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ABSTRACT 

 

Background: Increasing physical activity in the workplace can provide physical and mental 

health benefits for employees and economic benefits through reduced absenteeism and 

increased productivity for the employer. However, there is limited evidence on effective 

behaviour change interventions in workplace settings that lead to maintained physical activity. 

This study aimed to address this gap and contribute to the evidence base for effective, and cost-

effective, workplace interventions. 

 

Objectives: To determine the effectiveness and cost-effectiveness of the Physical Activity 

Loyalty (PAL) Scheme, a multi-component intervention based on concepts similar to those that 

underpin a high-street loyalty card, aimed at encouraging habitual physical activity behaviour 

and maintained increases in mean steps/day.   

 

Design: A cluster-randomised controlled trial and embedded economic evaluation, behavioural 

economic experiments, mediation analyses and process evaluation.  

Setting: Office-based employees from public sector organisations in Belfast and Lisburn city 

centres, Northern Ireland. 

 

Participants: 853 participants (mean age 43.6 years (SD 9.6); 71% female) were randomly 

allocated by cluster to either the Intervention Group or (Waiting-List) Control Group.  

 

Intervention: The six month intervention consisted of financial incentives (retail vouchers), 

feedback and other evidence-based behaviour change techniques. Sensors situated in the 

vicinity of the workplaces allowed participants to monitor their accumulated minutes of 

physical activity.  

 

Main Outcome Measures: The primary outcome was mean steps/day recorded using a sealed 

pedometer (Yamax Digiwalker CW-701, Japan) worn on the waist for seven consecutive days 

at six and 12 months post-intervention. Secondary outcomes included health, mental wellbeing, 

quality of life, work absenteeism and presenteeism and use of healthcare resources. 
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Results: The mean steps/day were significantly lower for the Intervention Group compared to 

the control group (6,990 [SD 3,078] vs 7,576 [SD 3,345] respectively, adjusted mean 

difference= -336, 95% CI: -612 to -60, P=0.02) at six months post-baseline, but not 

significantly lower at 12 months post-baseline. There was a small but significant enhancement 

of mental wellbeing, in the Intervention Group (difference between groups for the Warwick-

Edinburgh Mental Wellbeing Scale [WEMWBS] of 1.34 points, 95% CI: 0.48 to 2.20), but not 

for the other secondary outcomes. An economic evaluation suggested that, overall, the scheme 

was not cost-effective compared to no intervention.  The intervention was £25.85 (95% CI: -

29.89, 81.60) more costly per participant but had no effect on QALYs (incremental QALY= -

0.0000891, 95% CI: -0.008, 0.008). 

 

Limitations: Significant re-structuring of participating organisations during the study 

resulted in lower than anticipated recruitment and retention rates. Technical issues affected 

intervention fidelity.  

 

Conclusions: Overall, assignment to the Intervention Group resulted in a small but significant 

decline in mean pedometer-measured steps/day at six months relative to baseline, compared to 

the waiting-list control group. The PAL Scheme was deemed to be not cost-effective compared 

to no intervention, primarily due to no additional QALY gained through the intervention. 

 

Future Work: Research to better understand the mechanisms of physical activity behaviour 

change maintenance will help the design of future interventions. 

 

Study Registration: ISRCTN17975376 (Registered 19/09/2014).  

 

Funding Details: Funded by the NIHR PHR Board. 

 

(Word count: 386)  
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PLAIN ENGLISH SUMMARY  

 

 

Inactive lifestyles are bad for your health. We developed the Physical Activity Loyalty (PAL) 

Scheme to encourage office workers to incorporate physical activity into their working day. 

Our study was designed to find out if the PAL Scheme would help employees get active during 

the working day, by incentivising walking breaks and providing an interactive website with 

personalised feedback on goal setting, and the accumulation of PAL ‘points’ (minutes of 

activity recorded with remote sensors) that could be redeemed for modest value retail vouchers.   

 

The PAL Scheme involved employees in four public sector workplaces in two city centres in 

Northern Ireland, half of whom were randomly chosen to receive the PAL Scheme programme 

and the other half were the control group. We measured participants’ levels of physical activity 

using a pedometer and used questionnaires to look at how they rated their quality of life, 

number of hours/days absent from work (through sickness) and their wellbeing. 

 

The PAL scheme lasted for six months, with the same measurements taken after the six months 

and again at 12 months. We held discussion groups with participants to find out their 

experiences of taking part. 

 

Despite the vouchers, hints, tips and motivational cues from the website and emails, the group 

who received the PAL Scheme were slightly less active than those who had not. However, 

ratings of wellbeing were slightly better in those who received the programme and they had 

fewer hours absent from work.  Feedback on the scheme was positive from participants, 

retailers and employers and it was likely that the scheme had wider benefits for the employer 

in terms of productivity and cost savings. 

 

Given that the programme failed to achieve sufficient change in physical activity as intended, 

new approaches are needed to explore levels of engagement with programmes such as this. 

 

(Word count: 299)  
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SCIENTIFIC SUMMARY 

 

 

BACKGROUND  

Increasing physical activity (PA) levels in the workplace could have physical and mental health 

benefits for employees and provide potential economic benefits for employers through reduced 

absenteeism and increased productivity. Current evidence to support the effectiveness of such 

interventions is mixed, with previous meta-analyses of workplace PA interventions showing 

small, positive, short-term effects on levels of PA but little long-term effectiveness. Further, 

there is scant evidence on the cost-effectiveness of such interventions. Financial and non-

financial incentives are increasingly used to promote healthy lifestyles, but we know little about 

whether they offer effective or sustainable means to promote PA in workplace settings.   

 

AIMS AND OBJECTIVES  

We conducted a cluster randomised controlled trial (RCT) in a workplace setting of an 

incentives based intervention for promoting PA, based on the concept of a “loyalty card”, to 

deliver the following objectives: 

1. To investigate the effectiveness of the intervention to increase employees’ PA levels; 

2. To investigate if any change in PA behaviour is maintained over time; 

3. To conduct cost-effectiveness, cost-utility and cost-benefit analyses of the intervention; 

4. To investigate how the intervention impacts other health behaviours and outcomes; 

5. To investigate wider work-related effects including sickness absenteeism and work 

presenteeism; 

6. To investigate the mediators of (a) uptake and use of the loyalty card, (b) initiation, and 

(c) maintenance of behaviour change; 

7. To conduct a parallel qualitative study to identify the reasons for intervention effects, 

how and why it worked for participants, and to explore possible mediators of behaviour 

change; 

8. To conduct a Discrete Choice Experiment (DCE) to investigate the effective levels of 

incentives for such interventions; 
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9. To conduct a behavioural economic field experiment on inter-temporal and risk 

preferences to investigate the relationship between PA behavioural change, discounting and 

financial incentives. 

 

METHODS 

The study is a cluster randomised controlled trial (RCT), with a parallel qualitative process 

evaluation and cost-effectiveness analysis. Trial procedures and protocol have been previously 

reported and are summarised below. A protocol variation, to limit follow-up to 12 months, was 

approved by NIHR.    

 

The Intervention (duration six months) 

The intervention, known as the Physical Activity Loyalty (PAL) Scheme, is based on similar 

concepts to high street loyalty cards whereby ‘points’ are rewarded for repeated behaviour. 

This six month intervention comprised of financial incentives for PA undertaken during the 

working day and recorded remotely though sensors in the workplace neighbourhood, with 

participant access to an intervention website offering tools for planning, goal setting, feedback 

on PA and redemption of earned points.  Those assigned to the waiting-list control group were 

offered the opportunity to participate in the intervention after the 12 month follow-up period. 

 

Sample 

Participants were healthy adults working in office-based occupations in public sector 

organisations in Lisburn and Belfast city centres, Northern Ireland. To be eligible, participants 

had to be based at the worksite for at least four hours/day on three days/week, have a current 

contract lasting the duration of the study, and have no recent history of conditions that would 

restrict their ability to take part in PA. Clusters were defined as the smallest organisational unit, 

for example, specific buildings or departments participating within the trial. Of the 1,209 

assessed for eligibility, 853 participants from 37 clusters were randomised into two groups 

(n=457 Intervention Group; n=396 Control Group). Further, 71 were lost to follow-up either 

from being uncontactable or having moved workplaces, and 154 withdrew during trial follow-

up. After omitting those who did not supply valid pedometer data (primary outcome measure), 

pedometer data for the primary outcome at six months was analysed for n= 485 (Intervention 

Group n=249, Control Group n=236).  
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Outcomes and Measures 

The primary outcome was PA behaviour change at six months (mean steps/day). Pedometer 

data was considered valid if the participant provided ≥250 steps/day for three or more days at 

each data collection period. Participants completed the Global Physical Activity Questionnaire 

(GPAQ) to elucidate the context of PA undertaken.  

 

Secondary outcomes included measures of health and well-being using the Short Form-8 (SF-

8), the Quality of Life (EQ-5D-5 L), and the Warwick-Edinburgh Mental Wellbeing Scale 

(WEMWBS). 

 

Work-related impacts, including absenteeism and presenteeism were measured using the 

World Health Organization (WHO) Health Work Performance Questionnaire (HPQ). Putative 

mediators of behaviour change initiation and maintenance were measured at baseline, four 

weeks and six months. A range of variables for use in the economic evaluation were measured; 

and, in subsets of participants, variables used in contingent valuation and economic 

experiments were measured. 

 

Data Collection and Analyses 

Data were collected (i) at baseline, including demographic characteristics, PA behaviour, 

health and wellbeing, work-related impacts, behavioural mediators and moderators, double-

bound dichotomous choices (DBDC) and a Discrete Choice Experiment (DCE) questionnaire; 

(ii) at four weeks (putative mediators) (iii) six months (PA behaviour, behavioural mediators, 

health and wellbeing, work-related impacts) and (iv) 12 months (PA behaviour). All self-report 

measures were collected online via Qualtrics (www.Qualtrics.com). Outcomes were compared 

between groups using ANCOVA adjusting for baseline values, randomisation stratum and 

season, with standard errors corrected for clustering. Indirect effects of hypothesised mediators 

on six and 12 month PA were examined using the structural equation modelling (SEM) based 

product-of-coefficients approach with confidence intervals formed using the bias-corrected 

bootstrap procedure. 

 

Process Evaluation 

A qualitative process evaluation was conducted alongside the trial in order to provide in-depth 

qualitative data on both the implementation and outcomes of the intervention. Focus groups 

were conducted to solicit participants’ views of the PAL scheme post-intervention (six months 

http://www.qualtrics.com/
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post-baseline). Semi-structured interviews and focus groups were also undertaken with 

employers and retailers (who offered retail vouchers as incentives as part of the intervention) 

and again with participants at 12 months post-intervention to describe facets of and reasons for 

any maintained behaviour change. All qualitative data were analysed using a thematic 

framework. 

 

Health Economics  

The primary economic evaluation took the form of a within trial Cost Utility Analysis (CUA), 

adopting a public sector perspective. Costs included the intervention costs (apportioned per 

participant) and health-care resource use. Health outcomes were expressed in terms of quality-

adjusted life-years (QALYs) accrued over the six month follow-up period in the CUA.  

 

The primary analysis used an incremental cost-effectiveness ratio (ICER) estimated by dividing 

the adjusted difference in mean costs between groups by the adjusted difference in mean 

QALYs between groups. ICER estimates were compared with a £20,000 - £30,000 per QALY 

threshold applied by NICE (National Institute for Health and Care Excellence). A 

supplementary Cost Benefit Analysis (CBA) was undertaken from an employer’s perspective 

by using a ‘net-cost model’, incorporating not only the intervention costs but also the avoided 

costs of absenteeism and productivity loss due to sick days. All analyses were undertaken 

according to the principle of intention-to-treat. 

 

Behavioural Economics 

To determine the financial incentive level that might stimulate behaviour change, two stated 

preference methods were employed, namely: (i) Contingent Valuation, used to measure 

participants’ willingness-to-accept (WTA) financial incentives for increasing their PA; and (ii) 

DCE which examined the monetary value required for increasing different types and levels of 

PA. 

 

RESULTS (“INTENTION TO TREAT” ANALYSIS) 

Primary Outcomes: Immediate Post-intervention (Six Months Post-baseline) 

At six months post-intervention, mean steps/day were significantly lower for the Intervention 

Group compared with the control group (6,990 [SD 3,078] vs 7,576 [SD 3,345] respectively, 

mean difference= -336, 95% CI: -612 to -60, P=0.02) after adjustment for baseline values, 



21 

 

randomisation stratum and season, and correction for cluster effects. There was also a 

significant difference between the Intervention Group compared to the control group for 

minutes/week of self-reported work-related PA (mean difference=-33.3, 95% CI: -65.44 to -

1.24, P=0.04) but not for minutes/week self-report moderate to vigorous PA (MVPA) (mean 

difference=4.12, 95% CI: -47.07 to 55.31, P=0.88).  

 

Effects at 12 Months Post-baseline 

There was a non-significant difference between the Intervention and Control Groups in 

steps/day (7,790 [SD 3,462] vs 8,203 [SD 3,401], adjusted mean difference =-570, 95% CI: -

1,267 to 127, P=0.11) after adjustment for baseline values, randomisation stratum and season, 

and correction for cluster effects. There were also non-significant differences between groups 

for minutes/week of self-reported work-related PA (mean difference=7.0, 95% CI: -12.6 to 

26.6, P=0.48) and minutes/week self-report MVPA (mean difference=77.0, 95% CI: -7.9 to 

162.0, P=0.08). 

 

Secondary Outcomes 

There was a significant difference between groups for the WEMWBS, in favour of the 

Intervention Group (adjusted mean difference=1.34, 95% CI: 0.48 to 2.20, P<0.01), but not for 

the other secondary outcomes. 

 

Sensitivity Analysis 

Given the loss to follow-up and missing mean steps/day data, a further analysis was carried out 

following imputation by chained equations. In this case the difference in mean steps/day was -

526 (95% CI: -948 to -104, p=0.02), in the same direction as the primary analysis.  

 

Process Evaluation  

Feedback from participants on the PAL scheme was positive. A number of themes emerged 

from the focus group discussions on the benefits participants received from their participation 

in the intervention. Benefits identified by participants included increased levels of PA, health 

benefits, social benefits and increased productivity. Participants highlighted how the 

intervention had instigated changes in their usual routine, leading to increased PA across the 

working day. However, barriers and facilitators to the PAL scheme were also identified with 

regard to work demands, time and the weather. 
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Cost Effectiveness Analysis  

The intervention was £25.85 (95% CI: -29.89, 81.60) more costly per participant but had no 

effect on QALYs (incremental QALY= -0.0000891, 95% CI: -0.008, 0.008). The bootstrapped 

cost and QALY pairs spread over the four quadrants of the cost-effectiveness plane indicating 

large uncertainty especially surrounding the effect on QALY. Overall, the findings suggest the 

scheme was not cost-effective. A CBA demonstrated fewer hours absent from work through 

sickness in the Intervention Group (2.97 hours over a four week period; p=0.62), which pro-

rata equates to 17.82 hours for the six-month intervention period and could result in savings 

ranging from £66 to £735 on average depending on the wage rate employed at current 

intervention costs (=£55.68). The estimated cost saving is associated with great uncertainty; 

due to the statistically insignificant effect of the absenteeism, the probability that the PAL 

scheme is cost saving (net cost < £0) for employers ranged from 57% to 64%. 

 

Behavioural Economics  

On average, participants’ WTA financial incentives was £1.38 (95% CI: £1.16, £1.61) for 

increasing PA for 30 minutes/week and was £2.80 (95% CI: £2.32, £3.27) for 60 minutes 

additional PA/week. The average money required by participants for increasing walking or 

cycling to and from places, moderate-intensity and vigorous-intensity recreational PA was 

£2.88/hour (95% CI: £2.33; £3.43), £1.02/hour (95% CI: £0.68; £1.37), and £3.29/hour (95% 

CI: £2.72; £3.86), respectively.  The minimum monetary incentives necessary for increasing 

PA (60 mins of moderate PA) differed significantly for inactive (£3.24 [95% CI: £2.30, £4.17]) 

and active (£0.92 [95% CI:  £0.15, £1.68]) participants at baseline, with inactive participants 

requiring significantly more monetary incentive.  

 

Mediation Analysis 

Random-effects regression analyses showed that there were significant increases at four weeks 

post-baseline in intentions (b=0.29, p=0.02), identified regulation (b=0.14, p=0.01), integrated 

regulation (b=0.23, p<0.01), intrinsic motivation (b=0.18, p<0.01), and social norms (b=0.23, 

p<0.01), for intervention compared to control participants. Where b represents the coefficient 

for group assignment (intervention vs. control) in random-effects regressions. None of the 

changes in these variables were significantly related to six month changes in mean steps/day, 

controlling for group assignment.  
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However, there were significant and positive, indirect effects of group assignment on change 

in mean steps/day at six months through changes in several of the mediators of maintenance 

(measured at baseline and six months). At six months, there were significant increases in 

identified regulation (b=0.11, p=0.02), integrated regulation (b=0.26, p<0.01), intrinsic 

motivation (b=0.17, p<0.01) and habit (b=0.48, p<0.01), for intervention compared to control 

participants. Where b represents the indirect effect (i.e. the multiplication of the coefficient of 

the path relating group assignment to the mediator and the coefficient of the path relating the 

mediator to PA). These changes were shown in random-effects regression analyses to be related 

to changes in pedometer steps/day at six months, controlling for group assignment. 

 

CONCLUSIONS 

The trial demonstrated that assignment to the Intervention Group resulted in a small but 

significant decline in the primary outcome (i.e. mean pedometer-measured steps/day at six 

months) relative to baseline, compared to the waiting-list control group. Self-reported 

minutes/week of workplace PA also declined (compared to control) but there was no significant 

change for total MVPA. At 12 months, those in the Intervention Group still had a lower mean 

step/day total than did the control group, but the difference was not significant. 

 

Feedback on the scheme was generally positive from participants, retailers and employers. In 

addition to the marginal though statistically discernible from zero gain in mental wellbeing for 

participants, the scheme had wider benefits for the employer in terms of productivity, as well 

as enabling networks and partnerships to be built between businesses and retailers in relation 

to the rewards element of the scheme.   

 

Whilst the results showed that intervention was not likely to be cost-effective from an NHS 

perspective over the six month time horizon, results highlighted that the Intervention Group 

consumed less health care resources compared to the control group, though this difference was 

not statistically significant. However, there was a net cost saving for the employers for 

intervention participants arising due to reduced absenteeism, ranging from £66 to £735 

depending on the wage rate employed. Whilst the decline in absenteeism hours was not 

statistically significant they are arguably economically significant. Hence, from this 

perspective and valuing absenteeism using a human capital approach, the intervention could be 

deemed to be cost-beneficial.  
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Whilst assignment to the Intervention Group led to increases in some putative mediators of 

initiation, these increases were not related to PA behaviour change at six months. Two potential 

reasons are: (i) changes in these mediators of initiation do not induce change in PA behaviour; 

(ii) changes in mediators of initiation are not carried through to PA behaviour change at six 

months. 

 

Though the primary outcomes are not positive in relation to increased and maintained PA, there 

were some positive aspects which merit further attention and which should be examined in 

future PA intervention studies, such as: the use of self-regulation techniques, with social and 

environmental prompts, to promote habit formation as new PA behaviours becomes more 

automatic. Monitoring of behavioural outcomes is an additional self-regulation technique 

which should be explored, as it can potentially encourage participants to focus on their 

satisfaction with behaviour change.  

 

Trial Registration: ISRCTN17975376 (Registered 19/09/2014).  

Funding: Funded by NIHR PHR Board. 

(Word count: 2384) 

  

http://www.isrctn.com/ISRCTN17975376
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1 INTRODUCTION  

 

1.1 RATIONALE FOR CURRENT STUDY  

Previously the authors completed a pilot study of the feasibility of conducting a randomised 

controlled trial (RCT) investigating the use of financial incentives for physical activity (PA) in 

the workplace1 which: assessed the recruitment process and retention of office-based 

employees to a trial; tested outcome measures and data collection processes; and assessed the 

feasibility of programme implementation in a public sector organisation. In that pilot a high 

uptake rate (63% of those invited took part) indicated that our recruitment strategy was 

successful and that the intervention was acceptable to the target population. Our data showed 

that over 50% of participants recruited at baseline were categorised as having low PA levels, 

and that the intervention was acceptable to a wide range of individuals, including those 

currently physically inactive, with the potential for significant reach in the population. 

Furthermore, this strategy was successful in recruiting a representative sample, in terms of 

gender and age from office-based public sector organisations. High retention rates at six 

months (85%) showed that our electronic method of data collection was acceptable, and that 

the outcome measures were feasible. Although there was no significant difference in PA levels 

(ascertained by the GPAQ) between the Intervention and Control Groups in the pilot, the study 

was not powered to demonstrate an effect size of Cohen’s d~0.21 (suggested by the literature) 

which initially informed our trial design. Finally, over 90% (n=331) of participants were 

satisfied with taking part in the scheme with 89% (n=322) stating that the PAL card was ‘very 

helpful’ in encouraging them to undertake more PA. 

 

1.2 EXISTING RESEARCH 

1.2.1 Physical Activity Levels 

Physical inactivity is estimated to cause 6-10% of deaths worldwide from non-communicable 

diseases such as coronary heart disease, type 2 diabetes and certain cancers.2 On a global scale, 

estimates have highlighted that physical inactivity cost $ (INT$) 53·8 billion worldwide in 

2013.3 The impact of increasingly inactive lifestyles is thought to cost the NHS over £1billion 

annually.4 Within the UK, adults are recommended to undertake at least 150 minutes/week of 

moderate to vigorous PA (MVPA), for example, cycling, brisk walking or running.5 The 

current guidelines also include recommendations to reduce sedentary behaviour across the day, 

by taking regular breaks at work and incorporating active travel.6 Despite government 
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guidelines highlighting the health benefits of regular PA,4 still over 80% of adults in the UK6 

and over 60% of adults in Northern Ireland7,8 are not meeting current recommended levels.  
 

Within the most recent NICE (The National Institute for Health and Care Excellence) 

guidelines,9 employers are encouraged to promote PA in the work place by identifying 

workplace ‘Champions’ or by implementing workplace walking and cycling programmes. As 

a high percentage of the adult population worldwide is in employment, and most of the waking 

day is spent at work, workplace-based interventions are practical settings for PA promotion 

and have the potential to significantly contribute to habitual PA and other beneficial health 

behaviours. With increasing numbers of inactive office-based occupations, improvements in 

PA levels may also contribute positively to wellbeing, mental health and productivity.10 It has 

been suggested that there is a strong business case for investment in the health and wellbeing 

of the workforce,11 and in a report published by Price Waterhouse Coopers it was estimated 

that for every £1 invested in workplace health and wellbeing, there is a potential return of over 

£4 as a consequence of improvements in absenteeism and productivity,12 which are thought to 

cost in the region of £30 billion annually.10 

 

1.2.2 Workplace-based PA Interventions 

Current evidence to support the effectiveness of workplace PA interventions is mixed,13 with 

reviews,14–16 calling for more robust research on workplace interventions and well-designed 

RCTs. Previous meta-analyses of workplace PA interventions have shown small, positive, 

short-term effects,15,16 on levels of walking but little long-term effectiveness is evident.9 Thus 

there is a recognised need to develop workplace interventions purposefully designed to 

encourage PA behaviour change maintenance.   

 

More recently, a systematic review and meta-analysis of 26 intervention studies published in 

2016 identified three main intervention strategies to reduce sedentary time and increase PA 

within the workplace: educational or behavioural change programmes (for example, goal 

setting, motivational interviewing), environmental changes (for example, sit-stand 

workstations) and multicomponent interventions (for example, environmental changes coupled 

with behaviour change techniques).17 The review found that workplace-based interventions, 

especially multi-component interventions (implementing both an educational and 

environmental aspect to the intervention), effectively reduced workplace sitting time. 
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However, most of these studies demonstrated behaviour change in the short-term, with the 

longest follow-up from the included studies recorded at 12 months. 

 

1.2.3 Financial Incentives  

Financial incentives have been proposed as a method of promoting healthy lifestyles by the 

UK government18–20  but evidence in this field is relatively limited to date and considered 

controversial by some. Financial incentives have been shown to be effective in the short-term 

in smoking cessation studies21 and have also proved effective in encouraging discrete health 

behaviours such as attendance at vaccination programmes.20 

 

In a systematic review published in 2015,22 which examined the effectiveness of financial 

incentives in changing health-related behaviours in general, it was reported that behaviour 

change was maintained until 18 months post-baseline and three months after incentive removal. 

Effectiveness measured at more than 6-12 months post-baseline was moderated by the 

participants’ socioeconomic circumstances. In a recent trial, rebates were offered to 

participants when they purchased fruit and vegetables and this led to improvements in Healthy 

Eating Index-2010 scores.23 The follow-up in this trial was conducted at four-six months and 

nine-11 months after implementation, so only relatively short-term effects have been 

demonstrated. 

 

Giles and colleagues24 reviewed the effectiveness of financial incentives for behaviour change 

(n=17 reports of n=16 studies) in a range of health behaviours, including smoking cessation, 

vaccinations/screening and PA and found some evidence that effect sizes decreased as post-

intervention follow-up period and incentive value increased. 

 

Relatively little research has been conducted to date with regards to the provision of financial 

incentives in the promotion of PA. A recent systematic review which only included three 

studies was suggestive of short-term effectiveness, with the authors unsurprisingly calling for 

more research in this area.25 A recent trial conducted by Shin and colleagues26  sought to assess 

the effectiveness of combining an activity tracker and financial incentives in a group of male 

students, contingent on participants achieving their daily PA goals (process incentive) and 

achieving their target weight (outcome incentive). The trial concluded that the addition of a 

financial incentive was effective in increasing PA levels. Christian and colleagues27 also sought 

to explore the feasibility of using financial incentives to increase PA levels in a teenage 
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population, providing £25 of activity vouchers every month for six months. The authors found 

that not only did the vouchers encourage an increase in PA and significant improvements in 

(boys’) fitness, but they also reduced levels of sedentary behaviour in both sexes and 

encouraged friends to socialise. 

 

Incentives have been shown to improve participant engagement, and as the aforementioned 

studies demonstrated, this can lead to increased levels of PA. However, as Mantzari et al.22 

reported, financial incentives can increase attainment of the target levels of behaviour change 

from the start until the end of the incentives’ offer, but subsequently there is a monotonic trend 

and weakening effect over time. With such mixed findings and few which provide longer-term 

follow-up data, we cannot yet be certain that increased levels of PA are maintained in the 

longer-term, whether the behaviour change is maintained  once the incentive is removed and 

indeed if new habits are formed.22,28,29  

 

1.2.4 Cost-Effectiveness of Incentive-Based Interventions  

To date, studies have explored the cost-effectiveness of incentives across a range of health 

behaviours. The cost-effectiveness of financial incentives for smoking cessation in pregnancy 

is encouraging. Boyd and colleagues30 conducted a smoking cessation trial where women 

(n=612) were randomized to usual cessation support with or without financial incentive 

vouchers up to the value of £400. The findings suggested that the financial incentive for 

smoking cessation in this population was highly cost-effective, with an incremental cost per 

quality-adjusted life-year (QALY) of £482. 

 

Paul-Ebhohimhen and Avenell31 reviewed the literature on the use of financial incentives in 

the treatment of overweight and obesity, and found that few studies had conducted cost-

effectiveness analysis. The lack of evidence on cost-effectiveness poses a distinct limitation on 

its utility for policy making.  

 

1.2.5 Cost-Effectiveness of Incentive-Based Interventions for PA 

Whilst the evidence for the cost-effectiveness of incentive-based interventions is limited, 

studies on interventions that focus on the promotion of PA, particularly within the workplace, 

are even more sparse.32 However, encouragingly, a cost-effectiveness analysis performed in 

our pilot trial showed that the PAL Scheme was potentially cost-effective from both a 

healthcare and employer’s perspective.1 
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In summary, financial incentives alone may not be sufficient to promote maintained PA 

behaviour change, but may do so when embedded within an evidence-based, theoretically-

driven intervention.33 Further, financial incentive interventions designed using behavioural 

economic concepts have been shown to be effective for changing behaviour.34 There is also 

limited evidence around the cost-effectiveness of interventions to promote PA in the 

workplace,33,35 and of the cost-effectiveness of financial incentive-based interventions.28 

Therefore, to address such gaps in the evidence base and following the successful completion 

of a pilot study,1 we aimed to conduct a cluster RCT of a complex intervention (the PAL 

Scheme) incorporating financial incentives to encourage PA and maintained behaviour change. 

 

1.3 THE PAL SCHEME 

The PAL Scheme is a multi-component intervention based on concepts similar to those that 

underpin a high-street loyalty card aimed at encouraging repeated behaviour (i.e. loyalty).36 

Components include the provision of points and financial incentives contingent on the targeted 

behaviour being achieved (in this case PA), and the provision of feedback on the targeted 

behaviour, as well as prompting and messaging to encourage the targeted behaviour through a 

tailored website. Participants can log onto their account on the study website and receive real-

time feedback on aspects of their PA, including minutes of activity, recorded remotely by Radio 

Frequency Identification (RFID) enabled sensors strategically placed in the neighbouring 

environment. Minutes are converted to points (10 points for 1 minute of activity recorded), and 

collected points are redeemed for rewards (retail vouchers) sponsored by, and redeemable at, 

local businesses. In line with the recommendations of recent NICE guidance,37 the study aimed 

to gather new evidence on effective and cost-effective workplace PA interventions. Although 

recent studies show some evidence of effect,14–16 there are three problems that the current work 

addresses: 1) very few studies have used objective measures of PA; 2) relatively little is known 

about the use of financial incentives for workplace PA and free-living activity, and 3) even less 

is known about their cost-effectiveness.36 Further, the PAL study addresses key knowledge 

gaps outlined by NICE,37 including how individual interventions interact with environmental 

factors in encouraging people to walk, how to make walking habitual and which factors 

influence longer term behaviour change. Previous studies have used significant cash payments 

(up to $750)21 which are not sustainable for the long-term. Further, to elicit a maintained 

behaviour change, the intervention should incorporate a phasing strategy to “shift” the focus 

from extrinsic to intrinsic motivation.36 
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The PAL Scheme has the potential for considerable reach at little cost and the trial has the 

potential to shed light on sustainable business models using a ‘points’ based loyalty platform, 

local businesses ‘sponsor’ the incentive (retail vouchers) in return for increased footfall to their 

business. This model is aligned to precepts of the Department of Health Public Health 

Responsibility Deal.38 Our previous formative work showed that we can recruit and retain 

office-based employees to this intervention and that the intervention has the potential to 

positively influence their PA levels.  

 

1.4 AIMS AND OBJECTIVES  

The cluster RCT had the following objectives: 

1. To investigate the effectiveness of the intervention to increase employee’s PA levels; 

2. To investigate if any change in PA behaviour is maintained over time; 

3. To conduct cost-effectiveness analyses, Cost Utility Analysis (CUA) and Cost Benefit 

Analysis (CBA) of the intervention; 

4. To investigate how the intervention impacts on other health behaviours and outcomes; 

5. To investigate wider work-related effects including sickness absenteeism and work 

presenteeism; 

6. To investigate the mediators of (a) uptake and use of the loyalty card, (b) initiation, and (c) 

maintenance of behaviour change; 

7. To conduct a parallel qualitative study to further identify those who benefitted from the 

intervention, how and why it worked for them, and explore mediators of behaviour change; 

8. To conduct a Discrete Choice Experiment (DCE) to investigate the possible effective levels 

of incentives for such interventions; 

9. To conduct a behavioural economic field experiment on inter-temporal and risk preferences 

to investigate the relationship between PA behaviour change, discounting and financial 

incentives. 

 

2 METHODOLOGY 

 

2.1 INTRODUCTION  

The multi-centre cluster RCT aimed to evaluate the effectiveness and cost-effectiveness of the 

PAL Scheme to maintain PA behaviour change. The trial incorporated nested behavioural 
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economic experiments and a process evaluation and the intervention was tested in an earlier 

feasibility study.1 

 

The trial was designed to target public sector employees in predominantly office-based jobs 

and had two groups: an Intervention Group and a Waiting-List Control Group. Clusters of 

participants were randomly allocated to either the Intervention Group or Control Group. 

Clusters were defined as the smallest organisational unit, for example specific buildings 

participating within the trial.  

 

This chapter begins by setting out the methodology for the trial in relation to sampling, 

outcomes and measures, data collection and analyses plans. The methodological approach 

undertaken for both the process evaluation and health economic evaluation is also described. 

In parallel to the main health economic evaluation, Section 8 describes behavioural economic 

experiments (involving Contingent Valuation and DCE modelling) conducted to shed light on 

participants’ Willing-to-accept (WTA) financial incentives to improve PA and its relation to 

time preference. The chapter concludes by identifying the changes to the original protocol 

published. 

 

2.2 CLUSTER RANDOMISED TRIAL 

2.2.1 Study Population 

2.2.1.1 Recruitment of Workplaces 

The study targeted public sector employees involved in predominantly office-based 

occupations whose workplace was within Belfast or Lisburn city centres, Northern Ireland. 

People in predominantly office-based jobs spend a large proportion of their day physically 

inactive while public sector organisations have been reported to have higher sickness absence 

rates than private sector workplaces.39,40 Public sector organisations were purposively sampled 

from those within a 2 km radius of the city centre or which could offer PA opportunities within 

a 2 km radius of their location, and had a minimum of 100 employees in predominantly office-

based occupations. Meetings were held with senior management of these organisations to 

explain the purpose of the study and the practicalities involved if the study were to be 

implemented within the organisation. Workplaces were recruited between September 2014 and 

August 2015 and participant recruitment between January 2015 and October 2015. 
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2.2.1.2 Recruitment of Participants 

Recruitment methods included email invitations to employees and posters placed around each 

workplace advertising the study. Emails and posters included the website address and a web-

link was added to the organisations’ intranet sites (previously tested in our pilot study).1 

Potential participants were able to access further information (including the Participant 

Information Sheet) and register their interest to participate on the study website. Potential 

participants were asked to complete a screening questionnaire via the study website or by 

telephone, to confirm their eligibility, based on the following inclusion criteria: based at 

recruited worksite at least four hours/day (within core hours of 8 am-6 pm) on at least three 

days/week; current contract anticipated to last for the duration of the study (i.e to exclude 

temporary workers); access to internet at work; able to give informed consent; able to 

communicate in English; no self-reported recent history of myocardial infarction or stroke or 

physical limitations that would limit ability to participate in PA (assessed using the Physical 

Activity Readiness Questionnaire). All participants who met the eligibility criteria and 

consented to participate were contacted by a member of the research team by telephone or 

email to complete the baseline assessment. Following this, clusters of participants were 

randomised to the Intervention or Control Group using computer generated random numbers. 

