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Abstract
Background. Despite the potential importance of worksite physical activity interventions, reviews suggest there is currently a lack of clarity regarding their effectiveness. Aim. This meta-analysis assessed the effectiveness of worksite interventions designed to promote physical activity and investigate whether 1) interventions explicitly designed based on theory are more effective, and 2) inclusion of specific behaviour change techniques improves effectiveness. Methods. Worksite interventions with a primary aim of increasing physical activity were systematically reviewed. Designs were experimental or quasi-experimental and outcome measures were objective or validated self-report.  Interventions were coded based on the extent to which theory/predictors were used to select/develop intervention techniques. A standardised theory-linked taxonomy of 26 behaviour change techniques (BCTs) was also used to code interventions. Effects of explicit use of theory, individual techniques, and number of BCTs used were assessed using meta-analysis and meta-regression. Results.
Twenty six studies reporting 27 evaluations were included in the meta-analysis and a random effects model produced an overall effect size (d) of .21 (95% CI .17 to .26). Subgroup analysis indicated that interventions using theory more explicitly were more effective, producing an effect size of .34 (CI .23 to .45; I² = 0%). No significant differences in effect sizes were found between studies that had used individual behaviour change techniques and those that had not, and studies that used more techniques were not more effective. Conclusion. Overall, worksite physical activity interventions were effective, but only produced small sized effects on physical activity. Theory based interventions were more effective.
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INTRODUCTION
The benefits of a physically active lifestyle in promoting health and disease prevention are well documented and no longer subject to debate (DoH, 2004). However, in developed countries people are becoming increasingly sedentary (World Health Organisation [WHO], 2004). Unfortunately, physical inactivity is not only a risk factor for a number of diseases (e.g., Warburton, Nicol, & Bredin, 2006), but it also has a considerable negative impact on the health economy (Allender, Foster, Scarborough, & Rayner, 2007). For example, the annual indirect cost of physical inactivity in England has been estimated to be £8.2 billion (Department of Culture, Media and Sport [DoCMS],  2002), and was estimated to be over $500 billion in the US in 2008 (Chenoweth & Leutzinger, 2006). As a consequence, promoting physical activity is of great relevance.
Most adults spend over half their waking life at work, commonly in deskbound occupations (Gilson, McKenna, Cooke, & Brown, 2007). The sedentary nature of many jobs, combined with the increasing use of motorised transport, has contributed to a decline in physical activity behaviour amongst adults (Lawlor et al., 2003). Coupled with the individual health benefits of physical activity, employers endorsing physical activity interventions at work may benefit from increased productivity and a reduction in absenteeism (Dishman, Oldenburg, O'Neal, & Shephard, 1998; Proper, Staal, Hildebrandt, Van der Beek, & Van Mechelen, 2002). 
Evidence for the effectiveness of worksite physical activity interventions
Offering physical activity interventions at the workplace could be an efficient strategy to increase physical activity (Conn, Hafdahl, Cooper, Brown, & Lusk, 2009). Factors such as convenience, group support, existing patterns of communication, and corporate behaviour norms may serve to produce advantages of worksite programmes over other approaches (Marcus & Forsyth, 1999; Pratt, 2008; Shephard, 1996). Given the broad and captive nature of the employee population, worksite physical activity interventions may be especially valuable because the imbalance between physical activity and energy expenditure at work may contribute to the obesity epidemic (Troiano, Berrigan, & Dodd, 2008). Despite the potential importance of worksite physical activity interventions, reviews (e.g., Abraham & Graham-Rowe, 2009; Dishman et al., 1998; Dugdill, Brettle, Hulme, McCluskey, & Long, 2008; Proper et al., 2002) suggest there is a lack of clarity regarding their effectiveness. One of the earliest reviews undertaken (Dishman et al., 1998) included 26 studies and found a heterogeneous small effect size (r = .11; 95% CI = -.20 to .40) that was statistically non-significant. As a result, the authors concluded that the typical worksite intervention was yet to demonstrate a statistically significant impact on physical activity or fitness. By contrast, the review by Proper et al. (2002) supported the implementation of worksite physical activity interventions at least in relation to reducing the risk of musculoskeletal disorders, but these conclusions were based only on two high quality (RCT) studies (Grønningsäter, Hytten, Skauli, Christiensen, & Ursin, 1992; Gundewall, Liljeqvist, & Hansson, 1993). Both reviews (Dishman et al., 1998; Proper et al., 2002) concluded that the majority of worksite physical activity interventions lacked methodological rigour through poor study design, had a general reliance on self-report measures, and provided insufficient descriptions of the randomisation procedure. The evidence presented by Dishman et al. (1998) and Proper et al. (2002) is persuasive because in each review, studies were included based on assessment of methodological quality, and quantitative methods were used to assess and compare effect sizes of worksite physical activity intervention evaluations (Abraham & Graham-Rowe, 2009). In contrast to these findings, a more recent narrative review by Dugdill et al. (2008), which reviewed studies from Europe, Australia, Canada and New Zealand, claimed there was a growing evidence base that worksite physical activity interventions can positively increase physical activity behaviour. However, studies from the USA and Asia were not included in this analysis. 
The most up to date reviews of worksite physical activity interventions have been recently undertaken by Conn et al. (2009), and Abraham and Graham-Rowe (2009). Abraham and Graham-Rowe extended the results of Dishman et al. (1998) by assessing interventions for the period of 1997-2007. They concluded that worksite physical activity interventions have small positive effects on PA when assessed by self-report measures (d = .23), but these effects were more modest when using objective measures of cardiorespiratory fitness (e.g., Harvard Step Test, VO2 Max Test, heart rate measures) as the outcome measure (d = .15). Conn et al. (2009) undertook a rigorous workplace physical activity intervention evaluation with a large number of studies (k = 206), which produced a similar mean effect size of d = .21. Both Abraham and Graham-Rowe and Conn et al. assessed the impact of moderating variables, such as intervention techniques and contextual characteristics. However, neither of these, or any other published worksite physical activity meta-analysis have examined the extent to which theory was used to inform the design of interventions, and how this impacts on effectiveness. 
The importance of theory in health behaviour change interventions
Theory is regarded as the primary foothold that developers have in creating health behaviour change interventions (Brug, Oenema, & Ferreria, 2005). It can be used to explain the structural and psychological determinants of behaviour and to guide the development and refinement of health promotion interventions (Painter, Borba, Hynes, Mays, & Glanz, 2008). Interventions can be informed by theory in a number of ways. For example, through identifying 1) theoretical constructs to target (e.g., intention, attitude), 2) mechanisms underlying specific behaviour change techniques (e.g., prompt intention formation, prompt barrier identification; Webb, Joseph, Yardley, & Michie, 2010), and 3) elements of behaviour to target that will be of most benefit to individuals. Theory also allows one to assess whether the targeted factors in the intervention represent mediators of changes in behaviour (Baron & Kenny, 1986; Shrout & Bolger, 2002). Moreover, the application of theory should improve the likelihood of intervention effectiveness by helping researchers/practitioners to make informed decisions when developing behaviour change interventions (Fishbein & Yzer, 2003). Therefore without the use of theory, information to understand processes, gain knowledge, and accumulate evidence is limited (Lippke & Ziegelmann, 2008).
Claims regarding the increased effectiveness of theory based interventions date back to the late 1990’s (Griffin, Kinmonth, Skinner, & Kelly, 1999), and have been supported in recent years (Marteau, Dieppe, Foy, & Kinmonth, 2006; Michie, Sheeran, & Rothman, 2007; Painter et al., 2008). In an attempt to confirm these assertions, a large meta-analytic review of interventions to prevent HIV reported that the degree of behaviour change was positively related to the use of theory (Albarracin et al., 2005). However, this finding was based only on whether or not a theory was stated, rather than if it had been used and to what extent in intervention design. To advance on these findings, a meta-analysis of internet-based health promotion interventions (20 [24%] of which targeted physical activity behaviour) assessing the impact of theoretical basis was recently undertaken by Webb et al. (2010). Using a coding scheme developed by Prestwich and Michie (2009), the authors of this review found that interventions making extensive use of theory tended to report larger effects on behaviour than did those interventions that made less extensive or no use of theory. Furthermore, Webb et al. (2010) also noted that there was considerable variation in the degree to which intervention design was informed by theory.
What is the extent to which interventions are theory driven versus theory inspired? 
Intervention designers often make claims about the theoretical basis of their intervention. However, this is not always realised in the intervention itself. A number of reviews have suggested that health behaviour interventions are rarely informed by theory. For example, in their meta-analysis of tailored interventions (of which five [13%] addressed physical activity), Noar et al. (2007) discovered that 9% of the studies they investigated had no explicit theoretical basis. In addition, Dombrowski, Sniehotta, Avenel, and Coyne (2007) found that although 34 (44%) of the RCTs they investigated reported the theoretical basis for intervention development, not a single study explained how theory led to development of the intervention, and none provided a systematic rationale which underpinned the intervention development. Furthermore, in an evaluation of 37 online interventions (six of which aimed to promote physical activity/exercise), Evers et al. (2003) identified that the majority (76%) did not base their intervention on theory. These weaknesses make it difficult to determine if published interventions are evidence-based or simply evidence-inspired (Michie & Abraham, 2004). As such, the current quality of published evaluations could be limiting the development of a science of behaviour change (Dombrowski et al., 2007).
The reviews presented above were based on a range of health behaviours and targeted at different populations. Therefore, the question regarding the effectiveness of workplace physical activity interventions in relation to the extent to which theory is used and how explicitly it is applied remains unanswered. Consequently, one aim of the present review was to investigate whether the extent to which interventions were explicitly based on theoretical predictors influences the effectiveness of physical activity interventions for employees.
How do behaviour change techniques influence worksite physical activity intervention effectiveness?
Behaviour change techniques (BCTs) represent the specific strategies used in an intervention designed to promote behaviour change (Webb et al., 2010). For example, interventions to promote physical activity amongst employees have used techniques such as barrier identification, goal setting, and self-monitoring (Napolitano et al., 2003). However, the way in which the BCTs used in many interventions has been described has been inconsistent due to the absence of a standardised vocabulary which defines intervention components (Abraham & Michie, 2008). This has caused reviewers to use diverse approaches to categorising intervention content (e.g., Albarracin et al., 2005; Webb & Sheeran, 2006), which has made it difficult to pinpoint the specific characteristics of interventions that are effective in promoting behaviour change. 
Recent work in this area has alleviated some of these problems. Abraham and Michie (2008) defined a set of 26 reliable theory-linked behaviour change techniques (BCTs) that can be used to characterise intervention content, as well as to clarify content differences between them. This taxonomy of BCTs has inspired reviewers to code interventions and assess the effects of each technique, as well as combinations of techniques, across interventions (e.g., Michie, Abraham, Whittington, McAteer, & Gupta, 2009; Webb et al., 2010). For example, in a meta-analysis and meta-regression of online health behaviour change interventions (Webb et al., 2010), results indicated that interventions using more techniques had a greater impact on behaviour. Furthermore, the techniques of ‘self-monitoring’, ‘stress management’, ‘skills training’, ‘modelling’, ‘relapse prevention’, ‘facilitating social comparison’, ‘goal setting’, ‘action planning’, and ‘provision of feedback on performance’ were each found to have significant effects on behaviour change (ranging from d = .18 to .50). Findings from a meta-analysis of worksite physical activity interventions by Abraham and Graham-Rowe (2009) indicated that the use of self-monitoring was associated with intervention effectiveness for those assessed by self-report. However, this pattern was not replicated when fitness was the outcome measure. Moreover, the impact of each of the 26 techniques on intervention effectiveness was not reported. As such, it is possible that additional intervention techniques may have influenced effectiveness. Therefore, in order to identify which of the 26 BCTs are used in and linked to the effectiveness of workplace physical activity interventions, the present review used the taxonomy developed by Abraham and Michie (2008) to code intervention content.
Aims and objectives
The primary aim of this systematic review was to assess the effectiveness of worksite physical activity behaviour change interventions. Secondary aims were to investigate whether intervention effectiveness is improved by:
· The extent to which interventions are explicitly designed based on theory. 
· Use of any of 26 theoretically-specified behaviour change techniques.
Method
The methods used to collect and summarise the evidence as part of this review are in accordance with the preferred reporting items for systematic reviews and meta-analyses guidelines (PRISMA: Liberati et al., 2009). The review of interventions covered the period from 1975 to January 2009 to coincide with 1) the formation by the American Psychological Association (APA) of a task force on health research (APA Task Force, 1976), and 2) the emergence of health psychology as a scientific discipline (Friedman & Adler, 2007). Research papers were sourced initially through electronic databases, including an advanced version of the Web of Science, PSYCHINFO, SPORT-DISCUS and Medline. Relevant references were explored and retained when they met the inclusion criteria. Reference sections of retrieved articles were also searched manually. Finally, subscription to ZETOC alerts was established in order to be kept up to date with the latest publications in this area. Search terms included ‘physical activity’, ‘exercise’, ‘intervention’, ‘behaviour change’, ‘worksite’, and ‘employees’. 
Papers were considered for the review if (a) a primary objective of the intervention was to increase physical activity of adults (18 years or over) in the workplace, (b) the study measured objective and/or subjective levels of physical activity using validated measures, and c) an experimental or quasi-experimental design (i.e., controlled trials and interrupted time series designs) was used (Dishman et al., 1998). If the intervention was multi-faceted (e.g., it was attempting to improve dietary and physical activity behaviour), it was considered for inclusion as long as a primary aim was to improve levels of physical activity. Interventions aimed at individuals sharing a clinical condition (e.g., pregnant women, individuals with diabetes, mental health problems, etc.), amateur or professional athletes, or ageing adults (i.e., retired individuals) were excluded. This is because interventions aimed at these individuals are likely to have a different purpose. For example, for amateur/profession athletes, the overall aim may be related to rehabilitation following injury (e.g., Evans & Hardy, 2002); for ageing adults, the aim may be related to increasing mobility (e.g., Logan et al., 2004), rather than physical activity.  
Over 9000 papers were identified by the initial search strategy. The search filter ‘health promotion’ was applied and narrowed the articles down to 1203. A review of the abstracts reduced this total to 93 studies. The first author reviewed each paper independently and 14% of the results were cross checked by two experienced experts in the field. A full text review of individual papers and associated reference lists resulted in 26 accepted studies (27 evaluations). Appendix 1 provides a list of rejected studies and reasons for exclusion. 
Data extraction
Effect sizes were calculated using the standardised mean difference d [(mean a – mean b) / pooled standard deviation]. Given that some studies had small sample sizes,  Hedges g correction was used for all effect sizes (Hedges & Olkin, 1985; Kampenes, Dyba, Hannay, & Sjøberg, 2007)[footnoteRef:1]. Where the appropriate data were available, these values and associated standard error for each comparison were computed from means and standard deviations. When this data could not be obtained, the following approaches were used to calculate effect sizes, in this order: 1) mean change in each group, F for difference in change and sample size, 2) difference in means for each group, confidence intervals, and sample size, 3) mean difference in each group, standardised deviation difference in each group, and sample size, 4) raw difference in group means, standard error, and sample size. Articles reporting multiple outcome measures (e.g., self-reported minutes per week, VO² Max, total energy expenditure (EE) per week) were recorded and an average effect size for each study was calculated, but group sample sizes were initially halved to avoid underestimating the variance associated with each effect size (Borenstein, Hedges, Higgins, & Rothstein, 2009). Where data were reported from multiple time points, the results were taken from the first measurement point at which the intervention delivery had finished, and where there was more than one measurement point taken after the intervention had finished, an average effect size was used. When gender groups were assessed separately, both were included but treated as separate studies. Where two interventions in the same study met the inclusion criteria, the intervention with the greatest effect was chosen (cp. Michie et al., 2009).  [1:  The correction factor, J, yields an unbiased estimate of the pooled standard deviation, δ, using the following formula: J = 1 – 3/4df – 1. Following the correction, the same equation (described above) is used to compute Hedges g as is to compute Cohen’s d (Boresntein et al., 2009).] 

