation of the campaign. Note that all stages were 

dynamic and may have overlapped each other.   
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Table 1: Adjusted odds ratios and 95% CIs for step count increase and pedometer use.     

 

                  Used PM voluntary        Increased step counts  ≥ 896    

    N N increasing (%)  adj OR  95% CI P  N N using PM (%) adj OR 95% CI P   

Gender            

Male   209 25 (12.0)  1.00
c
      207 91 (44.0)  1.00

 c
      

 Female  231 47 (20.3)  1.48  0.82-2.65 0.191  231 118 (51.1)  1.23  0.81-1.85 0.336 

Age             

 < 49 years  219  26 (11.9)  1.00
 c
      218 109 (50.0)  1.00

 c
 

 ≥ 49 years  219 45 (20.5)  3.19  1.65-6.19 0.001  218 99 (45.4)  0.73  0.44-1.20 0.217 

Educational level 

 High school  207 35 (16.9)  1.00
 c
      206 87 (42.2)  1.00

 c
 

 college/university 233 37 (15.9)  0.85  0.46-1.56 0.595  232 112 (52.6)  1.55  1.01-2.40 0.046 

Employment status          

 Unemployed 144 25 (17.4)  1.00
 c
      143 67 (46.9)  1.00

 c
 

 Employed  296 47 (15.9)  1.10  0.54-2.22 0.802  295 142 (48.1)  1.03  0.60-1.76 0.924 

Health condition 

 Weak-moderate 91 15 (16.5)  1.00
 c
      91  40 (44.0)  1.00

 c
 

 Good-excellent 346 56 (16.2)  1.12  0.56-2.22 0.749  344 167 (48.5)  1.16  0.71-1.88 0.560 

Baseline average daily step counts 

 < 10,000   251 34 (13.5)  1.00
 c      

251  140 (55.8)
  

1.00
 c
 

 ≥ 10,000   187 38 (20.3)  1.44  0.78-2.64 0.245  187 69 (36.9)  0.38  0.24-0.60 <0.001 

Baseline daily sitting time         

 < 6.2 hours  228 41 (18.0)  1.00
 c      

227  108 (47.6)
  

1.00
 c
 

 ≥ 6.2  hours  210 31 (14.8)  1.12  0.61-2.07 0.709  209 101 (48.3)  0.82  0.53-1.27 0.372 

Baseline daily transport-related PA          

 < 10.7 minutes 223 30 (13.5)  1.00
 c      

223
 

112 (50.2)
  

1.00
 c 

≥ 10.7 minutes 214 41 (19.2)  1.25  0.71-2.20 0.446  212 96 (45.3)  0.92  0.61-1.38 0.676 

Having heard/seen any message about PA promotion 

 No   188 16 (8.5)  1.00
 c
      187 83 (44.4)  1.00

 c
 

 Yes   251 56 (22.3)  2.62  1.33-5.19 0.006  250 126 (50.4)  1.17   0.75-1.82 0.489 

Knowing the amount of PA required for health benefit 

No   231 25 (10.8)  1.00
 c
      231 111 (48.1)  1.00

 c
 

 Yes   209 47 (22.5)  1.86  0.96-3.60 0.064  207 98 (47.3)  0.86  0.54-1.38 0.538 

Knowing about „10.000 Steps Ghent‟ 

 No   149 11 (7.4)  1.00
 c
      148 70 (47.3)  1.00

 c
 

 Yes   291 61 (21.0)  2.11  1.01-4.40 0.047  290 139 (47.9)  1.02  0.65-1.61 0.934 

Using a PM voluntarily  

 No             366  166 (45.4)  1.00
 c
 

 Yes             72 43 (59.7)  2.06  1.15-3.67 0.014 

CI = confidence interval 

PM = pedometer 

Adj OR = adjusted odds radio 

c
 reference group 

PA = physical activity 



 

157 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PART 3: GENERAL DISCUSSION 



 

158 



GENERAL DISCUSSION 

159 

The aim of the present thesis was to investigate the role of pedometers and the „10,000 

steps/day‟-concept in the promotion of physical activity. First, some pedometer-related 

methodological studies were conducted to investigate how valid an inexpensive pedometer 

is, what pedometer step counts represent, and what the comparison is between pedometer-

based data and self-reported physical activity in Flemish adults. A next phase of the research 

project included physical activity promotion through pedometer use and step count goals in 

interventions at the micro-, meso-, and macro-level. Complete results and thorough 

discussions about each study separately were described in detail in the previous part (part 2: 

original research). In this final part of the thesis, main findings and reflections of the different 

studies, plus an overall discussion and conclusion of the thesis will be given, followed by 

strengths and limitations, practical implications, and some directions for future research. 

 

1 Main findings and reflections of the studies 

 

1.1 Pedometer-related methodological aspects 

 

1.1.1 What about inexpensive pedometers?  

The first study (chapter 2.1.1) evaluated the validity of the inexpensive „Stepping Meter‟ (€ 1 

or $ 1.2 each) against the valid Yamax Digi-Walker in adults in free-living conditions. Results 

showed that about 74 % of the inexpensive „Stepping Meter‟ gave invalid results and made 

an overestimation (n = 467) or underestimation (n = 254) of step counts of more than 10 %, 

which was the criterion used to examine validity (Basset et al, 1996; Crouter et al, 2003;  

Schneider et al, 2004).  

In this study, the inexpensive „Stepping Meter‟ was found to be invalid for counting steps in 

adults in free-living conditions. Also other inexpensive pedometer models, often given as 

(free) marketing gadgets, for example „McDonald‟s Stepometer‟ (Gao et al, 2005) and 

„Kellogg‟s Special K step counters‟ (Tudor-Locke et al, 2006), showed to be unacceptably 

inaccurate. Overestimations are probably due to over-sensitivity of the internal mechanism, 

resulting in step counting during non-stepping movements, such as sitting, twisting the hip, 

bending over, and kneeling. An unprotected reset button, causing unintentional resetting, 

may clarify the underestimations. Considering the health-related purpose of pedometers, i.e. 

measuring needed physical activity and/or motivating (more) physical activity, invalid 

pedometers such as the „Stepping Meter‟ cannot be used, as they will give incorrect 

information. For example, a 20 % error in a 10,000 step day, is 2000 steps, so either 8000 or 
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12,000 would be recorded, which results in a considerable difference in activity level. 

Individuals taking 8000 steps/day would be classified as „somewhat active‟, while taking 

12,000 steps/day corresponds to being „active‟ (Tudor-Locke and Bassett, 2004; Tudor-Locke 

et al, 2008).   

 

1.1.2 What do step counts and step count goals represent?  

The second methodological study (chapter 2.1.2) compared pedometer-based physical 

activity with self-reported physical activity from one interview and three questionnaires. 