Clusters were defined as the smallest organisational unit (e.g. a department or office/floor) 

within each participating workplace. 

 

2.2.1.3 Sample 

During recruitment, a revised power calculation was performed (with the approval of NIHR) 

assuming a less demanding effect size than in our original protocol. This was proposed in light 

of more recent literature published and with consideration of our actual baseline data on the 

mean and variance of cluster size and an intra-correlation co-efficient of 0.029.41 

 

In our original protocol, the sample size calculation for the trial was determined using an 

anticipated effect size of d=0.21 which was based upon a previous meta-analysis of workplace 

based PA interventions. However, none of the studies which were included in this meta-

analysis were incentive-based interventions for PA behaviour change. More recent literature 

has been published24,41 including a meta-analysis showing a mean effect size of approximately 

1600 steps (d=0.40). Additionally, the TRial of Economic Incentives to Promote Physical 

Activity (TRIPPA) study,41 which examined the influence of financial incentives on the 
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effectiveness of a wireless-upload pedometer to encourage weekly PA goals, was powered to 

detect a difference of a minimum of 30 minutes of MVPA/week between groups and reflective 

of a considerably higher effect size than assumed in our original calculation. 

 

Therefore, assuming that our original estimate was too conservative, and after consultation with 

the Project Team, Trial Steering Committee and NIHR Public Health Research board, the 

power calculation was updated as follows: For an effect size of 0.40, a study of 330 per group 

(or 660 in total) would have 90% power at the 5% significance level. Assuming a 15% drop-

out, the study would therefore need to randomise 776 participants. Please see section 2.7 for 

further details regarding deviation of the evaluation from the original protocol. 

 

2.2.2 Randomisation, Concealment & Blinding  

Clusters were the smallest work groups or units (e.g. a large open plan office) within each 

participating organisation. A random allocation sequence was drawn up by the trial statistician 

and group allocation was stratified to ensure similar number of clusters in both Intervention 

and Control Groups.  Research staff were blinded to group allocation until after data collection 

was completed. The outcome of the randomisation was communicated to participants by email 

after baseline measurements were complete.  

 

2.2.2.1 Intervention Group 

The PAL Scheme is a complex multi-component intervention based on concepts similar to 

those that underpin a high-street loyalty card aimed at encouraging repeated behaviour (i.e. 

loyalty) and is designed to incorporate a range of behaviour change techniques. Components 

include the provision of ‘points’ and rewards (financial incentives) contingent on meeting 

targeted PA behaviour goals (extrinsic motivation, goal-setting). Participants were encouraged 

to undertake 150 mins/week of PA which is in line with current guidelines. The PAL Scheme 

integrated a novel PA remote tracking system with web-based monitoring and evidence-based 

behaviour change tools (i.e. self-monitoring, goal-setting). We carefully considered the design 

of this complex intervention in line with the MRC guidelines.42 We have followed advice from 

the MRC framework in our work, including theoretical work, development of logic model, 

mapping of intervention onto determinants and measures onto hypothesised mechanisms, 

pilot/feasibility study including qualitative work. 
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The six month intervention involved placing sensors (wifi beacons) in the vicinity of 

participating workplaces at specific locations to encourage PA within a 2 km radius of 

participants’ worksites (i.e. including the provision of prompts/cues to facilitate habit 

formation). The wifi beacons were placed at locations along footpaths, in local parks, leisure 

centres, shopping malls, bus stops and train stations. Maps of various walking routes and details 

about PA opportunities tailored to the workplace were provided on the study website (and 

instructions on how to perform behaviour). Participant’s activity was logged when they passed 

within an approximate 25 m radius of the wifi sensors with their PAL keyfob when undertaking 

PA (e.g. walking). This logged the place, date and time of the bout of PA. Participants could 

log onto their account on the study website and receive real-time feedback on the number of 

minutes of PA logged by the tracking system. Minutes were converted to ‘points’ (ten ‘points’ 

for one minute of activity recorded), and collected ‘points’ were redeemable for rewards 

(downloadable retail vouchers) sponsored by, and redeemable at, local businesses. To reduce 

the risk of ‘gaming’, a daily ‘points’ cap was implemented and the transit times between sensors 

checked for anomalous values. Bonus rewards and ‘Double Points Days’ were offered when 

participants met specific weekly PA targets.  

 

To tailor the intervention, a purposive sample of employees (both men and women across a 

range of ages) participated in three focus groups (maximum 10 participants/ group) prior to the 

intervention to explore aspects such as the availability of, and preferences for opportunities for 

PA in proximity to the workplace. Sensor locations were determined from the feedback 

received in the focus groups regarding popular walking routes. Employees’ opinions on the 

website interface and the rewards redemption function, for example, were also considered and 

this permitted final tailoring of its functionality. To determine incentive levels, stated 

preferences of the participants from the DCEs to assess their mean WTA, Willingness to Pay 

(WTP) and the trade-offs they would make for the attributes of the incentive programme, prior 

to the intervention were used. This information helped determine the level of the rewards 

available for earned ‘points’. In addition to the financial incentive element, the intervention 

had several other components designed to enhance the effectiveness of the incentives. These 

components were delivered via the study website and designed to have multiple effects: (a) to 

increase usage of the study website, (b) as effective Behaviour Change Techniques (BCTs) in 

their own right, and (c) as techniques designed to aid the transition from more extrinsically 

motivated behaviour to more intrinsically motivated habitual behaviour. The techniques 

included the provision of regular tailored motivational emails, tailored feedback, information 
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on walking routes in the vicinity of the participating workplaces and links to other resources 

such as PA advice and healthy eating guidelines. It also included self-regulation techniques of 

goal setting, self-monitoring, and prompts to behaviour. 

 

Underpinning theoretical framework: The financial reward component of the intervention was 

based on principles of Learning Theory by providing an immediate reward (extrinsic 

motivation) for behaviours that offer health gains in the future. It also contained elements based 

on other approaches, such as goal setting, prompts, self-monitoring, and habit formation which 

fit within a self-regulation control theory framework, motivational messages (persuasion), and 

social support (vicarious experience) which should increase self-efficacy according to Social 

Cognitive Theory. Social Cognitive Theory also holds that satisfaction with the consequences 

of behaviour change can act as a reinforcing mechanism, in addition to the reinforcement of 

financial rewards. Thus, the financial incentive component was embedded in a complex 

intervention containing evidence-informed BCTs. Figure 7 shown in the appendix presents the 

logic model underpinning the intervention development. 

 

2.2.2.2 Control Group 

Those assigned to the waiting-list control group (n = 388) were offered the opportunity to 

participate in the intervention after the 12 month follow-up period. Participants in this group 

completed outcome measures at the same time points as the Intervention Group. The waiting-

list control group did receive the intervention following the 12-month data collection period. 

 

2.2.3 Outcomes and Measures  

Outcome measures are grouped into primary and secondary outcomes as displayed in Table 1. 

In summary, the primary outcome was PA behaviour change (mean steps/day) measured using 

a sealed pedometer (Yamax Digiwalker CW-701, Japan). Participants were asked to wear the 

pedometer for seven consecutive days on the waistband (dominant hip). They were asked to 

complete a wear time diary providing details on the dates/times that they removed the monitor 

and wore the monitor. Participants were advised to remove the monitor when showering, 

bathing or undertaking any water-based activities. Pedometer data was considered valid if the 

participant provided ≥250 steps/day for three or more days at each data collection period.43 

Pedometers were sealed at all times to blind participants to the output and prevent reactivity 

which is standard practice. This device was used as a measurement tool only (i.e. was not part 

of the intervention) and a standardised measurement protocol used for the intervention and 
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control group. We followed a standard protocol that has been well-validated44–48 and 

successfully employed as a measurement tool in numerous intervention studies.  

 

 

Secondary outcomes included measures of health and well-being; work-related impacts; 

proposed mediators of behaviour change; compensatory behaviours; a range of variables for 

use in the economic evaluation; and a range of variables for use in the process evaluation.  

 

All outcome measures were analysed and, where required, collected by a Postdoctoral Research 

Fellow (PDRF) blinded to group allocation. Self-reported outcome measures were collected at 

baseline and six months (unless otherwise stated), via online questionnaires distributed by 

email and automatically collated via Qualtrics (www.Qualtrics.com). 

 

 

 

 

 

 

 

 

 

 

 

 

Table 1. Description of the primary and secondary outcomes and measures  

Outcomes Measures 

Primary outcomes 

 

Physical Activity 

 

 

Participants were asked to wear the pedometer for seven 

consecutive days and completed a wear time diary. Pedometer data 

http://www.qualtrics.com/
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Mean steps/day 

objectively measured 

by a sealed pedometer 

(to blind participants to 

the output) worn on the 

waistband (Yamax 

Digiwalker CW-701, 

Japan) 

 

was considered valid if the participant provided ≥250 steps/day for 

three or more days at each data collection period.  

 

Participants were also asked to complete the GPAQ to elucidate the 

context of PA undertaken.49 These measures were collected at 

baseline, six months (immediately post-intervention) and 12 

months (six months post-intervention). This schedule allowed us to 

account for seasonality of PA behaviours. 

 

Secondary outcomes 

Health and 

Wellbeing 

 

General health, mental 

health, quality of life 

and mental wellbeing 

 

 

 

  

The following validated self-report measures were completed at 

baseline and six months via Qualtrics. 

 

SF-8:50 items from the SF-8 questionnaire can be derived to give 

an indication of both physical and mental health. 

 

EQ-5D-5L:51 is a measure of quality of life and used to derive the 

health state utility measure based on five dimensions of mobility, 

self-care, usual activities, pain/discomfort, and anxiety/depression 

(0-100), and the weighted health index. The EQ-5D-5L 

questionnaire is based on 5 dimensions of mobility, self-care, usual 

activities, pain/discomfort, and anxiety/depression, and a visual 

analogue scale (0-100) that assesses the participants’ health state. 

 

WEMWBS: derived from 14 statements (with higher scores 

indicating better mental health).52,53 The WEMWBS comprises 14 

positively worded statements, where scores are summed with 

higher scores indicating greater mental well-being.  

 

Work-related 

Impacts  

 

WHO HPQ:54 
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Absenteeism and 

presenteeism 

 

Work absenteeism was measured by asking participants to state the 

number of day’s sick leave in the past six months (collected at 

baseline and six months).  

 

Specific questions from the WHO HPQ54 were used to measure 

work presenteeism. This validated method comprises three 

questions with answers on an 11-point Likert scale asking 

participants to rate their job performance levels.  

 

Mediators and 

Moderators 

 

Proposed mediators 

and moderators of PA 

behaviour change 

Common core theoretical constructs of PA behaviour change 

included outcome expectancy,55  social norms,13  self-efficacy,56  

financial motivation,57 planning,58 identified regulation,
59,60 

integrated regulation,59,60 intrinsic motivation59,60 and intention,61  

were collected at baseline and four weeks to assess initiation of 

behaviour change. 

 

Perceptions of workplace environment (measured at baseline 

only):62 These included perceptions of workplace environment 

(attractiveness, safety, accessibility, availability). Perceptions of 

workplace attractiveness were assessed as the sum of four items 

(e.g. “In my workplace environment it is pleasant to walk”, score 

range 1-5). Perceptions of workplace safety were assessed as the 

sum of four items (e.g. “In my workplace environment the roads 

are dangerous for cyclists”, score range 1-5). Perceptions of 

workplace accessibility were assessed as the sum of three items 

(e.g. “In my workplace environment there is convenient public 

transport”, score range 1-5). Perceptions of workplace availability 

were assessed as the sum of three items (e.g. “In my workplace 

environment there is a park within walking distance”, score range 

1-5).  

 

Objective measures of the workplace environment using GIS data 

including walkability,63 street connectivity, access to PA 
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opportunities (shops, parks, leisure facilities, train/bus stations) 

were measured at baseline.64 The walkability index was computed 

using four constructs, namely, 1) Net residential density=the ratio 

of residential units to the land area devoted to residential land use 

per block group; 2) Intersection density=ratio between the number 

of true intersections (three or more legs) to the land in km2; 3) Land 

use mix=the degree to which a diversity of land use types are 

present in a land area; 4) Retail floor area ratio. 

 

Individual level, cognitive constructs measured to assess 

maintenance of PA behaviour change were collected at baseline 

and six months and included planning,58 self-determined 

motivation (i.e. identified regulation, integrated regulation and 

intrinsic motivation),59,60 habit,17 recovery and maintenance self-

efficacy,20 and outcome satisfaction.55,65 Measures of social 

norms13 and workplace norms13 were also collected at baseline and 

six months. 

 

Other measures included web engagement, confidence in using the 

internet and loyalty card usage. 

 

Potential moderators were collected at baseline. These included 

perceptions of workplace environment (attractiveness, safety, 

accessibility, availability),62 age, gender, highest educational level, 

income, marital status, BMI, SF-8 Mental and Physical Component 

Scores,50 EQ-5D Health State and Weighted Health Index,51 

WEMWBS52,53, WTA (assessed by asking two open-ended 

questions requiring the respondents to give a minimum amount in 

£s necessary for compliance with an additional 30 minutes 

[WTA30] or 60 minutes [WTA60] of outdoor PA), and time 

discount rates (Q1 Imagine that you are offered either £1,000 

today, or £1,005 tomorrow. Which one would you choose?; Q2 

Imagine that you are offered either £1,000 today, or £1,050 
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tomorrow. Which one would you choose? Coded 1 [low discount 

rate] if answer to Q1 is “£1,005 tomorrow” and answer to Q2 is 

“£1,050 tomorrow”; Coded 2 [moderate discount rate] if answer to 

Q1 is “£1,000 today” and the answer to Q2 is “£1,050 tomorrow”; 

Coded 3 [high discount rate] if answer to Q1 and Q2 is “£1,000 

today”). 

 

Compensatory 

Behaviours 

 

Smoking, alcohol and 

diet 

 

Short FFQ was collected at baseline and six months.66,67 

 

Self-reported smoking and alcohol behaviours were collected at 

baseline and six months. 

Health Economic 

Evaluation 

Changes in HrQoL (as expressed using QALYs using EQ-5D data) 

were measured from the participant’s perspective. The EQ-5D is a 

validated measure and has been used extensively for cost-

effectiveness analyses. 

 

Utilisation of healthcare resources was captured using a specially 

devised online health and social care resource use data collection 

form.  

 

These measures were completed at baseline and six months.  

Intervention costs were obtained using a modified template,68 

explicitly discriminating between intervention and research costs. 

Briefly these include, website development, software (e.g. license 

fee), hardware (e.g. sensors, loyalty cards), and intervention 

running costs (e.g. maintenance of sensors), the costs of negotiating 

incentives from local businesses, and the delivery of vouchers. 

 

Process Evaluation Informed by the logic model developed from the feasibility study 

and guided by the evaluation planning framework for public health 
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interventions and research.69 The process evaluation employed a 

triangulated design using both quantitative and qualitative data. 

 

BMI: Body Mass Index; EQ-5D: Euroqol 5 dimensions; FFQ: Food Frequency Questionnaire; 

GIS: Geographical Information Systems; GPAQ: Global Physical Activity Questionnaire; 

HPQ: Health Work Performance Questionnaire; HrQoL; Health-related Quality of Life; PA: 

Physical activity; QALY: Quality Adjusted Life Year; SF-8: Short Form-8; WEMWBS: 

Warwick-Edinburgh Mental Wellbeing Scale; WHO: World Health Organisation; WTA: 

Willingness-To-Accept. 

  



42 

 

2.2.4 Data Collection  

2.2.4.1 Statistical Analysis (Primary and Secondary Outcomes)  

Primary and secondary outcomes at six and 12 months (where applicable) were compared 

between Intervention and Control Groups using ANCOVAs adjusting for baseline values, 

randomisation stratum (Large 50+ employees, Medium 20-50 employees, Small <20 

employees or Schools/Colleges) and season (1=December 2015-April 2016, 2=July-August 

2016) with standard errors (SEs) corrected for clustering. Due to large seasonal effects, results 

are presented before and after adjusting for season. 

 

As specified in our published protocol, the relationship between group assignment and six 

month mean steps/day (measured using pedometers) was examined for moderating effects with 

ANCOVAs, adjusting for baseline pedometer steps/day, randomisation stratum and season, 

with SEs and p-values corrected for clustering. These analyses were then repeated to examine 

the relationship between group assignment and 12 month mean steps/day for moderating 

effects. 

 

The moderators and moderator-by-group interactions were included as predictor variables with 

mean-centering for continuous moderators and creation of dummy variables for dichotomous 

moderators. Moderators examined included baseline socio-demographic variables (i.e. age, 

gender, Body Mass Index (BMI), income, education level, marital status), health measures (i.e. 

Short Form-8 (SF-8) Mental and Physical Component Scores, Quality of Life (EQ-5D) Health 

State and Weighted Health Index, and the Warwick-Edinburgh Mental Wellbeing Scale 

(WEMWBS)), perceptions of the workplace environment (i.e. attractiveness, safety, 

accessibility, availability), WTA and time discount rates.  

 

The level of significance was p<0.05 for all analyses. Analyses were carried out using Stata 

release 13.70 

 

2.2.5 Sensitivity Analysis  

For a preliminary assessment of possible non-response bias, analysis of the primary outcome 

(i.e. six month pedometer steps/day, 12 month pedometer steps/day) was repeated after 

imputation of missing data using multiple imputation by chained equations (MICE) with 20 

imputations. The MICE procedure operates on the assumption that data are missing at 

random.71 Baseline variables were inspected for potential predictors of missingness of the six 
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month outcome and predictors of the outcome itself. Baseline “PA self-efficacy”,56 “intrinsic 

motivation”,59 “habit”,17 “recovery self-efficacy”,20  and “maintenance self-efficacy”20  scores 

in addition to marital status (0=married/co-habiting, 1=other) significantly predicted 

missingness of the six month outcome. Baseline “PA self-efficacy”,56 “intentions”,61 “habit”,17 

“outcome expectations”,55 “identified regulation”,59,60 “integrated regulation”,59,60 “intrinsic 

motivation”,59,60 “financial motivation”,57“outcome satisfaction”,55,65 “planning”,58 “social 

norms”,13 group assignment (0=control, 1=intervention), body mass index (BMI), income 

(0=≤£20k, 1=>£20k) and season (1=December 2015-April 2016, 2=July-August 2016) 

significantly predicted the six month and 12 month outcome (i.e. mean pedometer steps/day). 

These variables were used in the imputation model to make predictions about the values of 

missing data. We then repeated the primary outcome analyses using imputed values and 

pedometer steps/day at six and 12 months were compared between Intervention and Control 

Groups using ANCOVAs adjusting for baseline values, randomisation stratum and season with 

SEs corrected for clustering. Due to large seasonal effects, results are presented before and 

after adjusting for season. These analyses were carried out using the 'mi estimate' command in 

Stata. Rubin's rules were used to obtain the final estimates from the estimates derived in the 20 

imputed datasets.72 

 

 

 

 

2.2.6 Ethics and Consent  

Ethical approval was sought and granted from the Office of Research Ethics Committees 

Northern Ireland (ORECNI) prior to the start of the study (Reference: 14/NI/0090). Fully 

informed consent was obtained from all participants prior to their inclusion in the study. 

Participants were asked to confirm that they had read and understood the information sheet 

prior to agreeing to participate. Participants were also given an opportunity to ask any questions 

and ensure that these were answered satisfactorily prior to completing the consent form. 

Research Governance approval was granted from the South Eastern Health and Social Care 

Trust and Belfast Health and Social Care Trust. 
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2.3 QUALITATIVE PROCESS EVALUATION  

2.3.1 Methods 

Participants’ experience of being involved in the PAL Scheme, including barriers and 

facilitators to engagement with the intervention, were explored using focus groups (lasting 

approximately one hour) at six months (n=9 focus groups) and 12 months (n=6 focus groups). 

Purposive sampling was undertaken to ensure a representative sample within each focus group 

(maximum n=10 participants per group). A schedule of open-ended questions was employed 

to elicit information about reactions to the intervention; barriers to PA; and suggestions for 

future roll-out of the intervention if proven effective. Additional focus groups were also 

undertaken with seventeen of the same individuals who participated in the six month focus 

groups (n=6 focus groups) at 12 months. On this occasion, the open-ended questions focused 

on PA behaviour change maintenance.  Semi-structured interviews were also undertaken with 

senior managers of six participating employers (n=7 managers) and participating retailers (n=4) 

to explore their perceptions of being involved in the study. Discussions were facilitated by AG, 

PhD (female) and analysis of the data was undertaken by LP, PhD (male) both of whom have 

prior focus group and qualitative methodology experience. The researchers did not have a 

relationship established with participants prior to study commencement. 

 

2.3.2 Qualitative Analysis 

Focus groups and semi-structured interviews were audio-recorded and transcribed verbatim. 

Transcripts from focus groups and semi-structured interviews with retailers and managers were 

analysed using thematic analysis.73 The thematic analysis followed six key steps, including i) 

familiarisation with the data, ii) systematic coding, iii) grouping of codes to form potential 

themes, iv) reviewing themes and v) formally naming and vi) defining themes.73All transcripts 

were independently coded by two members of the research team (AG and LP). Meaningful 

quotes from participants were extracted to highlight typical responses.  

 

2.4 HEALTH ECONOMICS 

2.4.1 Methods 

2.4.1.1 Resource Use 

Resource use data were collected from trial participants via an online questionnaire at baseline 

and six months. Service use included visits to: General Practice (GP), nurse, physiotherapist, 

Accident and Emergency (A&E) attendance, outpatient appointment, inpatient stays, 

medications use, and other services. Unit costs in the financial year 2015/2016 published by 
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the Personal Social Service Research Unit (PSSRU),74 and NHS reference costs (where 

information not available from PSSRU)75 were attached to each item of resource use. 

 

Table 2 shows the unit costs applied to each resource use item. Costs of service use between 

the groups were compared with four methods: a. use complete case only, not adjusting for 

covariates; b. use complete case only, adjusting for covariates; c. using imputed datasets, not 

adjusting for covariates; and d. using imputed datasets, and adjusting for covariates. Standard 

errors (SEs) and 95% confidence intervals (CIs) for estimates for all models were adjusted for 

cluster effects.  
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Table 2. Unit costs for health-care resource use 

Resource use item 

(unit used in the 

source) 

Unit Cost Source 

NHS resource use   

GP (per contact) £36.00 PSSRU 2015/16 pg. 145. Per patient contact lasting 

9.22 minutes, with qualifications 

Practice Nurse (per 

hour) 

£43.00  

(£11.11 

per 

contact) 

PSSRU 2015/16 pg. 143. Nursing average cost per hour, 

with qualifications. 

Duration of contact per patient is 15.5 minutes (PSSRU 

2014/15, pg.174, based on the 2006/07 UK general 

practice survey)57 

NHS 

Physiotherapist 

(per contact) 

£49.00 NHS reference cost 2015/16. Allied Health 

professionals (AHP), physiotherapist, adult, one to one 

(A08A1). National average unit cost 

A&E attendance 

(per attendance) 

£185 NHS Reference costs 2015/16 Average of ‘see and treat 

and convey’ (by ambulance) (£236), ‘see and treat or 

refer’ (emergency care only) (£181), and A&E 

attendance by own transport (£138). pg. 18. Table 8: 

Costs by currency for ambulance services between 

2013-14 and 2015-16. pg. 10. Table 2: Table 2: Unit 

costs by point of delivery, 

Outpatient 

appointment 

(per attendance) 

£117 NHS Reference costs 2015/16 pg. 10. Table 2: Unit 

costs by point of delivery, 2013/14 to 2015/16. Unit cost 

per outpatient attendance. 

Inpatient stays (per 

night) 

£373.00 NHS reference costs 2015/16 main schedule. Average 

of cost per elective and non-elective inpatient excess 

bed days across all currency codes. Elective inpatient 

excess bed days, average across all currency codes: 

£395. Non-elective inpatient excess bed days, average 

across all currency codes: £351. 

a. HCHS inflation factor 1.013 (2014/15 PPI 293.1 / 2015/16 PPI 297.0). GP: General Practice; HCHS: 

Hospital and Community Health Service; NHS: National Health Service; pg: Page; PPI: Pay and Prices 

Index; PSSRU: Personal Social Service Research Unit; UK: United Kingdom.  
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2.4.1.2 Intervention Cost 

The cost of implementing the PAL Scheme was collected from the study management team 

and equipment development team. Only the participants allocated to the Intervention Group 

were assumed to incur the cost of intervention and any ‘research–related’ cost was stripped 

from the intervention cost. This ensures the relevance of the cost estimates if the programme 

were to be ‘rolled out’ to larger numbers. Equipment costs were annuitised to the six months 

trial period by spreading the costs over their anticipated life span.  

 

2.4.1.3 Absenteeism and Presenteeism 

The effect of PA on absolute absenteeism was used to generate a proxy financial impact on 

employers. The WHO (World Health Organisation) Health Work Performance Questionnaire 

(HPQ)54 was used to capture number of hours absent from work, which was completed by 

participants at baseline and six months. Impacts on employee absenteeism were measured 

using question 4 in the questionnaire: ‘About how many hours altogether did you work in the 

past four weeks (28 days)?’ and question 2 ‘How many hours does your employer expect you 

to work in a typical 7-day week?’, using the formula “4*Q2 – Q4”.  

Individual hourly salary values in the financial year 2016 were attached to the number of hours 

absent from work. The hourly salary was obtained from NHS pay scales 2016, with the lowest 

grade at Band 1 (£7.8, equivalent to £15,251 annually), mid-grade at Band 8A (£22.86, 

equivalent to £44,703 annually), and highest grade at Band 9 (£50.85, equivalent to £99,437) 

taken separately to reflect the range of potential cost savings for employees at various salary 

grades.  

 

2.4.1.4 Utility and QALYs 

Effectiveness in the CUA was expressed as QALYs. QALYs were estimated using the utility 

index values generated from the EQ-5D-5L questionnaire collected from participants at 

baseline and six months follow-up. EQ-5D is a commonly used standardized generic 

preference-based quality of life measure addressing five domains: mobility, self-care, usual 

activities, pain/discomfort, and anxiety/depression.76 The 5L version allows the participants to 

select the level of problems from five levels: no problem, slight problem, moderate problems, 

severe problems and extreme problems / unable to do. It was chosen rather than the 3L version 

for its potentially improved sensitivity and decreased ceiling effect (i.e. there is a high 

proportion (typically >15%) of respondents reporting the best possible health who are therefore 
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unable to record any improvement in health status.77,78This makes 5L the preferred measure, 

especially in this population. The employees are drawn from the general population without 

any specified conditions, and it is thus common to see ‘no problem’ being answered for all 

dimensions creating a ceiling effect. EQ-5D-5L responses from the participants were converted 

to utility scores by mapping the 5L descriptive system data onto the 3L valuation set, using the 

mapping algorithm developed by van Hout et al.79  as recommended by the NICE guideline and 

its latest position statement published in August 2017.80 The area under the curve method was 

then used to estimate the QALY score over a 12 month period, following the trapezium rule 

assuming a linear change in utility between each assessment time point.81  

 

2.4.1.5 Missing Data and Multiple Imputation 

Data were missing if participants did not complete the online follow-up assessment, or returned 

an incomplete response. Multiple imputation was conducted for utility values and total costs at 

aggregate level (as compared to individual dimension and resource use item) to circumvent 

convergence issues with the imputation model when containing many variables. To maximize 

the use of the completed resource usage data, missingness of any single item on the resource 

use questionnaire was assumed to indicate that no resource was used for that item during the 

assessment period. This assumption has been used in a previous NIHR Health Technology 

Assessment (HTA) report.82 The aggregate level missing data were imputed using MICE. 

Where the cost data have a heavily zero-inflated right skewed distribution, on account of this 

being a generally healthy population, the predictive mean matching method on log-transformed 

costs is employed as recommended.83 A constant (£1 in this case) is added to the raw cost data 

to avoid problems when log-transforming zero values.  After imputation, the cost data were 

transformed back to the original scale for estimation.83 Intervention and Control Groups were 

imputed separately. In addition to cost (on log scale) and utility at baseline and six months, the 

imputation model also contains several baseline characteristics that are either shown to be 

statistically significantly related to cost and utility or were primary variables in the analysis, in 

line with the primary analysis of effectiveness. They were: mean steps/day, age, sex, SF-8 

physical and mental scores, cluster, randomisation stratum (categorical variable coded Large, 

Schools/Colleges, Medium or Small), season (categorical variable indicating six months 

follow-up data collection time, December 2015-April 2016 or July-August 2016 time for data 

collection). Fifty imputed datasets were generated and then used to estimate the difference in 

QALYs and costs, and the ICER. 
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2.4.2 Statistical Analysis 

2.4.2.1 Cost Utility Analysis (CUA) 

In the CUA, differences in cost and QALYs between the two groups were estimated using 

generalised linear models (GLM) which take into account the typically skewed nature of cost 

and QALY data. Where histogram evidence identifies cost data as zero-inflated right-skewed, 

a gamma error distribution with log link is recommended. When QALY data are in a 

distribution with a left-skewed tail bounded by 0.5 (maximum QALY accrued for six months 

period), decrements of QALYs are predicted in the GLM regression with a gamma error and 

log link. The method of predicting decrements of QALYs was applied in a previous NIHR 

HTA report84 with decrements calculated as the difference between the maximum QALYs that 

could possibly be accrued within the time horizon of the analysis and the actual QALY gained. 

This ensures that the QALY variable is right-skewed and left bounded by 0, fitting into a 

gamma distribution. Covariates in the GLM model were selected based on statistical 

significance using regressions to predict QALYs and costs with complete cases. As 

recommended in the literature85 the chosen covariates included in the model were the same as 

in the imputation model as mentioned in the previous section (2.4.1.5). Baseline utility scores 

and baseline costs were also included to adjust for any imbalance between groups.86  

 

Mean costs and QALYs for each group were estimated using the method of recycled 

predictions to adjust for covariates as well as due to the use of log link in the GLM. The ICER 

was estimated from the difference in cost and QALYs from the GLM regression. A 1000-

iteration bootstrapping procedure was conducted to investigate the uncertainty surrounding the 

ICER estimate and the probability that the intervention was cost-effective under a wide range 

of hypothetical threshold (£0 - £100,000). Standard errors for differences in cost and QALYs 

were estimated through the bootstrap, adjusting for cluster effects. These results were 

visualised in the cost-effectiveness plane and cost-effectiveness acceptability curves (CEAC). 

 

 

2.4.2.2 Sensitivity Analysis 

A number of sensitivity analyses were undertaken to assess the robustness of the base-case 

results of the CUA to alternative assumptions. These sensitivity analyses are summarized in 

Table 3.  
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Table 3. Details of assumptions varied in each sensitivity analysis 

Scenario Element Position in base-case analysis Variation for the sensitivity analysis 

1 Intervention  – 

voucher cost 

Voucher cost £21,000 Three business models are tested: 

(a) Club Marketing Ltd 

(b) £10 'shops for all' voucher 

(c) a ‘sustainable business model’ via a marketing consultant 

2 Least expensive 

scenario 

(a) Voucher cost £21,000 

(b) Life span of equipment: 

• Two year life-span of the 

standard sensors (plastic bosses 

with limited number of times 

for battery replacement)  

• Key fobs only last for nine 

month due to unreplaceable 

battery 

(a) Club marketing Ltd  (voucher cost - £2,300) 

(b) Reduced cost of sensors 

• Life-span extended to five years with upgraded design /  ‘smarter’ 

sensors that powered on lampost 

• Key fobs life span extended to five years with battery replaceable 

design 

With the technology upgrade, the cost of the completed sensor is 

estimated to decrease maximum by 50% 

 

3 Missing data Missing data assumed to be 

missing at random and a mixed 

strategy of imputation were 

conducted 

Complete case analysis – missing data assumed to be missing completely 

at random 



51 

 

The cost of the intervention could easily vary with the development of appropriate technology 

hence differing deals with local manufacturers and retailers are explored in sensitivity analysis. 

Costs for retail vouchers can be reduced when identifying different deals with the retailers and 

thus assumptions were made varying the cost of the vouchers. Three business models have 

been tested by the trial group. The details are shown as below. 

 

Deal 1: An external company (Club Marketing Co.) was used to negotiate deals with retailers. 

The negotiation fee was estimated to be £100 per retailer. There were 23 retailers in total so 

the voucher cost was estimated to be reduced down to £2,300. This leads to a much smaller 

intervention cost, which is £14.77 per participant over the six months period. 

 

Deal 2: A 'shops for all' voucher was paid at £10 rate for every 400 points. The total number of 

points earned by the participants was 425,201, leading to a total voucher cost being 

£10,630.025. The resulting intervention cost was £32.99 per participant. 

 

Deal 3: The third option is a ‘sustainable business model’ which was employed in Dallat et al’s 

study.87 A marketing consultant was hired to act as an intermediary with the local business 

sector and was able to negotiate the provision of these vouchers 'in kind’ from local retailers. 

The cost is calculated using the hourly salary and the number of hours the consultant worked 

to negotiate the deals. Dallat et al.’s87 study reported a cost of £4,077 for hiring the consultant, 

and this estimate was doubled (£8,154) as the PAL Scheme doubled the number of business 

partners. Again, this option leads to a smaller intervention cost than the base-case analysis, 

which is £27.58 per participant. 

 

Costs of sensors and key fobs can also be reduced by assuming an extended life span with 

ungraded design facilitating or enabling battery replacement; thereby costs with upgraded 

devices were used in sensitivity analysis. In addition, complete case analysis was conducted 

assuming data were missing completely at random to assess the impact that imputation 

strategies had on the incremental cost and QALYs. 

  

2.4.2.3 Cost Benefit Analysis (CBA): A Net Cost Model 

In addition to the CUA, a CBA was conducted from the employer’s perspective. This enables 

the broader impact of the intervention beyond health-related quality of life to be considered, 

by applying values for differences in absenteeism and presenteeism rates. The CBA employed 
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a ‘net cost model’ to obtain a comprehensive estimate of intervention costs from an employer’s 

perspective by subtracting the avoided cost of absenteeism from the direct intervention cost 

incurred from employers.88 This provides an estimate of the potential economic benefit of PAL 

Scheme from the employer’s perspective. Uncertainty of the potential economic benefit of the 

PAL Scheme was estimated using bootstrapping methods (1000 iterations). 