Coding of study characteristics
Data were coded using a review scheme developed by the authors and the following information was extracted: a) bibliographic information, b) location (country), c) sample size (including attrition information), d) design, e) duration of treatment (weeks), f) average time of outcome assessment, g) format of delivery (group, individual, or both), h) source of delivery (e.g., web, health professional, etc.), i) contact time (hours), j) outcome measure (fitness, duration, energy expenditure, or steps), k) behaviour target (sole PA or PA plus another behaviour), l) delivery during work hours, and m) effect size information (means, standard deviation, statistic type, value of statistic, direction of effect, number of responders).
Additionally, interventions were coded using Abraham and Michie’s (2008) standardised theory-linked taxonomy of 26 BCTs. This was used in order to characterise and differentiate between intervention content, and to identify the specific factors successful in changing physical activity behaviour. Instructions from Abraham and Michie’s (2008) 5-page coding manual were followed and both the intervention and control groups in each study were coded. Coding values were assigned to assess the effectiveness of behaviour change techniques in the intervention group, relative to the control group (rather than using within group change over time as the measure of effectiveness) and were as follows: 1 = technique present in intervention group only, -1 = technique present in control group only, 0 = technique present in both or not present in either group. 
Finally, interventions were coded based on the extent to which the theory/predictors used to select/develop intervention techniques were made explicit. This coding approach was based on guidance about systematic examination of the use of theory within intervention research provided by Michie and Prestwich (2010). Two items from this guidance (theory/model of behaviour mentioned and theory/predictors used to select/develop intervention techniques) supported the research questions posed here. These were combined to produce four categories that interventions could be allocated to: A = no mention of theory at all, B = broadly describes how theory was used to inform intervention design, C = describes how theoretical constructs were used to inform the design of some specific intervention strategies, or D = described how theoretical constructs were used to inform the design of every specific intervention strategy. 
Inter-rater reliability checks on technique identification and explicit use of theory was conducted by the second and third authors on 8 (30%) of the 26 papers. A Kappa value of .43 (p < .01) was produced for agreed presence of techniques, and an 80% agreement for presence and absence of techniques was also found, indicating moderate levels of reliability. Agreement for explicit use of theory was 63%. Disagreements were resolved through discussion.
Data synthesis and analytic strategy
	Analysis and computations were conducted using Comprehensive Meta Analysis software, Version 2.2.040 (Borenstein, Hedges, Higgins, & Rothstein, 2005). A random effects meta-analysis, random effects sub-group analyses, and random effects method of moments meta-regression were performed. For categorical variables, planned sub-group analyses were undertaken using a Q-test based on analysis of variance to investigate whether effect sizes differ as a function of sub-group membership (Borenstein et al., 2009). Planned univariate meta-regression was used with continuous variables and is defined as “…a combination of meta-analytic principles (of combining results from multiple studies with due attention to within-study precision and among study variation) with regression ideas (of predicting study effects using study-level covariates)” (Sutton & Higgins, 2008; p.629). The regression coefficients (β) are the estimated increase in the effect size per unit increase in the covariates(s). For all types of analyses, positive effect sizes indicate that the intervention had a better outcome than the control group (Michie et al., 2009).    
	Cohen’s d was used as the primary estimate of effect size for each study, with Hedge’s g adjustment. Weighted average effect sizes (d+) were based on a random effects model (DerSimonian & Laird, 1986) to incorporate the assumption that studies are likely to be different from one another in ways too complex to be captured by a few simple study characteristics (Cooper & Hedges, 1994). Cohen’s (1992) guidelines were used to interpret effect sizes. Classifications for what is considered to be small, medium and large effect sizes are d+ = .20, d+ = .50, and d+ = .80, respectively[footnoteRef:2].  [2:  The classifications for Cohen’s d effect sizes also apply to Hedges g (Cohen, 1988, 1992; Kampenes et al., 2007).] 