Step counts correlated well with self-reported total physical activity (r = 0.28 to 0.44), and 

with moderate physical activity (r = 0.31 to 0.33). Significant correlations between step counts 

and vigorous physical activity were somewhat lower (r = 0.16 to 0.25), and low between 

steps counts and self-reported walking (r = 0.10 to 0.19). Furthermore, the study compared 

step count thresholds (7500 steps/day, 10,000 steps/day, and 12,500 steps/day) with the 

guideline of 30 minutes of physical activity per day. Agreement (either reaching both targets 

or either not reaching both targets) between 30 minutes/day, which was measured with 

different self-reports, and the pedometer-based step count targets ranged between 72 % and 

78 % for the 7500 steps/day target, between 52 % to 54 % for the 10,000 steps/day target, and 

between 48 % and 52 % for the 12,500 steps/day target. Of the total sample, 80.6 % 

accumulated 7500 steps/day, 45 % 10,000 steps/day, and 39.4 % 12,500 steps/day. The 

standard of 30 minutes of moderate to vigorous physical activity per day was reached by 

68.1 % to 85.4 % according to the validated questionnaires. At least 75 % to 89 % of those 

reaching 7500 steps/day, also reached 30 minutes of physical activity; between 73 % and 

94 % of those reaching 10,000 steps/day, also achieved 30 minutes of physical activity; and 

75 % to 93 % of those accomplishing 12,500 steps/day, reached 30 minutes guideline. 

This study showed that pedometer-based physical activity correlated positively with all self-

reported physical activity. Consequently, pedometers provide not only a measurement of 

walking behaviour, they also give an indication of total, moderate and vigorous physical 

activity. Surprisingly, lowest correlations were found between step counts and walking, 

maybe due to the lack of sensitivity of the questionnaires to detect walking (Ainsworth et al, 

1993). Despite significant correlations, it was shown that the percentages reaching the 

different guidelines (step count guidelines and minute guideline) differ remarkably, maybe 

due to the subjective nature of questionnaires, possibly causing over-reporting. However, as 

stated in the introduction of the thesis, also the use of pedometers and activity logs may 
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cause problems of over-reporting (for example overestimating the time spent bicycling) or 

under-reporting (for example forgetting to register the time spent bicycling). The use of 

pedometers that include “time in activity” or “aerobic steps” could be helpful to further 

investigate the discrepancy between the different recommendations. 

 

1.1.3 What about pedometer-based physical activity, and its relation with self-reported 

physical activity in Flanders? 

The third methodological study compared self-reported physical activity, reported in the 

International Physical Activity Questionnaire (IPAQ), with pedometer-based physical 

activity data in a representative sample of Flemish adults. The more step counts participants 

accumulated, the higher their work-, leisure time-, and transport-related self-reported 

physical activity, and the lower the amount of sitting time. Consequently, pedometers are 

capable of discriminating between different physical activity levels reported in the IPAQ. 

Another objective of this study was to provide and evaluate step counts of a Flemish sample 

and to make comparisons in step counts  between demographic variables. The representative 

Belgian sample took on average 9655 steps/day, which is higher than step count levels in the 

United States (Tudor-Locke et al, 2004; Wyatt et al, 2005). This may be due to different 

environmental (for example, availability of bike lanes) characteristics in both countries. 

Though, the Flemish level was comparable with levels in Australia (Miller and Brown, 2004; 

McCormack et al, 2006; Schmidt et al, 2007) and Switzerland (Sequeira et al, 1995). However, 

like in most continents, present men took (slightly) more step/day than women, and 

although the most active group were the 36-45 year-olds, Flemish step counts declined with 

increasing age. Finally, employed individuals clearly accumulated more steps than 

unemployed people, and slightly more steps were accumulated on weekdays than on 

weekend days. The latter may be explained by the fact that about two thirds of the sample 

were employed and half reported activity at work. Despite the fact that the total sample was 

on average „somewhat‟ active, this large survey of adult pedometer-based physical activity 

showed a wide distribution of step count levels, suggesting that the promotion of physical 

activity is still needed.  
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1.2 Physical activity promotion through pedometer-based interventions 

 

1.2.1 Are support materials necessary in an individually-based pedometer 

intervention?  

One of the aims of this study (chapter 2.2.1) was to investigate how familiar a sample of 

Flemish adults was with pedometers and the ‟10,000 steps/day‟-concept. In February 2005, 

when the study was executed, no more than 42 % of the study sample had already heard of a 

pedometer, only 17 % believed to know how many steps/day are health beneficial, and 34 % 

were willing to wear a pedometer.  

To investigate if pedometer use is more effective when used in combination with cognitive 

and behavioural support materials, a 3-week intervention was implemented. One group only 

used a pedometer, while the other group used a pedometer plus support materials such as 

an information brochure, and a log to set goals and record steps. In both groups, walking, 

moderate and vigorous physical activity increased significantly. Consequently, pedometer 

use can encourage general physical activity engagement, and not only walking. No 

significant difference in effect on physical activity could be found between the two groups. 

However, the attitudes towards pedometer use were better in the group using a pedometer 

in combination with cognitive and behavioural support materials, than in the group simply 

using a pedometer. It should be noted that the present study sample consisted of volunteers 

willing to use a pedometer, and that the intervention duration was short.  

 

1.2.2 Is a pedometer-based intervention at the workplace effective in Flanders?  

The quasi-experimental controlled study in chapter 2.2.2 evaluated the effects of a 20-week 

pedometer-based physical activity intervention in a workplace in East-Flanders. Overall, a 

downward trend in step counts from baseline (end of summer) to follow-up (winter) was 

found, probably due to a seasonal effect. A previous pedometer-based study also revealed a 

decrease in the amount of physical activity during wintertime, compared with the rest of the 

year (Tudor-Locke et al, 2004). However, the decrease in the intervention workplace (-618 

steps/day) was significantly smaller than the step count decline in the comparison 

workplace (-1389 steps/day), showing that the present pedometer-based worksite 

intervention was effective in reducing the step count decrease. This intervention effect was 

however only present in already active participants, reaching 10,000 steps/day at baseline, 
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and not in the „at-risk employees‟ with daily baseline step counts below 10,000. Other 

worksite fitness or exercise programs also showed to be more effective in already active 

people (Marshall, 2004), however, the present intervention was thought to be more accessible 

for inactive individuals. Furthermore, employees were highly aware of the campaign and the 

separate intervention strategies were found to be „good - to very good‟. Nevertheless, the 

proportion of intervention participants reporting that they had adjusted their physical 

activity behaviour (about one third) and that they had used the pedometer (almost half of the 

sample), was somewhat limited.  

 

1.2.3 What are the effects of a European pedometer-based community intervention? 

The aim of the study in chapter 2.2.3 was to describe the effectiveness of the multi-strategy  

community project “10,000 Steps Ghent” on physical activity levels after one year of 

intervention. Results showed an 8 % increase in the number of intervention participants 

reaching 10,000 steps/day, compared with no increase in the comparison community. 