 

2.5 BEHAVIOURAL ECONOMICS 

2.5.1 Methods 

Systematic reviews suggest that financial incentive interventions have become increasingly 

popular in promoting health behaviour change.89 Although the idea of using financial incentives 

to encourage healthier behaviours seems acceptable to the public in the UK context,90 the levels 

of incentives utilised in previous studies, i.e. the monetary amount thought necessary to trigger 

behaviour change were not based on prior research, with consequent uncertainty about the 

effectiveness and cost-effectiveness of incentives as an intervention tool. To investigate the 

optimal levels of financial incentives required to encourage changes in PA, all participants in 

our study were sent an online questionnaire at baseline to assess the average level of incentives 

that participants would be WTA to increase their PA overall as well as for increasing different 

types of PA. The values obtained in the preliminary Contingent Valuation analysis were later 

used to fix the level of the rewards available for earned “points”. 

 

While in its infancy, behavioural economics is helping our understanding of the relationship 

between behaviour change, time discounting and incentives and is providing new insights that 

have sparked the interests of public health researchers and policy makers.91 The principle 

behind financial incentives is to capitalise upon the notion of time preference, i.e. the tendency 

for an individual to place greater value on present relative to future benefits. Time preference 

is typically elicited through a binary question that asks an individual to choose between an 

immediate, smaller reward or a delayed, larger reward. Individuals who choose the smaller, 

immediate reward are said to have a high time preference and thus, it is hypothesised they, are 

likely to act upon the present immediate benefits of a (unhealthy) behaviour at the expense of 

the perceived future benefits (of healthy behaviours). Systematic reviews have shown 

extensively that time preference plays an important role in shaping some unhealthy behaviours, 

e.g. smoking and obesity.92,93  
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Two other key concepts possibly related to behaviour change are risk preference and loss 

aversion. The former refers to participants’ willingness to take risks while the latter refers to 

the tendency of participants to prefer avoidance of losses to winning equivalent gains. A recent 

advance in the methodology of eliciting time preferences is the joint elicitation of risk and time 

preferences. Andersen et al.94 have shown that when discount rates and risk preferences are 

elicited and analysed together, the discount rates are significantly reduced and are more 

accurately defined. Major behavioural economic theories have suggested that people are more 

sensitive to losses than to gains. For instance, Prospect Theory has demonstrated that the utility 

foregone from a unit monetary loss is twice the utility gain from a unit monetary gain.95 How 

loss aversion is related to unhealthy behaviours is rarely investigated. As a result, all 

participants remaining in our study were invited at the six month follow-up to participate in an 

incentive-compatible behavioural economic field experiment, scheduled at their workplaces, 

to elicit their behavioural economic personal traits (i.e. time discounting, risk preference and 

loss aversion). 

 

Apart from the baseline Contingent Valuation survey (which was necessary to inform plausible 

levels of incentives), the subsequent economic experiments were conducted on smaller 

subsamples of the population during follow-up (to keep the participant burden and costs to a 

minimum). This was planned as ancillary to the main trial analysis, with a primary purpose of 

shedding light on possible behavioural economic moderators, supplementary to the main 

mediation-moderation analysis conducted for the trial as a whole.  

 

2.5.1.1 Contingent Valuation 

Double-Bounded Dichotomous Choices (DBDC),96 which is a Contingent Valuation method 

frequently used in the valuation of non-market goods, was used at baseline to measure 

participants’ WTA financial incentives for increasing their PA. Through an online 

questionnaire, participants were asked to answer two dichotomous hypothetical questions. In 

the first question, participants were asked, e.g. “Would you be willing to increase your total 

amount of physical activity by 30 minutes per week if you were paid £0.50 per week?” If a 

participant answered “No” or “Don’t know” to the first question, indicating that the participant 

considered £0.50 too low. Then, the follow-up question applied a similar format but with a 

doubled bid level (i.e. £1.00). Likewise, a “Yes” response to the first question indicated that 

the £0.50 sufficed so that the proposed amount in the second question was halved to £0.25. We 

consider three treatments using a between-subject design. First, to investigate whether the 
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minimum monetary incentives required by participants varied across the range of proposed PA 

increments, we considered two separate scenarios, i.e. an increase of 30 or 60 minutes of 

general PA/week. Second, to avoid order effects, participants were randomised into two 

groups, with one group first presented with the 30-minute PA scenario and then the 60-minute 

PA scenario; and the other group presented first with the 60-minute PA scenario and then the 

30-minute PA scenario. Third, each participant was presented with a starting bid level 

randomly-chosen from four levels, i.e. £0.10, £0.50, £1.50, and £5.00, for the 30-minute PA 

scenario and in a second study a starting bid level randomly-chosen from, £0.15, £1.00, £3.00, 

and £10.00, for the 60-minute PA scenario.. Since what was a reasonable bid set was unknown, 

we provisionally suggested some initial bid sets which were pre-tested among a pilot group of 

98 participants. An updated questionnaire was then sent to the rest of the study participants. 

Participants who failed to complete the questionnaire were excluded, leading to a sample size 

of 663 in the final analysis. 

 

2.5.1.2 Discrete Choice Modelling 

DBDC provides no information about participants’ WTA financial incentives for increasing 

different types of PA, i.e. walking or cycling to and from places, or moderate-intensity and 

vigorous-intensity recreational PA. Alternatively, a DCE approach can be applied to provide a 

more direct route to the valuation of different characteristics or attributes of PA, and of 

marginal changes in these characteristics, rather than general PA as a whole. The levels for the 

four attributes are: walking or cycling to and from places (0, 30, 60, and 90 minutes/week), 

moderate-intensity recreational PA (0, 30, 60, and 90 minutes/week), vigorous-intensity 

recreational PA (0, 30, and 60 minutes/week), and monetary rewards (£0.50, £1.00, £3.00, 

£5.00, and £10.00/week). Each choice set had two alternative PA scenarios with different 

combinations of attributes and levels, and one opt-out option. Combining all attributes and 

levels results in (4×4×3×5=240) combinations, making it infeasible to present participants with 

all possible choice sets. Instead, 24 choice sets were generated following a Bayesian efficient 

design based on the minimisation of the D-error criterion, to reduce participant fatigue while 

being sufficient to estimate the main effects of attributes.97 This is accomplished using the N-

gene software. We then divided the 24 choice sets into four blocks of six choice sets and each 

participant received one randomized block of questions. A web-based DCE questionnaire was 

disseminated to participants at baseline. All participants who completed baseline PA 

measurement by wearing a pedometer for 7 consecutive days, were categorised as active 

(≥10,000 steps/day), moderate-active (≥5,000 and <10,000 steps/day), and inactive (<5,000 
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steps/day). Again, the participants who did not complete the DCE questionnaire were excluded 

from the analysis (final n=673). 

 

2.5.1.3 Behavioural Economics Experiments 

Behavioural economics concepts are useful for understanding the psychological roots of 

healthy and unhealthy behaviours. We focus on three behavioural economics concepts, namely 

time preference (i.e. the extent to which future benefits are discounted), risk preference (i.e. the 

willingness to take risks with greater or lesser positive outcomes), and loss aversion (i.e. the 

inclination to avoid losses). These behavioural economic experiments were proposed as an 

adjunct to the main study analysis to yield further insights into possible moderators and 

mediators of intervention effects. As such they point to avenues that might be fruitful for further 

public health research.  

2.5.1.4 Measurement of Time Preference 

To elicit the time preference of participants, an economic experiment methodology first 

employed by Coller and Williams98  and further developed by Andersen et al.94  was utilised. 

This methodology presents participants with multiple price lists which offer a choice between 

two real money amounts, option A and option B. Option A pays a smaller amount after a delay 

(e.g. £250 in a week) whilst option B offers a larger amount after a further delay (e.g. £300 in 

25 weeks). The larger payment represents the sooner amount plus the interest from ‘saving’ 

the sooner amount within the experiment for the duration of the delay. Each multiple price list 

consisted of 10 choices between A and B, the sooner amount A and the delay to receiving B 

remaining constant, with the interest rate increasing as one progresses down through the 

sequential choices. Two “treatments” were included in this design in order to assess the 

structural form of the time discounting behaviour of participants, giving a 5x3 design. A front-

end delay treatment where option A is either offered immediately or after a short delay (time 

horizon treatment) allows a test for Quasi-hyperbolic discounting.99 The basic advantage of 

Quasi-hyperbolic over the typically-modelled single parameter functional forms (i.e. Mazur-

hyperbolic or Exponential discounting), is that it is more flexible and incorporates two 

parameters each of which represents the two elements of time preference: 1) a conventional 

discount rate which refers to the extent to which future rewards are discounted; and (2) present-

biasedness which means the relative discount rate between two proximal delays is higher than 

the relative discount rate between two distal dates. There were five front-end delays (one day, 

three days, one week, two weeks and four weeks) and three time horizons (four weeks, 12 
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weeks and 24 weeks). Only one front-end delay and two time horizons were randomly drawn, 

leading to four choice tasks for each participant. 

2.5.1.5 Measurement of Risk Preference  

Participants were presented with a single multiple price list that consisted of ten decisions 

between two lotteries: option A or option B. Each option consists of a chance to receive a large 

amount of money or a smaller amount. Option A is a “safe” option which pays a certain and 

smaller amount (e.g. £60) whereas option B (the “risky” option) involves the risk to win a 

substantially higher amount (e.g. £95) but also has the risk of getting a much lower amount 

(e.g. £50). Each of the participants was presented with two such choice tasks.  

2.5.1.6 Measurement of Loss Aversion 

The multiple price list format, consisting of ten decisions between two lotteries (option A or 

option B), was also used to measure loss aversion. Option A pays nothing (e.g. £0) while option 

B gives the chance to win more (e.g. £22) but also has the chance of losing money (e.g. £11). 

Each of the participants was presented with two such choice tasks. The maximum possible loss 

from the task is £20, which is no more than the £20 show-up fee so that participants will always 

get non-negative payments. 

2.5.1.7 Payment Mechanism 

Participants received two forms of payment. Firstly, all participants were credited with £20 as 

a thank you for participating in the sub-study, where this £20 then functions as an endowment 

to use in the loss aversion tasks. Secondly, real rather than hypothetical money was at stake in 

the behavioural economic experiments to ensure that participants made considerations that 

were incentivised and focussed on the choice tasks at hand. Participants had a 10% chance 

(implemented by rolling a ten-sided die) of receiving payment based on the random choice of 

one of their decisions in both the discounting task and the risk preference task. In the loss 

aversion tasks, participants had a chance to gain more money on top of, or lose money, from 

the £20 that earlier had been credited to them. The balance after the loss aversion task was then 

paid as cash at the end of the session. 

2.5.1.8 Participants 

All participants remaining in the study at six month follow-up received an e-mail invitation 

(including a copy of the Participant Information Sheet) detailing the expected time needed to 

complete the tasks. A total of 21 sessions were organised during lunch time in the meeting 
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rooms at the participating organisations, in which 153 participants from the Intervention and 

54 from the Control Group took part in this sub-study. 

 

2.5.2 Statistical Analysis 

The statistical package STATA70 was used to carry out all analyses. For the Contingent 

Valuation, a conditional log-likelihood function for the set of DBDC responses was constructed 

and ML estimation used to predict the mean WTA. In the DCE analysis, the responses to a 

choice set were taken as a specific observation. A generalised multinomial logit model100 was 

used, which assumes a specification that nests both scale heterogeneity and parameter 

heterogeneity. The participants who chose the opt-out options for all choice sets, indicating 

that they did not believe the proposed hypothetical system of rewards, were excluded from the 

analysis. Interaction terms were used to explore whether preferences for attributes varied by 

participants’ physical inactivity status at baseline. Next, we estimated a double-hurdle model101  

which assumes that the decision to use the PA monitoring system and how long to use it for 

were independent decisions so that the determinants of the two decisions are allowed to differ. 

The estimation was accomplished by using the Stata module “craggit”. Missing data was 

excluded from the analysis. Also, another double-hurdle model was estimated to investigate 

the determinants respectively for the decision to increase PA at six month follow-up compared 

to baseline (i.e. the mean steps/day at six month follow-up was larger than the baseline mean 

steps/day) and the amount increased. For the analysis of the behavioural economic 

experiments, we simultaneously elicited present-biasedness, discount rate, risk preference, and 

loss aversion in an integrated framework using a hierarchical Bayesian methodology.102 More 

specifically, a higher discount rate implies a higher level of impatience. And a present-

biasedness parameter significantly smaller than one implies a decreasing impatience over time, 

i.e. a participant has long-term goals that could benefit the participant in the future but no 

present actions will be taken to achieve the these goals because of self-control problems. The 

risk aversion and loss aversion parameters take a value larger than 0 and a higher value implies 

a higher degree of risk aversion and loss aversion, respectively. The estimated behavioural 

economic parameters were later entered into a double-hurdle model to investigate their 

influences on the decision to increase PA at 12 month follow-up compared to six month follow-

up and the amount increased. 
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2.6 MEDIATION ANALYSES  

2.6.1 Methods 

Constructs hypothesised to mediate initiation of PA behaviour were collected at baseline and 

at four weeks and included: outcome expectations,55 PA self-efficacy,56 intention,61 planning,58  

financial motivation,57 self-determined motivation (i.e. identified regulation, integrated 

regulation and intrinsic motivation)59,60 and social norms.13  

 

Constructs hypothesised to mediate maintenance of PA behaviour were collected at baseline 

and six months and included planning,58 self-determined motivation (i.e. identified regulation, 

integrated regulation and intrinsic motivation),59,60 habit,17 recovery and maintenance self-

efficacy,20 outcome satisfaction,55,65 social norms13 and workplace norms.13  

 

2.6.1.1 Engagement and Non-Usage Attrition Analyses 

In addition to mediation analysis, factors associated with participant engagement and non-

usage attrition were explored for participants in the Intervention Group. ‘Engagement’ refers 

to the level of exposure to an intervention, and the amount of skills practice involved (i.e. 

completing activities or exercises to acquire knowledge or learn behaviour relevant to the target 

outcome).104 A participant’s level of engagement determines the extent to which they receive 

the intended intervention, and research on engagement is useful for identifying which 

intervention components are associated with health outcomes.105,106 Non-usage attrition refers 

to the phenomenon of participants ceasing intervention-use, which is particularly observed in 

the literature to occur in web-based intervention.107 It is important to understand participants’ 

non-usage patterns and the contributing factors, and to make recommendations for retaining all 

participants in future intervention studies, since it is difficult to measure intervention effect if 

participants have not been exposed to the intervention.  

 

Three markers of overall intervention engagement (i.e. daily PA captured via the PAL Scheme 

PA monitoring system, use of the PAL website, reward redemption) were tracked throughout 

the six month intervention period and the following variables were derived: 

(1) Percentage of intervention days during which participants walked for at least ten 

minutes108 captured via the PAL Scheme PA monitoring system over the six month 

intervention period.  

(2) Percentage of intervention weeks during which participants logged onto the PAL 

Scheme website at least once over the six month intervention period.109 
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(3) Percentage of earned points redeemed over the six month intervention period. Aside 

from earning points by recording activity via the PA monitoring system, this indicator 

captured whether participants were interested in redeeming their earned points for 

financial rewards to incentivise their PA behaviour. 

 

Engagement with the different aspects of the PAL Scheme website was assessed as the 

frequency of hits on each intervention component for every ten days the participant accessed 

the website and total number of intervention components accessed on the website at least once 

(0-6). The six intervention components participants could access on the website were as 

follows: 

(1) Monitoring and feedback: Data and visual representation (i.e. graphics) of the 

participant’s PA over the intervention period for self-monitoring purposes (i.e. self-

monitoring and feedback, goal setting); 

(2) Rewards: Platform for participants to view their earned and bonus points, information 

on available rewards, and for points redemption (i.e. immediate reward contingent on 

behaviour change); 

(3) Maps: Maps of sensor locations and example walking routes for planning of PA (i.e. 

information on when/where to perform PA, action planning); 

(4) Health information (PA behaviour only): PA facts and information, health benefits, 

safety tips and tips for a physically active lifestyle (i.e. provision of information about 

health benefits of PA); 

(5) Health information (Other behaviours): Information related to healthy eating, 

smoking, alcohol consumption and stress reduction (i.e. provision of information about 

health benefits of other health behaviours); 

(6) Discussion forums: Platform for participants to contact researchers and other 

participants to ask questions, make enquiries, raise concerns and respond to comments, 

and provide social support. 

Non-usage attrition (assessed separately in relation to use of the PA monitoring system to 

record activity and website use) was considered to occur if a participant had at least a two week 

lapse from use.110,111 Non-usage attrition for recording activity via the PA monitoring system 

was measured as the number of days until the first two week lapse from recording activity. 

Website non-usage attrition was measured as the number of days until the first two week lapse 

from logging onto the website.  
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2.6.2 Statistical Analysis 

All questionnaire items were scaled so that lower values indicated lower levels of the 

mediator/outcome. The mediation analyses are exploratory and should be interpreted with 

caution because of issues associated with multiple testing and the fact that the study was 

powered for the primary PA outcome, and not to detect change in mediators. The level of 

significance was p<0.05 for all analyses. Analyses were carried out using Stata release 13.70  

 

2.6.2.1 Initiation and Maintenance of PA Behaviour 

Mediators of initiation of PA behaviour (assessed at four weeks: outcome expectancies, PA 

self-efficacy, intention, planning, financial motivation, identified regulation, integrated 

regulation, intrinsic motivation, social norms) and mediators of maintenance of PA behaviour 

(assessed at six months: planning, identified regulation, integrated regulation, intrinsic 

motivation, habit, recovery and maintenance self-efficacy, outcome satisfaction, social norms 

and work norms) were compared between Intervention and Control Groups using random-

effects regressions adjusting for baseline values of the mediator, randomisation stratum, season 

and baseline pedometer steps/day with SEs and p-values adjusted for cluster effects. Visual 

inspection of outcome distributions showed that some outcomes did not conform well to the 

normal distribution. Therefore, as a sensitivity analysis, these analyses were repeated using 

ordered-logistic regressions with mediators being categorised arbitrarily into three or four 

categories. 

 

2.6.2.2 Single Mediator Models 

Single mediator models were built to explore the possible mechanisms of behaviour change in 

the PAL Scheme. Single mediator models were run for all mediators of initiation and 

maintenance individually based on the structural equation modelling (SEM) based product-of-

coefficients approach.112 In each model, the independent variable (IV) was group assignment, 

the mediating variable (MV) was the follow-up (i.e. four weeks or six months) score of the 

mediator, and the dependent variable (DV) was the six month PA outcome. All analyses were 

adjusted for randomisation stratum, season, baseline values of the mediator and baseline PA, 

with SEs and p-values corrected for clustering. The significance of indirect effects was 

determined by 95% CIs estimated using the bias-corrected bootstrap (with 10,000 iterations) 

procedure recommended by MacKinnon, Lockwood, & Williams113 and MacKinnon.114 The 

maximum-likelihood (ML) method of estimation was used. Model fit was assessed with 
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reference to the coefficient of determination (CD), and the standardised root mean square 

residual (SRMR), adjusting SEs and p-values for clustering in Stata. A cut-off value of close 

to 0.08 for SRMR was required to consider the model a relatively good fit to the data.115 

 

2.6.2.3 Single Moderated-Mediation Models 

For mediators showing significant indirect effects in single mediator models, and moderators 

showing significant interaction effects, single moderated-mediation models were run using the 

moderated product-of-coefficients approach. Research suggests that mediators and moderators 

should be investigated as they operate together, both to provide a fuller understanding of 

mechanisms of behaviour change in intervention studies and to promote the advancement of 

theory.116,117 Moderation of the a-path was tested by adding the moderator and moderator-by-

group interaction as independent variables in the relevant single mediator models. A significant 

coefficient for the interaction term indicated that moderation of the a-path was present 

(representing an ‘intervention challenge’).117 Moderation of the b-path was tested by adding 

the moderator and moderator-by-mediator interaction as independent variables in relevant 

single mediator models. A significant coefficient for the interaction term indicated that 

moderation of the b-path was present (representing a ‘theoretical challenge’). 117  

 

2.6.2.4 Engagement and Non-Usage Attrition 

For the Intervention Group only, random-effects generalised least squares (GLS) regressions 

were run with six month PA (i.e. mean steps/day) or six month mediators as the DV, and 

engagement variables (i.e. % intervention days in which participants undertook at least ten 

minutes of PA captured using the PAL Scheme PA monitoring system, % intervention weeks 

participants logged onto the PAL Scheme website, % earned points redeemed, frequency of 

hits on each of the six intervention components which could be accessed on the website for 

every ten days the participant accessed the website, total number of website sections accessed 

at least once, total minutes spent on the website) as the IVs. For models including six month 

PA as the DV, strata, season and baseline mean steps/day were included as covariates with SEs 

and p-values adjusted for clustering. For models including six month mediators as the DV, 

strata, season, baseline mean steps/day and baseline values of the mediator were included as 

covariates with SEs and p-values adjusted for clustering. This determined whether levels of six 

month PA, or any of the six month mediators were significantly explained by levels of 

engagement in various aspects of the intervention, when controlling for baseline levels of PA 

and mediators, group assignment, randomisation stratum, season and cluster. Since changes in 
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the mediators of initiation (measured at baseline and four weeks) were not related to changes 

in mean steps/day at six months (see later), they were not subjected to testing as part of the 

engagement analysis. Engagement variables showing a significant relationship with six month 

PA in univariable analyses (p<0.05) were included in a multivariable model to determine their 

combined effects on six month PA.  

 

Estimated median lifetime usage (i.e. time after which 50% of participants stopped use) was 

calculated for use of the PA monitoring system and website use. Baseline measures of socio-

demographic variables, psychosocial variables, environmental variables, and PA were 

investigated as predictors of non-usage attrition of the PA monitoring system to record daily 

activity and the website using Cox proportional hazards regression analyses. In the first 

analysis, the time variable was the number of days until the first two week lapse from using the 

PA monitoring system to record daily activity and the event variable was coded 1 if non-usage 

attrition occurred or 0 if non-usage attrition did not occur. In the second analysis, the time 

variable was the number of days until the first two week lapse from logging onto the website 

and the event variable was coded 1 if non-usage attrition occurred or 0 if non-usage attrition 

did not occur. Univariate analyses were conducted on all predictor variables and those with 

p<0.25118 were included in a multivariable model with backwards elimination of the predictor 

with the highest p-value until all included predictors had p<0.05. All analyses included SEs 

and p-values corrected for clustering, and the Efron procedure was used for handling ties as it 

is advocated over the Breslow method and can be implemented with models adjusting SEs and 

p-values for clustering.119  

 

2.7 DEVIATIONS OF THE EVALUATION FROM THE ORIGINAL PROTOCOL 

2.7.1 Deviations and Rationale 

On 31/08/2015 the research team corresponded with the NIHR Public Health Research 

secretariat to indicate that the initial recruitment target was not met, explaining a variety of 

reasons why the original target proved problematic. Significant re-structuring of a number of 

the public sector organisations that were to host the intervention severely impacted on 

participant recruitment, and the study team undertook various actions to mitigate the shortfall 

(e.g. by extending the number of sites; and taking advice from Patient and Public Involvement 

(PPI) members on our Trial Steering Committee regarding alternative recruitment methods 

within the host organisations). 



63 

 

As recruitment numbers were lower than anticipated from our initial baseline data collection 

phase in Lisburn (from the re-structured local authority and healthcare Trust), the intervention 

phase started later than scheduled, in May 2014. It was decided that recruitment would continue 

across other agreed sites in Belfast {Queen's University Belfast (offering a pool of approx. 

3000 staff) and the Stormont Civil Service Estate (offering a pool of approx. 3000 staff)} in 

order to attempt to meet the recruitment target and the intervention would be implemented on 

a rolling basis thereafter. Therefore, randomisation and the intervention phases were 

implemented in July and August 2015 in the Queen's University campus and the Stormont 

Estate, respectively. 

 

Recruitment continued to be slower than anticipated, even with the addition of our new sites at 

Queen's University Belfast and the Stormont Estate. This was due to unforeseen circumstances 

(austerity related re-structuring of local authorities and within the civil service) and therefore 

we sought approval to recruit from two final sites within the Belfast Health and Social Care 

Trust (Royal Victoria Hospital and Belfast City Hospital). We subsequently undertook an 

intense recruitment period in early September 2015. Participant recruitment was completed in 

January 2016 following the addition of a new worksite (total n=853).  

 

Professor Chris Patterson (study statistician) made a revised power calculation, which took 

account of more recent literature on effect size estimates and the baseline data on cluster size, 

cluster variation and intra-class correlation co-efficient (ICC). As reported at the previous Trial 

Steering Committees, the revised sample size requirement demonstrated minimal impact on 

power (see Section 2.2.1.3 for further details).  

 

Further, in order to maximise trial retention, all participants received a £10 gift card at the six 

and 12 month stage for full completion of study outcomes (funded from internal sources). The 

trial was originally designed to include follow-up of participants to 18 months post-

intervention. However, with unavoidable delays in initial recruitment attendant upon the re-

structuring of the local authorities and in light of the findings at the six month follow up, it was 

agreed with NIHR that follow-up should stop at 12 months rather than 18 months as originally 

planned. 
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2.8 STAKEHOLDER ENGAGEMENT   

Stakeholder engagement in this evaluation has been a key element throughout this study. The 

purpose of such engagement has been: 

1. To inform aspects of the study design 

2. To raise awareness of the research in the workplace and its potential benefits 

3. To be actively involved in the interpretation of the trial findings and process evaluation 

4. To help identify the practical significance of the findings from the trial and implications 

for further delivery of the scheme or similar schemes 

5. To help plan a dissemination strategy.  

 

Such engagement has taken three forms: 

 

2.8.1 Project Team Meetings 

From the outset of the trial, the research team has attended and fully engaged in the Project 

Team Meetings with staff from the Health Trusts, and organisations participating in the trial. 

This forum has maintained a schedule of twice-yearly meetings throughout the lifespan of the 

trial. The aim has been to help influence the research at an early stage of development, to raise 

awareness of the research and support the organisation’s involvement in the process. 

 

2.8.2 Stakeholder Members of the Trial Steering Committee 

Alongside the above Project Team Meetings, key stakeholders comprising staff from the Health 

Trusts and participating organisations also contributed directly to the evaluation as members 

of the Trial Steering Committee. Critically, this has included contributing to the emerging 

interpretation of the findings and the development of the dissemination strategy.  

 

2.8.3 Dissemination Events 

Alongside the dissemination of the key findings of this study at academic conferences, a 

number of non-academic dissemination activities were planned. Such activities have included 

the distribution of two annual study ezines to all host organisations, study participants and to 

the UKCRC Centre of Excellence (Northern Ireland) partners. Dr Gough (key coordinating 

post-doctoral research fellow for the study) attended a Northern Ireland Public Health Research 

Network (NI PHRN) workshop to update the network on the PAL Scheme (February 2017). 

The offer of a health and wellbeing workshop and PAL study debriefing was extended to the 

‘Champions’ or key contacts at each of the participating worksites. The research team also 
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received interest from a number of organisations that expressed interest in adopting the study’s 

bespoke web platform for promoting PA in the workplace and the study team are currently in 

talks with the Health and Safety Executive, South Eastern Health and Social Care Trust and 

Sport Northern Ireland regarding this. Talks have also been held with the University Research 

and Enterprise team regarding licensing of the web platform for such purposes. Further, plans 

have been made to archive the results of dissemination activities on the British Science 

Association "Collective Memory" database  

(http://collectivememory.britishscienceassociation.org/).  

 

2.8.4 Process Evaluation  

The aim of the process evaluation was to examine i) what the participants’ exposure was to the 

intervention; ii) the extent to which the intervention was implemented across the participating 

organisations; iii) how, for whom and under what circumstances the intervention could bring 

about behaviour change; iv) how, for whom and under what circumstances the intervention 

might maintain behaviour change; (v) whether there were any unintended consequences of the 

intervention. 

 

As described above, this has involved in-depth engagement with all of the key stakeholders to 

ascertain their experiences of and perspectives on the programme. The qualitative insights 

gained from the participants and also from the employers are demonstrated in section 4.4.4 of 

this report. 

 

3 RESULTS FROM THE TRIAL 

 

3.1 RECRUITMENT 

A total of 1,209 employees expressed an interest in participating in the study and were assessed 

for eligibility. Reasons for exclusion included: not based at recruited worksite at least four 

hours/day on at least three days/week (n=93); current contract did not last the duration of the 

study (n=1); no longer wished to participate pre-randomisation (n=107); did not provide 

baseline data (n=150); unable to contact (n=5). 

 

Eight hundred and fifty three individuals were randomized to either the Intervention (n=457) 

or the Control Group (n=396). The study flow diagram is presented in Figure 1. 

http://collectivememory.britishscienceassociation.org/
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Figure 1. CONSORT Flow diagram  

Analysis 
six months 

Lost to follow-up (n=40) 
▪ Withdrawn (n=23) 
▪ Moved worksite (n=16) 
▪ Retired (n=1) 
 

Lost to follow-up (n=52) 
▪ Withdrawn (n=22) 
▪ Moved worksite (n=23) 
▪ Unable to contact (n=3) 
▪ Retired/Sick (n=4) 
 

Analysed (n=210) 
 
Excluded from analysis (n=75) 
▪ Pedometer data not provided 

(n=59) 
▪ Pedometer data not valid (n=16) 
 

 

Analysed (n=180) 
 
Excluded from analysis (n=71) 
▪ Pedometer data not provided 

(n=56) 
▪ Pedometer data not valid 

(n=15) 
 

Follow-up 
12 months 

Analysis 
12 months 

Assessed for eligibility (n=1,209) Excluded (n=356) 
▪ Not based at recruited 

worksite at least 4 h/day 
on at least 3 days/week 
(n=93) 

▪ Current contract does not 
last the duration of the 
study (n=1) 

▪ No longer wished to 
participate pre-
randomisation (n=107) 

▪ Did not provide baseline 
data (n=150) 

▪ Unable to contact (n=5) 

Randomised (n=853) 

Allocated to Control Group 
(n=396) 

Valid pedometer data (n=359) 

Allocated to Intervention Group 
(n=457) 

Valid pedometer data (n=414) 

Lost to follow-up (n=105) 
▪ Withdrawn (n=83) 
▪ Unable to contact (n=22) 
 

Lost to follow-up (n=120) 
▪ Withdrawn (n=71) 
▪ Moved worksite (n=2) 
▪ Unable to contact (n=47) 
 

Analysed (n=249) 
 
Excluded from analysis (n=88) 
▪ Pedometer data not provided 

(n=63) 
▪ Pedometer data not valid (n=25) 
 

 

Analysed (n=236) 
 
Excluded from analysis (n=55) 
▪ Pedometer data not provided 

(n=38) 
▪ Pedometer data not valid 

(n=17) 
 

Enrolment 

Allocation 

Follow-up 
six months 
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3.1.1 Withdrawals  

Participants noted as withdrawals were those who formally, via email, telephone, or in person, 

expressed their wish to no longer take part in the trial. At the six month post-baseline, 154 

participants (n=71 Intervention Group) had withdrawn from the study. At 12 months post-

baseline, a further 45 participants had withdrawn, of which 22 participants were in the 

Intervention Group. Stated reasons for withdrawals included lack of time and/or interest.  

 

3.1.2 Lost to Follow Up  

Participants noted as ‘lost to follow up’ were those who were unable to be contacted due to 

moving worksite location, or who did not reply to email/phone contact by the research team. 

At the six months post-baseline, 71 participants were lost to follow up, 49 of whom were in the 

Intervention Group. Across the two groups, 69 participants were unable to be contacted and 

two participants had moved location. At 12 months post-baseline, a further 47 participants 

(n=30 Intervention Group) were lost to follow up, of which, five had retired or were off sick, 

39 had moved location and a further three were unable to be contacted by the research team. 

 

3.1.3 Harms and Adverse Effects 

There were no harms or adverse effects reported by any participant throughout the conduct of 

the trial. 

 

3.2 SAMPLE CHARACTERISTICS 

A total of 853 participants from 37 clusters were recruited and randomised into two groups 

(n=457 Intervention Group, n=396 Control Group). Table 4 shows baseline characteristics of 

the clusters and participants stratified by group. The mean age of participants was 43.6 

(standard deviation (SD) 9.6) years and 71% were female. At baseline, mean steps/day were 

7,826 (SD 3,425), measured over seven consecutive days. Twenty nine percent of participants 

were categorised as having ‘low’ PA levels according to self-report GPAQ.   
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Table 4. Mean (SD) baseline characteristics of participants according to group 

 Intervention 

Group 

Control Group 

Characteristics of clusters N = 19 N = 18 
Number of participants; mean (range) 24 (4 to 147) 22 (4 to 81) 
Randomisation stratum, clusters (n, % participants)   

Small (<20 employees) 11 (114, 25%) 11 (105, 27%) 
Medium (20-50 employees) 5 (167, 37%) 4 (123, 31%) 
Large (>50 employees) 1 (147, 32%) 2 (144, 36%) 
Schools 2 (29, 6%) 1 (24, 6%) 

Characteristics of participants n=457 n=396 
Age (years) 44.0 (9.3) 43.0 (10.0) 
Female gender; n (%) 329 (72%) 278 (70%) 
BMI (kg/m2) 27.2 (5.6) 26.6 (5.3) 
Income >£20k; n (%) 341 (75%) 291 (73%) 
Education some higher level; n (%) 295 (65%) 270 (68%) 
Marital status married/co-habiting; n (%) 313 (68%) 274 (69%) 
Objective PA: pedometer steps (steps/day) 7,977 (3,602) 7,650 (3,204) 
Objective: physical activity category, n (%)   

High (>7,500 steps/day) 204 (45%) 167 (42%) 
Moderate (>2,500-≤7,500 steps/day) 199 (44%) 184 (46%) 
Low (<2,500 steps/day) 11 (2%) 8 (2%) 

GPAQ: minutes of work PA (minutes/week) 42 (138) 58 (151) 
GPAQ: minutes of MVPA (minutes/week) 296 (342) 344 (333) 
GPAQ: physical activity category, n (%)   

High 70 (15%) 76 (19%) 
Moderate 140 (31%) 130 (33%) 
Low 141 (31%) 104 (26%) 

SF-8: Mental Component Score 48.0 (8.9) 47.7 (9.3) 
SF-8: Physical Component Score 52.5 (6.6) 52.7 (7.0) 
EQ-5D: Health State 82.4 (13.8) 83.8 (14.3) 
EQ-5D: Weighted Health Index 0.89 (0.11) 0.89 (0.12) 
WEMWBS: Mental wellbeing scale 50.2 (8.2) 50.3 (8.9) 
Physical Activity Self-Efficacy scale 2.91 (0.97) 2.92 (0.94) 
HPQ: Four week absolute absenteeism 5.04 (41.3) 3.48 (50.0) 
HPQ: Absolute presenteeism 80.3 (13.6) 81.0 (13.4) 
HPQ: Combined relative absenteeism and absolute 
presenteeism 

8.84 (12.57) 8.56 (7.32) 

   
EQ-5D: EuroQol five dimensions; GPAQ: Global Physical Activity Questionnaire; HPQ: 

Health and Work Performance Questionnaire; MVPA: moderate- to vigorous-intensity 

physical activity; NHS: National Health Service; PA: physical activity; SD: standard deviation; 

SF: Short Form; WEMWBS: Warwick-Edinburgh Mental Wellbeing Scale. 
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3.3 FINDINGS AT INTERVENTION END (SIX MONTHS POST-BASELINE) 

 

3.3.1 Primary Outcomes 

At six month post-baseline, mean steps/day were 6,990 (SD 3,078) for the Intervention Group 

and 7,576 (SD 3,345) for the control group. There was a significant difference between the 

Intervention and Control Groups in mean steps/day (b=-336, 95% CI: -612 to -60, p=0.02) after 

adjustment for baseline values, randomisation stratum and season, and correction for cluster 

effects (Table 5). Possible reasons for this result are explored in the Sensitivity Analysis section 

3.4.1.1 below.   