	The Q statistic (Cochran, 1954), I² statistic (Higgins & Thompson, 2002), and visual inspection of the forest plots were used to examine statistical heterogeneity in the meta-analysis. A statistically significant Q indicates that the effect sizes are heterogeneous. I² describes the percentage of total variation across studies that is due to heterogeneity rather than chance, so presents the proportion of observed variance that reflects real differences in effect size (Higgins, Thompson, Deeks, & Altman, 2003). Based on suggestions made by Higgins et al. (2003), an I² of 25% was interpreted as low heterogeneity, 50% as moderate, and 75% as high.
	Random effects subgroup analysis was performed to examine whether any of the following intervention characteristics were associated with increased intervention effectiveness: behaviour target (coded as solely physical activity, or multi-behaviour), outcome type (coded as self-report or objective), outcome measure (coded as cardiorespiratory fitness, duration, energy expenditure, or steps), format of delivery (coded as individual, group, or a mixture of both), delivery approach (coded as written materials, education session, pedometer, computer, web, peer, counsellor/health professional), delivery time during work (coded as yes or no), country (coded as UK, USA and Canada, all Europe, or other), and explicitness of theory (coded as A = no mention of theory at all, B = broadly describes how theory was used to inform intervention design, C = describes how theoretical constructs were used to inform the design of some specific intervention strategies, or D = described how theoretical constructs were used to inform the design of every specific intervention strategy). 
Random effects subgroup analysis was also used to examine the association between the 26 individual BCTs and intervention effectiveness. To be included in the analysis, a single technique was required to be used in at least four separate studies (cp. Michie et al., 2009). 
For all subgroup analyses, if there were more than two comparisons for each intervention characteristic assessed, and a study fell into more than one category (e.g., fitness and self-report outcome measures used), separate comparisons were made for each category against all others. If there were too few studies (i.e., less than 3 interventions; cp. Webb et al., 2010) in a particular category for a comparison (e.g., ‘steps’ as an outcome measure was used by only two studies), it would not be included as a stand-alone sub-group to be compared, but would be included in the comparisons against the other sub-groups for that particular intervention characteristic. 
Finally, random effects univariate meta-regression models were used to examine whether any of the following continuous intervention characteristics were associated with intervention effectiveness: average measurement point (range: 3 to 144 weeks post-baseline), length of intervention (range: 2 to 72 weeks), intervention contact time (range: .2 to 72 hours), and number of intervention techniques (range: 0 to 14).
To examine how much of the heterogeneity was accounted for by the covariate(s) included in each analysis, the adjusted R² was used. Adjusted R² is calculated by comparing the baseline value of the heterogeneity variance (τ²total) obtained from the original meta-analysis with the heterogeneity variance from the subgroup or meta-regression analysis (τ²within), using the following formula 1- ( τ²within/ τ²total) (Borenstein et al., 2009). 
	 The possibility of publication bias was assessed using the Duval and Tweedie non-parametric “trim and fill” method (Duval & Tweedie, 2000a, 2000b). This provides information regarding the impact of missing studies by adjusting the meta-analysis to take into account these hypothetically missing studies. 
Results
Description of interventions
	Twenty six studies reporting 27 evaluations were included in the meta-analysis (see Table 1 and Table 2). Sixteen evaluations aimed to change physical activity behaviour alone and 11 aimed to change physical activity plus another behaviour(s) (e.g., diet, smoking, etc.). Table 1 shows that the majority of studies used more than one behaviour change technique. Of a possible 26 behaviour change techniques, the overall average per intervention was 6.1 (SD = 3.3). Five of the techniques were used in less than three evaluations (‘provide information about others’ approval’, ‘set graded tasks’, ‘agree behavioural contract’, ‘prompt self talk’, ‘stress management’, and ‘motivational interviewing’). Active control groups were often used (as opposed to control groups that receive no intervention) and twelve (44%) control groups used at least one technique. The overall mean number of techniques in the control groups was 1.3 (SD = 1.9). 
	Key intervention characteristics by study, as well as a summary of intervention characteristics are displayed in Table 2 and Appendix 2. Forty four percent of interventions were delivered in the USA, followed by 33% in Europe, 11% in Canada , 7% in Australia, and 4% in Japan. Twenty two percent of interventions were delivered during work hours. The duration of interventions ranged from two weeks to over 12 months (M = 21.4 weeks, SD = 16.8). Intervention contact time ranged from twenty minutes to 71 hours (M = 25.1 hours, SD = 27.8), although 14 studies did not specify how long each intervention group spent working with the intervention. The average time of outcome assessment was calculated using only those assessments that occurred after the intervention had been delivered completely, and ranged from 3 to 144 weeks (M = 37.1, SD = 42.1). Thirty seven percent of studies used energy expenditure as the outcome measure, with 30% reporting cardiorespiratory fitness, 26% reporting duration of activity, and 7% reporting number of steps. For format of delivery, studies fell into one of three categories; 44% were delivered individually, 30% to groups, and 22% used a mixture of individual and group delivery. Counsellor/trainers were the primary source of delivery (37%), followed by written materials (30%), Internet (19%), education sessions (19%), peer delivery (15%), computer (11%), and pedometer (7%). Finally, 33% of studies did not mention the use of a theory in the paper, 41% broadly described how theory was used to inform intervention design, 26% described how theoretical constructs were used to inform the design of some specific intervention strategies, and no studies described how theoretical constructs were used to inform the design of every specific intervention strategy.
Effect of the interventions
Overall effect
Pooling the data across 27 evaluations (N = 15,062) using a random effects model produced an overall effect size of .21 (95% CI .17 to .26), indicating that participants receiving behaviour change interventions reported significantly better outcomes on physical activity than those in the control conditions (Table 5). Examination of the Q illustrated that heterogeneity was not statistically significant (Q = 30.6, p > .05). However, the Q statistic and p-value address only the test of significance and should not be used as surrogates for the amount of true variance (Borenstein et al., 2009). To assess the proportion of observed variance that reflects real differences in effect size, I² was examined and suggested 16% of the heterogeneity reflected true differences, which, according to Higgins et al. (2003), is low. The planned subgroup and meta-regression analyses were subsequently conducted because it has been suggested that it is appropriate to use these analyses to explore sources of heterogeneity, even if an initial overall test for heterogeneity is non-significant (Thompson & Higgins, 2002). Under the random effects model, the “trim and fill” (Duval & Tweedie, 2000a, 2000b) imputed point estimate was .19 (95% CI .14 to .24). This, in the context of effect size, has similar substantive implications as the original meta-analysis result, indicating no evidence of publication bias. 
Moderating variables
	To explore the reason for heterogeneity across evaluations, meta-regression and subgroup analysis was used to examine the 11 intervention characteristics (e.g., outcome measure, source of delivery, length of intervention, etc.), explicit use of theory, and the 26 behaviour change techniques. Adjusted R² was used to examine how much of the heterogeneity was accounted for by the covariate(s) included in each analysis.
Intervention characteristics. Examination of intervention characteristics via subgroup analysis (Appendix 3) indicated that none of the heterogeneity was explained by outcome type, outcome measure, behaviour target, delivery source, format of delivery, location of delivery, delivery approach, or delivery during work hours (adjusted R² = 0%). For the four continuous intervention characteristics, meta-regression (Appendix 4) indicated that average measurement point, length of intervention, and intervention contact time did not explain any of the variance (adjusted R² = 0%). These results suggest that none of the 11 characteristics assessed impact on intervention effectiveness.
Explicit use of theory. Subgroup analysis (Appendix 3) (based on three categories as no studies fell into category D) indicated a significant difference in effects of interventions that varied in the extent to which the design of the intervention was explicitly informed by theory (p < .05), and all of the heterogeneity was explained (adjusted R² = 100%). In particular, interventions that did not mention the use of a theory in the paper (k = 9) reached an average effect size of .21 (95% CI .10 to .31; I² = 28%); those that broadly described how theory was used to inform intervention design, but did not provide an explanation of how theoretical constructs were used to inform the design of specific intervention strategies (k = 11) produced an average effect size of .18 (95% CI .14 to .23; I² = 0%); finally, interventions that described how theoretical constructs were used to inform the design of some specific intervention strategies (k = 7) reached an average effect size of .34 (95% CI .23 to .45; I² = 0%). These results suggest that when intervention designers are more explicit in their use of theory to inform the design of interventions, this has a significant positive impact on physical activity behaviour. 
Following Lipsey (2003) and Patall, Cooper, and Robinson (2008), we assessed for confounding between this moderator and other potential moderators. What has been observed in recent literature is examination for confounding amongst only those moderators that were found to be significant (e.g., Hagger, Wood, & Chatzisarantis, 2010). However, no other moderators in this review were found to be significant and it would not be feasible to test for covariation amongst every pair of moderators assessed here (DeCoster, 2009). Therefore, factors shown to act as moderators in other meta-analyses in this area were tested as potential confounders.  In particular, the use of self-report versus objective measures of physical activity has been noted as a moderator in other meta analyses (e.g., Abraham & Graham-Rowe, 2009), and so was tested as a potential confounder. Due to small cell sizes, the Freeman-Halton extension to the Fisher exact test for 2 x 3 contingency tables (Freeman & Halton, 1951) was used to test for confounding (calculations were performed using the Vasser Stats website: http://faculty.vassar.edu/lowry/ VassarStats.html, accessed 04.10.10, (c) R Lowry).  Confounding was apparent (p < 0.001) and was attributable to the fact that not a single study coded as using some theory in intervention design used objective measures of physical activity. Additional analyses revealed that, with regards to explicit use of theory, the patterns observed across the whole sample of studies were replicated when only studies using self-report measures were employed.
Effectiveness of behaviour change techniques. Subgroup analysis indicated that some heterogeneity was explained by behaviour change techniques (Appendix 5), with most explaining none of the variance and eight techniques explaining between 14-40% of the variance. Of these eight, six (provide information on health-behaviour link, prompt intention formation, teach to use prompts/cues, plan social support/social change, prompt self-talk, time management) were associated with lower effect sizes in interventions that used the techniques compared to those that did not, relative to the respective control groups. The two remaining techniques (prompt barrier identification, and relapse prevention) were associated with larger effect sizes in interventions that used these techniques in comparison to those interventions that did not, relative to the respective control groups. However, no significant differences in effect sizes were found between studies that had used each technique and those that had not.
Finally, meta-regression indicated that number of techniques used did not explain any of the variance (β = -.004, 95% CI -.016 to .007; I² = 0%; p = .35). This result indicates that increasing the number of techniques used within an intervention does not impact on physical activity behaviour.
Discussion
	This meta-analysis of interventions designed to promote physical activity among worksite populations used novel approaches to classify interventions according to explicit use of theory (Michie & Prestwich, 2010) and BCTs (Abraham & Michie, 2008). Twenty seven evaluations, which actively involved employees in physical activity behaviour change interventions and were evaluated using an experimental or quasi-experimental design, were identified. Results indicated that such interventions are minimally effective, producing a small overall effect size (d = .21) (Cohen, 1992). This falls in the range of other meta-analyses of worksite physical activity interventions (e.g., Abraham & Graham-Rowe, 2009, d = .22; Dishman et al., 1998, r = .11). 
These relatively low effect sizes should not be taken as suggesting that the interventions are ineffective. For example, considering the eight evaluations which assessed fitness as the primary outcome measure (N = 1129), an average effect size of .22 was observed[footnoteRef:3]. This is a similar finding to that by Abraham and Graham-Rowe, who found the effect size of the nine studies that they evaluated, which used fitness measures, to be .27. Therefore, in accordance with their interpretation, although this is relatively small, if replicated across the population (and maintained) it is possible that this average increase in population fitness could have a considerable health and economic impact (Abraham & Graham-Rowe, 2009).  [3:  Interventions that used self-reported duration and energy expenditure outcome measures also achieved average effect sizes of 0.21 and 0.23 respectively] 