Average daily steps increased by almost 900 steps/day in the intervention community, while 

there was a slight decrease in the comparison participants‟ step counts. Significant 

intervention effects were also found for walking, moderate, work-related, and leisure-time 

physical activity. In the at-risk group (baseline step count level below 10,000 steps/day), step 

counts increased by almost 1600 steps in the intervention community, and by almost 750 

steps in the comparison community. In conclusion, results showed that the “10,000 Steps 

Ghent” campaign was successful in increasing total physical activity levels in both active and 

inactive participants. Furthermore, the European intervention was found to be effective in 

both men and women. In contrast, within the Australian 10,000 Steps intervention only 

women showed significant increases in physical activity. A possible explanation for this 

cross-cultural difference is the way in which physical activity was promoted. In Ghent, the 

focus was not exclusively on steps and walking but also on time-based physical activity 

recommendations (i.e. 30 minutes/day and 3x/week 20 minutes of sport) and other activities 

like cycling, gardening,... were promoted. In Australia, it was decided to only use a very 

specific physical activity message (namely 10,000 steps/day). Later research, however, found 

that reactions to the 10,000 steps/day message of Australian mid-aged men tended to be 

negative. The majority of them indicated that they found the idea of doing 30 minutes of 

physical activity each day more appealing. Focussing on pedometers and walking may not 

appeal to this group (Burton et al, 2008). Furthermore, it is possible that also social (e.g. 
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family responsibilities and employment involvement), personal (health consciousness) or 

climatic (e.g. active transport or outdoor activities may be more comfortable to accomplish in 

a mild European climate than in hot, humid Australian weather) factors had an influence on 

gender differences in intervention effects.  

  

Another study (chapter 2.2.4) described the effects of the pedometer-based community 

intervention “10,000 Steps Ghent” on sitting time. A 12 minutes decrease in total sitting time 

was found in the intervention community, while the comparison community reported an 18 

minutes increase in total sitting time. Intervention participants who increased their step 

counts during the intervention showed a decrease in their sitting time, suggesting that their 

increased steps may have displaced sitting. However, in the comparison participants who 

increased their step counts, a tendency towards increased sitting time was found. 

Consequently, an increase in step counts does not necessarily result in decreased sitting time, 

therefore, it can be concluded that the pedometer-based community intervention may have 

caused  the decrease in sitting time.  

 

The last study of this thesis (chapter 2.2.5) aimed to examine the characteristics of the 

intervention participants who (1) used a pedometer and (2) increased their step counts, 

during the campaign “10,000 Steps Ghent”. Furthermore, the mediational effect of 

pedometer use on step count change was evaluated. Results showed that pedometer use was 

more likely among older individuals, an encouraging finding, as it has been shown that 

physical activity is inversely associated with age (Tudor-Locke et al, 2004; Wyatt et al, 2005). 

Furthermore, pedometer use was significantly associated with awareness of physical activity 

promotion messages, and awareness of “10,000 Steps Ghent”. An above average steps count 

increase was more likely among those with higher education. On the other hand, it was 

promising that a step count increase was more likely in those with baseline step counts 

below 10,000 steps/day. Finally, those who used a pedometer were more likely to have 

increased their steps. However, pedometer use only partly mediated the intervention effect 

on step counts.   
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2 Overall discussion and conclusion 

 

Several aspects can be concluded from the methodological studies. First of all, the use of 

untested inexpensive pedometers such as the „Stepping Meter‟ is unacceptable for research 

and/or practice. Furthermore, as shown by the studies in chapter 2.1.2 and chapter 2.1.3, 

valid pedometers are capable of offering adequate information to discriminate between 

different types of physical activity. It was found that pedometers not only captured walking, 

but that they also gave an indication of moderate, vigorous and total levels of work-, 

transport-, leisure time-, household-, or gardening-related physical activity. Consequently, 

although a valid pedometer cannot assess physical activity intensity or duration, it is 

sufficiently valuable in the assessment of (total) physical activity in large, free-living adult 

samples.  

 

The promotion of physical activity through pedometer use and the use of step count goals in 

a European country is promising if implemented at the micro-, meso-, and macro-level. On 

individual base, pedometer use can increase physical activity. The present workplace 

physical activity intervention was also found to be effective, however, only in already active 

employees. The pedometer-based community intervention showed to be effective in both 

active and inactive individuals. In all interventions, the pedometer was used as a 

motivational and behaviour modification tool which allowed self-monitoring, goal-setting 

and getting feedback. These strategies focussed on the individual factors associated with 

physical activity (e.g. self-efficacy).  

The present studies did not measure theoretical concepts, nor did they examine the process 

through which pedometers operate, however, previous studies examined the effect of 

pedometer-based interventions on conceptual frameworks underlying the intervention (i.e. 

behaviour theories and  models), giving mixed results for self-efficacy, outcome expectations, 

motivational readiness, decision balance, and self-regulation (Speck and Looney, 2001; 

Rooney et al, 2003; Rooney et al, 2005; Berry et al, 2007; Clarke et al, 2007; Dinger et al, 2007; 

Winett et al, 2007; Faghri et al, 2008) (see general introduction p 29-30). 

 

An overall finding of the present intervention studies is that the pedometer interventions did 

not only affect walking behaviour, but also other (sport) activities. The intervention at the 

micro-level resulted in more walking, and in increased moderate and vigorous physical 
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activity. The macro-level intervention showed significant intervention effects for walking, 

moderate physical activity, and for work-related physical activity and leisure time physical 

activity. Surprisingly, despite a significant intervention effect on step counts, the meso-level 

intervention did not result in increased step counts or augmented self-reported physical 

activity. However, it can be concluded that the pedometer-based interventions succeeded in 

promoting lifestyle physical activity. Previous studies also confirmed that pedometers 

motivated participants to increase activities other than walking (Mutrie et al, 2003; Mutrie et 

al, 2004; Merom et al, 2007).  

 

As said above, it was unexpected that the worksite campaign did not result in increased step 

counts, whereas the community intervention did. The different timeframes of both studies 

can be an explanation: the workplace intervention was evaluated over a 5 month period, 

comparing physical activity in different seasons (as stated above physical activity can 

decrease during winter (Tudor-Locke et al, 2004)), while “10,000 Steps Ghent” was evaluated 

over a 12 month period. Furthermore, the community project was designed to intervene at 

the individual, social, and environmental level of the whole community. The scope of the 

worksite project was less widespread and limited to the workplace itself. However, the 

workplace intervention strategies were more explicitly present to the worksite participants 

than in the community intervention, since individuals spend a considerable amount of their 

waking time at the workplace. Consequently, the intervention awareness of the workplace 

intervention was higher than the project awareness of “10,000 Steps Ghent”. 

Notwithstanding, the higher project awareness during the workplace intervention did not 

result in increased steps, nor did social support (considered to be a significant correlate of 

physical activity) from colleagues result in positive effects.  

