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A B S T R A C T

Objectives: To assess the feasibility, and demonstrate the preliminary relative efficacy of, individual and/or
combined financial incentives interventions for physical activity.
Design: Eighty participants were randomised to conditions receiving either: (i) a monetary contingency contract
(where individuals deposit money, forfeited or returned depending on goal achievement) plus a standard fi-
nancial incentive (simple reward upon achievement), (ii) a monetary contingency contract only, (iii) a standard
incentive only, or controls groups (iv) with or (v) without a set behavioural goal. Feasibility was investigated
through assessment of intervention acceptability, cost-effectiveness, study retention, contamination and missing
data. The effects of the interventions on (i) physical activity (daily steps over 2-weeks) and (ii) potential
mediators (e.g. intentions) were assessed also.
Results: Indicators of feasibility were generally positive, with high acceptability ratings, low drop-out and low
missing data. Participants receiving monetary contingency contracts plus standard financial incentives had (i)
increased steps above controls (with some evidence of superiority over monetary contingency contract-only
participants), (ii) the highest prevalence of goal achievement and cost-effectiveness (being between 57 and
317% cheaper per goal achiever versus other conditions) and (iii) larger deposits than contingency contract-only
participants (with some evidence that higher deposits increased steps). There was evidence of contamination
between participants, but the results were mostly robust after excluding ‘contaminated’ participants. No dif-
ferences were observed on psychological mediators.
Conclusion: This feasibility trial found promising results for a combined strategy approach to physical activity
incentivisation, though a larger confirmatory trial is required.

1. Introduction

Across the developed world, physical inactivity is endemic (Dumith,
Hallal, Reis, & Kohl, 2011), contributing to increasing obesity and as-
sociated diseases (González, Fuentes, & Márquez, 2017). In the USA,
physical inactivity may account for around 8.7% of healthcare ex-
penditure (Carlson, Fulton, Pratt, Yang, & Adams, 2015) and in the UK,
the tax-payer funded National Health Service spends around £1.2 bil-
lion annually due to inactivity related conditions (BHF, 2017) (see also
Ding et al., 2016). Perhaps the most accessible way of buffering against
inactivity related conditions is to increase walking; a 20% increase in
steps-per-day may produce tangible health benefits (Dasgupta et al.,
2017; Ewald, Oldmeadow, & Attia, 2017; Hajna, Ross, & Dasgupta,

2017). As a rule of thumb at least 10,000 daily steps, which many
governments and organisations endorse, appears a healthy aim for most
people (Wattanapisit & Thanamee, 2017).

A challenge in changing physical activity is that its long-term re-
wards (e.g., improved fitness) compete against more immediate re-
wards offered by other behaviours (e.g., watching television). Offering
individuals financial incentives (FIs) for physical activity may address
this issue. Promberger and Marteau (2013) suggest if FIs are sufficiently
large, certain, and close enough in time to a behaviour, they may tilt the
balance in its favour (see Leonard & Shuval, 2017). While FIs, as an
extrinsic motive, may undermine intrinsic motivation (a key determi-
nant of sustained behaviour change) (Deci, Koestner, & Ryan, 1999;
Johnston & Sniehotta, 2010) Promberger and Marteau (2013) argue
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that this is unlikely. First, individuals offered FIs are likely those in-
herently low in intrinsic motivation (because they do not exercise
regularly) and second, intrinsic motivation may not map strongly onto
physical activity because, for example, individuals could exercise for
less intrinsically motivating reasons (e.g., to improve appearance).
Further, while non-predictable versus fixed rewards may be more ef-
fective in generating habitual behaviour (Wood & Neal, 2016), it may
be that FIs can at least help establish habitual physical activity; after
which the cessation of extrinsic rewards may not threaten long term
maintenance (Acland & Levy, 2015; Charness & Gneezy, 2009).