Similarly to a recent review of healthy eating and physical activity interventions by Michie et al. (2009), most design characteristics, such as behaviour target (sole physical activity or multi-behaviour), delivery source (e.g., web, health professional, etc.), format of delivery (group, individual, both), delivery approach (type of tailoring, if any), delivery during work hours, average measurement point and intervention contact time, did not distinguish between effective and ineffective interventions. In addition, neither the use of specific behaviour change techniques, nor the use of more behaviour change techniques, made a difference to intervention effects on behaviour. This may be related to how individual techniques have been operationalised, or to the quality and fidelity of intervention delivery for those that have used a large number of techniques, two points addressed below. 
Explicit use of theory
Sub-group analysis indicated that specification of content with regards to explicit use of theory clarified which interventions were most likely to be effective. Interventions differed substantially in their use of theory, but explicit use of theory was associated with larger effect sizes. More specifically, those studies that described how theoretical constructs were used to inform the design of some specific intervention strategies were approximately one and a half times more effective than those that did not mention theory, and those that broadly described how theory was used to inform intervention design. Such findings are consistent with claims that intervention effectiveness is enhanced when the design has been informed by theory (Griffin et al., 1999; Marteau et al., 2006; Michie et al., 2007; Painter et al., 2008). These results suggest that targeting specific theoretical constructs that cause behaviour may have lead to behaviour change (Hardeman et al., 2005), an idea recently endorsed by Michie and Prestwich (2010). 
Analysis was undertaken to assess for confounding between this moderator and one other (non-significant) moderator of interest - type of measurement outcome. We attributed the significant Fisher’s exact test to the fact that not a single study coded as using some theory in intervention design used objective measures of physical activity. However, the effect of explicit use of theory found across all studies remained when self-report studies were assessed independently. Furthermore, assessment of descriptive statistics indicated that of the ten studies including objective measures (for which d = .22), eight used a health professional or counselor to deliver the interventions, and the mean contact time was 32.6 (SD = 29.9) hours. The mean contact time for the 17 studies using self-report (those that did not provide contact time information were assumed to be 0 hours) as the outcome assessment (for which d = .21) was 1.5 (SD = 2.9) hours, and only two of these involved the use of a health professional or counselor. As such, the form of delivery and contact time found for studies using objective outcome measures appears to be intensive, and the difference in effect size between these and self-report studies is minimal (.01). This may suggest that that if theory is used more explicitly in intervention design, similar intervention effects may be found without having to involve large proportions of contact time and labour intensive intervention strategies. If the health benefits of such non-labour/time intensive interventions outweigh the costs, which can be calculated using methods such as cost-effectiveness analysis (Proper & Van Mechelen, 2007), these theory driven interventions may be considered more worthwhile. 
While these findings may seem promising, no studies in this meta-analysis used theoretical constructs were used to inform the design of every specific intervention strategy, and only 26% used theoretical constructs to inform the design of some specific intervention strategies. Of the remaining evaluations, 41% broadly mentioned the use of theory and had the lowest overall effect size (d = .18). Such outcomes verify concerns noted by Rothman (2004), who stated that where a theoretical base for an intervention is stated, there is seldom reference to a method describing how the theory informed the design of the intervention. This implies that there may have been little consideration given to how the theory might have been used to inform the intervention at the planning stage, or weak communication of these factors when results have been broadcast (Michie & Prestwich, 2010). 
Although psychological theories provide an essential contribution to health promotion practice, the gap between theory and practice is somewhat difficult to bridge (Kok, Schlaama, Ruiter, & Van Empelen, 2004). With over 30 psychological theories of behaviour (e.g., Theory of Planned Behaviour, Azjen, 1985; Theory of Reasoned Action, Azjen & Fishbein, 1980; Health Belief Model, Rosenstock, 1966) and behaviour change (e.g., Transtheoretical Model, Prochaska, DiClemente, & Norcross, 1992; Health Action Process Approach, Schwarzer, 1992), finding and applying the appropriate theories to design interventions can be a bewildering process (Bartholomew, Parcel, Kok, & Gottlieb, 2001). As such, practitioners will often turn to existing interventions to see what others have done in similar situations. However, the scientific literature rarely includes descriptions of interventions that provide developers with clear ideas about what interventions and specific behaviour change techniques might be useful to them (Bartholomew, Parcel, Kok, & Gottlieb, 2006). This lack of information may be forcing intervention developers to ‘guess’ what techniques have been used based on loose evidence, which could lead to techniques being inappropriately used in subsequent interventions. The identification of such issues provides a case for an improved standard of intervention reporting (Abraham & Michie, 2008). 
Effectiveness of behaviour change techniques
In contrast to the limited amount of previous research on effectiveness of behaviour change techniques (Abraham & Graham-Rowe, 2009; Michie et al., 2009; Webb et al., 2010), no techniques were found to be significantly effective across the 27 evaluations examined here. Each of these reviews identified self-monitoring to impact significantly on effect size. However, in the worksite physical activity intervention meta-analysis by Abraham and Graham-Rowe, some conflicting findings were reported. For example, for those studies with self-report as the outcome measure, the use of self-monitoring was associated with intervention effectiveness. On the other hand, for those studies that used fitness as the primary outcome measure, interventions without self-monitoring appeared to be more effective. The smaller number of studies in the present review meant that it was not possible to compare the impact of self-monitoring amongst studies that used self-report and objective measures of fitness (only two studies with a primary outcome measure of fitness made use of self-monitoring in the intervention here). 
One alternative explanation for the lack of significant effects of individual techniques may be related to the use of theory. More specifically, given that only 26% of the studies in the review explicitly used theoretical constructs to inform the design of at least some intervention strategies, it is not known exactly why/how techniques were chosen in the studies that did not use theory explicitly. It is therefore possible that several theoretical constructs were targeted with incompatible techniques. Hence, when subsequently tested for effectiveness, this inappropriate use may have caused certain techniques to demonstrate no, or even negative effects on behaviour.  
Limitations and recommendations for future research
The current meta-analysis has provided evidence for the effectiveness of worksite physical activity interventions and suggests that a handful of factors appear to moderate intervention effects. However, there are shortcomings associated with this review which should be addressed. First, the number of studies included in the review is moderate, which may have implications for the reliability of these results. However, in a comparison of fixed and random effects methods of meta-analysis by Field (2001), Type I error rates for random effects models were only produced by the Hedges method (the meta-analytic approach used in the current review) when 15 studies or less were analysed. A total of 26 studies were used in the current review and Field suggested that for meta-analyses including around 30 studies, this method produced the most desirable error rates. Nevertheless, meta-analyses of more studies would be required to strengthen the evidence that explicit use of theory improves intervention effectiveness. Further, this would increase the possibility of identifying significant impacts of BCTs. 
Second, although this meta-analysis corrected for sampling error within the included studies by calculating frequency weighted effect sizes, it did not correct for other study imperfections. There are other artifacts in addition to sampling error which can serve to attenuate the true strength of intervention effect sizes (Hunter & Schmidt, 2004), such as measurement error, range variation, and attrition artifacts. Therefore, it is important to acknowledge that there may be some potential bias in the average effect size produced in this meta-analysis as other possible sources of error have not been corrected for. 
Third, with regards to one of the main findings from this review – more explicit use of theory improved effect sizes, a relationship was found between this and type of outcome assessment. However, additional analysis revealed the effect of explicit use of theory remained when studies using self-report were assessed independently. Assessment of the effectiveness of interventions using explicit use of theory which are assessed by objective measures would be one avenue for future research.
	Fourth, with regards to BCTs, although a tested coding scheme (Abraham & Michie, 2008) was used, the coding of techniques is subjective and is therefore at risk of bias. Furthermore, most journals do not report the use of specific techniques as identified by the coding scheme, meaning the use of particular techniques is subject to interpretation. This is highlighted by the moderate Kappa value produced for the inter-rater reliability checks undertaken on the presence of techniques. However, there was 80% agreement between coders for presence and absence of techniques, indicating better reliability from this alternative method of assessment. Good inter-rater coding reliability in relation to behaviour change techniques has previously been achieved in the physical activity domain (e.g., Michie et al. (2009) achieved a mean Kappa value of .80 for the physical activity studies included in their review). These discrepancies suggest that additional training for researchers regarding BCT coding may be required to ensure understanding and interpretation is consistent amongst coders. Furthermore, accuracy of coding may be improved if the generic definitions provided by the Abraham and Michie (2008) taxonomy receive further development to improve intervention content descriptions.
Finally, the theory coding scheme (Michie & Prestwich, 2010) used to identify the extent to which theory was used in each study was not fully applied in this review. It was felt that, in this instance, it would be more appropriate to select the elements of the scheme to work with that were pertinent to answering the research questions posed in this review. Future research might be to make full use of the theory coding scheme in evaluating health behaviour change interventions. 
Practical implications
This meta-analysis of interventions designed to promote physical activity amongst worksite populations suggests that when theory is more explicitly used to inform intervention design, intervention effects improve. Therefore, one recommendation based on these findings would be for intervention developers and reporters to be as explicit as possible in the design phase of an intervention about which theoretical constructs were targeted and how. This would help researchers and practitioners attempting to replicate, test, or synthesise interventions, as information would be available about what makes particular interventions effective or ineffective (Michie et al., 2009). If interventions to change behaviour based on theory are designed using behaviour change techniques matched to relevant theoretical constructs, not only might this enhance the efficacy of interventions, but such a mapping process might also make the reporting process more straightforward.
Conclusion
	The present review has systematically coded the characteristics of worksite physical activity interventions, and linked these characteristics to effect size. The strengths of the review are the systematic, meta-analytic approach, the use of two established coding frames, and a respectable number of studies that focus on a range of intervention approaches. The findings suggest that the effectiveness of worksite interventions is positively associated with the extent to which theory has been explicitly used to inform intervention design. Use of specific or more behaviour techniques did not impact on effect size.
	This review provides evidence that further research can build on in order to contribute to the science of physical activity behaviour change amongst employees. The findings provide a rationale to invest in interventions that are explicitly based on theory, and to investigate the impact of behaviour change techniques when used to address specific theoretical constructs. There are a relatively small number of interventions associated with some characteristics, indicating that these findings should be treated with some caution, but there is empirical evidence that these experimental studies demonstrate cause and effect through explicit use of theory. Nonetheless, for future research, it is vital that the standard of intervention reporting is improved if we are to better understand the mechanisms behind the effects of physical activity interventions.
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Table 1. Effectiveness and behaviour change techniques by study

	Studya
	N
	db
	SE
	Intervention techniquesc
	Control techniques

	Atlantis et al. (2004)
	42
	.66
	.31
	5, 6, 10, 13, 14, 19
	

	Blissmer & McAuley (2002)   
	197
	.31
	.21
	1, 2, 4, 5, 14, 20, 23 
	1, 2, 4, 5, 14, 20, 23