 

The results of the present community intervention confirm the usefulness of applying social 

ecological models to change physical activity. Previous studies also found that a community-

based social ecological approach can positively influence physical activity behaviour and 

attitudes (Cochrane and Davey, 2008). The present study results indicate that the 

combination of intervention techniques at different levels is needed to achieve positive 

effects. Next to intervening at the individual level, other social and environmental strategies 

were also needed to change behaviour. The partly mediational intervention effect of 

pedometer use (individual level strategy) on step count increase confirms this statement. 
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Furthermore, the number of pedometer users was somewhat limited (14 %), while the overall 

intervention effect was considerable.  

Still, social ecological analyses can sometimes lead to confusion and difficulty in testing 

explanations of effects. The complexity of social ecological perspectives may limit 

comprehensive testing and evaluating (Stokols, 1996).  

 

To conclude, this thesis confirms the value of pedometers in measuring physical activity in free-living 

populations. Pedometer-determined physical activity data (step counts) correlated reasonable well with 

self-reported physical activity of different questionnaires. The pedometer has shown to be able to 

assess, not only walking, but also moderate, and vigorous physical activity in different contexts such 

as work, transport, leisure time, household and gardening. Consequently, valid pedometers can 

provide information about a person‟s total physical activity level. However, not all pedometers are 

valid, so caution is needed with inexpensive and not validated devices.  

 

Furthermore, the present thesis supports the motivational dimension of pedometers in physical activity 

interventions at different levels. Wearing a pedometer, with or without support materials, may 

increase physical activity in a short term intervention at the micro-level. However, adding cognitive 

and behavioural support positively affected attitudes towards pedometer use.    

At the workplace, a pedometer-based intervention showed to be successful in already active 

individuals: a reduction in the decrease in step counts, probably caused by the time of year, was found.  

The pedometer-based project in the community was successful in reaching the population, and is one 

of the few interventions at the macro-level that  showed an increase in physical activity levels in both 

active and inactive, randomly selected individuals. Furthermore, “10,000 Steps Ghent” was successful 

in decreasing sitting time, which was an unintended effect of the campaign. During the intervention, 

pedometer use was positively associated with age and intervention awareness; while pedometer use, a 

higher education, and a low baseline step count level were found to be significant predictors of step 

count increase. Finally, these findings encourage the implementation of multi-strategy community 

interventions. It was found that pedometer use partly mediated the intervention effect, suggesting that 

other strategies are also important. 
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3 Strengths and limitations of the studies 

 

Some limitations and strengths of the original research of the thesis will be mentioned here. 

A weakness of the first two methodological studies is the use of convenience samples of 

volunteers. The convenience sample of mostly employed and already active adults in 

chapter 2.1.2 implicates cautious interpretations and limits the generalisability of the results. 

However, when testing the validity of an inexpensive pedometer (chapter 2.1.1), the 

influence of participant characteristics on the findings may be rather minimal.  

Even though the original random sample in chapter 2.1.3 was obtained from the public 

record office and the demographic variables of the study participants were comparable to 

those of the overall Belgian adult population, certain threats to the generalisability of the 

results need to be mentioned. First of all, the random samples were obtained from only two 

cities in East-Flanders, a typical Flemish province in Belgium. Second, the sampling methods 

have limitations. Though the telephone survey provided the opportunity to interview 

participants, not everyone was registered in the phonebook or within reach, causing 

exclusion of possible participants. Furthermore, the alternative written recruitment method 

resulted in a rather low response rate (about 20 %). Third, no more than half of the contacted 

individuals agreed to participate in the study. Unfortunately, there is no information 

available about the characteristics of the non-participants. 

Also in the study on the micro level, a considerable number of contacted participants (66 %) 

were not willing to wear a pedometer. Again, no information on their activity level is 

available. It should be taken into account that those not willing to wear a pedometer may be 

consistently less active or less motivated or interested in becoming (more) active. On the 

other hand, about one quarter of the employees (meso-level intervention) who did not use 

the pedometer while they were given the opportunity to wear it, reasoned that they were 

already active enough. However, about 60 % had baseline step counts below 10,000 

steps/day.  

 

Despite randomised recruitment before the intervention at the micro-level (chapter 2.2.4), 

results are also limited in generalisability, because participants were motivated to use a 

pedometer. Furthermore, the study sample was relatively small and consisted of mostly 

employed, healthy adults, recruited through telephone survey from only one city in East-

Flanders, limiting the representativeness of the sample. Another weakness of this study is 

the lack of information on actual use of the cognitive and behavioural support materials 



GENERAL DISCUSSION 

169 

during the individually-based intervention. The main limitations of the meso-level study 

were the substantial selection bias, limited generalizability and relatively short term follow-

up period. 

 

An overall weakness of the studies presented in this thesis it the fact that the study samples 

were limited to East-Flemish healthy adults. East-Flanders is situated in the Flemish Region 

of Belgium, which is only one part of the country. The three Belgian regions (Flemish Region, 

Walloon Region, Brussels-Capital Region) have different powers for example relating to the 

economy, employment, transport, environment, town and country planning, and 

supervision of the provinces, communes and intercommunal utility companies.  

The pedometer-based interventions at the meso- and macro-levels were pilots for Europe, 

but the East-Flemish nature of the samples and interventions may limit the generalisability of 

the interventions. Furthermore, also within Europe, cultures, climates, and environments 

may differ, which may result in differences in physical activity level and the opportunities to 

promote it. 

Another issue concerning the „location‟ of the studies, is the fact that the workplace 

participating in the meso-level intervention (2007) was located in Ghent, the community 

where the macro-level intervention took place in 2005-2006. However, both intervention and 

comparison workplace were situated in Ghent and half of the employees lived at least 20 km 

from their work, suggesting that they are not inhabitants of Ghent and thus not exposed to 

the total community campaign. Still, the other half lives in Ghent and one could take offence 

at this aspect.  

 

In the study at the macro-level, randomization was only possible within the already existing 

communities. However, it was a strength of the study that within the intervention and 

comparison community, participants were randomly selected. Another methodological 

strong point of the study was the large sample size at baseline and the relatively small loss to 

follow-up.  

On the other hand, it should be noted that also in the studies in chapter 2.2.3, 2.2.4, and 2.2.5 

recruitment was done via telephone and mail. The overall response rate was no more than 

42 %. Again, no information is available about the individuals who were not interested to 

participate. Furthermore, the studies about the macro-level intervention only reported effects 

on physical activity and sitting time after one year. In addition, there is no information 

available about the context of sitting reported in the communities. It could have been useful 
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to know where and how participants spent their sitting time, for example at work, at home, 

or during screen activities.  

 

Due to social desirability, the use of self-reported physical activity data, could be a weakness, 

however, the combination of both self-reported and more objective pedometer data was a 

good solution for this thesis, as previously suggested by different authors (Sallis and Saelens, 

2000; Tudor-Locke and Myers, 2001; Tudor-Locke et al, 2002). Still, it has to be considered 

that pedometers also have some limitations (no information about activity intensity, activity 

duration, and non-ambulatory activities). Another strength of the thesis as a whole, is the 

fact that all interventions were evaluated through „control group‟ studies. In addition, all 

interventions were implemented in real-life settings.  