 

At six months post-baseline, there was a significant difference between the Intervention Group 

compared to the Control Group for minutes/week of self-reported work-related PA (b=-33.3, 

95% CI: -65.44 to -1.24, p=0.04). There was no significant difference between groups for 

minutes/week self-report MVPA (b=4.12, 95% CI: -47.07 to 55.31, p=0.88).  
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Table 5. Mean (SD) month six outcomes according to group and ANCOVA results 

before and after adjusting for season 

Outcome 

Intervention 

Groupa 

Control 

Groupa 

Analysis of 

covarianceb 

Analysis of 

covariancec 

n Mean 

(SD) 

n Mean 

(SD) 

b 

(95% CI) 

 

P-

value 

b 

(95% CI) 

 

P-

value 

Primary outcome 
Objective PA: 
pedometer 
steps 
(steps/day) 

249 
6,990  

(3,078) 
236 

7,576 
(3,345) 

-519  
(-931, -

107) 
0.01 

-336  
(-612, -

60) 
0.02 

Secondary outcomes 
GPAQ: 
minutes of 
work PA 
(minutes/week) 

253 
16.32  

(57.55) 
235 

43.72  
(129.33) 

-33.67  
(-65.32, -

2.02) 
0.04 

-33.34  
(-65.44, -

1.24) 
0.04 

GPAQ: 
minutes of 
MVPA 
(minutes/week) 

231 
291.84  

(255.76) 
221 

350.14  
(329.41) 

-2.75  
(-63.36, 
57.85) 

0.93 
4.12  

(-47.07, 
55.31) 

0.88 

SF-8: Mental 
Component 
Score 

269 
48.43  
(8.90) 

244 
47.12  
(9.44) 

1.07  
(-0.27, 
2.42) 

0.12 
1.17  

(-0.23, 
2.56) 

0.10 

SF-8: Physical 
Component 
Score 

269 
50.87  
(8.37) 

244 
50.99  
(7.64) 

0.43  
(-1.26, 
2.12) 

0.62 
0.64  

(-0.79, 
2.08) 

0.38 

EQ-5D: Health 
State 262 

77.95  
(16.16) 

239 
78.26  

(16.08) 

0.67  
(-2.35, 
3.70) 

0.66 
0.70  

(-2.45, 
3.86) 

0.66 

EQ-5D: 
Weighted 
Health Index 

262 
0.83  

(0.14) 
239 

0.84  
(0.15) 

0.005  
(-0.02, 
0.03) 

0.71 
0.01  

(-0.01, 
0.04) 

0.37 

WEMWBS: 
Mental 
wellbeing scale 

266 
50.34  
(8.38) 

243 
49.42  
(8.24) 

1.15  
(0.18, 
2.12) 

0.02 
1.34  

(0.48, 
2.20) 

<0.01 

HPQ: Four 
week absolute 
absenteeism 

247 
4.04  

(66.11) 
227 

7.01  
(51.40) 

-2.25  
(-12.49, 

8.00) 
0.67 

-2.59  
(-12.79, 

7.62) 
0.62 

HPQ: Absolute 
presenteeism 261 

78.62  
(14.58) 

236 
78.47  

(14.21) 

0.82  
(-1.79, 
3.44) 

0.54 
1.48  

(-0.43, 
3.38) 

0.13 

HPQ: 
Combined 
relative 
absenteeism 
and absolute 
presenteeism 

246 
9.52  

(24.63) 
226 

7.91  
(4.94) 

-0.03  
(-0.91, 
0.85) 

0.95 
-0.02  

(-0.92, 
0.87) 

0.96 

aMonth six outcomes (unadjusted) 
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bANCOVA comparison of six month means in Intervention vs Control Group adjusted for 

baseline values of the outcome, and randomisation stratum and corrected for clustering 

cANCOVA comparison of six month means in Intervention vs Control Group adjusted for 

baseline values of the outcome, randomisation stratum and season and corrected for clustering 

ANCOVA: Analysis of Covariance; CI: confidence interval; EQ-5D: EuroQol five dimensions; 

GPAQ: Global Physical Activity Questionnaire; MVPA: moderate- to vigorous-intensity 

physical activity; NHS: National Health Service, PA: physical activity; SD: standard deviation; 

SE: standard error; SF: Short Form; WEMWBS: Warwick-Edinburgh Mental Wellbeing Scale. 

  



73 

 

3.3.1.1 Sensitivity Analyses 

At six months post-baseline, mean steps/day in the imputed dataset were 6,914 (SD 3,142, 

n=457) for the Intervention Group and 7,408 (SD 3,253, n=369) for the Control Group. There 

was a significant difference in the Intervention Group compared to the Control Group (b=-526, 

95% CI: -948 to -104, p=0.02) after adjustment for baseline values, randomisation stratum and 

season, and correction for cluster effects (Table 6). 

 

Since the intervention has marginally but significantly lowered “steps per day” (in the 

Intervention Group) we abductively explored possible reasons for this. In one recruitment site, 

there were some periodic technical glitches affecting the sensors in the environment (which 

recorded participants’ PA). These glitches were routinely detected by the network and the 

sensor was replaced usually within 24-48 hours. However some Intervention Group 

participants may have been temporarily demotivated when they knew that their activity was 

not being monitored for these short periods.  Thus the main analysis was repeated excluding 

the affected clusters (n=11). The magnitude of the estimated difference in mean steps/day 

between Intervention and Control Groups was reduced and the difference was non-significant 

(b=-172, 95% CI: -472 to 128, p=0.26) after adjustment for baseline values, randomisation 

stratum and season, and correction for cluster effects. 
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Table 6. Mean (SD) outcomes at months six and 12 according to group and ANCOVA results before and after adjusting for season, with 

imputation of missing values on the six or 12 month outcomes 

Outcome 

Intervention 

Groupa 

Control Groupa Analysis of covarianceb Analysis of covariancec 

N Mean 

(SD) 

N Mean 

(SD) 

b 

(95% CI) 

 

P-value b 

(95% CI) 

 

P-value 

Six month objective PA: 
pedometer steps (steps/day) 

457 
6,914  

(3,142) 
369 

7,408  
(3,253) 

-574  
(-1,109, -41) 

0.04 
-526  

(-948, -104) 
0.02 

12 month objective PA: 
pedometer steps (steps/day) 

457 
7,522  

(3,489) 
369 

7,739  
(3,340) 

-543  
(-1,207, 120) 

0.11 
-558  

(-1,203, 87) 
0.09 

aMonth six or month 12 outcomes (unadjusted) 

bANCOVA comparison of six month/12 month  means in Intervention vs Control Group adjusted for baseline values of the outcome, and 

randomisation stratum and corrected for clustering 

cANCOVA comparison of six month/12 month means in Intervention vs Control Group adjusted for baseline values of the outcome, 

randomisation stratum and season and corrected for clustering. 

ANCOVA, Analysis of covariance; CI, confidence interval; EQ5D, EuroQol, five dimensions; GPAQ, Global Physical Activity Questionnaire; 

MVPA, moderate- to vigorous-intensity physical activity; NHS, National Health Service, PA, physical activity; SD, standard deviation; SE, 

standard error; SF, short form; WEMWBS, Warwick-Edinburgh Mental Wellbeing Scale. 
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3.3.2 Exploratory Subgroup Analyses 

Moderation analyses in Table 7 showed that perceptions of the availability of PA opportunities 

in the Workplace Environment (WE: Availability) moderated the relationship between group 

assignment and six month mean steps/day, as indicated by a significant coefficient for the 

interaction term (b=-280; 95% CI: -538, -23; p=0.03). This indicated that the negative effect of 

assignment to the Intervention Group on six month mean steps/day was greater at higher levels 

of workplace environment availability (WE: Availability). Thus, there was a greater decrease 

in mean steps/day (baseline-six months) for Intervention Group participants compared to 

Control Group participants when perceptions of the availability of PA opportunities in the 

workplace environment were higher. It should be noted that owing to issues with multiple 

testing, this result should be interpreted with caution. The results of all other moderation 

analyses were non-significant. 
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Table 7. Results of moderation analyses (random-effects regressions of mean steps/day 

at six months or 12 months on baseline mean steps/day, group assignment moderator 

and moderator-by-group interaction)  

 Six month mean steps/day 12 month mean steps/day 

 Moderator X Group interaction Moderator X Group interaction 

MODERATOR n b (SE) P-value n b (SE) P-value 

       
Age 454 10.7 (21.0) 0.61 366 -10.5 (31.8) 0.74 
Gender (male)a 456 -310.0 (330.6) 0.35 368 709.1 (684.7) 0.30 
BMI 442 56.4 (39.1) 0.15 358 61.3 (46.5) 0.19 
Income (>£20k)a 449 -92.7 (591.8) 0.88 363 -25.7 (748.5) 0.97 
Education (some higher level)a 449 374.1 (384.7) 0.33 363 272.7 (534.2) 0.61 
Marital status (married/co-habiting)a 448 -181.6 (454.4) 0.69 362 -183.0 (758.2) 0.81 
SF-8 Mental Component Score 449 6.48 (29.0) 0.82 363 -1.61 (44.3) 0.97 
SF-8 Physical Component Score 449 9.12 (26.5) 0.73 363 -49.9 (38.5) 0.20 
EQ5D: Health State 426 -5.17 (14.7) 0.72 347 9.95 (22.0) 0.65 
EQ5D: Weighted Health Index 427 1,444 (2,045) 0.48 347 -1,352 (2,829) 0.63 
WEMWBS: Mental wellbeing scale 449 -7.88 (32.0) 0.81 363 30.3 (42.6) 0.48 
WE: Attractiveness 448 -73.8 (51.7) 0.15 363 -50.5 (115.9) 0.66 
WE: Safety 448 -76.3 (85.6) 0.37 363 294.2 (122.2) 0.02 
WE: Accessibility 448 -173.1 (102.0) 0.09 363 57.8 (176.5) 0.74 
WE: Availability 448 -280.3 (131.3) 0.03 363 -49.3 (194.1) 0.80 
WTA30 405 -2.91 (39.7) 0.94 329 25.0 (52.5) 0.63 
WTA60 401 -5.48 (47.8) 0.91 325 -7.44 (57.4) 0.90 
Time discount2 (2 vs 1)a 419 162.7 (384.0) 0.67 340 889.9 (670.2) 0.18 
Time discount3 (3 vs 1)a 419 -630.0 (385.1) 0.10 340 -1,216 (515.5) 0.02 
       

aDichotomous moderators 

NB. Results are adjusted for strata, season and baseline mean steps/day with cluster-adjusted 

standard errors and p-values. 
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3.4 FINDINGS FROM SIX MONTHS FOLLOW-UP (12 MONTHS POST-BASELINE) 

 

3.4.1 Primary Outcomes at Six Months Follow-Up (12 Months Post-Baseline) 

At 12 months, mean steps/day were 7,790 (SD 3,462) for the Intervention Group and 8,203 

(SD 3,401) for the Control Group. There was a non-significant difference between the 

Intervention and Control groups in steps/day (b=-570, 95% CI: -1,267 to 127, p=0.11) after 

adjustment for baseline values, randomisation stratum and season, and correction for cluster 

effects (Table 8).  

 

At 12 months, there were no significant differences between the Intervention and Control 

Groups for minutes/week of self-reported work-related PA (b=7.00, 95% CI: -12.55 to 26.56, 

p=0.48) and minutes/week self-report MVPA (b=77.04, 95% CI: -7.94 to 162.0, p=0.08) (Table 

8). 
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Table 8. Mean (SD) 12 month outcomes according to group and ANCOVA results before and after adjusting for season 

Outcome 

Intervention 

Groupa 

Control Groupa Analysis of covarianceb Analysis of covariancec 

N Mean 

(SD) 

N Mean 

(SD) 

b 

(95% CI) 

 

P-value b 

(95% CI) 

 

P-value 

Primary outcome 
Objective PA: pedometer 
steps (steps/day) 

210 
7,790  

(3,462) 
180 

8,203  
(3,401) 

-561  
(-1,243, 120) 

0.11 
-570  

(-1,267, 127) 
0.11 

Secondary outcomes 
GPAQ: minutes of work 
PA (minutes/week) 

207 
43.2  

(146.6) 
182 

44.7  
(121.7) 

1.77  
(-22.3, 25.8) 

0.89 
7.00  

(-12.6, 26.6) 
0.48 

GPAQ: minutes of 
MVPA (minutes/week) 

188 
387.4  

(385.9) 
169 

354.4  
(314.7) 

75.2  
(-8.29, 158.7) 

0.08 
77.0  

(-7.94, 162.0) 
0.08 

aMonth 12 outcomes (unadjusted) 

bANCOVA comparison of 12 month means in Intervention vs Control Group adjusted for baseline values of the outcome, and randomisation 

stratum and corrected for clustering. 

cANCOVA comparison of 12 month means in Intervention vs Control Group adjusted for baseline values of the outcome, , randomisation 

stratum and season and corrected for clustering. 

ANCOVA, Analysis of covariance; CI, confidence interval; GPAQ, Global Physical Activity Questionnaire; MVPA, moderate- to vigorous-

intensity physical activity; PA, physical activity; SD, standard deviation; SE, standard error.
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3.4.1.1 Sensitivity Analyses 

At 12 months, mean steps/day in the imputed dataset were 7,522 (SD 3,489, n=457 for the 

Intervention Group and 7,739 (SD 3,340, n=369) for the Control Group. There was no 

significant difference in the Intervention Group compared to the Control Group (b=-558, 95% 

CI: -1,203 to 87, p=0.09) after adjustment for baseline values, randomisation stratum and 

season, and correction for cluster effects (Table 6). 

 

 

3.4.2 Exploratory Subgroup Analyses 

Moderation analyses (see Table 7) showed that perceptions of the safety of the Workplace 

Environment (WE: Safety) moderated the relationship between group assignment and 12 

month mean steps/day, as indicated by a significant coefficient for the interaction term 

(b=294.2; 95% CI: 55, 534; p=0.02). This indicated that the negative effect of assignment to 

the Intervention Group on 12 month mean steps per fay was greater at lower levels of workplace 

environment safety (WE: Safety). Thus, there was a greater decrease in mean steps/day 

(baseline-12 months) for Intervention Group participants compared to Control Group 

participants when perceptions of the safety of the workplace environment were lower. 

Moderation analyses also showed that the “Time discount3” variable (high discount rate versus 

low discount rate) moderated the relationship between group assignment and 12 month mean 

steps/day, as indicated by a significant coefficient for the interaction term (b=-1,216; 95% CI: 

-2,226, -205; p=0.02). This indicated that the negative effect of assignment to the Intervention 

Group on 12 month mean steps/day was greater when discount rates were higher. Thus, there 

was a greater decrease in mean steps/day (baseline-12 months) for Intervention Group 

participants compared to Control Group participants when participants’ discounts rates were 

higher (i.e. they prefer an immediate reward with a lower monetary value rather than having to 

wait to get a reward with a slightly higher monetary value tomorrow). Owing to issues with 

multiple testing, these results should be interpreted with caution. The results of all other 

moderation analyses were non-significant. 

 

3.5 SECONDARY OUTCOMES 

There was a significant difference between groups for the WEMWBS (b=1.34, 95% CI: 0.48 

to 2.20, p<0.01) with wellbeing scores higher in the Intervention Group participants. There 

were no significant differences between groups for SF-8 mental (b=1.17, 95% CI: -0.23 to 2.56, 
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p=0.10) and physical (b=0.64, 95% CI: -0.79 to 2.08, p=0.38) component scores. There were 

no significant differences between groups for the EQ-5D-5 L health state (b=0.70, 95% CI: -

2.45 to 3.86, p=0.66) and weighted health index scores (b=0.01, 95% CI: -0.01, 0.04, p=0.37). 

There was no significant difference between groups in four week absolute work absenteeism 

(b=-2.59, 95% CI: -12.8 to 7.62, p=0.62), absolute presenteeism (b=1.48, 95% CI: -0.43 to 

3.38, p=0.13) and combined relative absenteeism and absolute presenteeism (b=-0.02, 95% CI: 

-0.92 to 0.87, p=0.96) (Table 5). 

 

4 RESULTS FROM THE PROCESS EVALUATION  

 

4.1 INTRODUCTION 

The intervention produced a small but significant decline from baseline to six month follow-

up in mean steps/day (objectively measured) in the Intervention Group compared with the 

Control Group. The results highlight a need to explore and understand the processes underlying 

these findings. 

 

4.2 IMPLEMENTATION 

4.2.1 Participation and Reach 

9,031 participants were invited to participate across four main sites (Lisburn, Stormont Estate, 

Queen’s University Belfast, Belfast City Hospital), as shown in Figure 1. In total, 853 

participants were recruited and randomised. The demographic characteristics of the study 

population are shown in Table 4. 

  

4.3 INTERVENTION FIDELITY AND ‘DOSE’  

Standardised training manuals were provided to research staff to guide the intervention delivery 

and study conduct (including collection of outcome data and all email communication with 

participants). Participants had access to an online discussion forum, where queries or issues in 

relation to the day-to-day running of the intervention were voiced. Commonly reported issues, 

consistent across study sites, included issues with the sensors not accurately recording time 

spent doing PA across the work day, discrepancies between times recorded for other 

participants undertaking the same activity, the location of the sensors and the type of rewards 

available to participants.   
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On average, 1,000 minutes (SD 987.08) of PA was recorded per participant via the PAL 

Scheme PA monitoring system across the intervention period (n=422 participants). Physical 

activity was captured by the PAL monitoring system on 43.41 (SD 33.21) days over the six 

month intervention, equating to PA being recorded on approximately one third (32.71%, SD 

25.05) of intervention days. With regards to intervention ‘dose’, participants walked for at least 

10 minutes on 32.80 (SD 28.87) days across the intervention period (Table 9).  

 

Participants in the Intervention Group self-reported spending 2.31 (SD 2.12) hours/day on the 

internet. There was no significant difference in reported internet use (hours/day) between the 

Intervention and Control Groups. Participants reported high confidence in using the internet at 

baseline (Intervention Group 8.67, SD 1.74), ranked from 1-10 on Likert scale.  

 

Across the intervention period, on average participants earned 932.37 (SD 825.33) points by 

tracking their PA using the PA monitoring system. In addition, participants’ earned, on average, 

an additional 75.21 (SD 106.30) points from the scheme’s double point days. Participants 

redeemed 39.33% (SD 42.51) of points accumulated throughout the intervention for vouchers.  
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Table 9. Engagement with PA monitoring system and study website  

Engagement   
N Mean (SD) 

Physical activity monitoring system 
Number of days participants recorded PA for at least 10 minutes (week 4)a 422 5.99 (5.09) 
Number of days participants recorded PA for at least 10 minutes (month 6) a 422 32.80 (28.87) 
% of days participants recorded PA for at least 10 minutes (week 4) a 422 29.95 (28.87) 
% of days participants recorded PA for at least 10 minutes (month 6) a 422 24.71 (21.76) 
Study website 
Total minutes  418 1170.68 (2048.27) 
% of days participants logged onto website (month 6) 418 17.39 (20.06) 
% of weeks participants logged onto website (month 6) 418 37.75 (32.45) 
Frequency of hits: Feedback and monitoring b  418 13.7 (3.54) 
Frequency of hits: Rewards b 418 5.7 (4.47) 
Frequency of hits: Maps b 418 3.4 (3.97) 
Frequency of hits: Health information (PA) b 418 0.5 (1.72) 
Frequency of hits: Health information (other) b 418 1.2 (3.17) 
Frequency of hits: Discussion Forum b 418 1.9 (4.23) 
Frequency of hits: Study information b 418 4.0 (5.23) 
% of total website time spent on Feedback and Monitoring 418 44.66 (31.16) 
% of total website time spent on Rewards 418 17.45 (23.78) 
% of total website time spent on Maps 418 15.32 (24.07) 
% of total website time spent on Health Information (PA) 418 1.36 (7.34) 
% of total website time spent on Health information (other) 418 3.04 (10.18) 
% of total website time spent on Discussion Forum 418 3.14 (10.21) 
% of total website time spent on Study Information 418 10.25 (18.58) 

a Data captured using the PA monitoring system  
b Total number of hits for every ten days the participant accessed the website 

PA: Physical activity. 
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4.4 RESPONSIVENESS  

The aim of the thematic analyses was to tease out the main themes and sub-themes which were 

considered to be important factors for engagement/disengagement with the intervention and 

maintenance of PA. The themes pertaining to their overall perceptions of the intervention were 

very much positive, including with respect to mental health and wellbeing, social aspects and 

physical fitness and health. In terms of the key behaviour change and intervention components, 

themes included the issue of rewards by means of a financial incentive, but also disincentives  

linked to ‘voucher type’; technology as a means of tracking progress, support and feedback, 

but also the negative aspect relating to technological issues with sensors and key fobs (see 

Section 4.4.2 for further details).  

  

4.4.1 Participants  

In total, nine focus groups were conducted at the end of the intervention period across the study 

sites: Lisburn (n=3 FGs; n=21 participants), Stormont Estate (n=2 FGs; n=12 participants), 

Queen’s University Belfast (n=2 FGs; n=16 participants) and Belfast City Hospital (n=2 FGs; 

n=16 participants). Sixty six participants took part in the focus group discussions (n=52/78% 

females; mean age 43.8 (SD 9.0) years).  At 12 months, 17 participants who had taken part in 

the six month focus groups also took part in the 12 month discussions (n=9/53% female; mean 

age 46.1 (SD 9.3)) years. 

The following coding was applied to quotes to distinguish between the different focus groups 

and semi-structured interviews undertaken: FG denotes the focus group session (1-9) at six 

months, FG12 denotes the focus group session (12.1-12.6) at 12 months, MR: Male respondent, 

FR: Female respondent, R: Retailer, SM: Senior manager. 

 

4.4.2 General Perceptions of the Intervention 

Overall feedback from participants about the PAL Scheme was positive. Many participants 

cited how the scheme had helped them engage in more PA: 

“FG3, FR: It's been a very positive thing to get people out walking and to encourage them to 

walk more, with all the wee perks and to do a bit extra every day” and to develop habits that 

could be maintained once the intervention had ended:  

“FG8, FR: So it's been a brilliant success to get me walking and it's now part of my daily 

routine.”  
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4.4.2.1 Type of PA 

The type of PA upon which the intervention was based was also viewed as positive by 

participants, with many citing how convenient walking and/or jogging were compared with 

other activities:  

“FG3, FR: …it doesn't suit everybody to go to a class, to be there at a certain time… that's the 

good thing about walking and running, that you can do it at any time it suits…”;  

“FG9, FR: It wasn't hard, that's what I quite liked about it.  You could do as much or as little 

as you wanted, and that was quite nice.” 

 

4.4.2.2 Format of the PAL Scheme 

Many participants felt the format of the scheme, targeted at changing PA across the working 

day, was restrictive. Participants highlighted that the timing of the intervention did not enable 

them to account for how active they had been across the whole day:  

“FG6, FR: What I found with it was that I was really doing the most of the stuff. I was a bit 

aggrieved because I was doing a lot in the morning which wasn't recorded on the fob, you 

didn't record those things.”  

 

Some participants also found the intervention limiting in that it didn’t take account of other 

types of PA:  

“FG3, FR: I think it's very restrictive in just having walking or running, because we do have 

very good staff membership for the gym, which a lot of the staff do avail of but you didn't get 

any recognition for it…”.  

 

4.4.2.3 Increasing PA and Health Benefits 

A number of key themes emerged when participants discussed their reasons for signing up the 

PAL Scheme. Increasing PA across the work day was cited by many participants as their main 

reason for signing up:  

“FG1. FR: I felt I needed more exercise, I knew that it was beneficial, I thought it was a good 

idea and would help me do more”;  

“FG7, FR: Mine was to get up from my desk and get out to walk more, that was my reason, 

more self-motivation…”.  
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In addition to being more active, the associated health benefits of this behaviour change were 

also noted by participants, with many commenting that they signed up to lose weight or 

improve their health:  

“FG6, FR: For me, it was health and fitness and good habit forming, plus you could see it was 

just better for you to get away from the desk, mentally.” 

 

Some participants felt that they were already active during the working day, and the scheme 

was worthwhile to gain something for their efforts:  

“FG9, FR: I did walk a lot anyway, at lunchtime and before work and stuff and I sort of thought 

I might as well get something for it.  I was doing it anyway…”, while others noted helping out 

with research was a factor that encouraged them to sign up:  

“FG1, MR: I do a lot of cycling and running and record it … I just figured that there's a bit of 

data that maybe someone else could use, they may as well have my data.”  

 

The convenience of an intervention being delivered within the workplace was also an 

influencing factor in encouraging people to take part:  

“FG8, FR: I think generally if you can incentivise anything that's within work hours, I know 

personally for me, with working with a young family, if I can get that activity within those hours 

from 8 to 6 then it will really work for me…”.  

 

4.4.2.4 Key Barriers and Facilitators to the PAL Scheme 

Key barriers and facilitators to the PAL Scheme and being active throughout the working day 

were identified through the focus group discussions. Work demands, time and the weather were 

cited by participants as barriers to being more active at work and participating in the PAL 

Scheme. The structure of the working day meant it was not always possible for participants to 

be active during lunchtime:  

“FG6, MR: I find, especially in this place, you don't always get the chance to get out at 

lunchtime anyway. Once I started, if I didn't get out at lunchtime I would be more inclined to 

make sure that I did get out in the evening for a walk.” 

  

In addition, increased workload had an impact on the time participants had available to be 

active:  

“FG9, FR: But as term got busier and we got into September it just got more and more difficult 

to find the time to fit it all in.”  
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Participants highlighted how the weather was also a barrier, deterring them taking part in the 

scheme on occasions:  

“FG6, MR: We walked in a group, so I think if it rained the girls got their hair wet, so that sort 

of stopped them, really.  If it rained we didn't walk basically.” 

 

With regards to facilitating increasing PA through the PAL Scheme across the working day, a 

number of key themes emerged. Access to nice areas for PA was noted as a facilitator:  

“FG6, FR: We're very fortunate in this area, we've this lovely green park and you can walk 

out there and walk back.”  

 

Support within the workplace from colleagues was another facilitator of PA, with participants 

commenting on the importance of sharing experiences of being involved in the scheme:  

“FG8, FR: Even if you didn't want to walk in a group, just chatting about it "How much did 

you do...?" I think that works for a lot of people.”  

 

In addition to support from colleagues, the attitude of employers was noted as another 

important influence:  

“FG3, FR: I think that this council is very good as an employer, as they do put on the likes of 

the classes at lunchtime, you have access to the gym and everything.”  

 

4.4.2.5 General Benefits of the PAL Scheme 

A number of themes emerged from the focus group discussions on the benefits participants 

received from their participation in the PAL Scheme. Benefits of the intervention included 

increased levels of PA, health benefits, social benefits and increased productivity. Participants 

highlighted how the scheme had instigated changes in their usual routine, leading to increased 

PA across the day:  

“FG4, MR: If I got the train in I would actually make my route longer to make sure that I 

passed a few points in the way in and on the way home, rather than just straight here.”  

A number of health benefits were listed by participants, including the impact being more active 

had on their physical wellbeing:  

“FG9, FR: I wanted to lose weight. I've lost 2 stone since I started, but I've done lots of other 

activity. But it spurred me on and gave me the motivation, and actually I built up my fitness so 

that I could do some of the other activities.”  
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In addition to the positive impact the intervention had on physical health, participants also 

noted the benefits in relation to mental health and wellbeing:  

“FG8, FR: It's quite nice too, because even the mindfulness idea, as you're walking along on 

your own you're more mindful of what you're doing, and you're into health issues there too.”  

With regards to how PA behaviour change was maintained post-intervention, there were mixed 

responses from focus group participants. A number of participants noted how the PAL Scheme 

had changed their routine from doing no PA across the working day to now being more active:  

“FG4, FR: I would walk more now; I wouldn't have thought of doing it at all.”  

 

4.4.2.5.1 Incorporating PA into Habits and Daily Life 

In addition, being involved in the intervention encouraged participants to make small changes 

to their daily habits to facilitate PA within the working day: “FG9, FR: … I do at least as much 

now, even after it's finished, as I did when I was doing it, and in fact I probably do more now 

and I'm probably much more conscious of what I do because of even trying to think up how I 

was going to make those points in a day.  I keep walking, I still walk up and down from the 

school every day, and I do it at least five times a week, if I can, to build up 150 minutes.”  

 

Other participants commented on how being involved in the intervention had made them think 

about their PA, and that they were still making efforts to increase their activity as a result of 

being involved in the PAL Scheme:  

“FG6, FR:  I haven't continued as much but I am really determined to, because I am aware of 

the fact when I'm not walking and that your health is not quite as good, so I have made more 

of a conscious effort recently to try and get back into it, especially now that the days are a little 

bit longer and it's a bit brighter outside.  I kept up other exercise, other than walking as well, 

quite consistently, even more so than I would have done previously.”  

 

For some, the extra PA that they were doing during the PAL Scheme stopped once the concept 

of the points and rewards was removed:  

“FG7, FR:  I did it when the vouchers were there but now I wouldn't...I would go outside but I 

wouldn't actually make an effort now. So I would never dream of going for a walk or anything 

during work.” 
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4.4.2.5.2 Social Aspects of the PAL Scheme 

Participants commented on the social aspects of being involved in the PAL Scheme, with many 

citing the intervention as a good way of socialising with colleagues:  

“FG6, FR: There was a social element to it too, like someone would say ‘oh, do you want to 

go outside and get some points?’”  

 

Participating in the Intervention Group identified a number of benefits specific to the 

workplace. Within the focus group discussions, participants noted that the intervention 

provided them with the opportunity to have a proper break during the work day:  

“FG3, FR: Yeah, usually you have your lunch here, sometimes at your desk, so you aren't 

getting away from it, so it's good to get outside and get fresh air and you're more awake in the 

afternoons then because you have been out.”  

 

Furthermore, participants felt the opportunity to be active during the day had a positive effect 

on their productivity:  

“FG4, MR: I probably worked harder because I'd normally be sleeping after lunch.”  

 

As well as increasing levels of PA across the work day, participants highlighted the additional 

effect being involved in the PAL Scheme had on other types of PA they were involved in:  

“FG7, FR: It triggered off for me to go and join a club, a rowing club, because you weren't 

really aware that you weren't doing as much and you were sitting quite a bit at the desk, and 

you thought ‘right okay’ …”.  

 

In addition, the PAL Scheme increased awareness of other improvements individuals could be 

making to their overall health and wellbeing:  

“FG8, MR: Like others, it stimulated me to look at other parts of my lifestyle and try to amend 

them, to make small changes as well.”  

 

4.4.3 Perceptions of Intervention Components and Behaviour Change Techniques 

The key themes in relation to participants’ thoughts on the different intervention components 

of the PAL Scheme for behaviour change are summarised in Table 10. These include the use 

of incentives, sensors, maps, feedback, fobs, email and social support. 
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With regard to the sensors, participants reported some issues which affected the day-to-day 

running of the intervention, including issues with the accuracy, placement and restrictiveness 

of the sensors (Table 10). Participants had mixed opinions on a number of website components, 

including the maps and email prompts. The feedback element of the website was a positive 

feature for many, with participants highlighting that the visual feedback often prompted them 

to be more active.  

 

A number of themes emerged in relation to rewards (retail vouchers) offered to participants in 

exchange for points they had accumulated during their participation in the PAL Scheme. Some 

participants felt the vouchers did not provide a sufficient reward for the effort and activity 

undertaken:  

“FG5, FR: You’ll get incentives joining gyms anyway, so there wasn’t really any incentive in 

the incentives, really, unless it was a free cup of tea. Walking ten miles for a cup of tea. It 

needed to be more; the incentives just weren’t enough for me” whilst other participants felt the 

vouchers were limited: “FG3, FR: The vouchers were an issue, when you go to get them there 

wasn't the ones you wanted, such as Argento. Just there was only so many available.”  

 

Participants noted that the issues around the format and availability of the vouchers had an 

impact on their interest in other elements of the intervention:  

“FG5, FR: And I found then that I lost interest because the points weren’t really going 

anywhere. And then whatever points I had, the incentive wasn’t good enough for the points I 

had.” 
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Table 10. Results from the process evaluation regarding participant perceptions of the 

intervention components 

Intervention 

components 

Quote 

Sensors “FG2, MR: I do quite a bit of walking and I was just outside of the area and 

I kind of felt I was changing my walk just so I could walk past the sensors, 

whereas it would be handy if it wasn't quite so dependent on the sensors.” 

 

“FG5, MR: Yeah, they were definitely occasions, I think everybody 

experienced it at some stage. It hadn't recorded parts of your journey and 

the sensors hadn't been working. There was other things as well.  If you 

went so far and you didn’t come across a second sensor, it was only 

calculating your journey from… between two sensors rather than the total 

time of the journey.” 

 

“FG7, FR: You sort of had to plan, which sometimes I did plan, I thought 

then...I know you were doing it for your research but I thought this is just 

me planning my route round this way to do it, as opposed to this would be 

my normal walk.” 

 

Maps “FG7, FR: I thought the wee maps were good. I looked at them, because 

you could think  'oh, I could go out now but I have only half an hour.' So 

you could have a look and see where you could walk…” 

 

“FG8, FR: I found they weren't that easy to read…” 

 

Feedback 

 

 

 

“FG5, FR: It was good to go in and see how far you had walked, how long 

you had been out walking.” 

 

“FG6, FR: but, for me, whenever I was in the habit of it, it was seeing the 

circle be green, if I got to Friday and there was a chunk left, I would think 

‘oh, I'd better get out and try to make it to the full amount’.” 
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Fob  

 

 

“FG8, FR: But there was a number of times I kept forgetting the key fob. I 

had my keys on it and then they keys were on the desk and you would walk 

out without it, so if the sensors were the clip on belt variety.” 