	Brand et al. (2006)
	109
	-.32
	.19
	8, 9, 17
	1, 2, 4, 5, 14, 20, 23

	Brox & Forstein (2005)
	81
	.19
	.22
	1, 8, 9, 17
	

	Campbell et al. (2002)  
	538
	.20
	.09
	1, 2, 5, 13, 20
	

	Cardinal & Sachs (1996)
	72
	.54
	.24
	2, 6, 12, 13, 21, 23
	13

	Dishman et al. (2009)
	787
	.18
	.05
	9, 10, 12, 13, 14, 15, 20, 21
	1

	Elbel et al. (2003)
	6973
	.25
	.18
	1, 2, 5, 8, 9, 10, 19, 20, 23, 26
	

	Elliot et al. (2007)
	315
	.22
	.12
	1, 10, 11, 12, 13, 19, 20
	13

	Ishii et al. (2007)
	22
	.43
	.42
	6, 12, 13, 14, 15, 19, 20, 21
	

	Lee & White (1997) 
	32
	.12
	.40
	5, 8, 9, 17
	

	Napolitano et al. (2003)
	52
	.51
	.20
	1, 2, 5, 10, 12, 14, 20
	

	Nichols et al. (2000)
	58
	.35
	.26
	2, 5, 8, 10, 11, 15, 17, 20, 22, 23, 26
	

	Peterson & Aldana (1999)
	359
	.42
	.01
	5, 10, 23
	

	Pinto et al. (2002)
	242
	.24
	.09
	2, 4, 5, 10, 12, 13
	2, 4, 5, 10, 12, 13

	Plotnikoff et al. (2005)
	2074
	.13
	.05
	1, 2, 3, 4, 12, 14, 15, 18, 20, 22, 26
	2

	Plotnikoff et al. (2007)
	331
	.12
	.11
	1, 2, 4, 5, 14, 15, 20, 21, 22, 23, 26
	

	Pohjonen & Ranta (2001)  
	70
	.37
	.21
	
	

	Proper et al. (2003)  
	172
	.36
	.16
	1, 10, 11
	1

	Purath et al. (2004) 
	271
	.31
	.09
	1, 2, 6, 10, 11, 16, 18
	1, 2, 6, 10, 11, 16

	Speck & Looney (2001)
	49
	.22
	.28
	8, 12
	

	Spittaels et al. (2007a)
	182
	.10
	.15
	1, 2, 4, 5, 10, 13
	2

	Spittaels et al. (2007b)
	257
	-.03
	.13
	1, 4, 10, 13, 18
	

	Sternfeld et al. (2009)
Talvi et al. (1999) (m)
	631
536
	.22
.26
	.05
.09
	1, 2, 4, 5, 6, 10, 11, 12, 13, 14, 16, 18, 20, 23
1, 8, 17
	
1, 13

	Talvi et al. (1999) (w)
	87
	.07
	.22
	1, 8, 17
	1, 13

	van Wier et al. (2009) 
	523
	.22
	.09
	1, 10, 12, 15
	


Note. a One study (Talvi et al, 1999) reported data from men and women separately, therefore were entered into the meta-analysis as if they were from 
separate evaluations without adjustment of sample size (Michie et al., 2009). 
b Standardised mean difference with Hedge’s g adjustment. 
cTechniques: 1 = provide information on behaviour-health link, 2 = provide information on consequences, 3 = provide information about others’ approval, 4 = prompt intention formation, 5 = prompt barrier identification, 6 = provide general encouragement, 7 = set graded tasks, 8 = provide instruction, 9 = model/ demonstrate the behaviour, 10 = prompt specific goal setting, 11 = prompt review of behavioural goals, 12 = prompt self-monitoring of behaviour, 13 = provide feedback on performance, 14 = provide contingent rewards, 15 = teach to use prompts/ cues, 16 = agree a behavioural contract, 17 = prompt practice, 18 = use of follow up prompts, 19 = provide opportunities for social comparison, 20 = plan social support/ social change, 21 = prompt identification as role model/ position advocate, 22 =  prompt self talk, 23 = relapse prevention, 24 = stress management, 25 =  motivational interviewing and 26 = time management; m = men, w = women.

Table 2. Key characteristics of studies included in the meta-analysis

	Study
	N
	Study design
	Duration of treatment (weeks)
	Average time of outcome assessment (weeks)
	Format of delivery
	Source of delivery
	Contact time (hrs)
	Outcome
	No. BCTs
	Explicit use of theory

	Atlantis et al. (2004)
	42
	RCT
	24
	24
	GI
	W/HP/C
	71
	F
	6
	A

	Blissmer & McAuley (2002)   
	197
	RCT
	16
	8
	I
	WM
	NS
	EE
	7
	C

	Brand et al. (2006)
	109
	RCT
	24
	24
	G
	HP
	26
	F
	3
	A

	Brox & Forstein (2005)
	81
	RCT
	24
	24
	G
	HP/ES
	24
	F
	4
	A

	Campbell et al. (2002)  
	538
	RCT
	72
	72
	G
	WM/PC/PE
	NS
	EE
	5
	B

	Cardinal & Sachs (1996)
	72
	RCT
	4
	4
	I
	WM
	NS
	EE
	6
	C

	Dishman et al. (2009)
	787
	RCT
	12
	12
	GI
	PE/HP
	NS
	D
	8
	B

	Elbel et al. (2003)
	6973
	QUAS
	3.5
	6
	GI
	PE
	3.8
	EE
	10
	C

	Elliot et al. (2007)
	315
	QUAS
	52
	52
	G
	WM/PE/ES
	8.3
	EE
	7
	B

	Ishii et al. (2007)
	22
	CT
	4
	8
	GI
	WM
	NS
	S
	8
	B

	Lee & White (1997) 
	32
	CT
	24
	48
	G
	WM/HP/ES
	12
	D/F
	4
	A

	Napolitano et al. (2003)
	52
	RCT
	4
	8
	I
	W
	NS
	D
	7
	C

	Nichols et al. (2000)
	58
	RCT
	24
	36
	G
	HP/ES
	9
	EE
	11
	C

	Peterson & Aldana (1999)
	359
	RCT
	6
	3
	I
	WM
	NS
	EE
	3
	C

	Pinto et al. (2002)
	242
	RCT
	24
	36
	I
	PC
	3
	D
	6
	C

	Plotnikoff et al. (2005)
	2074
	RCT
	12
	12
	I
	W
	NS
	EE
	11
	B

	Plotnikoff et al. (2007)
	331
	RCT
	52
	52
	I
	WM
	NS
	EE
	11
	B

	Pohjonen & Ranta (2001)  
	70
	RCT
	36
	144
	GI
	ES/HP
	72
	F
	0
	A

	Proper et al. (2003)  
	172
	RCT
	36
	36
	I
	ES
	2.3
	F
	3
	B

	Purath et al. (2004) 
	271
	RCT
	6
	6
	I
	C
	.2
	D
	7
	B

	Speck & Looney (2001)
	49
	CT
	12
	12
	I
	WM
	NS
	S
	2
	A

	Spittaels et al. (2007a)
	182
	RCT
	24
	24
	I
	W
	NS
	D
	6
	B

	Spittaels et al. (2007b)
	257
	RCT
	24
	24
	I
	W
	NS
	D
	5
	B

	Sternfeld et al. (2009)
	631
	RCT
	16
	16
	I
	WM/C/W
	NS
	D
	14
	B

	Talvi et al. (1999) (m)
	536
	QUAS
	20
	144
	GI
	C
	59.5
	F
	3
	A

	Talvi et al. (1999) (w)
	87
	QUAS
	20
	144
	GI
	C
	59.5
	F
	3
	A

	van Wier et al. (2009)
	523
	RCT
	24
	24
	I
	C
	1
	EE
	4
	A


Note. For design: RCT = randomised controlled trial; L = longitudinal; S = stratified; QUAS = quasi-experimental; CT = controlled trial; For delivery format: 
G = group; I = individual; GI = individual and group; For delivery source: W = web; PC = computer; HP = health professional; C = counsellor; PE = peer; 
WM = written materials; ES = educational session; P = pedometer; For tailored approach: U = universal; DP = demographics/personal; SM = stage-matched; 
E/L = tailored to exercise/lifestyle; SS = tailored to social support; A = tailored to attitudes; SE = tailored to self-efficacy; BI = tailored to behavioural intentions; 
For intervention contact time: NS = not specified; explicit use of theory: A = No mention of theory at all; B = Broadly describes how theory was used to inform
 intervention design – no explanation of how theoretical constructs were used to inform the design of specific intervention strategies; C = Described how 
theoretical constructs were used to inform the design of some specific intervention strategies; D = Described how theoretical constructs were used to inform the 
design of every specific intervention strategy; m = men, w= women















Appendix 1. Excluded studies and reason for exclusion
	Study
	Reason for exclusion

	Addley, K., McQuillan, P., & Ruddle, M. (2001). Creating healthy workplaces in Northern Ireland: evaluation of a lifestyle and physical activity assessment programme. Occupational Medicine-Oxford, 51(7), 439-449.
	No control group

	Aldana, S. G., Greenlaw, R. L., Diehl, H. A., Salberg, A., Merrill, R. M., & Ohmine, S. (2005). The effects of a worksite chronic disease prevention program. Journal of Occupational and Environmental Medicine, 47(6), 558-564.
	No control group

	Auweele, Y. V., Boen, F., Schapendonk, W., & Dornez, K. (2005). Promoting stair use among female employees: The effects of a health sign followed by an e-mail. Journal of Sport & Exercise Psychology, 27(2), 188-196.
	No data from an appropriate outcome measure reported

	Bergstrom, G., Bjorklund, C., Fried, I., Lisspers, J., Nathell, L., Hermansson, U., Herlander, A., Bodin, L., Jensen, I.B. (2008). A comprehensive workplace intervention and its outcome with regard to lifestyle, health and sick leave: The AHA study. Work, 31, pp.167-180.
	No control group


	Blair, S.N., Collingwood, T.R., Reynolds, R., Smith, M., Hagan, D., & Sterling, C.L. (1984). Health promotion for physical educators: impact on health behaviours, satisfaction, and general well-being. American Journal of Public Health, 74 (2), pp.147-149.
	Emailed for means and SDs – reply was that data no longer available

	Brodie, D., & Dugdill, L. (1993). Health Promotion at Work. Journal of the Royal Society of Medicine, 86(12), 694-696.
	No control group

	Cole, G., Leonard, B., Hammond, S., & Fridinger, F. (1998). Using "stages of behavioral change" constructs to measure the short-term effects of a worksite-based intervention to increase moderate physical activity. Psychological Reports, 82(2), 615-618.
	No control group

	Connell, C.M., Sharpe, P.A., & Gallant, M.P. (1995). Effect of a health risk appraisal on health outcomes in a university worksite health promotion trial. Health Education Research, 10 (2), pp.199-209.
	No data from an appropriate outcome measure reported

	Croteau, K. A. (2004). A preliminary study on the impact of a pedometer-based intervention on daily steps. American Journal of Health Promotion, 18(3), 217-220.
	No experimental design

	Dawson, K.A., Tracey, J., & Berry, T. (2008). Evaluation of workplace group and internet based physical activity interventions on psychological variables associated with exercise behaviour change. Journal of Sports Science and Medicine, 7, pp.537-543.
	No data from an appropriate outcome measure reported