 

 

4 Practical implications 

 

Although many physical activity interventions have been implemented previously, physical 

inactivity remains a worldwide public health problem that still needs to be addressed in the 

future. When developing, designing, and implementing future physical activity promotion 

programs, research of the present thesis can be a source of ideas, information, advise, and 

recommendations. The different studies of the thesis provide some practical implications for 

physical activity research and/or promotion.  

 

First of all, results from the methodological pedometer-related studies implicate the 

following: due to considerable validity problems of untested inexpensive pedometers, their 

use should not be recommended for research or practice purposes. As they give incorrect 

information, these inexpensive devices could damage any investment in good quality 

pedometers for physical activity assessment and physical activity health promotion. It would 

be beneficial to introduce a quality label or a consensus on industry standards for pedometer 

quality to optimize the usefulness of pedometers, as suggested by Tudor-Locke and 

colleagues (2006). Recommended criteria are: (1) sensitivity threshold of 0.35 g, (2) maximum 

± 1 step error on the 20 Step Test, (3) maximum ± 1 % error during treadmill walking at 

80 m/min, and (4) maximum 10 % error when compared with ActiGraph or Yamax Digi-

Walker in free-living conditions (Tudor-Locke et al, 2006). 
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Since the pedometer is able to assess walking, moderate, and vigorous physical activity in 

different contexts, the use of pedometers as monitoring device is recommended when 

accelerometers are not available. This thesis supports the usefulness of pedometers in 

determining physical activity in large, free-living adult populations. 

Furthermore, the methodological study in chapter 2.1.2, comparing pedometer data with 

data from different questionnaires, found discrepancies between the currently used health-

related guidelines (step count goals and the goal expressed in minutes of physical activity) 

despite the fact that moderate correlations were found between step counts and 

questionnaire-based physical activity. Percentages of participants reaching the standards 

differed notably, maybe due to over-reporting in the questionnaires. Consequently, caution 

is needed when  comparing proportions classified as „active‟ based on different instruments. 

 

Secondly, the pedometer-based intervention studies give insights which may be meaningful 

for research and practice. The study on the individual-based level showed that despite the 

growing popularity of pedometers and step count goals, ongoing promotion of the concept is 

still needed, since most participants were not familiar with it. It was assumed that the low 

familiarity with pedometers resulted in the low proportion of participants willing to wear a 

pedometer. Physical activity promoters have to consider that certain individuals may be 

“scared off” by pedometers and resist to wear the device. Consequently, wide accessibility of 

valid pedometers needs encouragement and it is recommended to provide sufficient 

information along with it, regarding the device and its use. Maybe role models can also help 

to convince people to wear a pedometer. 

Furthermore, the results suggested that the support of cognitive and behavioural materials is 

recommended, as the combination of pedometer use with support materials gave better 

attitudes towards pedometer use (finding it more pleasant to wear a pedometer, willing to 

wear the pedometer for a longer period, having a better knowledge about pedometers). 

However, motivated individuals simply wearing a pedometer, with or without support 

materials, may increase their physical activity on a short time base.    

 

As the workplace pedometer-based intervention was only effective for already active 

employees, more attention should be given to employees most in need of (more) physical 

activity. The present workplace intervention was easy to implement and although Marshall 

(2004) suggested programs with less 'organized' approaches, it is recommendable to provide 
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counselling sessions or extra support in order to increase physical activity in the total 

workplace.  

Furthermore, it was found that the significant intervention effect on step counts was only 

present on workdays. Consequently, during future workplace interventions, more attempts 

should be made to affect leisure time and non-workday physical activity behaviours.  

According to the participants, a popular intervention strategy was the use of the stairs 

instead of the elevator. By placing posters in the hall and by placing footsteps towards the 

stairs, the promotion of staircase use can indeed be a valuable strategy, however it should 

always be placed in a broad physical activity promotion approach, emphasizing the 

accumulation of different lifestyle activities. It is important to recognize that simply taking 

the stairs instead of the elevator once or twice a day, is not enough to increase physical 

activity considerably. 

A final suggestion for other workplace interventions, is to request employees explicitly to use 

the pedometer and to keep daily log books. In the present intervention, pedometers were 

made available to every employee in the worksite, however, only half of the participants 

reported to have used the pedometer during the intervention (again pointing out the fact 

that some individuals resist to use a pedometer), which could have caused the low amount 

of step count increase. It was found that pedometer use was significantly associated with a 

step count increase in the community-based intervention. 

  

The pedometer-based community intervention showed promising results regarding project 

awareness, physical activity levels, and sitting behaviours in both active and inactive 

participants. However, specific attention should also be given to individuals with lower 

levels of education, as it was found that participants with a college or university degree were 

more likely to report step count increases. However, due to its overall successfulness, the 

multi-strategy intervention, which served as a preliminary pilot for Europe, is ready for use 

in other cities, communities, or countries. Moreover, since limited evidence-based physical 

activity interventions were ready to use in health organizations, the Flemish minister of 

Wellbeing, Public Health and Family decided to use “10,000 Steps Ghent” as a base for a 

large physical activity promotion project through the local health services. 

Pedometer use showed to be an important intervention strategy, however, results suggested 

that the entire multi-strategy campaign was important to affect physical activity. Pedometer 

use only partly mediated the intervention effect, consequently, also awareness through street 
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signs and workplace projects for example, are essential to obtain a significant intervention 

effect on the community‟s physical activity level.  

 

 

5 Directions for future research 

 

The present thesis already investigated many aspects about pedometers and pedometer-

based interventions. However, many facets still need to be explored regarding physical 

activity promotion through pedometer use and step count goals.  

 

Present studies did not include information about BMI or other physiological parameters, 

and socio-demographic variables such as marital status, job classification, and income. 

Future studies could focus on the relation between pedometer-determined physical activity 

and these descriptive variables. 

Furthermore, no theoretical concepts or processes through which pedometers operate were 

measured and examined in the present intervention studies. However, future research could 

focus on these aspects. It would be interesting to know whether setting step count goals is 

“the drive” in continuing/successfully finishing a program, which cognitions are involved in 

reaching/not reaching a step count goal, and whether people feel more competent when 

they make relatively low or high goals.  

In addition, it would be valuable to further investigate why people refuse to wear a 

pedometer. What are their cognitions? Are they avoiding the confrontation with the fact that 

they are inactive? Are they ignoring their “problems“ and therefore showing resistance? Can 

this high percentage of people refusing to wear a pedometer decrease as now more 

promotion about pedometer use is made in whole Flanders?   

 

The effects of cognitive and behavioural support materials was investigated through a short 

duration individual-based intervention, given to volunteers willing to use a pedometer. 