 

“FG2, FR: I quite like the idea of a fob that you maybe wore, because I 

don't carry my phone around... something connected to the phone, that 

could in some ways be more cumbersome, or something where the two 

would be synchronised…” 

 

Email 

prompts 

 

 

“FG9, FR: The weekly emails helped as well, just to spur you on a Monday 

morning, just to remind you that you were involved and you had to 

participate.” 

 

“FG6, MR: I got so many emails, I got annoyed with them, the ones that 

were ‘You should be out walking’.” 

 

Support 

 

 

“FG2, MR: … I found they were always really quick at getting back to me, 

even if I rang or I emailed, it was really good.” 

 

“FG9, FR: … answered the emails really quickly and were really 

responsive and that helped keep the motivation going as well, so we do 

appreciate what you did.” 

 

FG: Focus group; FR: Female respondent; MR: Male respondent. 
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4.4.3.1 Focus Groups at 12 Month Post-Baseline 

The main aim of the focus groups conducted at 12 months was to explore behaviour change 

maintenance. On the whole, participants referred to their maintained or at least attempt to 

maintain PA levels and desire to keep up with that which they had achieved during the six 

month intervention;  

“FG12.4, MR: I know I started well but I think I wasn’t consistent the whole way through 

because of other factors that were happening at work at the time, but I tried to maintain a level, 

I was trying to sort of hit the target a week.. after the scheme ended I did try and keep it going”.  

 

The detailed walking routes provided during the scheme were also still utilised after the 

intervention period ended;  

“FG12.4, MR:.. so, I would do that route more or less exactly everyday whenever I do go out”,  

“FG12.3, FM: …, and in the mornings I’m still doing a lot of the same routes”.  

 

The notion of building PA into their day was a key aspect to maintaining levels of PA;  

“FG12.1 FR:  Yeah, and I’ll tell you another thing, while even waiting on the train on the 

platform I’ll be walking up and down the platform, rather than just stand there, I’ll walk.”;  

 

As was making conscious efforts to move more; “FG12.1, FR: Well now, if I’m cooking, I 

would tend to do that step, from one side to the other or back and forth, so as I’m not just 

standing still”.  

 

This was also noted with regard to the idea of looking for opportunities to be active beyond the 

six month intervention period;  

“FG12.4, MR It’s something I can work into my lifestyle, and even when you don’t have it 

you’re sort of thinking well is there an opportunity to perhaps go for a walk at lunch time to 

just keep that activity going”; and other commented on looking for additional opportunities in 

their day to be active;  

“FG12.4, MR: .. I can adapt my pattern and I spotted two other opportunities, the beginning 

of the working day and the end of the working day, where I can do something that fit’s in”.  

 

Habit, be that continuing with the established walking routes or continuing with their lunchtime 

walk or step goals, alongside seeking out opportunities to be active, were common threads 

throughout the focus groups for maintained PA behaviour change after the scheme had ended. 
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4.4.4 Senior Managers of Participating Employees 

 In total, semi-structured interviews were also undertaken with senior managers of six 

participating employers (n=7 managers) and participating retailers (n=4). Feedback about the 

intervention was positive from employers, with themes emerging from the interviews with 

regard to employee benefits; both by means of getting active, (a focus on physical and mental 

health) and also relating to workplace productivity. Senior manager perceptions of the 

intervention were aligned with participants regarding time as a key barrier to PA in the 

workplace. 

 

4.4.4.1 Senior Managers Overall Perceptions of the PAL Scheme 

Employers’ overall thoughts on the PAL Scheme were positive, with managers highlighting 

the benefits of getting their employees more active:  

“SM2: We know that walking is better than being sedentary and it reduces lots of different 

diseases and things. So in principle it’s very good.”  

“SM2: It’s the health benefits… that people are more active. You know yourself, it reduces 

risks of lots of different types of diseases…”  

“SM4: …it’s the mental health and people are enjoying the brighter evenings and the 

sunshine” for their employees.  

 

Wider benefits of the intervention were also noted for the employer in relation to productivity: 

“SM4:  A lot of them commented recently on feeling more productive in the afternoon when 

they’ve had a chance to get some fresh air and a chance to stretch their legs. We’ve seen a 

great stretch in productivity.” 

 

In addition, senior managers commented on how the intervention aligned with other initiatives 

within the workplace:  

“SM3: I think it’s very valuable to add some evidence to the research that’s already been done, 

and obviously it fits very nicely with us in terms of workplace health…” .  

 

In addition, employers commented on the benefits of the intervention in terms of making 

contacts with other businesses and organisations: “SM6: … suppose in terms of the business 

side of it too, in terms of the partnerships with the business side, in terms of incentives, that’s 

of value too.”  
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Senior managers highlighted a number of barriers to promoting PA within the workplace. Time 

and resources were commonly cited as barriers to being active within the working day: “SM1: 

Time. I think that’s the reality, is we are all increasingly… work pressure is probably the most 

significant barrier, certainly in my opinion and from my own personal experience…”.  

 

Employers noted the need for a change of attitudes at management level to facilitate such 

schemes: “SM1: … question comes from their line managers: ‘Where are the staff going to get 

the time for this?’ And our job is really to convince them of the bigger picture…”.  

 

4.4.5 Retailers 

Semi-structured interviews were undertaken with four participating retailers. A number of key 

themes emerged with regards to why retailers became involved with the PAL Scheme, 

including benefits for their business and the broader benefits of the scheme for participants. Of 

the participating retailers interviewed, all cited the potential benefits being involved in the PAL 

Scheme could have for their business.  

 

4.4.5.1 Potential of the PAL Scheme to Improve Business 

The PAL Scheme had the potential to increase use and sales within participating businesses: 

“R1: …somebody that hadn’t been into the shop before, they’ve got a voucher so they might 

be encouraged to come in, they might like what they see when they come in…”.  

 

It also provided businesses with an opportunity to promote their services, and entice 

participants into their businesses over other similar businesses surrounding the workplace:  

“R1: The opportunity to go down Botanic Avenue and go into those cafes and restaurants is 

always there. So this was an opportunity for me to promote the cafes and restaurants on the 

site.” 

 

4.4.5.2 Potential Benefits of the PAL Scheme for Participants 

Participating retailers also acknowledge the benefits such a scheme could have on the health 

and wellbeing of participants, and cited this as another factor behind their willingness to 

participate in the scheme:  

“R2: …doing more exercise is kind of what everybody needs to be doing but people don’t do 

it, and encouraging them in some way, I think is definitely a good idea.”.  
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4.4.5.3 Incentives and Rewards 

A number of themes emerged in relation to the incentive-based element of the scheme, 

including the (i) concept of incentive-based PA; (ii) the type of rewards offered; and, (iii) value 

of the rewards. All participating retailers felt incentivising participants to increase their PA was 

a good idea, both from a behaviour change perspective:  

“R2: …if I knew there was something at the end of it that you’re going to or you’re working 

towards getting money off or working towards a different voucher then it makes it seem more 

worthwhile.” and also for the added benefit it could have for businesses:  

“R3: We like it from the idea of the retail point of view because they don’t have to pay anything 

and they’re getting free promotion, which everybody should appreciate…”.  

 

The type of rewards offered varied across the participating businesses, with different reward 

structures being perceived to have a different influence from the retailers’ points of view. Some 

retailers offered a cash value voucher as their reward, with a view that participants would spend 

more when cashing in their voucher: 

“R4: So a £10 voucher, there’s a fair chance if they come in they will upscale in terms of what 

they’re going to buy. So you’ll hopefully get it in the long-term.” There was a general consensus 

among retailers that the rewards offered to participants were not ‘overly generous’.  

 

Retailers highlighted a number of issues that may influence upscaling the present intervention 

or taking part in similar schemes in the future. All retailers spoke about the sustainability of 

the incentive-based approach, and highlighted that they would take part in future schemes if 

they were getting a good return from a business perspective:  

“R4: … future for me going, is down the voucher route. So yeah, it’s sustainable providing 

people come and use it.”  

 

Retailers also cited requests from other organisations and schemes as a potential barrier, with 

most retailers constantly asked to provide rewards and sponsorship:  

“R4: But the down side is we as a shop again are always asked for vouchers and sponsorship 

and you have to pick what you can go for.”  

 

Questions regarding the impact and financial gains from participating in the scheme were cited 

as another key theme in relation to future participation. All retailers highlighted the need for 
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feedback from participants and tracking of how the rewards were used, which was not 

monitored within the present study by the researchers or the businesses themselves. Retailers 

noted that they would make efforts to track voucher use and spending in future. In addition, 

retailers highlighted that tracking use could also provide them with an opportunity to gain 

feedback from new customers: “R1: … I would just like some feedback from the participants 

of the scheme in terms of their experience… on a purely customer focused level, did they have 

a positive experience when they used the cafes…”.  

 

5 RESULTS FROM THE HEALTH ECONOMICS ANALYSIS  

 

5.1 OVERVIEW  

The CEA of the PAL Scheme is presented in this chapter. Overall, the intervention induced a 

small (but significant) decline in mean steps/day by the Intervention Group compared to the 

Control Group. Thus, the economic evaluation takes the form of a within trial CUA and CBA, 

comparing the Intervention Group with the Waiting-List Control Group. In line with NICE 

methods for the development of NICE public health guidance the CUA adopted a public sector 

perspective.120 Costs included intervention costs (apportioned per participant) and health-care 

resource use. Health outcomes were expressed in terms of QALYs accrued over the six month 

trial period in the CUA. Results are presented using an ICER estimated by dividing the adjusted 

difference in mean costs between groups by the adjusted difference in mean QALYs between 

groups. ICER estimates were compared with a £20,000 - £30,000 per QALY threshold applied 

by NICE.120 The CBA was undertaken from an employer’s perspective by employing a ‘net-

cost model’88 by incorporating not only the intervention cost but also the avoided costs of 

absenteeism and productivity loss due to sick days. It is a technique recognised in the NICE 

guideline for economic evaluations for public health interventions to allow broader benefit of 

the intervention to be considered in decision-making.78 All analyses were undertaken according 

to the principle of intention-to-treat and in STATA/SE 12.0 (StataCorp, College Station, TX, 

USA).121  

 

5.1.1 Intervention Cost 

The intervention costs are detailed in Table 11. Intervention costs included the retail vouchers, 

sensors and keyfobs, electrical engineering staff and travel for maintaining the sensors, and a 

computer scientist for monitoring and managing the data from the sensors and maintaining the 
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website. Cost for placement of sensors on the lampposts was not included as it is refundable 

by local government. Vouchers cost £21,000 in total. These voucher costs could be greatly 

reduced if there was more meaningful engagement with local authority / city management 

groups to facilitate better deals with the retailers.  Thus the costs of vouchers were varied in 

sensitivity analysis. The life span of the sensors was estimated to be two years as the screw 

bosses were made of plastic, which limits the number of battery replacements. With upgraded 

screw bosses, the life span can be prolonged to over five years. The battery used in the key fobs 

cannot be replaced so the life span for the current key fobs in the trial is the life of the battery, 

i.e., nine months. This short life span will be extended to five years with a battery replaceable 

design. Therefore, in sensitivity analyses, the costs for sensors with upgraded screw bosses and 

battery replaceable key fobs is considered, to explore the influence of upgraded technology on 

the cost-effectiveness of the intervention. The cost per participant for each disaggregable item 

is shown in Figure 2, from which the retail voucher and sensor together accounted for over 

90% of the total cost. 

 

Figure 2. Cost of PAL scheme over six months (per participant) 
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Table 11. Intervention costs 

Cost Items 
Unit 

cost 
Quantity 

Total cost for 

six months 

Retail vouchers (Club Marketing 

Ltd) 
/ / £21,000 

Equipment    

Keyrings £0.35 
503 ( 457 participants 

*(1+10%))a 
£117.37b 

Numbering of key rings £0.04 
503 ( 457 participants 

*(1+10%))a 
£16.91 

Sensor cost 
£151.5

5 
70 £2,792.16c 

Staff time and travel    

Sensor maintenance (electrical 

engineer) 

£13.33

/hour 

26 hours ( 1 hr/week * 

26 weeks) 
£346.58 

Sensor maintenance (travel) 
£0.40/

mile 

338 miles (13 

miles/week *26 

weeks) 

£135.20 

Website maintenance (computer 

scientist) 

£13.33

/hour 

78 hours ( 3 hr/week * 

26 weeks) 
£1,039.74 

Total (six month)   £25,447.96 

Cost per participant in the 

Intervention Group  (n=457) 
  £55.68 

Note: a. Only for the participants in the Intervention Group and account for a 10% lost/broken/ 
replacements. 

b. Nine months life span was estimated for key rings, and therefor cost for six months was 
calculated as a proportion of the nine months total cost. 

c. Two years life span for sensor was estimated for the sensors. The cost was annuitized at 

3.5% discount rate to estimate the cost of one-year use of the sensors. Formular: E=K/[(1-(1+r)-

n)/r]. K=£151.55*70=10,608.50, r=3.5%, n=2. E=5584.32. To estimate the six months cost, 

half of the first year cost was taken due to no discount within each year. 
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5.1.2 Missing Data 

The number and percentage of missing data for each collected NHS resource use item and EQ-

5D-5L questions at baseline and six months’ assessment point are shown in Table 12 for 

Intervention and Control Groups respectively. Baseline for the resource use refers to the six 

month period before randomisation completed by participants retrospectively at baseline. All 

of the missing data for the EQ-5D-5L responses were due to whole questionnaires missing, 

which can be seen from the uniform proportion of missing data for the five dimensions. A 

similar proportion of missing was observed across the randomised groups and for both cost and 

EQ-5D-5L data. Approximately 15% of data were missing at baseline and 40% of data were 

missing at the six month follow-up. 

 

Table 12. Missing data for the resource use and EQ-5D-5L dimensions in the 

Intervention and Control Group 

 Intervention (n=457)  Control (n=396) 

Data items 

collected form the 

trial 

Baseline  Six month  Baseline  Six month 

No. of 

missing 
%  

No. of 

missin

g 

%  
No. of 

missin

g 

%  
No. of 

missin

g 

% 

NHS resource use            

GP 73 
15.9

7  196 
42.8

9  63 
15.9

1  161 
40.6

6 

Nurse 73 
15.9

7  206 
45.0

8  62 
15.6

6  165 
41.6

7 

Physiotherapist 73 
15.9

7  206 
45.0

8  63 
15.9

1  164 
41.4

1 

AE 73 
15.9

7  207 
45.3

0  63 
15.9

1  166 
41.9

2 

Outpatient 73 
15.9

7  205 
44.8

6  63 
15.9

1  166 
41.9

2 

Nights in Hospital 73 
15.9

7  207 
45.3

0  62 
15.6

6  170 
42.9

3 

 
           

EQ-5D-5L 

dimensions 
           

Mobility 67 
14.6

6  195 
42.6

7  57 
14.3

9  157 
39.6

5 

Self-care 67 
14.6

6  195 
42.6

7  57 
14.3

9  157 
39.6

5 

Usual activities 67 
14.6

6  195 
42.6

7  57 
14.3

9  157 
39.6

5 
Pain and 
discomfort 67 

14.6
6  195 

42.6
7  57 

14.3
9  157 

39.6
5 

Anxiety and 
depression 67 

14.6
6  195 

42.6
7  57 

14.3
9  157 

39.6
5 
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A&E: Accident and Emergency; EQ-5D-5L: Euroqol 5 dimension, 5 level; GP: General 

practitioner; NHS: National Health Service. 
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5.1.3 Resource Use and Costs 

Table 13 reports the use of each resource item (mean number of visits, SD, median, min and 

max) accrued over the six month primary follow-up period in the Intervention and the Control 

Group. Overall, there was no statistically significant differences in the use of each resource 

item between the groups. 
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Table 13. NHS and social care resource use per participant over six months (complete case) 

Resource use  

(No. of visits) 

Intervention (N=457)  Control (N=396)  p 

value N Mean SD Median Min Max  N Mean SD Median Min Max  

GP 261 1.21 1.36 1 0 7  235 1.24 1.53 1 0 10  0.78 
Nurse 251 0.71 2.08 0 0 20  231 0.54 1.25 0 0 10  0.28 
Physiotherapist 251 0.51 1.49 0 0 8  232 0.76 2.77 0 0 23  0.20 
A&E 250 0.10 0.38 0 0 3  230 0.07 0.29 0 0 2  0.48 
Outpatient 252 0.43 0.99 0 0 8  230 0.57 1.28 0 0 8  0.17 
Inpatient 251 0.04 0.28 0 0 3  229 0.04 0.22 0 0 2  0.98 
Nights in 
Hospital 250 0.16 1.86 0 0 28  226 0.13 0.86 0 0 7  0.86 

 

A&E: Accident and Emergency; GP: General Practitioner; NHS: National Health Service; SD: standard deviation.  
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Table 14 shows other services used by the participants in each group. Other services and 

medications are not included in the total resource use due to the similar amount of service use 

between groups, their randomness (i.e., they are most likely unrelated to the intervention), and 

the difficulty matching unit cost with the free-text inconsistent reporting. 
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Table 14. Other services used by the participants in the trial 

Intervention (n= 457)  Control (n=396) 

Services Freq. (times)  Services Freq. (times) 

Services used in both groups 
  

 

Dentist 77 
 

Dentist 86 

Counselling 22 
 

Counselling 11 

CBT 1 
 

Counselling/CBT 6 

Chiropractor 1 
 

Chiropractor 2 

Diabetic clinic 1 
 

Diabetic clinic 2 

Breast screening 1 
 

Breast screening 1 

Day inpatient 3 
 

Day inpatient 1 

Optician 7 
 

Optician 1 

Orthopaedic referral 1 
 

Orthopaedic surgery 1 

Private physiotherapist 1 
 

Private physiotherapist 1 
     
Other services  

 
  

MRI scanning 4 
 

Pain clinic 5 

Haematology 3 
 

Podiatry 4 

Kinesiology 3 
 

Asthma clinic 1 

Blood donation 2 
 

Cardiac rehab 1 

Mammogram 2 
 

Hearing test 1 

Sports massage 2 
 

Knee consultant 1 

Bone scan 1 
 

Operation on broken wrist 1 

Dermatology 1 
 

Private orthopaedic surgeon 1 

Dietician at hospital 1 
 

Surgeon 1 

Flu jab 1 
 

Treatment 1 

Medical day case unit 1 
 

Work's doctor 1 

Therapist 1 
 

  

X-ray 1 
 

  

     

Total number of services 138   130 

CBT: Cognitive Behavioural Therapy; MRI: Medical Resonance Imaging. 

  



105 

 

Table 15 compares the cost of service use between the groups with four regression approaches 

as specified in method section 2.4.1.1. There is no statistically significant difference in the 

resource use between groups. Despite this, the decrease of resource use in the Intervention 

Group compared to the Control Group was larger (approximately £60) with the gamma 

distribution adjusting for covariates than the OLS (approximately £15) unadjusted model, in 

both complete case, and multiply imputed data. 

 

Table 15. Total cost of health care resources per participant over the six month follow-

up 

 Mean SEd 95%CI lowerd 95%CI upperd 
P- 

value 

Complete casea
,
 unadjusted      

Intervention 200.00 49.65 99.31 300.69 0.829 
Control 212.41 28.21 155.21 269.62  

Complete casea, adjustedb      
Intervention 193.25 32.42 129.71 256.80 0.326 
Control 249.89 44.92 161.84 337.94  

MIc, unadjusted      
Intervention 200.50 41.39 114.99 286.01 0.755 
Control 216.47 26.72 161.27 271.67  

MIc, adjustedb      
Intervention 190.14 31.21 128.67 251.60 0.235 
Control 247.70 39.49 170.16 325.24  

CI: Confidence interval; EQ-5D-5L: Euroqol, 5 dimension, 5 levels; MI: Multiple 

imputation; SE: Standard error; SF-8: Short Form 8; 

a. Sample size for complete case analysis: unadjusted: 499; adjusted: 429.  

b. Adjusted for covariates: Strata, season, age, sex, baseline cost, baseline EQ-5D-5L 

utility value, mean steps at baseline, SF-8Physical, SF-8Mental  

c. MI – multiple imputation with chained equations 

d. All standard errors and 95% CI estimates were adjusted for clusters. 
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5.1.4 Health-related Quality of Life (HrQOL) 

The EQ-5D-5L health utility values and visual analogue scale (VAS) for each group at baseline 

and six months are shown in Table 16 (complete case) and Table 17 (after imputation). The 

completeness at six month follow-up was 57% (262/457) for Intervention Group and 52.3% 

(239/457) for Control Group. This was lower than the rate of completeness at baseline, which 

was 85.3% (390/457) and 74.2% (339/457) for Intervention and Control Group, respectively. 

45.0% (328/729) of participants recorded a state of ‘full health’ at baseline and 29.1% 

(146/501) at six months. The utility values for both groups declined over the six months from 

approximately 0.89 to 0.83. There was no statistical significant difference between groups at 

both baseline and six months.  

 

Table 16. EQ-5D-5L VAS and index value (complete case) 

 n mean SD min max 
P value 

(unadjusted)* 

Baseline index 

score 
     

Intervention 390 0.887 0.113 0.316 1 0.736 
Control 339 0.890 0.120 0.320 1  

       
Six month index 

score 
     

Intervention 262 0.828 0.143 0.310 1 0.650 
Control 239 0.835 0.150 0.238 1  

       
Difference between baseline and six 

month   
 

Intervention 242 -0.053 0.125 -0.586 0.259 0.401 
Control 219 -0.064 0.117 -0.453 0.346  
       
Baseline 

VAS 
      

Intervention 389 82.42 13.83 38 100 0.317 
Control 339 83.76 14.27 0 100  
       
Six month 

VAS 
      

Intervention 262 77.95 16.16 19 100 0.827 
Control 239 78.26 16.08 19 100  

EQ-5D-5L: Euroqol 5 dimension, 5 level; SD: standard deviation; VAS: Visual Analogue 
Scale. 

*adjusted for cluster.  
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Table 17. EQ-5D-5L index value (after imputation) 

 Mean SE* 
95% 

lower 

95% 

upper 

P-value 

(unadjusted)* 

Baseline index 

score 
    

Intervention 0.887 0.006 0.875 0.899 0.661 

Control 0.891 0.008 0.876 0.906  

      

Six month index 

score 
    

Intervention 0.829 0.010 0.809 0.850 0.886 

Control 0.827 0.011 0.805 0.849  

EQ-5D-5L: Euroqol 5 dimension, 5 level; SE: standard error 

*cluster adjusted. 
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5.1.5 Cost-Utility Base-Case Analysis 

The cost-effectiveness results for the intervention are presented in Table 18. Overall, the 

intervention was approximately £25 more costly but had no effect on QALYs. The average 

cost per participant was £253.5 (95% CI £188.4, 318.6) in the Intervention Group and £227.64 

(95% CI £170.9, 284.4) in the Control Group. Mean QALYs accrued over the six months trial 

period were 0.4157 (95% CI 0.4077, 0.4238) for the Intervention Group and 0.4158 (95% CI 

0.4057, 0.42600) for the Control Group, leading to a 0.0000891 (95% CI -0.008, 0.008) lower 

QALY gain in the Intervention Group compared to the Control Group. 

 

Table 18. Cost-effectiveness results (after imputation) with six month follow-up 

Treatment 

group 

Cost (£)a QALYb 

Mean SE 95% CI Mean SE 95% CI 

Intervention 
(n=457) 

253.49 33.06 
188.41, 
318.57 

0.4157 0.0041 0.4077 ,  0.4238 

Control  
(n= 396) 

227.64 28.90 
170.86, 
284.43 

0.4158 0.0052 0.4057, 0.4260 

Difference 
(95% CI) 

25.85 28.44 
-29.89, 
81.60 

-
0.0000891 

0.004 -0.008, 0.008 

ICER  -£ 290,178 per QALY 

95% CI for 
ICER (from 
bootstrap) 

-£480,011.8 to -£100,336.1 per QALY 

CI: Confidence interval; ICER: Incremental cost-effectiveness ratio; QALY: Quality 

Adjusted Life Year; SE: Standard error 

a. adjusted cost, per-participant intervention cost included in the cost of intervention 

group. 

b. Adjusted QALY. 
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The cost-effectiveness plane for the base-case analysis is shown in Figure 3. The dyads come 

from the 1000 bootstrap iterations. The X-axis represents the bootstrapped incremental QALYs 

between the randomisation groups and the y-axis represents the incremental costs. The 

bootstrapped pairs of cost difference and QALY difference were across the four quadrants, 

indicating greater uncertainty around the estimate of ICER. The bootstrapped pairs were almost 

evenly (47% vs. 53%) distributed across the Y axis in the first and second quadrant, caused by 

the close to zero mean incremental QALY. The existence of dyads in the third and fourth 

quadrants indicates that there was a small possibility (=13.4%) that the intervention is cost 

saving. The proportion of the simulated pairs distributed in each quadrant is presented in Table 

19. 

 

The cost-effectiveness acceptability curve for the base-case analysis is shown in Figure 4. The 

probability that the intervention was cost-effective at the £30,000 threshold was 34.6%. This 

corresponds to the proportion of dyads on the right side of the sand colour line in the first, third 

and fourth quadrant of the cost-effectiveness plane in Figure 3. 

 

 

Table 19. Distribution of the bootstrapped pairs of cost difference and QALY difference 

in the four quadrants 

Quadrant Description Probability 

1st, Northeast Intervention is more costly and more effective 38.6% 

2nd, Northwest Intervention is more costly and less effective 48.0% 

3rd, Southwest Intervention is less costly and less effective 5.0% 

4th, Southeast Intervention is less costly and more effective 8.4% 

QALY: Quality Adjusted Life Year. 
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Figure 3. Cost-effectiveness plane representing 1000 bootstrapped cost difference and 

QALY difference pairs 

 

Figure 4. Cost-effectiveness acceptability curve (CEAC) 
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5.1.6 Sensitivity Analysis 

Results for the sensitivity analysis are presented in Table 20.  

 

Table 20. Summary results of the sensitivity analysis of health economic evaluation 

Analysis 

Incremental cost 

(intervention – 

control) (95%CI) 

(£) 

Incremental 

QALYs 

(intervention – 

control) 

(95%CI) 

ICER 

(£/QALY 

gained) 

Probability of being C/E at 

threshold of £20,000/QALY 

gained (%) 

Base-case analysis 

Base-case  
(six month) 

25.85  
(-29.89, 81.60) 

-0.0000891 
(-0.008, 0.008) 

-290,173.9 34.6 

Voucher business mode 

1. Club Marketing 
Ltd 

- 32.71 
( -89.84   24.43) 

-0.0000891 
(-0.008, 0.008) 

367,102 60.8 

2. £10 shops for all 
-5.34 
(-61.21, 50.53) 

-0.0000891 
(-0.008, 0.008) 

599,13.87 48 

3. Marketing 
consultant 

-13.19 
(-69.27, 42.89) 

-0.0000891 
(-0.008, 0.008) 

148,040.2 52.1 

Least expensive scenario 

Upgraded devices, 
club marketing 

-42.61  
(-100.41, 15.19) 

-0.0000891 
(-0.008, 0.008) 

47,828.1             69.3 

Missing data 

Complete case 
analysis (n=427), 
gamma family, log 
link 

36.24 
(-60.52,     133.00) 

-0.00047 
(-0.013, 0.012) 

-76,978.1 
(-1,923,213,     
1,769,257) 

35.7 

 

ICER: Incremental cost-effectiveness ratio; QALY: Quality Adjusted Life Year. 

  



112 

 

5.1.7 CBA Employing Net-Cost Model 

It was reported earlier in Table 5 that the absolute absenteeism hours over a four week period 

for Intervention and Control Group was 4.04 (66.11) and 7.01 (51.40) respectively (p=0.62). 

The difference was estimated to be 2.59 hours over a four week period after adjusting for 

stratum, season and cluster (p=0.62). This equates to 15.54 hours pro-rata for a six month time 

period. After attaching the hourly salary values, the avoided cost of absenteeism and the net 

cost of intervention for each representative salary grade is shown in Table 21. This estimated 

cost saving for the employers ranged from £66 to £735 depending on the wage rate employed. 

 

Table 21. Estimation of avoided cost of absenteeism and net cost of intervention using 

the ‘net cost model’ 

Grade 
Avoided cost of 

absenteeism (£) 

Net cost of intervention 

(Intervention cost minus 

the avoided cost of 

absenteeism) 

Lowest (NHS Band 1, £7.8/hr) £121.21 -£65.53 

Mid (NHS Band 8A, £22.86/hr £355.24 -£299.56 

Highest (NHS Band 9, 

£50.85/hr) 
£790.21 -£734.53 

 

Hr: Hour; NHS: National Health Service. 
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Given the difference in absolute absenteeism was not statistically significant, Figure 5 presents 

the uncertainty of the potential economic benefit from the employer’s perspective for each 

representative salary grade. At current intervention cost (=£55.68), the probability that the PAL 

intervention is cost-saving from employer’s perspective is 64% for the high salary group, 62% 

for the middle salary group, and 57% for the low salary group. 

 

 

 

Figure 5. Uncertainty surrounding the potential economic benefit from the employer’s 

perspective 
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6 RESULTS FROM THE BEHAVIOURAL ECONOMICS 

ANALYSIS  

 

6.1 RESULTS FROM THE BEHAVIOURAL ECONOMIC ANALYSES 

Contingent Valuation was used to elicit the minimum financial incentives required by 

participants to increase general PA. Next, discrete choice modelling was utilised to examine 

the monetary value required for increasing different types of PA, i.e. walking or cycling to and 

from places, moderate-intensity, and vigorous-intensity recreational PA.  

Two double-hurdle models were then estimated, with the first examining which individual 

socio-demographic characteristics were associated with the decision to increase PA at six 

month follow-up compared to baseline, and analysis of the extent to which PA increased; the 

second investigated the influence of behavioural economic traits and other variables on the 

decision to increase PA at 12 month follow-up (compared to six month) and the amount by 

which PA increased. 

 

6.1.1 Contingent Valuation  

On average, participants’ WTA financial incentives was £1.38 (95% CI: £1.16, £1.61) for 

increasing general PA for 30 minutes and was £2.80/week (95% CI: £2.32, £3.27) for 60 

minutes/week, respectively. 

 

6.1.2 Discrete choice modelling 

In general, the average amounts required by participants (WTA) for increasing walking or 

cycling to and from places, moderate-intensity and vigorous-intensity recreational PA were 

£2.88/hour [95% CI: £2.33; £3.43], £1.02/hour [95% CI: £0.68; £1.37], and £3.29/hour [95% 

CI: £2.72; £3.86], respectively. In particular, the minimum monetary incentives necessary for 

increasing PA differed significantly according to whether a participant was inactive or active 

at baseline. Participants from the inactive group at baseline required a mean of £5.45/hour (95% 

CI: £4.39, £6.51) to walk or cycle (e.g. active travel behaviour), in contrast to their counterparts 

from the moderate-active group (£3.31/hour; [95% CI: £2.32, £4.29]) and active group 

(£3.19/hour; [95% CI: £1.69, £4.68]). Similarly, inactive participants required £3.24 [95% CI: 

£2.30, £4.17] and £4.79 [95% CI: £3.25, £6.33] to undertake an additional 60 minutes of 
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moderate and vigorous PA, respectively, values which were significantly higher than those 

required for the moderate-active group (£0.92 [95% CI: £0.15, £1.68] and £3.51 [95% CI: 

£2.24, £4.78], respectively) and active group (£1.82 [95% CI: £0.73, £2.90] and £1.84 [95% 

CI: £-0.04, £3.72], respectively).  

 

6.1.3 Double-hurdle models 

The estimated double-hurdle model (n=372 from the Intervention Group) shown in Table 22 

shows that none of the socio-demographic variables (e.g. age, gender, education, and marital 

status etc.) were significantly associated with any use of the PA monitoring system. However, 

compared to active participants (baseline pedometer steps more than 10,000 steps/week), 

moderately-active [-50.453 (25.144), p<0.05] participants had significantly earlier non-usage 

attrition. Being in the inactive group [-55.126 (32.055), p<0.10] was only marginally related to 

non-usage attrition. Additionally, older participants [2.783 (1.261), p<0.05] had a longer 

duration of usage before attrition than younger participants and those who were married/co-

habituating [-49.524 (24.748), p<0.05] had significantly shorter duration to non-usage attrition 

than single participants. 
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Table 22. Cragg’s double-hurdle model showing the determinants of the decision to record daily activity via the PA monitoring system 

and the duration to non-usage attrition 

Determinants 
The decision to use PA monitoring system The duration to non-usage attrition 

Coefficients (S.E.) P-value Coefficients P-value 

Age (years) -0.005 (0.008) 0.496 2.783 (1.261)* 0.027 

Gender  
(reference group: Male) 

    

Female  0.035 (0.161) 0.828 -32.794 (25.434) 0.197 
Income  
(reference group: ≤£20,000 per year) 

    

£20,001 to £39,961  -0.040 (0.209) 0.849 -3.064 (29.773) 0.918 
>£39,961  -0.243 (0.231) 0.294 -46.686 (36.591) 0.202 

Education attainment 
(reference group: no higher education) 

    

                Higher education  0.134 (0.150) 0.368 3.473 (22.568) 0.878 
Marital status  
(reference group: unmarried/co-habiting) 

    

               Married/co-habiting  0.054 (0.167) 0.745 -49.524 (24.748)* 0.045 
Physical activity  
(reference group: physically-active group (baseline 
physical activity steps≥10,000/day)) 

    

               Moderately-active (≥5,000 and <10,000 
steps/day) 

-0.267 (0.168) 0.113 -50.453 (25.144)* 0.045 

              Inactive (<5,000 steps/day)  -0.186 (0.214) 0.385 -55.126 (32.055) 0.085 
Strata: (reference group: small (<20)     

Strata: school -0.480 (0.322) 0.137 -39.580 (67.343) 0.557 
Strata: medium (20-50) -0.039 (0.172) 0.818 52.423 (27.672) 0.058 
Strata: large (50+) 0.028 (0.192) 0.883 30.591 (31.134) 0.326 

     
N 372    
Log-likelihood -1575.10    

Notes: * indicates p<0.05.
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The second Cragg’s double hurdle model in Table 23 shows the influence of socio-

demographic characteristics on the decision to increase PA at six month follow-up compared 

to baseline and the amount by which PA increased. Those participants who were moderately-

active [0.519 (0.159), p<0.001] and inactive [1.067 (0.197), p<0.001] at baseline were more 

likely to increase their PA at the six month follow-up, compared to the participants who had 

already been active at baseline. Moreover, participants from the organizations with more than 

50 participants [0.400 (0.164), p<0.05] were more likely to increase PA than participants in 

those organisations with a smaller number (<20) of participants. Next, participants from the 

medium [0.386 (0.179), p<0.05] and high income [0.417 (0.196), p<0.05] groups had a 

significantly higher likelihood of increasing PA at six months, in comparison to the participants 

from the low-income group. Finally, the variables that were significantly related to the amount 

by which PA increased (among those that for whom increases were observed at six months) 

were: higher education [0.590 (0.204), p<0.01] and medium income [-0.611 (0.300), p<0.05], 

suggesting that participants with university education improved more than those without higher 

education and that participants with medium income improved less than did low-income 

participants. 
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Table 23. Cragg’s double hurdle model showing the determinants of the decision to 

increase PA at six month follow-up and the amount of PA increased 

 

Determinants 

The decision to increase 

PA at six month follow-up 

compared to baseline 

The amount of PA increased 

Coefficients 

(S.E.) 