	Emmons, K.M., Linnan, L.A., Shadel, W.G., Marcus, B., Abrams, D.B. (1999). The Working Healthy project: a worksite health-promotion trial targeting physical activity, diet and smoking. Journal of Occupational and Environmental Medicine, 41 (7), pp.545-555
	Insufficient data reported to allow effect size to be calculated

	Emmons, K. M., Marcus, B. H., Linnan, L., Rossi, J. S., & Abrams, D. B. (1994). Mechanisms in multiple risk factor interventions: smoking, physical activity, and dietary fat intake among manufacturing workers. Working Well Research Group. Preventive Medicine, 23(4), 481-489.
	No data from an appropriate outcome measure reported

	Englert, H.S., Diehl, H.A., Greenlaw, R.L., Willich, S.N., Aldana, S. (2007). The effect of a community-based coronary risk reduction: The Rockford CHIP. Preventive Medicine, 44, pp.513-519.
	No control group

	Eriksen, H. R., Ihlebaek, C., Mikkelsen, A., Gronningsaeter, H., Sandal, G. M., & Ursin, H. (2002). Improving subjective health at the worksite: a randomized controlled trial of stress management training, physical exercise and an integrated health programme. Occupational Medicine-Oxford, 52(7), 383-391.
	No data from an appropriate outcome measure reported

	Eves, F. F., Webb, O. J., & Mutrie, N. (2006). A Workplace Intervention to Promote Stair Climbing: Greater Effects in the Overweight: Obesity, 14(12) Dec 2006, 2210-2216.
	No control group

	Faghri, P.D., Omokaro, C., Parker, C., Nichols, E., Gustavesen, S., Blozie, E. (2008). E-technology and pedometer walking program to increase physical activity at work. Journal of Primary Prevention, 29, pp.73-91.
	No control group

	Gemson, D.H. & Sloan, R.P. (1995). Efficacy of a computerised health risk appraisal as part of a periodic health examination at the worksite. American Journal of Health Promotion, 9 (6), pp.462-466.
	No data from an appropriate outcome measure reported

	Gilson, N., McKenna, J., Cooke, C., Brown, W. (2007). Walking towards health in a university community: a feasibility study. Preventive Medicine, 44, pp.167-169.
	Insufficient data reported to allow effect size to be calculated

	Griffin-Blake, S.C. & DeJoy, D.M. (2006). Evaluation of social-cognitive versus stage-matched, self-help physical activity interventions at the workplace. Behaviour Change; Fitness, 20 (3), pp.200-209.
	No data from an appropriate outcome measure reported


	Haines, D. J., Davis, L., Rancour, P., Robinson, M., Neel-Wilson, T., & Wagner, S. (2007). A pilot intervention to promote walking and wellness and to improve the health of college faculty and staff. Journal of American College Health, 55(4), 219-225.
	No control group

	Hallam, J.S. & Petosa, R. (1998). A worksite intervention to enhance social cognitive theory constructs to promote exercise adherence. American Journal of Health Promotion, 13 (1), pp.4-7. 
	No data from an appropriate outcome measure reported


	Hallam, J.S. & Petosa, R. (2004). The long-term impact of a four session worksite intervention on selected social cognitive theory variables linked to adult exercise adherence. Health Education and Behaviour, 31 (1), pp.88-100.
	No data from an appropriate outcome measure reported


	Hammond, S.L., Leonard, B., & Fridinger, F. (2000). The Centers for Disease Control and Prevention Director’s Physical Activity Challenge: an evaluation of a worksite health promotion intervention. Applied Research Briefs: Fitness, Culture Change, 15 (1), pp.17-20.
	No data from an appropriate outcome measure reported


	Hanlon, P., Carey, L., Tannahill, C., Kelly, M., Gilmour, H., Tannahill, A., McEwen, J. (1998). Behaviour change following a workplace health check: how much change occurs and who changes? Health Promotion International, 13 (2), pp.131-139.
	No data from an appropriate outcome measure reported


	Herman, C. W., Musich, S., Lu, C. F., Sill, S., Young, J. M., & Edington, D. W. (2006). Effectiveness of an incentive-based online physical activity intervention on employee health status. Journal of Occupational and Environmental Medicine, 48(9), 889-895.
	No data from appropriate outcome measure

	Hurling, R., Catt, M., De Boni, M., Fairley, B.W., Hurst, T., Murray, P., Richardson, A., Sodhi, J.S. (2007). Using internet and mobile phone technology to deliver an automated physical activity program: randomised controlled trial. Journal of Medical and Internet Research, 9, Online: www.pubmedcentral.nih.gov/articlerender.fcgi?artid=1874722.
	Not a worksite population

	Kerr, J., & McKenna, J. (2000). A randomized control trial of new tailored walking campaigns in an employee sample. Journal of Health Communication, 5(3), 265-279.
	No data from an appropriate outcome measure reported

	Kerr, N. A., Yore, M. M., Ham, S. A., Dietz, W. H. (2004). Increasing stair use in a worksite through environmental changes. American Journal of Health Promotion, 18(4), 312-315.
	No control group

	Kim, Y. & Cardinal, B. (2009). Effects of a transtheoretical model-based stage-matched intervention to promote physical activity among Korean adults. International Journal of Clinical and Health Psychology, 9 (2), pp.259-273.
	No control group

	Kreuter, M.W. & Stretcher, V.J. (1996). Do tailored behaviour change messages enhance the effectiveness of health risk appraisal? Results from a randomised trial. Health Education Research, 11 (1), pp.97-105.
	No data from an appropriate outcome measure reported


	Largo-Wright, E., Todorovich, J.R., O’Hara, B.K. (2008). Effectiveness of a point-based physical activity intervention. Phyiscal Educator, 65 (1), pp.30-45.
	No data from an appropriate outcome measure reported

	Lee, C. (1992). Getting fit: A minimal intervention for aerobic exercise. Behaviour Change, 9(4) 1992, 223-228.
	No data from an appropriate outcome measure reported

	Marcus, B.H., Emmons, K.M., Simkin-Silverman, L.R., Linnan, L.A., Taylor, E.R., Bock, B.C., Roberts, M.B., Rossi, J.S., & Abrams, D.B. (1998). Evaluation of a motivationally tailored vs. standard self-help physical activity interventions at the workplace. American Journal of Health Promotion, 12 (4), pp.246-253.
	No data from an appropriate outcome measure reported

	Marshall, A. L., Bauman, A. E., Patch, C., Wilson, J., & Chen, J. (2002). Can motivational signs prompt increases in incidental physical activity in an Australian health-care facility? Health Education Research 17(6) Dec 2002, 743-749.
	Insufficient data reported to allow effect size to be calculated

	Marshall, A.L., Leslie, E.R., Bauman, A.E., Marcus, B.H., & Owen, N. (2003). American Journal of Preventive Medicine, 25 (2), pp.88-94.
	No control group

	Merom, D., Miller, Y., Lymer, S., Bauman, A., (2005). Effect of Australia’s Walk to Work Day campaign on adults’ active commuting and physical activity behaviour. American Journal of Health Promotion, 19(3), 159-162.
	No worksite population

	Michie, S., Johnston, M., Cockcroft, A., Ellinghouse, C., & Gooch, C. (1995). Methods and Impact of Health Screening for Hospital Staff. Journal of Organizational Behavior, 16(1), 85-92.
	No data from an appropriate outcome measure reported

	Moy, F., Sallam, A.A.B., & Wong, M. (2006) The results of a worksite health promotion programme in Kuala Lumpar, Malaysia. Health Promotion International, 21 (4), 301-310
	Insufficient data reported to allow effect size to be calculated

	Mutrie, N., Carney, C., Blamey, A., Crawford, Aitchison, T., Whitelow, A. (2002). Walk in to Work Out: a randomised controlled trial of a self-help intervention to promote active commuting. Journal of Epidemiological Community Health, 56, pp.407-412.
	No data from an appropriate outcome measure reported


	Naito, M., Nakayama, T., Okamura, T., Miura, K., Yanagita, M., Fujieda, Y., Kinoshita, F., Naito, Y., Nakagawa, H., Tanaka, T., & Ueshima, H. (2008). Effect of a 4-year workplace-based physical activity intervention program on the blood lipid profiles of participating employees: the high risk and population strategy for occupational health promotion (HIPOP-OHP) study. Atherosclerosis, 197, pp.784-790.
	No data from an appropriate outcome measure reported

	Napolitano, M. A., Lerch, H., Papandonates, G., & Marcus, B. H. (2006). Worksite and communications-based promotion of a local walking path. Journal of Community Health: The Publication for Health Promotion and Disease Prevention, 31(4) Aug 2006, 326-342.
	No data from an appropriate outcome measure reported

	Oenema, A., Brug, J., Dijkstra, A., de Weerdt, I., & de Vries, H. (2008). Efficacy and use of an Internet-delivered computer-tailored lifestyle intervention, targeting saturated fat intake, physical activity and smoking cessation: a randomised controlled trial. Annals of Behavioural Medicine, 35, pp.125-135.
	Insufficient data reported to allow effect size to be calculated

	Oja, P., Manttari, A., Heinonen, A., Kukkonen-Harjula, K., Laukkanen, R., Pasanen, M., Vuori, I. Physiological effects of walking and cycling to work. Scandinavian Journal of Medicine and Sports Science.
	Insufficient data reported to allow effect size to be calculated

	Ostfeld, R.J., Cheung, Y.W., Saal, I., Janis, G., Cabeza, Y., Du, Y., Smoller, S., & Wylie-Rosett, J. (2008). A brief office intervention is associated with increased days per week of exercise. International Journal of Cardiology, 125, pp.413-415.
	No control group

	Parrot, M.W., Tennant, L.K., Olejnik, S., & Poudevigne, M.S. (2008). Theory of planned behaviour: implications for an email-based physical activity intervention. Psychology of Sport and Exercise, 9, pp.511-526.
	Insufficient data reported to allow effect size to be calculated

	Prochaska, J.O., Butterworth, S., Redding, C., Burden, V., Perrin, N., Leo, M., Flaherty-Robb, M., & Prochaska, J.M. (2008). Preventive Medicine, 46, pp.226-231.
	No data from an appropriate outcome measure reported


	Proper, K.I., de Bruyne, M.C., Hildebrandt, V.H., van der Beek, A.J., Meerding, W.J., & van Mechelen, W.. (2004). Costs, benefits and effectiveness of worksite physical activity counselling from the employers perspective. Scandinavian Journal of Environment and Health, 30 (1), pp.36-46.
	No data from an appropriate outcome measure reported


	Renaud, L., Kishchuk, N., Juneau, M., Nigram, A., Tetreault, K., Leblanc, M.C. (2008). Implementation and outcomes of a comprehensive worksite health promotion programme. Canadian Journal of Public Health, Jan-Feb, pp.73-77.
	Insufficient data reported to allow effect size to be calculated