Future research should evaluate the effects on physical activity behaviour and attitudes in 

less motivated individuals, for example, in inactive patients given a pedometer by their 

physician. 

Furthermore, long-term effects of additional support materials should be investigated, since 

the present interventions only lasted for 3 weeks. Baker et al (2008) found that in the short 

term (4 weeks), pedometer use and step count goal-setting may be effective in promoting 
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walking, but that in the long term (52 weeks), step count levels were no longer different from 

those at baseline. The authors suggested that additional support may be required to sustain 

increases in walking (Baker et al, 2008). Participants in the previous individual-based study 

were highly motivated to walk and already reasonably active. Consequently, in the future, it 

should be examined whether pedometer use with additional support materials (1) could 

increase physical activity and attitudes over a longer time, (2) whether the additional 

support materials would make a difference compared with purely pedometer use over a 

longer time, (3) and whether the effects would be the same in less motivated, inactive 

individuals. 

 

The overall evaluation of the pedometer-based community intervention proved the 

effectiveness of the “10,000 Steps Ghent” in increasing physical activity after one year. Earlier 

research however revealed that individuals might fall back into their previous (inactive) 

routine, once the (intensive) intervention period is completed (Rhodes et al, 1999). In Ghent, 

the campaign is still ongoing in a less intensive manner, i.e. the website, walking circuits in 

the parks, and signs in public parking places are still available; however, other posters in the 

streets or some other marketing strategies (for example advertisements in town magazine, 

press conferences) are no longer explicitly present. Consequently, one could wonder whether 

the „low(er) profile intervention‟, following the initial intervention, is enough to maintain 

positive effects on physical activity. A second follow-up study should be conducted to 

evaluate the long-term (for example 4-year follow-up) effects of the project on physical 

activity. However, isolating the effect of “10,000 Steps Ghent” will be difficult, since other 

physical activity interventions, implemented in the previous years, may cause 

contamination. Still, maintenance and long-term adherence to physical activity are necessary 

to accomplish sustainable public health effects. A recent systematic review (Müller-

Riemeschneider et al, 2008) of physical activity, multi-component interventions in healthy 

adults showed evidence for long-term increases in physical activity behaviour and physical 

fitness over 12 to 24 months. The majority of these studies used strategies to maintain 

increased levels of physical activity over time, including repeat interventions or booster 

strategies such as mails, phones, internet, groups sessions or combinations. Most substantial 

long-term increases in physical activity were found in comprehensive and high quality 

interventions, using additional exercise prescriptions and booster strategies. These review 

findings could assume successfulness of “10,000 Steps Ghent” over a long time, however, the 

long-term effectiveness of the community project remains to be proven.  
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Physical inactivity is linked with inverse health effects (US Department Surgeon General, 

1996), which in turn have negative economic consequences for healthcare costs (Wang et al, 

2004). However, population-based interventions can positively affect the amount of physical 

activity (Kahn et al, 2002) and consequently improve public health (Haskell et al, 2007). 

Unfortunately, there is still a considerable amount of individuals not meeting the health-

related physical activity guidelines (US Department Surgeon General, 1996; Varo et al, 2003; 

Bauman et al, 2003). Consequently, ongoing physical activity promotion is needed and the 

strategies used should be both effective and cost-effective (Roux et al, 2008). As suggested 

previously (Müller-Riemeschneider et al, 2008), additional cost-effectiveness analyses of 

physical activity interventions are warranted to assess the feasibility of their strategies on a 

broad population basis. It is important to know how money can be spent with maximum 

public health benefits (Roux et al, 2008). An evaluation of seven exemplar physical activity 

interventions (included strategies were community-wide campaigns, social support, 

individually adapted behaviour change, and enhanced access) showed that all interventions 

were cost-effective and offered good value for money, with increases in both survival and 

health-related quality of life (Roux et al, 2008). However, today, little is known about the 

cost-effectiveness of pedometer-based campaigns (delivered in the community). Therefore, 

future research could evaluate the cost-effectiveness of programs such as “10,000 Steps 

Ghent”. 

 

An additional unintended effect of “10,000 Steps Ghent” was the decrease in sitting time. 

Owen et al (2000) argued that sedentary behaviour should not be seen as the other side of the 

physical activity coin, but as a class of behaviours that can coexist and also compete with 

physical activity. They believed that it may be valuable to make a distinction between 

physical activity and sedentary behaviour, and to address each as a problem for research and 

for public health action in its own right. The findings of the present thesis regarding the 

effect of a pedometer-based community intervention on sitting time (while step counts 

increased, sitting time decreased in the intervention participants, suggesting that one 

displaced the other) are however preliminary. Further research, using more objective 

measures, should explore whether focusing exclusively on physical activity is sufficient to 

reduce sitting time, or whether specific attention should be given to sedentary behaviours. In 

addition, to have more information about the context of the sitting time would be interesting. 
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It would be helpful to know on what kind of sedentary behaviours interventions should 

focus. 

 

6 References 

  

Ainsworth B, Lean A, Richardson M, Jacobs D, Paffenbarger R (1993). Accuracy of the college 

alumnus physical activity questionnaire. Journal of Clinical Epidemiology, 46:1403-1411. 

 

Baker G, Mutrie N, Lowry R (2008). Using pedometer as motivational tools: are goals set in 

steps more effective than goals set in minutes for increasing walking? International Journal of 

Health Promotion and Education, 46:21-26. 

 

Bassett D, Ainsworth B, Leggett S, Mathien C, Main J, Hunter D, Duncan G (1996). Accuracy 

of five electronic pedometers for measuring distance walked. Medicine and Science in Sports 

and Exercise, 28:1071-1077. 

 

Bauman A, Armstrong R, Davies J, Owen N, Brown W, Bellew B, Vita P (2003). Trends in 

physical activity participation and the impact of integrated campaigns among the Australian 

adults, 1997-99. Australian and New Zealand Journal of Public Health, 27:76-79. 

 

Berry T, Fraser S, Spence J, Garcia Bengoecchea E (2007). Pedometer ownership, motivation, 

and walking: do people walk the talk? Research Quarterly for Exercise and Sport, 78:369-374. 

 

Burton N, Walsh A, Brown W (2008). It just doesn‟t speak to me: mid-aged men‟s reactions to 

‟10,000 Steps a Day‟. Health Promotion Journal of Australia, 19:52-59. 

 

Cochrane T, Davey R (2008). Social ecological approach to increasing uptake of physical 

activity in urban communities. The Journal of the Royal Society for the Promotion of Health, 

128:31-40. 

 

Clarke K, Freeland-Graves J, Klohe-Lehman D, Milani T, Nuss H, Laffrey S (2007). Promotion 

of physical activity in low-income mothers using pedometers. Journal of the American Dietetic 

Association, 107:962-967. 