P-value Coefficients P-value 

Age (years) -0.004 (0.007) 0.527 -0.014 (0.010) 0.188 
Gender  
(reference group: Male) 

    

Female  0.193 (0.141) 0.172  -0.136 (0.228) 0.553 
Income  
(reference group: ≤£20,000 per 
year) 

    

£20,001 to £39,961  0.386 (0.179)* 0.031  -0.611 (0.300)* 0.041 
>£39,961  0.417 (0.196)* 0.034  -0.629 (0.327) 0.055 

Education attainment 
(reference group: no higher 
education) 

    

                Higher education  0.164 (0.133) 0.215  0.590 (0.204)** 0.004 
Marital status  
(reference group: unmarried/co-
habiting) 

    

               Married/co-habiting  0.195 (0.156) 0.212  -0.072 (0.251) 0.774 
Physical activity  
(reference group: physically-
active group (baseline physical 
activity steps≥10,000/day)) 

    

               Moderately-active 
(≥5,000 and <10,000 steps/day) 

0.519 
(0.159)*** 

0.001 0.131 (0.283) 0.644 

              Inactive (<5,000 
steps/day) 

 1.067 
(0.197)*** 

0.000  0.296 (0.312) 0.343 

Strata: (reference group: small 
(<20) 

    

Strata: school 0.287 (0.287) 0.317 -0.334 (0.423) 0.429 
Strata: medium (20-50) 0.031 (0.156) 0.843 -0.166 (0.244) 0.497 
Strata: large (50+) 0.400 (0.164)* 0.015 -0.269 (0.244) 0.270 

Intervention Group -0.163 (0.126) 0.196 0.079 (0.189) 0.674 
     
N 467    
Log-likelihood -548.74    

Note: * indicates p<0.05, ** indicates p<0.01, and *** indicates p<0.001. 35.8% participants increased 

their PA at the six month follow-up compared to their baseline PA. The dependent variable is the 

logarithm transformation of amount of PA increased. 
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6.1.4 Behavioural economic experiments  

Present-biasedness, discount rate, risk aversion, and loss aversion among the 207 (153 from 

the Intervention Group and 54 from the Control Group) individuals who participated in the 

behavioural economic experiments were estimated to be 0.995 [95% CI: 0.989, 1.000], 0.18 

[95% CI: 0.14, 0.23], 0.50 [95% CI: 0.37, 0.63], and 1.32 [95% CI: 0.26, 4.27], respectively. 

The estimated discount rate was comparable to the result (0.18) reported in a similar study 

conducted in Northern Ireland122  but was much higher than the discount rate estimates elicited 

in similar experimental settings among a general Danish population (0.10).123Meanwhile, the 

present-biasedness parameter was estimated to be 0.995 and is significantly smaller than 1, 

indicating that our sample was relatively present-biased, in contrast to the general Danish 

population which did not manifest present-biasedness. Moreover, risk preference was 

estimated to be 0.50, indicating that our sample was more willing to take risks compared to the 

general Danish population (0.65). Finally, the loss aversion estimates were similar to the figure 

(1.35) reported in West Africa124 and were lower than in Vietnam (2.63).125  

 

Table 24 shows the results of Cragg’s double hurdle model that accounts for the effects of 

behavioural economic characteristics on the decision to increase PA at the 12 month follow-up 

compared to six month follow-up and the amount by which PA increased. None of the four 

behavioural economic characteristics were associated with the actual increment of PA at the 

12 month follow-up compared to six month follow-up. Neither did present-biasedness nor 

discount rate play a role in either of the hurdle models. When it comes to the amount of PA 

increased, however, participants who were more loss-averse [1.189 (0.523), p<0.001] 

improved their PA significantly more than the less loss-averse participants. Obviously we 

caveat these interpretations with due regard to the self-selection of participants into this 

subsample and cannot make broader inferences concerning the entire set of trial participants at 

baseline. 
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Table 24. Cragg’s double hurdle model showing the influences of behavioural 

economics concepts on the decision to increase PA at 12 month follow-up compared to 

six month follow-up and the amount of PA increased 

 

Determinants 

The decision to increase PA 

at 12 month follow-up 

compared to six month 

follow-up 

The amount of PA increased 

Coefficients (SE) P-value Coefficients P-value 

Age (years) 0.026(0.013) 0.055 0.011(0.014) 0.436 
Gender (reference group: Male)     

Female -0.209(0.253) 0.409 0.268(0.243) 0.269 
Income (reference group: ≤£20,000 
per year) 

    

£20,001 to £39,961 -0.258 (0.398) 0.518 0.280 (0.362) 0.439 
>£39,961 -0.407 (0.434) 0.348 0.182 (0.409) 0.656 

Education attainment (reference 
group: no higher education) 

    

                Higher education -0.073 (0.244) 0.764 -0.090 (0.234) 0.701 
Marital status (reference group: 
unmarried/co-habiting) 

    

                Married/co-habiting 0.051 (0.278) 0.854 0.750 (0.289)** 0.009 
Physical activity  
(reference group: physically-active 
group (baseline physical activity 
steps≥10,000/day)) 

    

               Moderately-active 
(≥5,000 and <10,000 steps/day) 

0.091 (0.259) 0.724 -0.404 (0.243) 0.097 

               Inactive (<5,000 
steps/day) 

-0.256 (0.333) 0.441 -0.570 (0.331) 0.085 

Strata: (reference group: small 
(<20) 

    

Strata: medium (20-50) -0.026 (0.261) 0.920 0.496 (0.266) 0.062 
Strata: large (50+) 0.097 (0.293) 0.742 -0.083 (0.283) 0.770 

Intervention Group -0.522 (0.260) 0.045 -0.016 (0.245) 0.948 
     
Behavioural economics concepts     

Present-biasedness -31.078 (32.336) 0.337 -26.021 (29.126) 0.372 
Discounting rate 0.023 (1.059) 0.983 0.510 (1.067) 0.633 
Risk preference -0.827 (0.692) 0.232 1.131 (0.593) 0.056 
Loss aversion 0.506 (0.573) 0.378 1.189 (0.523)*** 0.000 

N 149    
Log-likelihood -205.66    

Notes: * indicates p<0.05, ** indicates p<0.01, and *** indicates p<0.001. 42.8% participants increased 

their PA at the 12 month follow-up compared to six month follow-up. The dependent variable is the 

logarithm transformation of amount of PA increased. 
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Table 25 illustrates the associations between PA at six and 12 month follow-up and their 

possible behavioural economic determinants, respectively. A higher discount rate [-0.662 

(0.329), p<0.05] was associated with a lower PA at the six month follow-up. This is in line 

with previous time preference studies suggesting that people with higher discount rates were 

less likely to resist the temptation for an immediate gratification which might harm their future 

health.93,94 However, discount rate was not associated with the PA level observed at the 12 

month follow-up [-0.073 (0.315), p>0.10]. The remaining behavioural economic parameters 

did not play a role in determining PA measured either at six or the 12 month time points.  
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Table 25. OLS regression showing the influences of behavioural economics concepts on PA at six and 12 month follow-up  

Determinants 
PA at six month follow-up  PA at 12 month follow-up 

Coefficients (SE) P-value Coefficients (SE) P-value 

Age (years) 0.004(0.004) 0.303 0.010(0.004)* 0.014 
Gender (reference group: Male)     

Female -0.038(0.074) 0.605 -0.067(0.073) 0.360 
Income (reference group: ≤£20,000 per year)     

£20,001 to £39,961 0.267 (0.111)* 0.017 0.287 (0.116)* 0.015 
>£39,961 0.137 (0.124) 0.270 0.169(0.128) 0.191 

Education attainment (reference group: no higher 
education) 

    

                Higher education 0.123 (0.074) 0.095 0.105 (0.072) 0.147 
Marital status (reference group: unmarried/co-habiting)     
                Married/co-habiting 0.069 (0.083) 0.404 0.058 (0.082) 0.481 
Physical activity  
(reference group: physically-active group (baseline 
physical activity steps≥10,000/day)) 

    

               Moderately-active (≥5,000 and <10,000 
steps/day) 

-0.557 (0.080)*** 0.000 -0.465 (0.076)*** 0.000 

               Inactive (<5,000 steps/day) -0.792 (0.098)*** 0.000 -0.754 (0.099)*** 0.000 
Strata: (reference group: small (<20)     

Strata: medium (20-50) -0.054 (0.078) 0.492 -0.001 (0.077) 0.987 
Strata: large (50+) 0.093 (0.090) 0.304 0.007 (0.088) 0.939 

Intervention Group -0.160 (0.077)* 0.040 -0.217 (0.075)** 0.005 
     
Behavioural economics concepts     

Present-biasedness -7.287 (9.178) 0.428 -12.063 (9.074) 0.186 
Discounting rate -0.662 (0.329)* 0.046 -0.073 (0.315) 0.817 
Risk preference -0.108 (0.210) 0.608 0.134 (0.197) 0.500 
Loss aversion -0.293 (0.166) 0.080 -0.012 (0.167) 0.943 

N 174  157  
R2 0.42  0.42  

Notes: * indicates p<0.05, ** indicates p<0.01, and *** indicates p<0.001. The dependent variable is the logarithm value of the number of daily mean steps. 
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7 RESULTS FROM THE MEDIATION ANALYSES  

 

The results of the main outcome evaluation show that there was a small but significant decline 

in mean steps/day at six months relative to baseline, for the Intervention Group compared to 

Controls and no significant differences at 12 months. Several authors have claimed that 

investigation of causal mechanisms is more valuable when interventions are not successful as 

information about which components (if any) were successful, and which were not, can inform 

the design of future studies.126,127Therefore, mediation analyses were conducted to explore 

potential reasons for this result and to determine whether there were any intervention 

components with beneficial effects for PA. 

 

Means and SDs for all putative mediator variable scores are presented in Table 26. Descriptive 

statistics are presented according to time-point (i.e. baseline, four weeks or six months) and 

group. 
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Table 26. Baseline, four week and six month scores on mediator variables and perceptions of workplace environment 

 Baseline Four weeks Six months 

 Intervention Control Intervention Control Intervention Control 

VARIABLES n Mean (SD) n Mean (SD) n Mean 

(SD) 

n Mean 

(SD) 

n Mean (SD) n Mean (SD) 

             
PA self-efficacy (1-5) 439 2.91 (0.97) 376 2.92 (0.94) 344 2.83 

(0.89) 
319 2.80 (0.92)      

Intentions (1-7) 435 5.38 (1.68) 375 5.37 (1.75) 343 5.42 
(1.58) 

321 5.09 (1.77)      

Outcome expectations (1-5) 418 3.37 (0.62) 354 3.36 (0.64) 318 3.25 
(0.67) 

292 3.27 (0.60)      

Financial motivation (1-7) 439 1.71 (1.16) 376 1.79 (1.28) 345 2.12 
(1.36) 

320 2.06 (1.42)      

Planning (1-4) 414 2.37 (0.69) 363 2.45 (0.69) 344 2.29 
(0.70) 

319 2.32 (0.75) 255 2.35 (0.74) 235 2.32 (0.71)  

Social norms (1-7) 414 3.87 (1.20) 357 4.04 (1.14) 346 3.93 
(1.16) 

317 3.78 (1.29) 253 3.90 (1.13) 235 3.90 (1.12)  

Identified regulation (1-5) 438 3.81 (0.87) 375 3.92 (0.83) 346 3.99 
(0.78) 

319 3.89 (0.83) 262 3.93 (0.82) 239 3.91 (0.87)  

Integrated regulation (1-5) 439 3.12 (1.13) 373 3.27 (1.11) 344 3.37 
(1.08) 

319 3.24 (1.10) 258 3.41 (1.10) 238 3.31 (1.12)  

Intrinsic motivation (1-5) 438 3.52 (0.99) 376 3.63 (0.97) 346 3.70 
(0.88) 

320 3.58 (0.94) 259 3.70 (0.91) 239 3.63 (0.97)  

Habit (1-5) 437 2.89 (1.32) 375 3.08 (1.24)     256 3.18 (1.40) 235 2.87 (1.45) 
Workplace norms (1-5) 439 3.20 (0.82) 377 3.20 (0.85)     260 3.19 (0.76) 237 3.14 (0.83) 
Recovery self-efficacy (1-4) 438 2.36 (0.82) 375 2.34 (0.79)     261 2.41 (0.73) 238 2.41 (0.70) 
Maintenance self-efficacy (1-4) 438 2.79 (0.86) 376 2.77 (0.89)     262 2.69 (0.83) 237 2.69 (0.75) 
Outcome satisfaction (1-5) 404 3.85 (0.68) 352 3.87 (0.65)     257 3.87 (0.62) 233 3.80 (0.69) 
WE: Attractiveness  (4-20) 438 10.83 (2.71) 377 10.37 (3.14)         
WE: Safety  (4-20) 438 10.63 (2.47) 377 10.39 (2.68)         
WE: Accessibility (3-15) 439 9.27 (2.14) 377 9.14 (2.07)         
WE: Availability (3-15) 439 10.36 (2.00) 376 10.27 (2.11)         
WE (14-70) 437 38.10 (6.22) 376 37.19 (7.07)         
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WTA30 352 3.26 (4.70) 315 2.72 (4.03)         
WTA60 345 5.37 (5.99) 312 4.22 (4.67)         
             

PA: physical activity; SD: standard deviation; WE: Workplace environment; WTA: Willingness-to-accept. 
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7.1 MEDIATOR OUTCOMES 

Table 27 shows the results of random-effects regressions for individual mediators, at four 

weeks and six months and these are briefly described below. These results should be interpreted 

with caution as no adjustment has been made for multiple testing, meaning that type 1 errors 

may occur.    

 

7.1.1 Initiation of PA 

At four weeks post-baseline, there were significant differences between the Intervention and 

Control Groups for intentions (b=0.29, SE=0.13, p=0.02), social norms (b=0.23, SE=0.08, 

p<0.01), identified regulation (b=0.14, SE=0.06, p=0.01), integrated regulation (b=0.23, 

SE=0.07, p<0.01), and intrinsic motivation (b=0.18, SE=0.06, p<0.01). There were non-

significant between-group differences for PA self-efficacy (p=0.31), outcome expectations 

(p=0.58), financial motivation (p=0.46) and planning (p=0.75) (Table 27). Thus the 

Intervention Group participants showed increases above Control Group participants in 

intentions, social norms, identified regulation, integrated regulation and intrinsic motivation 

between baseline and four weeks, approximately equivalent to 0.29, 0.23, 0.14, 0.23 and 0.18 

points on their original scale, respectively. Sensitivity analyses conducted using logistic 

regressions showed that the significance level changed for some mediators. Specifically, 

logistic regressions indicated that there was a significant between-group difference for financial 

motivation (exp(b)=0.37, SE=0.15, p=0.02) and no significant between-group difference for 

social norms (p=0.11).  

 

7.1.2 Maintenance of PA 

At six months, there were significant differences between the Intervention and Control Groups 

for identified regulation (b=0.11, SE=0.05, p=0.02), integrated regulation (b=0.26, SE=0.08, 

p<0.01), intrinsic motivation (b=0.17, SE=0.06, p<0.01), and habit (b=0.48, SE=0.12, p<0.01). 

There were non-significant between-group differences for planning (p=0.18), social norms 

(p=0.42), workplace norms (p=0.06), recovery self-efficacy (p=0.80), maintenance self-

efficacy (p=0.80), and outcome satisfaction (p=0.56) (Table 27). Thus the Intervention Group 

participants showed increases above Control Group participants in identified regulation, 

integrated regulation, intrinsic motivation and habit between baseline and six months, 

approximately equivalent to 0.11, 0.26, 0.17 and 0.48 points on their original scale, 

respectively. Sensitivity analyses conducted using logistic regressions showed that the 

significance level changed for some mediators. Specifically, logistic regressions indicated that 
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there was a significant between-group difference for workplace norms (exp(b)=0.37, SE=0.18, 

p<0.05). 

 

Table 27. Results of random-effects regressions of individual mediators, at four weeks 

or six months, on its baseline value and group assignment 

 Four week mediators Six month mediators 

MEDIATOR n b (SE) P-value n b (SE) P-value 

       
PA self-efficacy 597 0.09 (0.08) 0.31    
Intentions 595 0.29 (0.13) 0.02    
Outcome expectations 528 -0.03 (0.06) 0.58    
Financial motivation 600 0.11 (0.15) 0.46    
Planning 575 0.02 (0.05) 0.75 436 0.08 (0.06) 0.18 
Social norms 576 0.23 (0.08) <0.01 434 0.10 (0.12) 0.42 
Identified regulation 598 0.14 (0.06) 0.01 459 0.11 (0.05) 0.02 
Integrated regulation 595 0.23 (0.07) <0.01 454 0.26 (0.08) <0.01 
Intrinsic motivation 599 0.18 (0.06) <0.01 456 0.17 (0.06) <0.01 
Habit    448 0.48 (0.12) <0.01 
Workplace norms    456 0.13 (0.07) 0.06 
Recovery self-efficacy    457 0.02 (0.06) 0.80 
Maintenance self-efficacy    459 -0.02 (0.09) 0.80 
Outcome satisfaction    427 0.03 (0.05) 0.56 
       

 

PA: Physical activity; SE: Standard error 

 

NB. Results are adjusted for strata, season, baseline pedometer steps/day and baseline mediator 

values with cluster-adjusted standard errors and p-values (b=coefficient for group assignment 

variable, i.e. Intervention versus Control). 
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7.1.3 Single Mediator Models 

Table 28 shows the results of single mediator models based on the product-of-coefficients 

approach with CIs for the indirect effect formed using the bias-corrected bootstrap, and 

adjustment for randomisation strata, season, baseline values of the mediator and baseline 

pedometer steps/day, with SEs and p-values corrected for clustering. An explanatory diagram 

for single mediator models is presented in Figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Explanatory diagram for single mediator models showing an indirect effect of 

group assignment on six month mean steps/day through a four week/six month 

mediator 

  

Mean steps/day 

(six months) 

Mediator variable 

(four weeks/six 
months) 

Group assignment 

(1=intervention, 
0=control) 

Baseline covariates: 
mean steps/day, 
mediator, strata, 

season 

a=a-path coefficient 
(magnitude of effect of group 

assignment on mediator variable) 

Indirect effect = magnitude (mean steps/day) (Table 8) 

b=b-path coefficient (magnitude 
of effect of mediator variable on mean 

steps/day) 
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7.1.3.1 Initiation of PA Behaviour 

There were no significant indirect effects in any of the four week single mediator models (left 

side of table 28). SRMR values were close to zero for all models, indicating a good fit115, and 

CD values ranged from 0.56-0.76. 

 

7.1.3.2 Maintenance of PA Behaviour 

The right side of Table 28 shows that there were significant, positive indirect effects in single 

mediator models including the following mediators: integrated regulation (b=94.70, 95% CI: 

18.69, 204.4), intrinsic motivation (b=59.00, 95% CI: 3.09, 154.5), and habit (b=198.7, 95% 

CI: 84.32, 369.9). SRMR values were close to zero for all models, indicating a good fit,115 and 

CD values ranged from 0.62-0.76. Thus, whilst the total intervention effect on pedometer 

steps/day at six months was negative, this was partially mitigated by increases in integrated 

regulation, intrinsic motivation and habit (baseline-six months), which were positively related 

to six month steps/day, as a result of being assigned to the Intervention Group. Assignment to 

the Intervention Group resulted in increased intrinsic motivation, integrated regulation and 

habit; as such, participants who experienced an increase of these constructs (baseline-six 

months), also experienced less of a decline in PA. Therefore, an increase in such constructs 

lessened the decline in PA.  
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Table 28. Indirect effects in single mediator models with bias-corrected confidence intervals 

 Six month mean steps/day 

 Four week mediators Six month mediators 

MEDIATOR n Indirect effect (SE) 95% CI n Indirect effect (SE) 95% CI 

       
PA self-efficacy 417 32.74 (28.20) -2.87, 116.0    
Intentions 415 -11.19 (30.18) -89.87, 38.52    
Outcome expectations 363 1.84 (14.41) -16.63, 49.68    
Financial motivation 420 2.55 (17.92) -27.61, 51.77    
Planning 403 -3.06 (17.50) -60.43, 19.87 382 50.64 (42.34) -17.31, 153.3 
Social norms 405 -33.26 (32.69) -131.2, 8.09 382 22.02 (32.71) -23.41, 115.8 
Identified regulation 417 13.09 (35.48) -50.45, 98.09 403 35.11 (36.90) -32.39, 116.9 
Integrated regulation 416 22.91 (38.42) -46.88, 111.4 399 94.70 (46.27) 18.69, 204.4 
Intrinsic motivation 418 5.99 (34.79) -62.39, 81.47 400 59.00 (36.81) 3.09, 154.5 
Habit    394 198.7 (70.73) 84.32, 369.9 
Workplace norms    400 -36.10 (32.58) -129.6, 5.61 
Recovery self-efficacy    402 -2.47 (17.11) -55.60, 20.98 
Maintenance self-efficacy    403 -3.41 (19.55) -57.08, 28.95 
Outcome satisfaction    376 28.04 (29.82) -11.61, 112.7 
       

CI: Confidence interval; PA: Physical activity; SE: Standard error 

NB: results are coefficients and cluster-adjusted standard errors and p-values from single mediator models. Bias-corrected bootstrap confidence 

intervals for the indirect effect are reported (10,000 reps). IV=Group assignment, MV=follow-up scores of mediators, DV=follow-up scores of 

outcome (mean steps/day). All paths are adjusted for strata, season, baseline values of the mediator and baseline pedometer steps/day. 

Unstandardised coefficients are extracted.  
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7.1.4 Single Moderated-Mediation Models 

Single mediator models including six month scores of integrated regulation, intrinsic 

motivation, and habit (with six month mean steps/day as the DV) were tested for moderation 

of the a-path and b-path respectively by perceptions of workplace environment availability 

(WE: Availability). Significant a-path moderation was found for the single mediator model 

with integrated regulation as the mediator (b=-0.10, SE=0.05, p<0.05), and the single mediator 

model with habit as the mediator (b=-0.17, SE=0.05, p<0.01). There was a non-significant 

moderator-by-group interaction coefficient (i.e. a-path moderation) for the single mediator 

model with intrinsic motivation as the mediator (p=0.19). There was a non-significant 

moderator-by-mediator interaction coefficient (b-path moderation) for the single mediator 

models with integrated regulation (p=0.36), intrinsic motivation (p=0.06) and habit (p=0.44) 

as the mediator. SRMR values ranged from 0.00-0.05, indicating a good fit,115 and CD values 

ranged from 0.66-0.77. Thus the apparent mitigation of the intervention effect, by virtue of 

higher levels of intrinsic motivation and habit was dependent on participant’s perception of 

workplace environment availability for PA. It is unclear if those with higher levels of such 

constructs benefited more with regard to PA due to having more PA opportunities near their 

workplace or as a result of their perception of such opportunities. This is representative of an 

‘intervention challenge’, meaning future intervention studies should give consideration to how 

to increase levels of integrated regulation and habit for participants with higher perceptions of 

the availability of PA opportunities in the workplace environment.  

 

7.1.5 Engagement and Non-Usage Attrition 

Table 29 shows descriptive statistics for six month engagement and non-usage attrition. 

Engagement variables which were significant predictors of six month mean steps/day in 

univariable analyses were included in a multivariable model which showed that frequency of 

hits on the monitoring and feedback component of the website across the six month 

intervention period (b=50.2, SE=24.5, p=0.04) and percentage of earned points redeemed 

across the six month intervention period (b=9.1, SE=3.3, p<0.01) were positively related to six 

month mean steps/day, whilst frequency of hits on the discussion forum component of the 

website across the six month intervention period (b=-69.3, SE=26.6, p<0.01) was negatively 

related to six month mean steps/day (Table 30). None of the other variables were significant 

predictors of six month mean steps/day in univariable analyses. 
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Table 29. Descriptive statistics for six month engagement and non-usage attrition 

 Six months 

VARIABLES N Mean (SD) 

   
Engagement    
% intervention days participants walked for at least 10 mins 
captured via the PA monitoring system a 

422 24.7 (21.8)  

% intervention weeks participants logged onto the websiteb 418 37.8 (32.5)  
% earned points redeemedc 422 39.3 (42.5)  
Frequency: Monitoring and feedbackd 418 13.7 (3.5)  
Frequency: Rewardsd 418 5.7 (4.5)  
Frequency: Mapsd 418 3.4 (4.0)  
Frequency: Health info. (PA)d 418 0.5 (1.7)  
Frequency: Health info. (Other)d 418 1.2 (3.2)  
Frequency: Discussion forumsd 418 1.9 (4.2)  
Total no. sections (website)e 418 3.9 (1.5)  
Total minutes (recording daily activity via PA monitoring 
system) 

422 1,000 (987)  

Total minutes (PAL website) 418 1,171 (2,048)  
Non-usage attrition    
Days to non-usage attrition (recording daily activity via PA 
monitoring system)f 

422 53.7 (61.2)  

Days to non-usage attrition (PAL website)g 418 31.7 (43.4)  
No. participants with non-usage attrition for recording daily 
activity via PA monitoring system (%) 

 375 (89%)  

No. participants with PAL website non-usage attrition (%)  403 (96%)  
   

aPercentage of days participants were recorded walking for at least 10 mins captured via the 
PA monitoring system. 

bPercentage of weeks participants logged onto the website at least once. 

cPercentage of total accumulated points which the participant had redeemed by six months. 

dFrequency of hits (i.e. total number of hits for every ten days the participant accessed the 
website). 

eNumber of sections accessed on website at least once (0-6). 

fNumber of days until first two week lapse from recording daily activity via PA monitoring 
system. 

gNumber of days until first two week lapse from logging onto the website. 

NB. Numbers are Mean (SD) unless otherwise stated. 
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Table 30. Results of random-effects regressions with six-month pedometer steps/day as 

the dependent variable and engagement indicators as independent variables 

 

 Univariable models Multivariable model 
ENGAGEMENT VARIABLES n b (SE) P-

value 
n b (SE) P-

value 
       
Engagement indicators       
% intervention days participants 
walked for at least 10 mins 
captured via the PA monitoring 
systema 

231 4.21 (8.54) 0.62    

% intervention weeks 
participants logged onto the 
websiteb 

234 4.39 (6.01) 0.47    

% earned points redeemedc 231 8.26 (4.07) 0.04 230 9.1 (3.3) <0.01 
Website sections       
Monitoring and feedbackd 234 66 (18) <0.01 230 50.2 (24.5) 0.04 
Rewardsd 234 14 (36) 0.70    
Mapsd 234 -47 (44) 0.28    
Health information: PAd 234 35 (160) 0.83    
Health information: Otherd 234 26 (66) 0.70    
Discussion forumsd 234 -77 (27) <0.01 230 -69.3 

(26.6) 
<0.01 

Number of sectionse 234 -32 (117) 0.78    
       

aPercentage of days participants were recorded walking for at least 10 mins captured via the 
PA monitoring system. 
bPercentage of weeks participants logged onto the website at least once. 
cPercentage of total accumulated points which the participant had redeemed by six months. 
dFrequency of hits (i.e. total number of hits for every ten days the participant accessed the 
website). 
eNumber of sections accessed on website at least once (0-6). 

NB. Results are adjusted for strata, season, baseline pedometer steps/day with cluster-adjusted 

standard errors and p-values. 
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The percentage of days (Table 31) that participants were recorded walking for at least 10 mins 

captured via the PA monitoring system was a significant predictor of integrated regulation 

(b=0.007, SE=0.002, p<0.01), intrinsic motivation (b=0.003, SE=0.001, p=0.04), habit 

(b=0.007, SE=0.003, p=0.01) and outcome satisfaction (b=0.005, SE=0.02, p=0.01). The 

percentage of weeks that participants logged onto the website at least once was a significant 

predictor of integrated regulation (b=0.004, SE=0.002, p=0.02), intrinsic motivation (b=0.002, 

SE=0.0010, p=0.04), habit (b=0.004, SE=0.002, p=0.03) and outcome satisfaction (b=0.004, 

SE=0.001, p=0.01). The percentage of earned points redeemed was a significant predictor of 

six month social norms (b=0.003, SE=0.001, p=0.01). 
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Table 31. Results of random-effects regressions with individual mediators as dependent variables and engagement in difference 

intervention components as independent variables 

 
 % intervention days 

participants walked for at 
least 10 mins captured via 

the PA monitoring system a 

% intervention weeks 
participants logged onto the 

websiteb 

% earned points redeemedc 

OUTCOME n b (SE) P-
value 

n b (SE) P-
value 

n b (SE) P-
value 

          
Pedometer steps/day 231 4.21 (8.54) 0.62 234 4.39 (6.01) 0.47 231 8.26 (4.07) 0.04 
          
Planning 228 0.003 (0.002) 0.18 229 0.003 (0.002) >0.05 228 0.0008 (0.001) 0.56 
Social norms 230 0.004 (0.003) 0.19 230 0.002 (0.003) 0.36 230 0.003 (0.001) 0.01 
Identified regulation 241 0.002 (0.002) 0.33 243 0.002 (0.0008) 0.06 241 0.0001 (0.0007) 0.87 
Integrated regulation 238 0.007 (0.002) <0.01 240 0.004 (0.002) 0.02 238 -0.0002 (0.0009) 0.82 
Intrinsic motivation 238 0.003 (0.001) 0.04 240 0.002 (0.0010) 0.04 238 0.0004 (0.001) 0.72 
Habit 233 0.007 (0.003) 0.01 235 0.004 (0.002) 0.03 233 -0.00004 (0.002) 0.98 
Workplace norms 239 -0.0004 (0.002) 0.83 241 0.001 (0.002) 0.55 239 0.0007 (0.0009) 0.45 
Recovery self-efficacy 241 0.004 (0.003) 0.15 243 0.002 (0.001) 0.18 241 0.0002 (0.0009) 0.81 
Maintenance self-
efficacy 

242 0.002 (0.003) 0.55 244 0.002 (0.001) 0.27 242 -0.0005 (0.0005) 0.36 

Outcome satisfaction 225 0.005 (0.002) 0.01 225 0.004 (0.001) 0.01 225 0.001 (0.0007) 0.11 
          

aPercentage of days participants were recorded walking for at least 10 mins captured via the PA monitoring system. 
bPercentage of weeks participants logged onto the website at least once. 
cPercentage of total accumulated points which the participant had redeemed by six months. 

NB. Results are adjusted for strata, season, baseline pedometer steps/day and baseline mediators (for models including six month mediator variables 

as the DV) with cluster-adjusted standard errors and p-values. 
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Frequency of hits (Table 32) on the monitoring and feedback component of the website was a 

significant predictor of six month planning (b=-0.04, SE=0.01, p<0.01), identified regulation 

(b=0.02, SE=0.01, p=0.04) and integrated regulation (b=0.03, SE=0.01, p=0.02). Frequency of 

hits on PA health information was a significant predictor of integrated regulation (b=0.11, 

SE=0.05, p=0.03). Frequency of hits on discussion forums was a significant predictor of six 

month social norms (b=-0.03, SE=0.01, p=0.03) and integrated regulation (b=-0.02, SE=0.01, 

p=0.03). Number of sections accessed on the website at least once was a significant predictor 

of identified regulation (b=0.07, SE=0.02, p<0.01) and integrated regulation (b=0.09, SE=0.03, 

p<0.01). 
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Table 32. Results of random-effects regressions with individual mediators as dependent variables and frequency of hits on each section 

of the website as independent variables 

 
  Monitoring and 

feedbacka 
Rewardsa Mapsa Health information: 

PAa 
Health information: 

Othera 
Discussion forumsa Number of 

sectionsb 

OUTCOME n b (SE) P-
value 

b (SE) P-
value 

b (SE) P-
value 

b (SE) P-
value 

b (SE) P-
value 

b (SE) P-
value 

b (SE) P-
value 

                
Planning 229 -0.04 (0.01) <0.01 -0.005 (0.01) 0.59 -0.01 (0.01) 0.55 -0.05 (0.05) 0.36 -0.05 (0.03) 0.06 0.002 (0.01) 0.80 0.03 (0.04) 0.43 
Social norms 230 0.01 (0.02) 0.61 -0.02 (0.02) 0.31 -0.03 (0.02) 0.09 -0.05 (0.06) 0.46 0.01 (0.03) 0.68 -0.03 (0.01) 0.03 0.04 (0.04) 0.29 
Identified regulation 243 0.02 (0.01) 0.04 -0.01 (0.01) 0.61 0.005 (0.01) 0.52 0.06 (0.04) 0.08 0.04 (0.04) 0.33 0.01 (0.005) 0.15 0.07 (0.02) <0.01 
Integrated regulation 240 0.03 (0.01) 0.02 0.0005 (0.01) 0.97 -0.02 (0.01) 0.10 0.11 (0.05) 0.03 0.06 (0.06) 0.27 -0.02 (0.01) 0.03 0.09 (0.03) <0.01 
Intrinsic motivation 240 0.01 (0.01) 0.29 -0.01 (0.01) 0.67 0.002 (0.01) 0.88 0.06 (0.05) 0.23 0.05 (0.05) 0.34 -0.004 (0.01) 0.61 0.04 (0.03) 0.12 
Habit 235 -0.0004 (0.02) 0.99 -0.01 (0.02) 0.79 0.01 (0.02) 0.50 0.06 (0.06) 0.36 -0.06 (0.07) 0.40 -0.02 (0.01) 0.07 0.01 (0.04) 0.73 
Workplace norms 241 0.005 (0.01) 0.70 -0.001 (0.01) 0.96 -0.001 (0.01) 0.95 0.06 (0.04) 0.18 0.01 (0.04) 0.71 0.003 (0.01) 0.72 0.03 (0.03) 0.28 
Recovery self-efficacy 243 -0.01 (0.01) 0.46 -0.01 (0.01) 0.68 -0.01 (0.01) 0.11 0.05 (0.04) 0.24 0.03 (0.03) 0.30 0.002 (0.01) 0.80 0.03 (0.02) 0.10 
Maintenance self-efficacy 244 -0.01 (0.01) 0.53 -0.01 (0.01) 0.40 -0.02 (0.02) 0.31 -0.03 (0.07) 0.65 -0.02 (0.04) 0.59 -0.01 (0.01) 0.06 0.003 (0.04) 0.94 
Outcome satisfaction 225 -0.01 (0.01) 0.38 0.01 (0.01) 0.57 -0.01 (0.01) 0.44 -0.04 (0.04) 0.31 -0.02 (0.02) 0.35 0.01 (0.01) 0.11 0.05 (0.04) 0.16 
                

aFrequency of hits (i.e. total number of hits for every ten days the participant accessed the website). 
bNumber of sections accessed on website at least once (0-6). 