	Ruskin, H. & Bronner, S. (1994). Effects of eight years of physical activity on health and behaviour of industrial workers. Journal for the international council for health, physical education and recreation, 30 (4), pp.22-35.
	No data from an appropriate outcome measure reported

	Russell, W.D., Dzewaltowski, D.A., & Ryan, G.J. (1999). The effectiveness of a point-of-decision prompt in deterring sedentary behaviour. American Journal of Health Promotion, 13 (5), pp.257-259.
	No control group


	Sjogren, T., Nissinen, K.J., Jarvenpaa, S.K., Ojanen, M.T., Vanharanta, H., & Malkia, E.A. (2006). Effects of a physical exercise intervention on subjective physical well-being, psycho-social functioning and general well-being among office workers: a cluster randomised-controlled cross-over design. Scandinavian Journal of Medicine and Science in Sports, 16, pp.381-390. 
	No data from an appropriate outcome measure reported


	Sorensen, G., Barbeau, E., Stiddard, A.M., Hunt, M.K., Kaphingst, K., & Wallace, L. (2005). Promoting behaviour change among working class, multi-ethnic workers: results of the healthy directions small business study. American Journal of Public Health, 95 (8), pp.1389-1395.
	Insufficient data reported to allow effect size to be calculated


	Sorensen, G., Stoddard, A., Hunt, M.K., Hebert, J.R., Ockene, J.K., Avrunin, J.S., Himmelstein, J., & Hammond, K. (1998). The effects of a health promotion-health protection intervention on behaviour change: the well works study. American Journal of Public Health, 88 (11), pp.1685-1690.
	No data from an appropriate outcome measure reported

	Stoffelmayr, B. E., Mavis, B. E., Stachnik, T., Robison, J., Rogers, M., Vanhuss, W., et al. (1992). A Program Model to Enhance Adherence in Work-Site-Based Fitness Programs. Journal of Occupational and Environmental Medicine, 34(2), 156-161.
	No control group


	Tessaro, I., Campbell, M., Benedict, S., Kelsey, K., Heisler-MacKinnon, J., Belton, L., & DeVellis, B. (1998). Developing a worksite health promotion intervention: health works for women. American Journal of Health Behaviour, 22 (6), pp.434-442.
	No data from an appropriate outcome measure reported

	Tessaro, I.A., Taylor, S., Belton, L., Campbell, M.K., Benedict, S., Kelsey, K., & DeVellis, B. Adapting a natural (lay) helpers model of change for worksite health promotion in women. Health Education Research, 15 (5), pp.603-614.
	No data from an appropriate outcome measure reported

	Titze, S., Martin, B. W., Seiler, R., & Marti, B. (2001). A worksite intervention module encouraging the use of stairs: results and evaluation. Sozial-Und Praventivmedizin, 46(1), 13-19.
	No control

	Titze, S., Martin, B. W., Seiler, R., Stronegger, W., & Marti, B. (2001). Effects of a lifestyle physical activity intervention on stages of change and energy expenditure in sedentary employees. Psychology of Sport and Exercise, 2, pp.103-116.
	Insufficient data reported to allow effect size to be calculated


	Tucker, L. A., & Maxwell, K. (1992). Effects of weight training on the emotional well-being and body image of females: Predictors of greatest benefit: American Journal of Health Promotion, 6(5) May-Jun 1992, 338-344, 371.
	No data from an appropriate outcome measure reported

	Turner, S. L., Thomas, A. M., Wagner, P. J., Moseley, G. C. (2008). A collaborative approach to wellness: diet, exercise, and education to impact behaviour change. Journal of the American Academy of Nurse Practitioners, 20(6), 339-344.
	Does not meet inclusion criteria

	Vandelanotte, C., De Bourdeaudhuij, I., Sallis, J.F., Spittaels, H., & Brug, J. (2005). Efficacy of sequential or simultaneous interactive computer-tailored interventions for increasing physical activity and decreasing fat intake. Annals of Behavioural Medicine, 29 (2), pp.138-146.
	Not worksite population 

	Vandelanotte, C., Reeves, M.M., Brug, J., & De Bourdeaudhuij, I. (2008). A randomised trial of sequential and simultaneous multiple behaviour change interventions for physical activity and fat intake. Preventive Medicine, 46, pp.232-237.
	Not worksite population

	Von Thielse Schwarz, U., Lindfors, P., & Lundberg, U. (2008). Health-related effects of worksite interventions involving physical exercise and reduced work hours. Scandinavian Journal of Environment and Health, 34 (3), pp.179-188.
	No data from an appropriate outcome measure reported

	White, J.L., & Ransdell, L.B. (2003). Worksite intervention model for facilitating changes in physical activity, fitness, and psychological parameters. Perceptual & Motor Skills, 97(2), 461-466.
	Not a worksite population

	Woods, C., Mutrie, N., & Marian, S. (2002). Physical activity intervention: a transtheoretical model-based intervention designed to help sedentary young adults become active. Health Education Research, 17 (4), pp.451-460.
	No data from an appropriate outcome measure reported













































Appendix 2. Summary of intervention characteristics

	Variable
	Number of studies

	Worksite physical activity interventions
	27

	Total number of techniques (intervention); mean (SD), range
	170 (M = 6.1, SD = 3.3), Range = 0-14

	Total number of techniques (control); mean (SD), range
	29 (M = 1.3, SD = 2.3), Range = 0-7

	Technique
1. Provide information on behaviour-health link
2. Provide information on consequences
3. Provide information about others’ approval
4. Prompt intention formation
5. Prompt barrier identification
6. Provide general encouragement
7. Set graded tasks
8. Provide instruction
9. Model/ demonstrate the behaviour
10. Prompt specific goal setting
11. Prompt review of behavioural goals
12. Prompt self-monitoring of behaviour 
13. Provide feedback on performance
14. Provide contingent rewards 
15. Teach to use prompts/ cues 
16. Agree behavioural contract 
17. Prompt practice 
18. Use of follow up prompts 
19. Provide opportunities for social comparison 
20. Plan social support/ social change 
21. Prompt identification as role model/ position advocate 
22. Prompt self talk 
23. Relapse prevention 
24. Stress management 
25. Motivational interviewing 
26. Time management
	
12
9
2
5
12
5
0
9
6
13
4
9
9
7
6
1
6
4
4
10
4
3
6
0
0
4

	Behaviour target
              Sole PA
              PA plus other behaviour (e.g., diet, smoking)
	
16
11

	Delivery during work hours
              Yes
              No
	
6
21

	Duration of intervention
	

	· Brief (< 1 day)
	0

	· Less than one month
	1

	· 1-5 months
	12

	· 6-11 months
	9

	· 12 months or over
	3

	Country
	

	· Australia
	2

	· Canada
	3

	· Japan
	1

	· Other European
	9

	· USA
	12

	Format of delivery
	

	· Individual
	12

	· Group
	8

	· Both
	6

	Source of delivery
	

	· Written materials
	8

	· Education session
	5

	· Pedometer
	2

	· Computer
	3

	· Web
	5

	· Peer
	4

	· Counsellor/Trainer
	10

	Contact time (hours)
	

	· Does not specify
	14

	· Brief (< 1 hour)
	2

	· 2-5 hours
	3

	· 6-10 hours
	2

	· 11-30 hours
	3

	· > 30 hours
	4

	Outcome measure
	

	· Fitness
	8

	· Duration
	7

	· Energy expenditure
	10

	· Steps
	2

	How theory/ predictors used to select/ develop intervention
 techniques is explicit
	

	· A
	9

	· B
	11

	C
	7

	· D
	0


A = No mention of theory at all; B = Broadly describes how theory was used to inform 
intervention design – no explanation of how theoretical constructs were used to inform 
the design of specific intervention strategies; C = Described how theoretical constructs 
were used to inform the design of some specific intervention strategies; D = Described 
how theoretical constructs were used to inform the design of every specific intervention 
strategy
Appendix 3. Univariate ANOVA Analyses for Selected Study and Intervention Characteristics 
	
	
	
	Physical activity outcome

	Model
	Covariate
	Classification
	k
	d (95% CI)
	I2
	Q
	T2
	P-value*
	Heterogeneity accounted for by covariate

	0
	None
	–
	27
	0.21 (0.17, 0.26)
	15%
	30.6
	0.002
	0.25
	–

	1
	Outcome type
	Self-report
	17
	0.21 (0.16, 0.26)
	12%
	0.02
	0.002
	0.89
	0%

	
	
	Objective
	10
	0.22 (0.10, 0.34)
	27%
	
	
	
	

	2
	Outcome measure
	Fitness
	8
	0.22 (0.09, 0.34)
	42%
	0.00
	0.002
	0.96
	0%

	
	
	All others
	19
	0.21 (0.16, 0.26)
	3%
	
	
	
	

	3
	Outcome measure 
	Duration
	8
	0.21 (0.13, 0.28) 
	20%
	0.10
	0.003
	0.78
	0%

	
	
	All others
	19
	0.22 (0.15, 0.29)
	18%
	
	
	
	

	3a
	Outcome measure 
	EE
	10
	0.22 (0.15, 0.29) 
	5%
	0.03
	0.003
	0.87
	0%

	
	
	All others
	17
	0.21 (0.15, 0.27)
	25%
	
	
	
	

	3b
	Outcome measure 
	Steps
	2
	–
	
	
	
	
	

	
	
	All others
	25
	–
	
	
	
	
	

	4
	Format of delivery
	Individual
	13
	0.22 (0.15, 0.28) 
	28%
	0.04
	0.003
	0.83
	0%

	
	
	Group/mixed
	14
	0.21 (0.14, 0.28)
	 6%
	
	
	
	

	4a
	Format of delivery
	Group
	7
	0.21 (0.11, 0.30) 
	 0%
	0.02
	0.003
	0.89
	0%

	
	
	Individual/mixed
	20
	0.22 (0.16, 0.27)
	32%
	
	
	
	

	4b
	Format of delivery
	Mixed
	6
	0.20 (0.06, 0.34)
	55%
	0.04
	0.002
	0.84
	0%

	
	
	Individual/group
	21
	0.21 (0.16, 0.26)
	0%
	
	
	
	

	5
	Behaviour target
	Sole PA
	17
	0.21 (0.15, 0.28) 
	33%
	0.00
	0.003
	0.95
	0%

	
	
	Multi-behaviour
	10
	0.21 (0.13, 0.29)
	0%
	
	
	
	

	6
	Delivery approach
	Written materials
	8
	0.22 (0.14, 0.31)
	41%
	0.06
	0.003
	0.80
	0%

	
	
	All others
	19
	0.21 (0.15, 0.27)
	1%
	
	
	
	

	6a
	Delivery approach
	Education session
	5
	0.25 (0.08, 0.42)
	0%
	0.18
	0.002
	0.61
	0%