GENERAL DISCUSSION 

177 

 

Crouter S, Schneider P, Karabulut M, Bassett D (2003). Validity of 10 electotronic pedometers 

for meausring steps, distance, and energy cost. Medicine and Science in Sports and Exercise, 

35:1455-1460. 

 

Dinger M, Heesch K, Cipriani G, Qualls M (2007). Comparison of two email-delivered, 

pedometer-based interventions to promote walking among insufficiently active women. 

Journal of Science and Medicine in Sport, 10:297-302. 

 

Faghri P, Omokoro C, Parker C, Nichols E, Gustavezen S, Blozie E (2008). E-technology and 

pedometer walking program to increase physical activity at work. The Journal of Primary 

Prevention, 29:73-91. 

 

Gao Y, Boscolo M, Krahling, Zhu W, Lee M (2005). Step-count accuracy and instrument 

equivalence of McDonald‟s Stepometers. Medicine and Science in Sports and Exercise, 37:S117. 

 

Haskell W, Lee I, Pate R, Powell K, Blair S, Franklin B, Macera C, Heath G, Thompson P, 

Bauman A (2007). Physical activity and public health: updated recommendation for adults 

from the American College of Sports Medicine and the American Heart Association. Medicine 

and Science in Sports and Exercise, 39:1423-1434. 

 

Kahn E, Ramsey L, Brownson R, Heath G, Howze E, Powell K, Stone E, Rajab M, Corso P, the 

Task Force on Community Preventive Services (2002). The effectiveness of interventions to 

increase physical activity. A systematic review. American Journal of Preventive Medicine, 22:73-

107. 

 

Marshall A (2004). Challenges and opportunities for promoting physical activity in the 

workplace. Journal of Science and Medicine in Sport, 7:60-66. 

 

McCormack G, Giles-Corti B, Milligan R (2006). Demographic and individual correlates of 

achieving 10,000 steps/day: use of pedometers in a population-based study. Health Promotion 

Journal of Australia, 17:43-47. 

 

http://www.ncbi.nlm.nih.gov/pubmed/16619935?ordinalpos=3&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_DefaultReportPanel.Pubmed_RVDocSum


PART 3 

178 

Merom D, Rissel C, Phongsavan P, Smith B, Van Kemenade C, Brown W, Bauman A (2007). 

Promoting walking with pedometers in the community. The Step-by-Step Trial. American 

Journal of Preventive Medicine, 32:290-297. 

 

Miller R, Brown W (2004). Steps and sitting in a working population. International Journal of 

Behavioral Medicine, 11:219-224. 

 

Müller-Riemeschneider F, Reinhold T, Nocon M, Willich S (2008). Long-term effectiveness of 

interventions promoting physical activity: a systematic review. Preventive Medicine, 47:354-

368.  

 

Mutrie N, Wright A, Wilson R, Gunnyeon K (2003). Do pedometers motivate people to walk 

more? In: Nevill A (ed). The first joint conference of the British Association of Sport and 

Exercise Medicine and the British Association of Sport and Exercise Science, 2003, Sheffield, 

UK. Journal of Sports Sciences, 2003:254. 

 

Mutrie N, Galloway L, MacDonald P, MacDonald S (2004). Will pedometers help people 

maintain walking habit? In: Nevill A (ed). The annual conference of the British Association of 

Sport and Exercise Medicine and the British Association of Sport and Exercise Science, 2004, 

Liverpool, UK. Journal of Sports Sciences, 2004:178. 

 

Owen N, Leslie E, Salmon J, Fotheringham M (2000). Environmental determinants of 

physical activity and sedentary behavior. Exercise and Sport Sciences Reviews, 28:153-158. 

 

Rhodes R, Martin A, Taunton J, Rhodes E, Donnelly M, Elliot J (1999). Factors associated with 

exercise adherence among older adults: an individual perspective. Sports Medicine, 28:397-

411. 

 

Rooney B, Gritt L, Havens S, Mathiason M, Clough E (2005). Growing healthy families: 

family use of pedometers to increase physical activity and slow the rate of obesity. Wisconsin 

Medical Journal, 105:54-60. 

 

Rooney B, Smalley K, Larson J, Havens S (2003). Is knowing enough? Increasing physical 

activity by wearing a pedometer. Wisconsin Medical Journal, 102:31-36. 



GENERAL DISCUSSION 

179 

 

Roux L, Pratt M, Tengs T, Yore M, Yanagawa T, Van Den Bos J, Rutt C, Brownson R, Powell 

K, Heath G, Kohl H, Teutsch S, Cawley J, Lee I, West L, Buchner D (2008). Cost effectiveness 

of community-based physical activity interventions. American Journal of Preventive Medicine, 

35:578-588. 

 

Sallis J, Saelens B (2000). Assessment of physical activity by self-report: status, limitations, 

and future directions. Research Quarterly for Exercise and Sport, 71:1-14. 

 

Schmidt M, Blizzard C, Venn A, Cochrane J, Dwyer T (2007). Practical considerations when 

using pedometers to assess physical activity in population studies: lessons from the Burnie 

Take Heart Study. Research Quarterly for Exercise and Sport, 78:162-170. 

 

Schneider P, Crouter S, Bassett D (2004). Pedometer measures of free-living physical activity: 

comparison of 13 models. Medicine and Science in Sports and Exercise, 36:331-335. 

 

Sequeira M, Rickenbach M, Wietlisbach V, Tullen B, Schutz Y (1995). Physical activity 

assessment using a pedometer and its comparison with a questionnaire in a large population 

survey. American Journal of Epidemiology, 142:989-999. 

 

Speck B, Looney S (2001). Effects of a minimal intervention to increase physical activity in 

women. Nursing Research, 50:374-378. 

 

Stokols D (1996). Translating social ecological theory into guidelines for community health 

promotion. American Journal of Health Promotion, 10:282-298. 

 

Tudor-Locke C, Bassett D (2004). How many steps/day are enough? Preliminary pedometer 

indices for public health. Sports Medicine, 34:1-8. 

 

Tudor-Locke C, Bassett D, Swartz A, Strath S, Parr B, Reis J, DuBose K, Ainsworth B (2004). 

A preliminary study of one year of pedometer self-monitoring. Annals of Behavioral Medicine, 

28:158-162. 

 



PART 3 

180 

Tudor-Locke C, Ham S, Macera C, Ainsworth B, Kirtland K, Reis J, Kimsey D (2004). 

Descriptive epidemiology of pedometer-determine physical activity. Medicine and Science in 

Sports and Exercise, 36:1567-1573. 

 

Tudor-Locke C, Hatano Y, Pangrazi R, Kang M (2008). Revisiting “How many steps are 

enough?”. Medicine and Science in Sports and Exercise, 40:S537-S543. 

 

Tudor-Locke C, Myers A (2001). Challenges and opportunities for measuring physical 

activity in sedentary adults. Sports Medicine, 31:91-100. 