NB. Results are adjusted for strata, season, baseline pedometer steps/day and baseline mediators (for models including six month mediator variables as the 
DV) with cluster-adjusted standard errors and p-values. 
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The estimated median lifetime usage (i.e. after which 50% of participants stopped use) 

was 25.5 days for use of the PA monitoring system to record daily activity and 12.5 

days for use of the website. Non-usage attrition of the PA monitoring system to record 

daily activity occurred for 89% of participants (n=375), and website non-usage 

attrition occurred for 96% of participants (n=403). The results of univariable and 

multivariable Cox regression analyses examining baseline measures of 

sociodemographic variables, psychosocial variables, environmental variables and PA 

as predictors of non-usage attrition are presented separately for use of the PA 

monitoring system to record daily activity and use of the website. The multivariable 

analysis for use of the PA monitoring system to record daily activity showed that 

having higher levels of identified regulation at baseline (hazard ratio=0.88, 95% CI: 

0.81, 0.97), having higher levels of recovery self-efficacy at baseline (hazard 

ratio=0.88, 95% CI: 0.80, 0.98), or having a lower perception of the safety of the 

workplace environment for PA at baseline (hazard ratio=1.06, 95% CI: 1.02, 1.11) 

reduced the risk of attrition. The multivariable analysis for website use showed that 

being older (hazard ratio=0.99, 95% CI: 0.98, 1.00), unmarried/not co-habiting (hazard 

ratio=0.79, 95% CI: 0.63, 1.00), having higher values on the EuroQol (EQ-5D) 

weighted health index (hazard ratio=0.32, 95% CI: 0.12, 0.86), having higher levels of 

financial motivation at baseline (hazard ratio=0.93, 95% CI: 0.87, 0.99), having a 

lower perception of the attractiveness of the workplace environment for PA at baseline 

(hazard ratio=1.06, 95% CI: 1.01, 1.11), or having a higher perception of the 

availability of PA opportunities in the workplace environment at baseline (hazard 

ratio=0.94, 95% CI: 0.90, 0.98) reduced the risk of attrition.  

 

8 DISCUSSION AND CONCLUSIONS  

 

8.1 INTRODUCTION 

Chapter 7 first summarises key findings and gives an overview of how the PAL 

Scheme delivery and fidelity may have impacted the findings and their 

generalisability, and then offers a more detailed examination of how the pre-planned 

moderator and mediator analyses might help us interpret the study.  
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8.2 KEY FINDINGS 

Results from the study demonstrate that assignment to the Intervention Group resulted 

in a small but significant decline in the primary outcome (i.e. mean steps/day at six 

months) relative to baseline, compared to the Waiting-List Control Group. This result 

was observed despite the fact that pedometer steps/day were lower for participants in 

the Waiting-List Control Group compared to the Intervention Group at baseline. Self-

reported minutes/week of workplace PA (measured using the GPAQ) also declined 

among intervention compared to Control participants, but there was no significant 

change for total MVPA.  

 

The overall results of this study (i.e. that a workplace scheme incorporating an offer 

of small financial incentives had a negative impact on PA at six months) are in contrast 

to the findings of earlier systematic reviews.  Previous workplace PA interventions 

have shown promise128–130 but though the literature suggests that financial incentives 

can promote short-term (i.e. at least to six months) increases in PA25,89,131,132 and other 

healthy behaviours ,22,24,132,133 it seems that increases are rarely maintained, or 

dissipate, after this point.22,24,25,89,131,133 

 

This was the case, for example, in the TRIPPA study.41 This study compared the use 

of activity trackers (i.e. self-monitoring) with or without financial incentives to 

increase PA in office employees. It found that provision of personal or charitable cash 

incentives, in addition to an activity tracker, significantly increased PA compared to a 

control group but not compared to an activity tracker (only) group at six months. At 

12-months, whilst activity trackers and charitable donations fostered further PA 

increases, PA in the personal cash incentive group was not significantly different from 

that in the control group, and had actually decreased compared to the activity tracker 

(only) group. Albeit not in line with our own pilot work,1 some of the literature 

highlights a concern that programmes that offer rewards are attractive only to 

individuals who are already active, which would place bounds on the potential 

effectiveness of our own intervention targeted at inactive employees. Since rewards-

based programmes are unlikely to be a good use of resources if dominated by active 

employees, a recent national study of full-time employees in Singapore used stated-

preference techniques to understand who is more likely to participate in rewards-based 
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PA programmes, quantifying uptake by both sufficiently active and inactive 

employees. However, the authors found that there was high demand for PA rewards 

programmes for both active and inactive employees.134   
 

At 12 months, those in the Intervention Group still had a lower mean step/day total 

than those in the Control Group, though the difference was not significant. The focus 

groups conducted at 12 months further highlighted that at least some of those who 

maintained the PA levels that they achieved during the intervention had been 

previously active before the study commenced. The idea that the PAL Scheme would 

prompt participants to look for opportunities to embed PA as a habit within a typical 

working day, was to a certain extent, aligned with the findings of our mediation 

analyses, whereby the Intervention Group participants showed increases (above 

Control Group participants) in identified regulation, integrated regulation, intrinsic 

motivation and habit between baseline and six months. These changes were propelled 

through to the 12 month follow-up. While the overall findings around the primary 

outcome (mean steps/day) were negative, and null for self-reported MVPA, the results 

are more complex and from a public health perspective harder to interpret given the 

encouraging signals with regard to improved wellbeing and reduced absenteeism. 

While many public health programme evaluations struggle with issues around 

implementation and “dose” (both of which may have had a bearing on our findings), 

Tannahill and Kelly135 have discussed some of the complexities that evaluators face 

when interpreting workplace-based interventions. By their account, workplaces are 

part of a complex system and contextual factors within such a complex system will 

have a significant bearing on generalisability.   

 

Moreover, recent work by Nooijen and colleagues136 has suggested that those who 

move into a sedentary occupation, may compensate by exercising more outside of the 

workplace. It might therefore be reasonable to think that some of those participants 

who became active during the early phase of the PAL Scheme, subsequently took up 

other forms of PA (gym membership, sports and evening walks [suggested by some in 

our qualitative findings]) outside of working hours, and then later, in compensation, 

placed less emphasis on workplace-based PA. Whilst this was not explicitly gauged in 

our study, as Nooijen and colleagues concluded, “mutual influences on PA of different 
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contexts should be considered.”136 Moreover, a novelty or “observation” effect may 

have affected the Control Group more than the Intervention Group, in that although 

the Intervention Group were more continuously aware of their activity, wearing a 

pedometer may have had a greater impact on the Control Group who only wore it when 

steps were being recorded at six and 12 months.137,138 

 

8.3 PROGRAMME DELIVERY 

It is notable that the PAL Scheme received generally positive comments from 

participants, employers and retailers. However, a number of key issues emerged from 

the qualitative process evaluation. 

 

There was a consensus amongst participants and senior managers that the employer 

has a role to play in ensuring their employees have access to opportunities and support 

for being more active within the work environment. During the study, a range of 

programmes were concurrently delivered within the trial workplaces, over which we 

had no discretion, including health promotion talks and exercise classes, as well as 

other ongoing initiatives such as cycle to work schemes. Both the Control and 

Intervention Groups would have had variable exposure to these parallel programmes. 

However, only six employers outlined having policies in place in relation to staff 

health and wellbeing. Horodyska and colleagues139 have compiled a checklist for 

developing practice and reporting research on workplace interventions and policies 

and a key aspect for success relates to integration and institutionalisation of wellbeing 

programs. Whilst many of the participating organisations in the study had ongoing 

workplace health promotion schemes, there were some which did not and the PAL 

Scheme was seen as a significant opportunity for PA. Our qualitative work also 

highlighted how participants would have liked the PAL Scheme to continue, stating 

that it would have had organisational support.  

 

Given the many barriers to being active during the working day reported by our 

participants, it is not clear how effective existing schemes and policies within the 

workplace are, or how they are being implemented. This evaluative work highlighted 

the need for a ‘top down’ approach, for employees to feel they were supported by 

management in being more active within the workplace.  
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A number of issues were identified in relation to the day-to-day running of the scheme. 

There were occasional technical issues with the sensors and fobs which had a knock 

on effect on points accumulated. In addition, participants felt the scheme was 

restrictive in terms of the location of the sensors and the daily time limits surrounding 

the scheme.  

 

A strong theme to emerge from the focus group discussions related to the feedback on 

PA that the intervention provided to participants, with many noting that their main 

motivation was to complete their personal daily PA goals. However, many participants 

felt the rewards element of the scheme needed to be improved, with a greater choice 

of vouchers, (of higher value), needed if participants were to feel the effort was 

worthwhile. Further, less than 40% of participants redeemed their points for vouchers 

which may suggest that the vouchers were not a suitable incentive for a proportion of 

participants. However, the types of vouchers available were based on those which were 

most popular in our pilot trial (same target population) and verified in pre-intervention 

focus groups with the target population 

 

8.4 LIMITATIONS 

With sparse literature on PA workplace-based behaviour change interventions, the 

PAL Scheme is one of the few studies which has used a randomised controlled trial 

design and has assessed the longer term effects of the intervention on objectively 

measured PA up to 12 months post-baseline.  

 

Nevertheless we faced some important limitations.  As recruitment rates were lower 

than anticipated, there was a delay in commencing the intervention as well as a need 

for additional recruitment sites.  The overall levels of retention were lower than 

anticipated but not too different from some other recent work-place based studies. For 

example van Dongen et al140 managed to record outcome data in 56% of trial 

participants at 12 months (n=232) while Puig-Ribera141 managed to obtain outcome 

data on 67% of their subjects at 19 weeks (n=178). The loss to follow-up and attrition 

in our study were, in part, a side effect of current austerity related re-structuring of the 

local authorities and within the civil service which was ongoing throughout the trial. 
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This resulted in upheaval or uncertainty about job location and security for some 

participants.   

 

There were clearly some technical issues affecting intervention fidelity. Some of the 

sensors developed battery problems which affected the recording and accuracy of the 

PA behaviour captured, and required replacement.  Recruitment of our intended 

sample size is also a limitation of this work. Similarly, previously our pilot work did 

not have a true-control group, nor did it use the same technological design for the PA 

monitoring system or the same sensors.1 Thus, while pilot work was informative and 

provided promise, such methodological differences and the possible chance finding 

due to the underpowered nature of a pilot study may partially account for discrepancies 

in expectation and reality. 

 

8.5 GENERALISABILITY 

The study design – a cluster RCT - was robust and following the amendment of the 

target sample size, should have been sufficiently powered (90% power at the 5% 

significance level) for an effect size of d=.40. It is difficult to directly compare the 

profile of our study participants with those in other studies but the mean steps/day in 

our Control Group at baseline is not dissimilar to values reported for other office 

workers.142 Clearly the variation in step counts among such staff, even in UK settings, 

will be driven by a complex mixture of social, environmental and organisational 

factors.  

 

8.6 INTERPRETATION AND IMPLICATIONS OF THE HEALTH ECONOMICS FINDINGS  

The results showed that the intervention was not likely to be cost-effective for 

employees working in office settings, from the NHS and PSSRU’s perspectives over 

the six month time horizon. The Intervention Group consumed less health care 

resources compared to the Control Group, however the difference (£57.56 per person 

for the six months trial period, please see the Table 15, ‘MI, adjusted’ model) was not 

statistically significant after adjusting for covariates. This indicates the large variations 

between individuals’ health care resources use and uncertainty surrounding this 

variable. There were no statistically significant differences in the utility values 

between the Intervention Group and Control Group at both baseline and six months 
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follow-up, leading to no difference in QALY gained between the groups. Despite the 

close to zero mean QALY gained, the probability that the intervention might be cost-

effective was 34%, indicating uncertainty in the estimation. This uncertainty was 

visualised in the cost-effectiveness plane which showed the bootstrapped pairs covered 

all of the four quadrants.  

 

Uncertainty in the ICER estimates results from both the uncertainty around the 

incremental cost and, primarily, the incremental QALY. There is a small chance 

(13.4%) that the intervention is a cost-saving strategy from the public sector 

perspective. This is due to the combination effect of small intervention costs and the 

possible reduction in resource use by the intervention. The CEAC shows that the 

probability that the intervention might be cost effective is almost constant with the 

increase of the willingness to pay threshold, suggesting that the uncertainty is mainly 

surrounding the QALY gained. The ICER had a very large magnitude with a negative 

sign, which can be attributed to the close to zero negative mean QALY gained in the 

Intervention Group compared to the Control Group. This also leads to a wide 

confidence interval for the estimate of ICER as a result of the relatively large variation 

of the QALY gained compared to its mean estimate.  

 

8.6.1 Sensitivity Analysis Results 

The sensitivity analysis showed that when an alternative business model was used or 

the cost of sensors was reduced, the incremental cost of the intervention became 

negative. The probability of the intervention being cost effective increased to around 

60%, however this may not be considered as a dominant scenario given the “benefit” 

of the intervention on utility was still negative and unclear.  

 

A potential ceiling effect of EQ-5D-5L was observed in this population, with over 40% 

and 30% of participants responding “full health” at baseline and six months 

respectively. This may limit the sensitivity of this instrument for assessing the potential 

benefit of interventions such as this in public health settings as there is little room for 

utility values to get higher in a generally healthy population. 
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8.6.2 Cost Benefit Analysis/Net Cost Model Results 

Adopting an ‘employee’ perspective, there was a net cost saving for the employers due 

to reduced absenteeism in the Intervention Group. This net cost saving ranged from 

£66 to £735 depending on the wage rate employed. By exploring the uncertainty 

surrounding this net cost saving estimate, we determined that the probability that the 

intervention is cost-saving at current intervention cost (£55.68) is highest (=64%) in 

the high salary group and lowest (=57%) in the low salary group. If the intervention 

cost reduces in the future, with the aforementioned alternative business model or 

upgraded technology for the sensors, the probability to be cost-saving will increase 

and be capped at 65.4% (the intercept of the three lines with y-axis in Figure 5). This 

capped value is due to the great uncertainty (p=0.62) surrounding the benefit in terms 

of the difference in absolute absenteeism rates between the groups. 

 

A number of issues arising from the study merit further research from a health 

economic perspective. Although we used utilities directly elicited from participants 

using the EQ-5D, we observed small positive benefits in terms of well-being scores in 

the Intervention Group which were at odds with the negative impact on the primary 

outcome. Studies with longer term follow-up could usefully explore further how to 

aggregate or reconcile the various health and productivity effects of PA programmes 

in workplace settings, especially since, in the longer term, they may impact on the 

individual and the employer in different ways. To date, there have been few attempts 

to model the impact of workplace wellness programmes that are based on financial 

incentives. Basu and Kiernan143 constructed a novel modelling framework that 

identified how to optimize the marginal return on investment from workplace 

programmes that were based on incentivizing behaviour change (including those 

targeting PA). By integrating “demand curves” that captured individual differences in 

response to any given incentive level with employee demographic and risk factor data 

(from the US) they demonstrated that an employer (with ~3000 employees) would see 

optimal return on investment by offering incentives of $367 per year (i.e. somewhat 

larger than in the PAL Scheme) but that this return on investment (ROI) was very 

sensitive to self-selection (if already active participants enrolled). Even with the 

optimally designed programmes, the actual degree of behaviour change varied widely, 

with most participants still undertaking low to moderate levels of PA despite the 
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incentive; and >70% of participants not engaging in PA on a weekly basis (in other 

words, they would be intermittent participants). Thus, it is right that future research in 

this area take a broad perspective and attempts to integrate individual and employer 

perspectives.  

 

8.7 INTERPRETATION AND IMPLICATIONS OF THE BEHAVIOURAL ECONOMICS 

ANALYSES 

It was shown that participants were generally prepared, prior to the intervention, to 

receive financial incentives to increase their PA, which accords with the findings of 

Giles et al.24 who also observed that the use of financial incentives was acceptable to 

the public. Further, we found that high-value incentives were preferred over low-value 

incentives, which is consistent with findings reported in Farooqui et al.144 based on a 

sample of 802 Singaporean adults. However, the opposite trend was reported when 

UK respondents were asked to decide on the provision of financial incentives from 

public funds.24 Next, the stated incentive levels in our study (£2.80 per hour) are small 

but are comparable to the levels used, (although not empirically justified), in some 

other PA promotion schemes {($4.27 per hour,145) and in a weight loss programme 

($3.75/week}.146 Although our trial reported negative effects on PA, having utilised 

DCE results to determine the level of the rewards, we suggest that it is still useful to 

incorporate the stated preference method into the design of similar schemes, as argued 

by Tinelli et al.147 to better understand respondents’ preferences for incentives and to 

increase their chances of demonstrable effectiveness and cost-effectiveness. 

 

Physically inactive participants, especially those who were highly inactive (daily steps 

less than 5,000) at baseline, were more susceptible to early non-usage attrition. 

Moreover, physically-inactive participants increased PA less at the 12 month follow-

up, compared to physically-active participants. Because of these trends, physically-

inactive participants still had lower PA at both six and 12 month follow-up than those 

who had already been active at baseline. This phenomenon can be (partly) explained 

by our analysis indicating that inactive participants would require substantially higher 

financial incentives to increase their PA. It may also be the case that they had relatively 

higher discount rates which were significantly and negatively associated with PA. 
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Future PA interventions should target especially the highly inactive population who 

were revealed to be the most difficult to be incentivised for behavioural change.  

 

Our sample manifested relatively high discount rates, impling that incentivisation of 

our sample was rather difficult and our sample was present-biased implying that 

participants with high discount rates are more likely to pursue immediate gratification 

rather than execute their salutary intentions for their future selves. Since these 

behavioural economic experiments were undertaken among participants who remained 

in the study at the six month follow-up, incentivisation might have been even more 

difficult among the drop-outs because of inter alia even higher levels of discount rates. 

Next, although discount rates were not associated with behavioural change, i.e. the 

actual increment of PA at the 12 month follow-up compared to six month follow-up, 

higher discount rates did result in significantly lower PA at the six month follow-up. 

Consequently, reducing a participant’s discount rate might potentially promote the 

participant’s PA. Recent studies suggest that discount rates can be altered or modulated 

by therapeutic cognitive, behavioural, or structural environmental manipulation.148  

 

Higher loss aversion was associated with a larger PA increase at the 12 month follow-

up compared to the six month follow-up. This reconciles with the idea of ‘deposit 

contracts’ asking participants to deposit forfeitable money which can only be 

redeemed if a certain behavioural change target is met. It was already reported that 

smoking cessation programs were more effective in deposit-based programs than 

reward-based programmes.149 As a result, utilising the concept of loss aversion could 

be a useful part of interventions to promote PA. 

 

8.8 INTERPRETATION AND IMPLICATIONS OF THE MEDIATION AND MODERATION 

ANALYSES 

The main results of the trial were negative at six months and null for the primary 

outcome at 12 months and in order to explore potential reasons for these results, we 

carried out a range of mediation and moderation analyses as specified in our protocol.   

 

Out of 19 tests of intervention effects on mediators (i.e. tests of the significance of the 

relationship between group assignment and the mediator), nine were significant 
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(n=9/19; 47%). Of 19 formal tests for indirect effects (i.e. the multiplication of the 

coefficient of the path relating group assignment to the mediator and the coefficient of 

the path relating the mediator to PA), three were significant (n=3/19; 16%). However, 

it should be noted that p-values have not been adjusted for multiple testing. This 

finding suggests that whilst the intervention was effective in changing some mediating 

constructs targeted by the intervention, mediator changes were generally not translated 

to changes in PA behaviour. For constructs showing significant mediating effects on 

PA behaviour, indirect effects were in the opposite direction to the overall intervention 

effect on PA. Specifically, whilst the total effect of assignment to the Intervention 

Group (versus Control Group) on PA behaviour at six months was negative, indirect 

effects through significant mediators were in the positive direction. Therefore, the 

intervention’s negative effect on PA at six months may have been mitigated by modest 

PA increases achieved through increases in some of our measured mediators. 

However, it is apparent that the results of these tests of the behaviour change theories 

on which the intervention was designed were not sufficient to explain the overall 

change in PA behaviour at six months. 

 

In summary, none of the putative mediators of initiation (measured at baseline and 

four weeks) significantly mediated the relationship between group assignment and PA 

behaviour change at six months. However, there were significant increases for 

Intervention Group participants compared to Control Group participants in intentions, 

social norms, identified regulation, integrated regulation and intrinsic motivation 

between baseline and four weeks. Therefore, it is apparent that whilst assignment to 

the Intervention Group led to increases in some putative mediators of initiation, these 

increases were not related to PA behaviour change at six months. Two potential 

reasons are: (1) changes in these mediators of initiation do not induce change in 

positive PA behaviour; (2) changes in mediators of initiation are not carried through 

to PA behaviour change at six months (i.e. perhaps PA behaviour change caused by 

changes in these mediators occurred at an earlier time-point).  

 

Several of the mediators of maintenance (measured at baseline and six months) 

significantly mediated the relationship between group assignment and PA behaviour 

change at six months (i.e. integrated regulation, intrinsic motivation, habit) in the 
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positive direction (i.e. there were increases in these constructs between baseline and 

six months for intervention participants compared to controls and changes in these 

mediators were positively related to changes in PA behaviour). There were also 

significant increases for Intervention Group participants compared to Control Group 

participants in identified regulation, integrated regulation, intrinsic motivation and 

habit between baseline and six months. This was notwithstanding the overall negative 

intervention effect, suggesting that participants who were able to increase their levels 

of these constructs (e.g. by focusing on the scheme’s self-regulation, social or 

environmental aspects rather than the financial incentives or scheme limitations) 

experienced less of a decline in PA. There is support in the theoretical and empirical 

literature to suggest that integrated regulation, intrinsic motivation and habit are 

important mediators of PA change and for maintenance of behaviour change.150–157 

However, results of the mediation analyses suggest that the behavioural changes 

observed in the present study were not achieved by means of the mechanisms posited 

by the behaviour change theories on which the intervention was designed. Therefore, 

these behaviour change theories were not sufficient to explain the overall change in 

PA behaviour. Finally, the fact that changes in mediators of initiation were not 

translated to changes in PA behaviour whilst changes in some mediators of 

maintenance were related to changes in PA behaviour implies that participants were in 

the behavioural maintenance phase at six months. This is in line with the definition of 

behaviour change maintenance adopted in a recent systematic review investigating 

maintenance in PA interventions targeting young and middle-aged adults.158  

 

These considerations highlight what has been emphasized by Threfall et al.,159 that 

interpretation of intervention effects (whether positive, negative or null) is rarely a-

theoretic.  In the sections that follow, we offer some theoretical contextualisation of 

these moderation and mediation findings.  

 

8.8.1 Perception of the Availability of PA Opportunities in the Workplace 

Environment 

Perception of availability of PA opportunities in the workplace environment was a 

significant moderator of the relationship between group assignment and PA change 

between baseline and six months. Specifically, higher levels of perceived availability 
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of PA in the workplace environment were associated with a greater decrease in PA 

between baseline and six months for an Intervention Group participant compared to 

Control. Perceptions of workplace environment safety was a significant moderator of 

the relationship between group assignment and PA change between baseline and 12 

months, with lower levels of perceived safety associated with a greater decrease in PA 

between baseline and 12 months for an Intervention Group participant compared to 

Control Group participant. Previous studies have also supported the idea that 

perceptions of the environment are important moderators of PA behaviour 

change.160,161However, the direction of the moderating effect of perceptions of 

availability of PA in the workplace environment on PA at six months may appear 

counterintuitive (i.e. the intervention’s negative effect on PA was stronger when 

perceptions of availability were high). Perhaps participants who perceived that there 

were plentiful opportunities for PA around their workplace felt less reliant on the 

intervention to identify opportunities for PA or were less willing to confine their PA 

within the limited geographical range of the study’s sensors. This result merits 

exploration in future research. 

 

8.8.2 Participant Discount Rate 

Participant discount rate was a significant moderator of the relationship between group 

assignment and PA change between baseline and 12 months, with higher (versus 

lower) discount rates associated with a greater decrease in PA between baseline and 

12 months for an Intervention Group participant compared to Control. Thus, when 

participants were more impatient (i.e. preferred an immediate reward with a slightly 

lower monetary value to a reward with a short delay and a slightly higher monetary 

value) there was a greater decrease in PA for Interventions versus Controls. This 

pattern of results may make intuitive sense for the PA outcomes at 12 months (if, for 

a subgroup at least, increases in intrinsic motivation were not sufficient to compensate 

over the longer follow-up period when the extrinsic rewards had been removed after 

the six month intervention) but cannot explain the decline in PA at six months (the 

primary outcome).  
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8.8.3 Financial Incentive and Motivation 

Self-Determination Theory (SDT) posits that increasing intrinsic motivation (i.e. based 

on an individual’s own values) leads to more sustainable behaviour change than can 

be achieved by inducing extrinsic motivation.162 The finding of increases in intrinsic 

forms of motivation (i.e. identified regulation, integrated regulation and intrinsic 

motivation) for Intervention Group participants compared to Control Group 

participants at four weeks and six months, and no intervention effect for financial 

(extrinsic) motivation at four weeks, has important implications for some of the main 

contentious issues highlighted in the literature on the use of financial incentives for 

achieving behaviour change. Firstly, extrinsic (e.g. financial) rewards are not thought 

to produce long-term behavioural changes since withdrawal of the reward causes the 

behaviour to be extinguished.163 Secondly, the use of financial incentives has been 

thought to have a ‘crowding out’ effect on intrinsic motivation for behaviours which 

are already internalised.162 For example, the qualitative data from our study showed 

that some participants, who were already physically active, reported that they joined 

the scheme to receive rewards for behaviour that they already engaged in. Based on 

this argument we may have expected to observe decreases in intrinsic motivation for 

Intervention Group participants versus Control Group participants. Conversely, the 

review conducted by Promberger and Marteau162 suggested that there was no current 

evidence to support the notion that extrinsic rewards or incentives undermine any 

intrinsic motivation in relation to health-related behaviours. In line with the findings 

of that review, our results suggest that using financial incentives in a behaviour change 

intervention does not necessarily diminish intrinsic motivation and can actually 

increase it if rewards are delivered as part of a complex behaviour change intervention 

with multiple components.29 

 

The general consensus is that financial incentives may be useful in acting as a ‘kick-

start’ to PA but are less useful for promoting long-term behaviour change. The 

qualitative work in our study would attest to this, with some participants commenting 

on the positive aspects of getting people out walking, and to do a little extra every day. 

Under Learning Theory, previous behaviour is predictive of subsequent 

behaviour.164,165  This may be explained by the persistence of factors  (e.g. thoughts or 

rewards) which cause the behaviour to be repeated, or by the formation and 
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strengthening of habits (i.e. learned behavioural responses to certain stimuli and 

repetition in similar contexts).155 Thorndike’s Law of Exercise states that the strength 

of the connection between a behavioural response and a given situation is directly 

related to the number of times the connection has occurred previously and to the 

potency and duration of those connections.166 By the use of contingent reinforcement 

it was hypothesised that repetition of the behaviour-reward cycle would lead to 

workplace PA becoming a ‘learned’ behaviour. According to SDT, external regulation 

occurs when the individual engages in the behaviour to gain reward (e.g. financial 

incentives) or to avoid punishment by others.167  However, the reward offered must be 

deemed worthwhile by them personally. For example, previous studies have found that 

monetary value131 or type (e.g. individual versus group-based)168 of the reward can 

impact its effectiveness for behaviour change. There was no overall effect of group 

assignment on changes in financial motivation for participants in this study and focus 

group interviews indicated that, for some participants at least, vouchers failed to live 

up to expectations (e.g. insufficient monetary value, lacking in variety, undesirable 

goods or services, inconvenient expiration dates, or that desirable vouchers ‘ran out’). 

Therefore, the incentive may not have been attractive enough to entice participants to 

start (and by repetition, to ‘learn’) PA behaviour in the first place. This is despite the 

fact that these aspects of the study were designed using ‘best practice’ of pre-

intervention development focus groups with participants to discuss all important 

features of the intervention (e.g. types of rewards, appropriate level of rewards, and 

placement of sensors).  

 

8.8.4 Intrinsic Motivation (Integrated Regulation and Intrinsic Motivation) 

and PA 

The results of mediation analyses suggested that intrinsic forms of motivation (i.e. 

integrated regulation and intrinsic motivation) were important mediators of the 

relationship between group assignment and PA behaviour change at six months. SDT, 

for example, suggests that individuals experience greater vitality, self-motivation and 

wellbeing when the basic psychological needs for autonomy, competence and 

relatedness to others are fulfilled within the social context.169 Focus groups highlighted 

that participants wanted more options with respect to rewards, and how and when they 

engaged in PA. Perhaps participants did not perceive a high degree of autonomy 
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support (i.e. opportunities for choice with minimal use of pressure or demands)170 in 

the scheme to fully allow internalisation of PA behaviour. 

  

8.8.5 Habit Formation and PA  

Mediation analyses indicated that the strongest indirect effects of group assignment on 

six month PA occurred through habit formation. The emphasis placed on the 

intervention’s self-regulation techniques supports the observation that people develop 

habits after a period of successful self-regulation. The process of habit formation 

incorporates an exchange between automatic and self-regulatory processes within the 

context of a range of external and internal stimuli.157 Habits are formed when the 

behaviour becomes regular, automatic and ingrained in the self-concept.17,152 Prompts 

in the social (e.g. email reminders sent by the study team and having work colleagues 

participating in the intervention) and physical (e.g. seeing sensors surrounding the 

workplace) environments could have aided habit formation. Moreover, focus groups 

at 12 months post-baseline sought to establish if participants were still engaging with 

PA and, if so, for what reason. The underlying rationale was to establish if behaviour 

change maintenance had occurred. Many of those who participated in the focus group 

discussion at 12 months commented about how they had continued to incorporate PA 

into their working day; from utilising the walking routes provided by the PAL Scheme, 

to walking to meetings in short proximity rather than driving and generally looking for 

new ways to fit PA into their day. This is also in line with several habit theories171–173 

which hypothesise that environmental cues associated with prior and new behaviours 

determine whether the new behaviour is maintained. Moderation analyses also 

indicated that participants’ perceptions of the environment impacted on the 

effectiveness of the intervention in line with theory which suggests that supportive 

social and physical environments facilitate behaviour change maintenance by lowering 

the opportunity cost of the behaviour.157 When participants utilised the scheme’s self-

regulatory, social and environmental aspects to increase their PA habits, this seemed 

to mitigate the overall negative impact on PA.  
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8.8.6 Discount Rates and Intervention Effectiveness 

Moderation analyses also indicated that participants’ derived discount rates impacted 

on the “effectiveness” of the intervention, with higher discount rates (i.e. higher levels 

of impatience) associated with greater decreases in the primary outcome for 

Intervention Group participants. This is line with the findings of the study’s additional 

behavioural economics analyses (Section 8.2) and also with the qualitative work from 

which we noted how vexed some participants were upon not achieving enough points 

to redeem a certain voucher or, that a priority voucher had been time expired (and 

withdrawn from offer) before they had collected enough points, and so they 

subsequently ‘gave up’. Although we cannot infer causality, these associations suggest 

that when designing financial incentive based interventions, future studies should 

consider using information on participants’ discount functions to tailor incentive 

structures (e.g. timing, contingency and value)  in order to achieve behavioural 

initiation and maintenance.174 Other intervention strategies (e.g. goal-setting,175 

provision of health information176) could also be usefully targeted depending on 

information available on individual participants’ time preferences.  

 

The concept of adaptive versus static goals has also been explored in recent PA 

literature, whereby Zhou and colleagues177 employed automated machine learning-

based personalised daily step goals delivered via a mobile phone app. Their study 

sought to differentiate PA behaviours in those who received personalised daily step 

goals compared to a control group who had a constant step goal of 10,000 steps. Whilst 

the PAL Scheme incorporated personalisation via the website where users could track 

and monitor progress, a more advanced method for deriving adaptive goals might be 

beneficial for PA. Adams and colleagues,178 for example, also found that dynamic 

adaptive goal setting may outperform static approaches for goal setting for PA (steps), 

with slower decreases in PA steps from baseline to intervention end. The use of 

adaptive goals may be particularly useful in a workplace setting. Where some 

employees may be able to incorporate PA into their commute to work, others - as we 

identified from the qualitative work -may find the workplace to be their only 

opportunity to be physically active. Recent research on goals does not generally 

account for the potential time discounting confound. “Nearer” outcomes are more 

motivating, and are proposed to explain differences in motivation over time in human 
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behaviour as well.179 One interpretation is that more temporally distant rewards are 

less motivating specifically because delayed rewards are discounted (and potentially 

also riskier). In this view, goal-gradient behaviour (exerting more effort for sooner 

rewards, depending on how far away you are from your goal) is another source of 

evidence for time discounting. Urminsky, Goswami and Lewis (2014)180 reported 

discount rates which were lower when separately accounting for goal gradient effects. 

With this in mind, the effects of adaptive goals, attendant on differing feedback 

schedules, could potentially be more or less motivating in people with different 

discount rates and may cater for patterns of behaviour resulting from changes in day-

to-day circumstances. This could usefully be the subject of future research.  