	
	
	All others
	22
	0.21 (0.17, 0.26)
	29%
	
	
	
	

	6b
	Delivery approach
	Pedometer
	2
	–
	
	
	
	
	

	
	
	All others
	25
	–
	
	
	
	
	

	6c
	Delivery approach
	Computer
	3
	0.22 (0.12, 0.31)
	0%
	0.01
	0.003
	0.94
	0%

	
	
	All others
	24
	0.21 (0.16, 0.27)
	24%
	
	
	
	

	6d
	Delivery approach
	Web
	5
	0.18 (0.10, 0.27)
	59%
	0.77
	0.002
	0.38
	0%

	
	
	All others
	22
	0.23 (0.17, 0.28)
	0%
	
	
	
	

	6e
	Delivery approach
	Peer
	4
	0.19 (0.10, 0.29)
	0%
	0.20
	0.003
	0.65
	0%

	
	
	All others
	23
	0.22 (0.16, 0.27)
	27%
	
	
	
	

	6f
	Delivery approach
	Counsellor/health professional
	10
	0.22 (0.12, 0.33)
	27%
	0.05
	0.002
	0.82
	0%

	
	
	All others
	17
	0.21 (0.17, 0.26)
	12%
	
	
	
	

	7
	Delivery during work hours
	Yes
	7
	0.19 (0.09, 0.29)
	
	44%
	0.34
	0.003
	0.56
	0%

	
	
	No
	20
	0.22 (0.16, 0.27)
	
	2%
	
	
	
	

	8
	Country
	USA & Canada
	9
	0.22 (0.17, 0.28)
	0%
	0.31
	0.002
	0.25
	0%

	
	
	All others
	18
	0.18 (0.10, 0.27)
	32%
	
	
	
	

	8a
	Country
	All Europe
	15
	0.16 (0.10, 0.26)
	41%
	0.73
	0.002
	0.39
	0%

	
	
	All others
	12
	0.23 (0.17, 0.28)
	0%
	
	
	
	

	9
	Explicitness of theory
	A
	
	9
	0.21 (0.10, 0.31)
	
	28%
	6.54
	0.000
	0.04*
	100%

	
	
	B
	
	11
	0.18 (0.14, 0.23)
	
	0%
	
	
	
	

	
	
	C
	
	7
	0.34 (0.23, 0.45)
	
	0%
	
	
	
	

	
	
	D
	
	0
	–
	
	
	
	
	
	

	* p < .05
Note. d = Standardized mean difference with Hedge’s adjustment; k = number of evaluations; N = number of participants 
A = No mention of theory at all; B = Broadly describes how theory was used to inform intervention design – no explanation of how theoretical constructs were used to inform the design of specific intervention strategies; C = Described how theoretical constructs were used to inform the design of some specific intervention strategies; D = Described how theoretical constructs were used to inform the design of every specific intervention strategy







Appendix 4. Univariate meta-regression analysis for selected study characteristics

	
	
	
	Physical activity outcome

	
	
	
	
	
	
	Univariate model

	Model
	Covariate
	Classification
	k (N)
	d (95% CI)
	I2
	Regression coefficient (95% CI)
	P-value*
	Heterogeneity accounted for by covariate

	1
	Average measurement point
	Range: 3 to 144 weeks
	27 
	0.21 (0.15, 0.28)
	0%
	-.0001 (-.001, .001)
	1.00
	0%

	2
	Length of intervention
	Range: 3.5 to 104 weeks
	27

	0.24 (0.16, 0.32)

	10%
	-.001 (-.004, -.001)
	.36
	0%

	3
	Intervention contact time
	Range: 0.2 to 71 hours
	14
	0.21 (0.16, 0.26)
	 0%
	-001. (-.002, .003)
	.63
	0%

	4
	Number of intervention techniques
	Range: 0 to 14 techniques
	27
	0.24 (0.16, 0.33)

	 0%
	-.005 (-.016, .006)
	.35
	0%

	Note. d = Standardized mean difference with Hedge’s adjustment; k = number of evaluations; N = number of participants







Appendix 5. Univariate ANOVA Analyses for the Individual Behaviour Change Techniques 
	
	
	
	Physical activity outcome

	Model
	Covariate
	Classification
	k
	d (95% CI)
	I2
	Q
	T2
	P-value*
	Heterogeneity accounted for by covariate

	11
	T1. Provide information on behaviour-health link
	Yes
	12
	0.18 (0.12, 0.24)
	0%
	1.92
	0.002
	0.17
	27%

	
	
	No
	15
	0.25 (0.18, 0.32)
	27%
	
	
	
	

	12
	T2. Provide information on consequences
	Yes
	9
	0.21 (0.13, 0.28)
	1%
	0.02
	0.003
	0.90
	0%

	
	
	No
	18
	0.22 (0.15, 0.28)
	24%
	
	
	
	

	–
	T3. Provide information about others’ approval
	Yes
	2
	–
	
	
	
	
	

	
	
	No
	25
	–
	
	
	
	
	

	13
	T4. Prompt intention formation
	Yes
	5
	0.15 (0.09, 0.22) 
	20%
	3.92
	0.001
	0.05
	40%

	
	
	No
	22
	0.24 (0.19, 0.30)
	4%
	
	
	
	

	14
	T5. Prompt barrier identification
	Yes
	10
	0.24 (0.16, 0.32) 
	4%
	0.91
	0.002
	0.27
	0%

	
	
	No
	17
	0.20 (0.14, 0.25)
	19%
	
	
	
	

	15
	T6. Provide general encouragement
	Yes
	5
	0.27 (0.16, 0.38) 
	2%
	1.20
	0.002
	0.27
	0%

	
	
	No
	22
	0.20 (0.15, 0.25)
	17%
	
	
	
	

	-
	T7. Set graded tasks
	Yes
	0
	–
	
	
	
	
	

	
	
	No
	27
	–
	
	
	
	
	

	16
	T8. Provide instruction
	Yes
	9
	0.19 (0.06, 0.31)
	15%
	0.17
	0.002
	0.68
	0%

	
	
	No
	18
	0.22 (0.17, 0.27)
	20%
	
	
	
	

	17
	T9. Model/ demonstrate the behavior
	Yes
	6
	0.16 (0.05, 0.27) 
	36%
	1.18
	0.002
	0.28
	0%

	
	
	No
	21
	0.22 (0.17, 0.28)
	8%
	
	
	
	

	18
	T10. Prompt specific goal setting
	Yes
	13
	0.23 (0.16, 0.29)
	17%
	0.34
	0.002
	0.56
	0%

	
	
	No
	14
	0.20 (0.13, 0.27)
	17%
	
	
	
	

	19
	T11. Prompt review of behavioral goals
	Yes
	4
	0.24 (0.13, 0.35)
	0%
	0.35
	0.003
	0.55
	0%

	
	
	No
	23
	0.21 (0.15, 0.26)
	25%
	
	
	
	

	20
	T12. Prompt self-monitoring of behavior
	Yes
	9
	0.21 (0.14, 0.27)
	0%
	0.10
	0.002
	0.75
	0%

	
	
	No
	18
	0.22 (0.15, 0.29)
	26%
	
	
	
	

	21
	T13. Provide feedback on performance
	Yes
	8
	0.19 (0.11, 0.26)
	8%
	0.69
	0.002
	0.41
	0%

	
	
	No
	19
	0.23 (0.17, 0.29)
	20%
	
	
	
	

	22
	T14. Provide contingent rewards
	Yes
	7
	0.19 (0.12, 0.26)
	19%
	0.64
	0.002
	0.42
	0%

	
	
	No
	20
	0.23 (0.17, 0.29)
	13%
	
	
	
	

	23
	T15. Teach to use prompts/ cues
	Yes
	6
	0.17 (0.10, 0.24)
	0%
	0.18
	0.012
	0.14
	40%

	
	
	No
	21
	0.24 (0.18, 0.29)
	22%
	
	
	
	

	–
	T16. Agree behavioural contract
	Yes
	1
	–
	
	
	
	
	

	
	
	No
	26
	–
	
	
	
	
	

	24
	T17. Prompt practice
	Yes
	6
	0.15 (0.01-0.30)
	
	40%
	0.70
	0.002
	0.40
	0%

	
	
	No
	21
	0.22 (0.17-0.27)
	
	8%
	
	
	
	

	25
	T18. Use of follow up prompts
	Yes
	4
	0.18 (0.10, 0.26)
	57%
	0.88
	0.002
	0.35
	0%

	
	
	No
	23
	0.23 (0.17, 0.29)
	3%
	
	
	
	

	26
	T19. Provide opportunities for social comparison
	Yes
	4
	0.28 (0.09, 0.46)
	0%
	0.49
	0.002
	0.48
	0%

	
	
	No
	23
	0.21 (0.16, 0.26)
	22%
	
	
	
	

	27
	T20. Plan social support/ social change
	Yes
	10
	0.19 (0.13, 0.25)
	0%
	0.92
	0.002
	0.34
	14%

	
	
	No
	17
	0.24 (0.17, 0.31)
	31%
	
	
	
	

	28
	T21. Prompt identification as role model/ position advocate
	Yes
	4
	0.19 (0.08, 0.30)
	
	0%
	0.22
	0.002
	0.64
	0%

	
	
	No
	23
	0.22 (0.17, 0.27)
	
	19%
	
	
	
	

	29
	T22. Prompt self talk
	Yes
	3
	0.14 (0.03, 0.24)
	
	0%
	2.16
	0.003
	0.14
	35%

	
	
	No
	24
	0.23 (0.18, 0.27)
	
	15%
	
	
	
	

	30
	T23. Relapse prevention
	Yes
	6
	0.26 (0.16, 0.35)
	
	18%
	1.21
	0.001
	0.21
	0%

	
	
	No
	21
	0.20 (0.14, 0.25)
	
	13%
	
	
	
	

	31
	T24. Stress management
	Yes
	0
	–
	
	
	
	
	

	
	
	No
	27
	–
	
	
	
	
	

	32
	T25. Motivational interviewing
	Yes
	0
	–
	
	
	
	
	

	
	
	No
	27
	–
	
	
	
	
	

	33
	T26. Time management
	Yes
	4
	0.15 (0.05, 0.25)
	
	0%
	1.75
	0.002
	0.19
	0%

	
	
	No
	23
	0.22 (0.18, 0.27)
	
	18%
	
	
	
	

	Note. d = Standardized mean difference with Hedge’s adjustment; k = number of evaluations; N = number of participants 
A = No mention of theory at all; B = Broadly describes how theory was used to inform intervention design – no explanation of how theoretical constructs were used to inform the design of specific intervention strategies; C = Described how theoretical constructs were used to inform the design of some specific intervention strategies; D = Described how theoretical constructs were used to inform the design of every specific intervention strategy