 

Tudor-Locke C, Sisson S, Lee S, Craig C, Plotnikoff R, Bauman A (2006). Evaluation of 

quality of commercial pedometers. Canadian Journal of Public Health, 97:S10-S15. 

 

Tudor-Locke C, Williams J, Reis J, Pluto D (2002). Utility of pedometers for assessing 

physical activity: convergent validity. Sports Medicine, 32:795-808. 

 

US Department of Health and Human Services, Centers for Disease Control and Prevention, 

National Center for Chronic Disease Prevention and Health Promotion, The President‟s 

Council on Physical Fitness and Sports (1996). Physical activity and health: a report of the 

Surgeon General. 

 

Varo J, Martínez-González M, de Irala-Estévez J, Kearney J, Gibney M, Martínez J (2003). 

Distribution and determinants of sedentary lifestyles in the European Union. International 

Journal of Epidemiology, 32:138-146. 

 

Wang G, Pratt M, Macera C, Zheng Z, Heath G (2004). Physical activity, cardiovascular 

disease, and medical expenditures in U.S. adults. Annals of Behavioral Medicine, 28:88-94. 

 

Winett R, Anderson E, Wojcik J (2007). Guide to Health: nutrition and physical activity 

outcomes of a group-randomized trial of an internet-based intervention in churches. Annuals 

of Behavioral Medicine, 33: 251-261. 

 

Wyatt H, Peters J, Reed G, Barry M, Hill J (2005). A Colorado statewide survey of walking 

and its relation to excessive weight. Medicine and Science in Sports and Exercise, 37:724-730. 



 

181 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DANKWOORD 

ACKNOWLEDGEMENTS 



 

182 

 

 

 

 

 

 

 



DANKWOORD 

183 

Ik moet eerlijk toegeven dat ik bij de start van dit doctoraatsproces weleens niet goed wist 

waar of hoe te beginnen. Laat staan dat ik wist hoe het eindresultaat er zou uitzien. Dankzij 

enkele bijzondere mensen ben ik er toch in geslaagd om alles tot een goed einde te brengen. 

Ik wil deze personen dan ook van harte bedanken! 

 

Eerst en vooral wil ik mijn promotor Prof. Dr. Greet Cardon en mijn copromotor Prof. Dr. 

Ilse De Bourdeaudhuij in de bloemetjes zetten. Het was een hele eer om met jullie te mogen 

samenwerken. Zonder jullie perfect geoliede tandem was het halen van 7 publicaties 

waarschijnlijk nooit zo vlot gegaan. Bedankt voor jullie prima begeleiding en het vertrouwen 

dat ik van jullie kreeg! 

Greet, jij maakte er geen probleem van dat ik te pas en te onpas binnen viel, jouw deur stond 

letterlijk en figuurlijk altijd open voor mij. Over elk geschreven stuk kreeg ik binnen de 

kortste keren feedback die mijn werk aanzienlijk verbeterde. Je gaf gedurende het ganse 

proces aanwijzingen en richtlijnen, maar toch was ik vrij om mijn eigen planning te maken 

en te volgen. Dit alles maakte de samenwerking zeer aangenaam.  

Ilse, ook van jou stak ik ongelooflijk veel op. Jouw kritische visie en statistische wijsheid 

waren heel verrijkend voor me. Ik wil je bedanken omdat er ondanks je vele lessen, 

afspraken, commissies, vergaderingen,… tijd was om je kennis en ervaring te delen met me. 

 

I also would like to thank Prof. Dr. Wendy Brown for being part of the supervisory board. 

Wendy, your suggestions and comments were really helpful and improved the papers 

significantly. It was great working with you… Thank you for your interest and enthusiasm!  

 

Ook de leden van de examen- en leescommissie ben ik van harte dankbaar. Jullie 

waardevolle suggesties maakten van dit werk een completer proefschrift. Ik waardeer enorm 

de tijd die jullie voor mij vrij maakten.  

 

Uiteraard wil ik ook diegenen bedanken die alle onderzoeken praktisch mogelijk maakten. Ik 

denk hierbij aan alle instanties en directies die betrokken waren bij de studies. De 

dataverzameling was vaak geen sinecure. Gelukkig kreeg ik de hulp van (thesis)studenten 

en medewerkers die bereid waren om ‟s avonds uren aan de telefoon door te brengen, op 

zoek naar bereidwillige proefpersonen. Ook deze deelnemers mag ik niet vergeten te 

bedanken.  

 



ACKNOWLEDGEMENTS 

184 

Zoals gezegd, had ik in het begin meer vragen dan antwoorden, maar geleidelijk aan vond ik 

mijn weg in het wereldje van artikels, submissions, revisies, A1-publicaties, congressen en 

presentaties. Dit mede dankzij alle HILO-collega‟s en in het bijzonder die van onze 

onderzoeksgroep „Fysieke Activiteit, Fitheid en Gezondheid‟. Bedankt aan iedereen die me 

met raad en daad heeft bijgestaan op alle mogelijke momenten. Ik denk hierbij ook aan mijn 

bureaugenoten Anne-Line, Cally en Melinda die voor verstrooiende „tussendoor‟-gesprekjes 

zorgden. Cally, also many thanks for revising my thesis. No doubt that your corrections 

improved the language notably. Ook speciale dank aan de collega‟s die het „middag-lopen‟ 

extra gezellig maakten! Bedankt Miet, Karlijn, Leen, Delfien en Petra.  

Delfien en Karlijn, niet alleen tijdens het lopen maakten jullie mijn werkdagen plezant, ook 

tijdens de middag- en koffiepauzes en op congressen was het heel aangenaam vertoeven bij 

jullie! Dikke merci! 

 

Verder wil ik mijn familie en vrienden bedanken. Het feit dat ik kon terugvallen op jullie 

betekent heel veel voor mij. Ellie, Bellie en Evi, bedankt voor de ontspannende dates. Deze 

hebben me, zonder dat jullie het waarschijnlijk beseften, enorm veel deugd gedaan. Onze 

etentjes en gesprekken waren ideale momenten om „het werk‟ van me af te zetten en te 

beseffen dat er meer is in het leven dan doctoreren. Ook Klaas en Mieke zorgden op tijd en 

stond voor leuke avonden thuis of op restaurant. Bedankt hiervoor! 

 

Mama, bedankt voor de was en de plas, de boodschappen en het eten. Door deze kleine 

taken van me over te nemen, was er meer tijd voor mij om te genieten van vrije momenten. 

Ik weet dat je op alle moeilijke momenten geduimd hebt en dat je nu enorm fier op me bent. 

Papa zou dit ongetwijfeld ook zijn… 

 

Matthias, bedankt voor je steun, luisterend oor en opbeurende aanpak. Jij twijfelde geen 

seconde aan mij en zei  telkens “Jij gaat dat kunnen, daar ben ik 100 % zeker van!”. Door jou, 

geloof ik meer in mezelf!  

 

Katrien De Cocker 

Gent, mei 2009 

 

   