 

8.8.7 PA Self-Efficacy 

Whilst constructs such as PA self-efficacy are frequently shown to be important 

mediators or predictors of PA behaviour181–186 PA self-efficacy and phase-specific 

self-efficacy (i.e. maintenance and recovery self-efficacy) were not shown to be 

significant mediators in the present analysis. There is emerging literature disputing the 

causal role of self-efficacy  in behaviour change187 and several systematic reviews 

show that the supporting evidence is lukewarm at best. Rhodes & Pfaeffli188 found 

limited evidence for self-efficacy and outcome expectations, but stronger support for 

self-regulatory processes and social support as mediators of behaviour change 

(focusing on initiation) in PA intervention studies targeting adult non-clinical 

populations. Notably, whilst self-regulation constructs have not been examined as 

putative mediators in this study, the qualitative analysis revealed that participants 

appreciated the self-regulation (e.g. self-monitoring, planning, goal-setting) and social 

aspects of the PAL Scheme. Another review conducted by Teixeira and colleagues151 

revealed that PA self-efficacy was related to short-term PA outcomes (i.e. at less than 

12 months) in ten of 15 tests (67%), whilst outcome expectations were not related to 

PA outcomes in one test. Importantly, these results did not rely on formal mediation 

tests, highlighting the need for robust mediation analysis in PA intervention studies. 
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8.8.8 Engagement and Non-Usage Attrition 

The results of GLS regressions showed that engagement in specific components of the 

intervention (i.e. the frequency of using the website self-monitoring and feedback 

component, the percentage of earned points redeemed, the frequency of using website 

discussion forums) was significantly related to PA at six months. These findings 

suggest that when participants focused more on the intervention’s positive aspects (e.g. 

self-monitoring), this mitigated the intervention’s overall negative impact on PA 

behaviour. Previous research also shows that self-regulation techniques and self-

monitoring are useful strategies for changing PA behaviour.14,35,188–192 Redeeming a 

higher proportion of earned points for rewards was also associated with slightly higher 

PA levels at six months. Therefore, it appears that when participants found the 

financial incentives desirable and redeemed their accumulated points, this also 

mitigated the overall negative impact of the scheme on PA behaviour. Previous studies 

have also shown that in order for financial incentives to be successful in inducing 

behaviour change, the reward on offer must be deemed to be valuable to the individual 

participant. For example, monetary value131 or type (e.g. individual versus group-

based)168 of reward can have an impact on effectiveness for behaviour change, and this 

was alluded to in feedback from focus groups. Examination of the relationship between 

engagement in different aspects of the intervention and PA at six months showed that 

a higher frequency of accessing the discussion forum component of the website was 

associated with a significant decline in PA at six months. Discussion forums were 

included on the PAL Scheme website as a means of providing social support for 

behaviour change. For example, it was expected that participants would use these 

forums to contact researchers and interact with other participants to support behaviour 

change. However, this component of the scheme was primarily used by participants as 

a vehicle to report technical issues and queries, rather than as a means of engaging 

with other users in a support network. Therefore this finding may indicate that 

participant frustration with some of the intervention’s perceived limitations 

contributed to the overall negative impact on PA. One previous study that also found 

negative intervention effects on PA behaviour concluded that reduced support for the 

intervention over time was a contributing factor.193 

 



157 

 

 

8.8.9 Intervention Fidelity 

The literature highlights the importance of intervention fidelity and of ensuring that 

variations from the original design can be assessed since non-significant findings may 

be attributable to intervention delivery rather than intervention design.193 Carroll et 

al.’s theoretical framework provides the means of measuring intervention fidelity and 

understanding its role in the process of intervention implementation.194 For example, 

the authors highlight that several potential moderators of the fidelity with which an 

intervention is implemented include intervention complexity, use of facilitation 

strategies, quality of intervention delivery and participant responsiveness. Future 

intervention studies could potentially improve intervention outcomes by improving 

intervention fidelity with reference to such theoretical frameworks. Finally, systematic 

reviews also show that the effectiveness of web-based interventions may be enhanced 

by including various modes of intervention delivery (e.g. text messages, email),195,196 

which the PAL Scheme did (e.g. through the use of email prompts). However, we have 

been unable to include data on whether participants received and read these emails in 

our engagement analysis. Future work may seek to delve into further analyses around 

the delivery, open and click rate of emails relating to an intervention. 

 

GLS regressions also showed that use of particular intervention components was 

associated with increases in some mediators between baseline and six months for 

Intervention Group participants. A higher frequency of using the PAL Scheme PA 

monitoring system (i.e. behavioural practice) and a higher frequency of accessing the 

study website was associated with higher levels of integrated regulation, intrinsic 

motivation and habit between baseline and six months (i.e. the constructs for which 

mediation analyses showed significant positive indirect effects). This suggests that a 

higher level of overall engagement with the intervention (as opposed to engagement 

with specific intervention components) was related to higher levels of these constructs 

for Intervention Group participants. Accessing a higher number of intervention 

components on the website at least once was associated with increases in identified 

regulation and integrated regulation, although there was no association with PA levels. 

Previous work has also identified that overall intervention engagement, and also 

greater use of intervention components was associated with increases in the primary 

outcome.196,197  
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Further evidence for the importance of the intervention’s self-regulation component 

was provided by the results of the study’s engagement analysis (i.e. a higher frequency 

of accessing the website’s feedback and monitoring component was also associated 

with increases in integrated regulation and intrinsic motivation) which broadly support 

the findings of the mediation and qualitative analyses. Previous systematic reviews of 

web-based interventions also highlight web-based self-monitoring as a potentially 

effective technique.197 In comparison, engagement with the financial incentive 

component of the intervention (i.e. redeeming a higher proportion of earned incentives 

for rewards or a higher frequency of accessing the website’s rewards component) was 

not found to be related to levels of identified regulation, integrated regulation and 

intrinsic motivation. Thus, we have further supporting evidence to conclude that the 

use of financial rewards does not necessarily ‘crowd out’ or diminish intrinsic 

motivation when delivered as part of a complex multi-component behaviour change 

intervention. 

 

8.8.10 Scheme Non-Usage Attrition  

High levels of non-usage attrition in the present study may, to some, reflect 

dissatisfaction with the intervention’s perceived limitations contributing to the decline 

in PA outcomes at follow-up. It should also be noted that the definition of non-usage 

attrition that we employed (i.e. occurring at the time of the first two week lapse from 

intervention use) in the present study may be viewed as somewhat arbitrary. Though 

several studies of web-based PA interventions have adopted this definition, it may be 

less applicable to the analysis of non-usage attrition in workplace interventions for 

which a two week lapse from intervention use may occur for many different reasons: 

e.g. if a participant is on annual leave, out of the office on work-related travel, or is 

absent from work, for two weeks or more through illness. Time to non-usage attrition 

for use of the PA monitoring system and use of the website was shown to be 

significantly predicted by some of the baseline socio-demographic, psychosocial and 

environmental variables (e.g. age, marital status, health status, financial motivation, 

identified regulation, recovery self-efficacy and perceptions of the workplace 

environment) in multivariable Cox regression models. These results are consistent 

with findings in previous intervention studies, demonstrating that older participants 
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(versus younger),110,198–202    unmarried participants (versus married/co-habiting)203 and 

participants with higher reported health status at baseline (versus lower health 

status)204 have decreased risk for non-usage. Individuals with higher levels of financial 

motivation may have been encouraged to continue participation in the intervention 

over time in order to continue benefitting from financial rewards. Existing theory 

suggests that identified regulation and recovery self-efficacy are constructs which are 

important for long-term behavioural maintenance.169,170,204–208   For example, it makes 

sense that individuals with higher recovery self-efficacy should experience a longer 

period of consistent intervention use before encountering their first two week break 

since they are quicker to recover from a lapse. Notably, the results of our behavioural 

economics analysis (see Section 8) indicated that individuals who were more present-

biased (i.e. who had less self-control) were also at higher risk for stopping intervention 

use. Furthermore, some subgroups of participants who were found to be less present-

biased in the behavioural economics analysis were also found to be at reduced risk for 

non-usage attrition in survival analyses (e.g. older participants, single participants). 

This may point to possible interactions between age or marital status and levels of 

present-bias. 

 

8.8.11 Mediation and Moderation Analyses: Implications for Future Research 

Future PA intervention studies should make use of self-regulation techniques (e.g. self-

monitoring, goal-setting), with social and environmental prompts. This may promote 

habit formation as the new PA behaviour, originally carried out consciously, becomes 

more automatic. This should also allow for the internalisation of the behaviour, 

enabling it to be more sustainable long-term. Monitoring of behavioural outcomes is 

an additional self-regulation technique which should be explored, as it can potentially 

encourage participants to focus on their satisfaction with more internal outcomes of 

behaviour change (and therefore to maintain it long-term). As Bouton aptly 

summarised, ‘successful learning of a new behaviour does not permanently replace an 

earlier one’.209 Moreover, behaviour change context is also key to maintained change 

and as such, new behaviours (in the case of the current work, increased PA) may be 

easily disrupted. Whilst the PAL scheme utilised cues with regard to emails and 

environmental cues with the placement of sensors, more specific work on the types of 

contextual cues to aid with behaviour change should be explored.  
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To promote the internalisation and maintenance of PA behaviour change, future 

intervention studies should support all of the basic psychological needs posited as 

important in SDT (i.e. competence, autonomy, relatedness to others).169,170,206 Studies 

should also examine how the social and physical environment can influence 

participants’ experience of PA interventions, and behaviour change (e.g. enjoyment, 

autonomy). Finally, behaviour change theories should be developed which accurately 

capture the process of PA behaviour change for specific individuals. This is reliant 

upon well-designed intervention studies investigating causal mechanisms by means of 

mediation and moderation analyses, and exploring how these constructs operate 

together.  

 

8.8.12 Engagement and Non-Usage Attrition: Implications for Future Research 

Participant engagement and non-usage attrition are challenges faced in public health 

intervention research. Therefore, future intervention studies should measure levels of 

engagement and non-usage with a view to making recommendations for retaining 

groups of participants who are at the highest risk for non-usage and lack of intervention 

engagement. This is particularly important for studies of web-based interventions 

which are known to be particularly susceptible to non-usage and lack of participant 

engagement.107 Better guidelines on how to measure intervention engagement are 

needed. Future intervention studies should also consider how to ensure that those with 

high risk for non-usage attrition keep engaging in the intervention. This is important 

to ensure participants receive the full potential benefits of the intervention.  

 

Our engagement analysis indicated that when participants found the financial incentive 

attractive and redeemed their points for rewards, there was a positive impact on PA. 

This suggests that offering financial incentives can potentially encourage participants 

to increase their PA behaviour. However, future research is warranted investigating 

the ability of financial incentives to initiate PA and facilitate long-term behaviour 

change. There is little evidence on optimal monetary values, varieties (e.g. retail 

vouchers, more generic gift cards, charity donations, group rewards) or timing of 

incentives, for achieving health behaviour change. Interventionists should consider 

how to retain participants who are initially less financially motivated in studies whose 
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main component is the offer of financial rewards. Moreover, where trials of complex 

interventions such as the PAL Scheme result in a negative primary finding, future work 

needs to determine which element of the intervention ‘does not work’ or whether there 

is a “failure” that signifies sub-optimal fidelity, dose, implementation or of the 

underlying programme Logic Model. For studies of PA interventions requiring 

behavioural practice in the outdoor environment (as was the case for the current study), 

participants’ perceptions of the environment with respect to PA are important 

influencing factors which should be mitigated to optimise engagement and minimise 

non-usage. 

 

8.9 OVERALL LIMITATIONS AND STRENGTHS 

There is a long standing belief that positive results are favoured by scientific journals 

and that this may contribute to “publication bias”. On the other hand, some journals 

claim now to select articles for publication based on their contribution to the literature 

and welcome null results that challenge conventional wisdom or prior expectations.210 

The results from our trial certainly challenged prior expectations. However, it is 

notoriously hard to disprove any hypothesis, and so negative studies must have the 

precision and strength of design to be reasonably persuasive. The revised sample size 

and power calculations for our trial were approved by NIHR, and the effects size on 

which they were premised was within the category of “moderate” effect size observed 

in past PA interventions.211 Even though attrition and loss to follow-up in our study 

was higher than predicted, (though comparable to some other published workplace PA 

trials, such as those of van Dongen et al.140 and Puig Ribera et al.141 we might have 

concluded that accepting the null hypothesis at 12 months was justified.  However, the 

primary outcome was specified at six months and the non-significant difference in 

mean steps/day at 12 months (~500 steps) was, arguably, still of a magnitude which 

could be of public health importance. We would probably have claimed as much had 

the direction of the intervention effect been positive. If the significant negative effect 

at six months is indicative of a true negative effect of this intervention in this setting, 

one might still ask whether the result is generalizable. Is this recruited sample of public 

sector office workers in Northern Ireland representative of office workers elsewhere 

in the UK? We have no reason to conclude that it isn’t,14–16,34 but are mindful of the 

modelling undertaken by Basu and Kiernan143 which demonstrated that two key factors 
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impacting the success of workplace-based financial incentives for behaviour change 

are (i) who participates and (ii) the levels of incentives. Thus we need to examine 

carefully the strengths and limitations of our mediation and moderation analyses to 

gain a better understanding of our findings. 

 

The authors acknowledge the well-known self-report biases associated with the use of 

questionnaires. Where possible, well validated questionnaires were used. There are 

some limitations regarding the use of a pedometer for measuring our primary outcome. 

These include the inability to consider wear time in the processing of the data. The use 

of <250 steps/day as an indicator of non-wear could have removed participants who 

were inactive, or included participants who wore the monitor for a short period and 

erroneously classified them as inactive. The use of a pedometer meant we were not 

able to detect when in the day the PA was accumulated. Using a research grade 

accelerometer could have addressed some of these limitations. Obviously careful 

consideration was given to our choice of primary outcome and the appropriate 

measurement instrument. This inevitably involved a trade-off between reliability, 

efficiency and the cost of PA measurement in a sample of this size (n=1390 was our 

initial sample size). Firstly, we wanted a measure of total PA - which is captured by 

the pedometer - not just MVPA. However, the estimated cost for using accelerometers 

would be £400,000 (Actigraph GT3X ~£250 each) compared to £75,796 for the 

pedometers. After careful consideration, the study team agreed that pedometers 

provided an objective, valid and reliable measure of PA at a reasonable cost for this 

sample size.   

 

We were able to specifically capture workplace PA using the remote sensing 

monitoring system (sensors and keyfobs) and the GPAQ which incorporates a 

workplace PA domain. However, we used a well-validated pedometer, followed a 

standardized measurement protocol (including sealing the pedometer to prevent 

reactivity), and we supplemented the data with the GPAQ and daily PA monitoring 

using the remote sensing system. A broader question remains whether a maximum of 

seven days of physical activity measurement at baseline, six months and 12 months is 

sufficient to adequately document behaviour change. However, at present this is the 

most commonly used approach.151 
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The mediation analyses controlled for baseline values and improves on previous 

studies which have usually relied on cross-sectional data. We followed recommended 

practice and used bias-corrected bootstrap CIs in assessing the significance of the 

indirect effects.113,114Studying the relationship between intervention engagement, PA 

outcomes, and mediators is a useful adjunct to other aspects of the trial’s process 

evaluation that can help us gain additional insights and perspective on the overall 

results. Previous studies have investigated whether engagement (or adherence) is 

predictive of behavioural outcomes198,212–214 without consideration of how they may 

relate to the mechanisms of behaviour change. A strength of our analysis is the 

examination of several distinct indicators of engagement with different components of 

the intervention. The wealth of our qualitative data supporting and complementing the 

quantitative mediator analysis is a key asset that helps us look at “pictures as a whole” 

to find the missing pieces of the health improvement intervention ‘jigsaw’ described 

by Tannahill and Kelly.135 Qualitative analysis is to a certain extent, subjective and 

reliant on the researchers' interpretation of the data.215 However, all transcripts in our 

trial were independently coded by two members of the research team (one member 

was directly involved in facilitating the focus group discussions). 

 

Our study was not powered to detect changes in mediating variables and the power to 

detect changes in some mediators may have been low. Mediators were based on self-

report questionnaire items and may have been subject to measurement error. While all 

mediator measures were based on previously used validated measurement instruments, 

the internal consistency of some mediators was low. Inspection of residual plots 

revealed some analyses may have violated normal-distribution assumptions, and 

sensitivity analyses using logistic regressions showed there were changes in the 

significance of results for some mediators. Whilst previous research on engagement in 

intervention studies has compared engagement between an intervention group and a 

comparison group,111 we were unable to include comparable engagement (e.g. 

recording of daily activity and web usage) data from our Control Group because of the 

nature of the Waiting-List Control. Thus we are cautious not to over-interpret any 

comparison between the mediators of engagement and those disclosed by our main 

effects analysis. Furthermore, whilst measures of the frequency of hits on different 



164 

 

 

sections of the website may indicate the participant’s level of interest in a specific 

intervention component, they do not capture how well the participant processed the 

information.  

 

Another potential limitation is that only baseline variables were investigated as 

predictors of non-usage attrition. Possibly, other factors such as changing levels of 

satisfaction with the intervention, or of PA behaviour itself, may have influenced 

attrition rates. However, our goals were broadly similar to previous studies of 

predictors of non-usage attrition,201 the aim being to better describe the groups who 

continue engaging in an intervention at enrolment. Our definition of non-usage 

attrition (i.e. occurring at the time of the first two week lapse from intervention use) 

may have contributed to the high levels of non-usage attrition observed due to some 

participants potentially taking a two week period of annual leave or other absence from 

work. In general, defining non-usage attrition in workplace interventions is difficult as 

any period of non-use may not be indicative of an intentional lapse from using the 

intervention but may indicate temporary absence from the workplace. Finally, it should 

be remembered that mediation analysis, and analyses pertaining to intervention 

engagement and non-usage attrition, are exploratory. Because of low power and 

multiple testing, they need to be interpreted with caution. 

There are two key strengths to our behavioural economics analysis. First, two stated 

preference methods (i.e. Contingent Valuation, and DCE) were used to investigate the 

optimal levels of financial incentives required to encourage changes in PA, whereas 

previous studies on financial incentives have eschewed such empirical a priori 

groundwork into the appropriate levels of financial incentives. Our approach also 

resonates with the argument that a better understanding of participant preferences 

through DCEs is useful for developing or more effectively delivering interventions.147 

Next, in these adjunct behavioural economic studies, we have used an objective 

measure of PA (i.e. pedometer measurement) to avoid the biases and inaccuracies of 

self-reported measures. Also, using real incentives in the form of cash payments in the 

economic experiments is widely interpreted as helping to ensure that participants 

respond carefully and truthfully in the experiments, by comparison with hypothetical 

elicitations where the participant burden is not related to real rewards. In addition, 

discount rates, present-biasedness, risk preferences and loss aversion were jointly 
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estimated using a tried and tested procedure to eliminate the bias that afflicts analyses 

that attempt their separate estimations.94 

 

However, the behavioural economics analysis also has several limitations. First, 

because of the nature of incentivised and experimentally-controlled economic 

experiments, they take approximately one hour to complete. Consequently, the 

experiments were not conducted during the baseline assessment to keep the participant 

burden to a minimum. However, the participants who had withdrawn from the study 

before the six month follow-up measurement (i.e. when the experiments were 

conducted), were not invited to participate in the experiments and this was specified 

in our ethics approval. This may have resulted in a biased sample147 if the participants 

lost to follow up had systematically higher or lower discount rates. Next, the principle 

behind the time preference theory suggests that individuals who have higher discount 

rates and who are more present-biased are more difficult to be incentivised so that they 

should be provided with greater financial incentives to encourage them to commence 

behavioural change. This hypothesis was not tested in our study, but it opens new 

avenues for future research. 

 

Table 33 provides an overview of the possible competing explanations for the results 

of the trial (negative primary outcome) that have been mentioned throughout the 

report. Broadly, these cover contextual factors, intervention design and 

methodological issues. 
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Table 33: Overview of competing explanations for results of the trial (negative primary outcome) 

Competing 

Explanation 

 

Source of Evidence Strength of 

Evidence 

Author Commentary 

Contextual Factors 

 
Significant 
organisational 
restructuring 

-Senior management 
interviews 
-Participant focus groups 

+ supportive 
evidence 

During our recruitment phase, a number of participating organisations 
undertook significant re-structuring due to the then current economic 
austerity, resulting in uncertainty regarding job security and job 
location; a time when employee health and wellbeing was at its most 
vulnerable. The impact of this was evident in our qualitative data which 
highlighted how motivation can be more usefully seen as a property of 
systems (incorporating technologies, organisation and action) rather 
than just of individuals 

Seasonal effect -All analyses adjusted for 
season  
 

- evidence against Our analyses included an adjustment for seasonal effects which would 
suggest that the six month difference in steps/day between the 
intervention and control groups not due to a seasonal effect 

Intervention Design 

 
Suboptimal choice of 
incentives 

-Participant focus groups 
-39% of points reimbursed for 
vouchers 

+ supportive 
evidence 

The types of vouchers available were based on those which were most 
popular in our pilot trial (same target population) and verified in pre-
intervention focus groups with the target population 

Suboptimal level of 
incentives 

-Participant focus groups 
-39% of points reimbursed for 
vouchers 

+ supportive 
evidence 

The level of incentive (i.e. points value) was determined by a pre-
intervention Contingent Valuation survey with all participants. The 
determined levels were then verified in pre-intervention focus groups 
with the target population. 

Incorrectly specified 
logic model 

-Mediation analyses + supportive 
evidence 

Our results showed increased internal forms of motivation (i.e. 
identified regulation, integrated regulation and intrinsic motivation) for 
the intervention group compared to the control group at four weeks and 
six months. 
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Our results demonstrated that there was no intervention effect for 
financial (extrinsic) motivation at four weeks. 
 
Whilst the intervention group showed increases in some hypothesised 
mediators of initiation, these increases were not related to PA behaviour 
at six months. However, hypothesised mediators of maintenance were 
related to PA behaviour at six months. 
 
As reported above, our results run counter to predictions of self-
determination theory suggesting that there is a role for financial 
incentives and self-regulation interventions. However, the amount of 
variance explained by our measured mediators of behaviour change was 
low. Therefore, future studies would need to examine other potential 
mediators of behaviour change to shed further light on these 
associations. 

Technical issues causing 
frustration in 
intervention group  

-Participant focus groups 
 

+ supportive 
evidence 

There were occasional technical issues with the sensors and fobs which 
had a knock on effect on points accumulated. 
There were clearly some technical issues affecting intervention fidelity. 
Some of the sensors developed battery problems which affected the 
recording and accuracy of the PA behaviour captured, and required 
replacement.   

Intervention too short to 
support behaviour 
change maintenance 

-Author hypothesis - evidence against Our intervention was six months in duration which is in line with other 
PA interventions attempting to elicit and support PA maintenance (a 
period consonant with the mean in a recent review). 

Boredom with 
intervention 
 
 

-Participant focus groups 
- Usage data from the PA 
monitoring system showed 
that the minutes of activity 
recorded on the system 
declined over the six month 
intervention period 
(participants logging at least 

+ supportive 
evidence 

New rewards, walking routes, and double point’s days were regularly 
introduced in an attempt to keep the format fresh and appealing but this 
did not improve workplace PA. 
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10 minutes of activity via the 
PA monitoring system on 25% 
of all possible intervention 
days). 

Study participants in the 
intervention group could 
have felt patronised or 
infantilised by certain 
components of the 
intervention which may 
have been considered 
‘control mechanisms’ by 
some. For example, 
steps being counted and 
recorded online, regular 
email prompts. 
 

- Reviewer hypothesis - evidence against These specific intervention components are not “control mechanisms” 
but are evidence-based behaviour change techniques that were 
embedded within the intervention to help support PA behaviour change 
initiation and maintenance. The rationale for each intervention 
component is detailed in section 2.2.2.1 and the logic model (Figure 7).  
Further, there was also no evidence from our focus group discussions to 
suggest that the participants felt “patronised” or “infantalised”. Rather 
our focus group findings suggested that participants valued the 
opportunity to self-monitor their PA behaviour and receive regular 
feedback (both evidence-based behaviour change techniques). They 
also found the maps very helpful in letting them know where the 
sensors were placed. However, it is possible that those who attended a 
focus group were more likely to be positive which is a common 
criticism of qualitative research.  

Methodological 

Considerations 

 

   

Selection bias - Reviewer hypothesis - evidence against Our eligibility criteria was very broad; participants were randomly 
allocated using suitable methods; cluster randomisation limited 
contamination between groups; the groups were balanced at baseline for 
key demographic characteristics; demographic characteristics of the 
recruited sample are similar to the demographics of public sector 
employees in Northern Ireland. 

Physical activity 
measurement tool 

- Reviewer hypothesis - evidence against A well validated, objective measure of physical activity was employed 
following a validated, standardised protocol. 

Inadequate sample size -Author hypothesis + supportive 
evidence 

The revised sample size and power calculations for our trial were 
approved by the study funder, and the effect size on which they were 
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premised was within the category of “moderate” effect sizes observed 
in past physical activity interventions. 

Hawthorne effect in 
control group 

- Reviewer hypothesis - evidence against At 6 months, the intervention group decreased mean steps/day by 947 
steps, and the control group by 398 steps from baseline. At 12 months, 
the intervention group maintained a reduction in steps from baseline 
(decrease of 552 steps), with the control group returning to baseline 
levels (increase of 98 steps from baseline).  
 

Confounding 
 

-Author hypothesis - evidence against All analyses were adjusted for baseline values, randomisation stratum 
(size of participating organisation) and season with standard errors 
(SEs) corrected for clustering. Analysis was by intention to treat. 
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8.10 RESEARCH RECOMMENDATIONS 

Several recommendations for intervention design, trial design and future research have 

been made throughout the report. Table 34 provides a comprehensive summary of 

these recommendations. Briefly, key methodological recommendations include 

accounting for negative findings and conflicting results between primary and 

secondary outcomes; the need to account for context; understanding causal 

mechanisms; and engagement and non-usage attrition. Intervention design 

recommendations include the use of financial incentives and self-regulation 

techniques; the design of financial incentives-based interventions; the role of SDT and 

the need to integrate individual and employer perspectives. 
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Table 34: Methodological and Intervention Design Recommendations 

Consideration Recommendation  

 

Methodological  

 

Negative findings Determine which element of the intervention ‘did not work’ or whether there is a “failure” that signifies sub-optimal 
fidelity, dose, implementation or of the underlying programme logic model. 

Conflicting findings 
from primary and 
secondary outcomes 

Need to develop methods on how best to balance positive and negative results when primary and secondary outcomes are 
discordant. 

Taking account of 
context 

Future interventions must take account of context in their intervention and evaluation framework.  

Understanding causal 
mechanisms 

Need for a framework based on consensus about how mediation should be measured and tested in trials of complex 
interventions.  Such a framework should include the use of formal mediation tests, the embedding of evidence-based 
techniques for changing hypothesised mediators and the need to investigate constructs with particular relevance for 
initiation and maintenance of behaviour change.  
Future research should examine mediators of adverse effects so we can better understand unintended consequences and 
negative findings. 
Behaviour change theories should be developed which accurately capture the process of PA behaviour change for specific 
individuals. This is reliant upon well-designed intervention studies investigating causal mechanisms by means of mediation 
and moderation analyses, and exploring how these constructs operate together.  

Engagement and non-
usage attrition 

Need to measure levels of engagement and non-usage to understand participants’ non-usage patterns and the contributing 
factors with a view to making recommendations for retaining groups of participants who are at the highest risk for non-
usage and lack of intervention engagement. 
Need to consider how to ensure that those with high risk for non-usage attrition keep engaging in the intervention. 
Need better guidelines on how to measure intervention engagement. 

Intervention Design 
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Use of financial 
incentives  

Our findings suggest that using financial incentives within a complex behaviour change intervention with multiple 
components collectively does not necessarily diminish and may facilitate intrinsic motivation.  
Our findings suggest that the provision of financial incentives does not necessarily increase financial (extrinsic) motivation. 
Our findings run counter to predictions of self-determination theory suggesting that there is a role for financial incentives 
and self-regulation interventions. 
 

Design of financial 
incentive component 

The use of time preference theory should be considered when designing financial incentive-based interventions. 
More research is needed on optimal monetary values, types (e.g. retail vouchers, generic gift cards, charity donations, group 
rewards) and timing of incentives, for achieving health behaviour change. 

Use of self-regulation 
techniques 

Our findings suggest that future PA interventions should make use of self-regulation techniques (e.g. self-monitoring, goal-
setting), with social and environmental prompts. This may promote habit formation and should also allow for the 
internalisation of the behaviour, enabling it to be more sustainable long-term.  

Self Determination 
Theory (SDT) 

To promote the internalisation and maintenance of PA behaviour change, future intervention studies should support all of 
the basic psychological needs posited as important in SDT (i.e. competence, autonomy, relatedness to others).  
Studies should also examine how the social and physical environment can influence participants’ experience of PA 
interventions, and behaviour change (e.g. enjoyment, autonomy). 

Integration of 
individual and 
employer perspectives 

Given the many barriers to being active during the working day reported by our participants, it is not clear how effective 
existing schemes and policies within the workplace are, or how they are being implemented. This evaluative work highlighted 
the need for a ‘top down’ approach, for employees to feel they were supported by management in being more active within 
the workplace.  
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8.11 CONCLUSION 

In summary, the PAL Scheme intervention was not more effective than waiting-list 

control. Reduced health care costs, reduced absenteeism and improved mental 

wellbeing in the intervention group are somewhat noteworthy, and results suggest that 

the intervention could be cost beneficial for employers. Finally, we believe our results 

pose several scientific and real world implementation challenges that are too 

infrequently exposed in public heath intervention trials. 
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APPENDICES  

QUALITATIVE PROCESS EVALUATION STUDY CONTEXT  
 

The majority of participating workplaces had ongoing health improvement 

programmes or policies, with only one workplace reporting no such programmes or 

policies in place. Examples of ongoing programmes within the participating 

workplaces included: free health checks, fitness classes, health talks by local charities 

or other organisations and cycle to work schemes. Six participating workplaces 

explicitly mentioned policies within their organisation relevant to health improvement, 

with examples including ‘Health and wellbeing strategy’, ‘Healthy Eating Policy’ and 

‘Staff Welfare policies’. One participating organisation did not have such policies in 

place. The majority of participating workplaces provided free car parking for staff 

within walking distance to the workplace.  

 

The majority of participants reported travelling more than 1 mile to their place of 
work (92.9%). The average distance travelled by participants was 10.70 (SD 9.92) 
miles. Individual perceptions of the workplace environment are shown in Table 35. 
There was a small but significant difference between Intervention and Control 
Groups for perceived workplace attractiveness at baseline (p=0.028).   
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Table 35. Perceptions of workplace environment  

Perceived workplace measure Intervention Control 

N Mean 

(SD) 

N Mean (SD) 

Workplace Attractiveness (4-20) 438 10.17 
(2.71) 

377 10.63 (3.14) 

Workplace Safety (4-20) 438 10.37 
(2.47) 

377 10.61 (2.68) 

Workplace Accessibility (3-15) 439 6.73 (2.14) 377 6.86 (2.08) 
Workplace Availability (3-15) 439 5.65 (2.00) 376 5.73 (2.11) 
Work place Environment (14-70) 437 32.90 

(6.22) 
376 33.81 (7.07) 

 

Environmental measures, including neighbourhood walkability (for buffers of 200m, 

400m, 800m and 1600m) and distance to nearest green space are shown in Table 36. 

The average distance to the nearest greenspace across all participating sites was 160m. 

Please see Table 1 for descriptions of the constructs of the perceptions of workplace 

environment. 
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Table 36. Objectively measured environmental variables for each workplace  

Workplace Neighbourhood Walkability Distance to nearest greenspace (m) 

200m 400m 800m 1600m 

Queen's University Belfast 4.713929 5.589759 4.525275 6.746569 83.88 
Lisburn City Council 0.91465 1.02877 -1.4841 -1.57334 25.02 
Stormont Estate -3.991 -4.3998 -6.93502 -6.83894 93.24 
Belfast City Hospital 5.323861 5.174881 4.492633 7.360332 299.21 
Northern Ireland Housing Executive 0.193904 -0.03975 -0.01453 -0.48188 260.72 
Lisburn Jobs and Benefits Office 0.21769 -0.28801 0.182381 -0.70459 215.45 
Northern Ireland Fire and Rescue Service -0.36682 0.10832 -0.72576 -0.74107 418.31 
Northern Ireland Environment Agency 0.32344 0.540713 -0.19459 -0.67335 278.65 
Wallace High School -2.62456 -2.5966 -1.27271 -0.40642 55.57 
Friends School -4.55482 -4.13064 -0.18929 -0.53366 36.48 
South Eastern Regional College 3.599555 1.994418 1.088759 -0.77367 85.57 
Lagan Valley Hospital -3.74985 -2.98204 0.526789 -1.37984 67.75 
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Figure 7.  Logic model of the Physical Activity Loyalty scheme 

Intervention 

Multi-component 
intervention includes 
provision of points and 
rewards (non-cash 
financial incentives) 
contingent on meeting 
targeted behaviour goals 

The following BCTs are 
included: 
-immediate reward 
contingent on behaviour 
change; self-monitoring 
and feedback; info 
where/when to perform 
physical activity; 
specific goal setting; 
prompts and cues; 
action planning; barrier 
identification; social 
support; provision of 
info about health 
benefits of physical 
activity; habit 
formation; behavioural 
practice/rehearsal; 
behaviour substitution; 
adding objects to the 
environment; problem 
solving. 

Possible Mediators 

Uptake and Initiation: 

-self-efficacy 
-intention 
-outcome expectancies 
-social norms 
-discounting behaviour 
-perceptions of workplace 
environment 
-access to physical activity 
opportunities 
-usage of PAL card 
-usage of website 
-web engagement and 
confidence 

Maintenance 

-habit 
-recovery self-efficacy 
-social norms 
-satisfaction with outcome 
expectancies 
 

Short-Term (0-6 mths) 

Gradual transition from 
focus on extrinsic 
motivation (rewards) to 
intrinsic motivation to 
increase physical activity 
by: 

-reducing the extrinsic 
motivator by reducing 
the frequency of rewards 
given and rewards of 
lesser value; 
-increase intrinsic 
motivators by increasing 
the emphasis on other 
BCTs in scheme, e.g. 
self-monitoring, 
feedback, goal setting, 
social support, planning, 
prompts and cues 

Medium Term (12 mths) 

Maintained behaviour 
change leads to: 

-maintained increase of 
physical activity levels 

Long-Term (18 mths) 

Maintained behaviour 
change leads to 
maintained levels of: 

Physical activity 
Health 
Mental wellbeing 
Work absenteeism 
and presenteeism 

Habit 
Recovery self-efficacy 
Social norms 
Satisfaction with 
outcome expectancies 
 
Further maintained 
behaviour change (> 3 
yrs) leads to reduced 
risk of: 
CVD 
Cancer 
Hypertension 
Diabetes 
Stroke 

Underpinning Theoretical Framework 

Short-Term (6 mths) 

Leads to increase in: 

Physical activity 

Health 

Mental wellbeing 

Work absenteeism and 
presenteeism 

Recovery self-efficacy 

Social norms 

Perceptions of environment 

Internet confidence 

Outcome expectancy 

Habit 

Social Cognitive Theory Learning Theory 