Although public attitudes towards the use of FIs to change health
behaviours are generally negative (especially compared to alternative
interventions) (Promberger, Brown, Ashcroft, & Marteau, 2011), they
are judged more acceptable when incentives are perceived as effective
(Promberger, Dolan, & Marteau, 2012). Further, from the perspective of
the target individual, incentives are likely to be at least as acceptable as
no incentives for various health behaviours (Giles, Becker, Ternant,
Sniehotta, McColl & Adams, 2016).

Studies have compared FIs against control groups on physical ac-
tivity with promising results (e.g., Courneya, Estabrooks, & Nigg, 1997;
Finkelstein, Brown, Brown, & Buchner, 2008; Pope & Harvey-Berino,
2013). Larger rewards and rewards (i) received only upon achieving a
goal and (ii) in non-lottery-based structures, appear more effective
(Barte & Wendel-Vos, 2017; Mitchell et al., 2013). However, the impact
of FIs have often been tested as additions to existing programmes (e.g.,
Shin et al., 2017) which is problematic because it is unclear whether the
FI is effective individually. Studies also typically investigate specific FI
modalities only, such as changes in fuel prices (e.g., Hou et al., 2011),
discounted gym use (Tanham, Murphy, & Breslin, 2014), and paying
participants contingent on their levels of physical activity (e.g.,
Finkelstein et al., 2008). While testing specific types of FIs versus
controls is useful, it may be more useful to directly compare different
types of FIs; some FIs may be more cost-effective.

In a rare within-study comparison of different types of FIs, Patel
et al. (2016) reported that loss-framed monetary incentives (losing
$1.40 daily for not meeting a step goal) but not gain-based incentives
(earning $1.40 for every day a step goal was met) or cash-based lot-
teries outperformed a control group. This is consistent with a series of
studies by Tversky and Kahneman (1981) showing that individuals are
more willing to make risky choices to avoid losses than to achieve
equivalent-sized monetary gains. Subsequent work (e.g., Rothman &
Salovey, 1997), however, has suggested that the frame (gain/loss) ef-
fect may be moderated by behaviour type. For example, loss-framed
messages are considered more effective for risky (i.e., detection: cancer
screening attendance) versus less risky behaviours (i.e., prevention:
exercise). In support, Latimer, Brawley, and Bassett (2010) reported
that of six studies that compared gain versus loss-framed health in-
formation regarding physical activity, two studies showed a positive
main effect favouring gain-framed messages (versus zero for loss-
framed messages). However, while this review provides some weak
evidence favouring financial reward for performing, versus financial
losses for not performing physical activity, none of the included studies
actually manipulated monetary losses or gains. This is problematic
because there is evidence that interventions that capitalise on partici-
pants’ aversion of monetary loss, such as monetary contingency con-
tracts (MCCs), may boost physical activity.

MCCs have the potential to be less expensive, and thus more cost-
effective than standard FIs; MCCs involve depositing money which
could be lost contingent on not meeting a pre-specified goal. Based on
the concept of negative reinforcement, MCCs introduce an aversive
stimulus (the threat of losing money) which is removed upon the per-
formance of the desired behaviour (see Baum, 2017). Through re-
moving the aversive stimulus, the desired behaviour becomes more
likely to be performed in the future. Meta-analytic evidence suggests
MCCs may aid weight loss and that participants are willing to pay into
them (Sykes-Muskett, Prestwich, Lawton, & Armitage, 2015; Sykes-

Muskett, Prestwich, Lawton, Meads, & Armitage, 2017).
Comparisons of standard FIs and MCCs in changing health beha-

viours have produced mixed results. In Halpern et al. (2015) reward-
based programmes versus MCCs were more accepted, and more effec-
tive for smoking abstinence (15.7% vs. 10.2%) (both outperformed
usual care: 6%). However, after accounting for differences in accep-
tance, MCCs were superior. These findings are complicated because the
MCC was combined with a FI. Similarly, Donlin Washington, McMullen,
and Devoto (2016) required participants to make a MCC deposit of $25
but offered an additional cash reward should they achieve a beha-
vioural goal (10,000 steps). Thus, the willingness to pay a deposit into a
MCC alone (particularly for physical activity) is not clear. Moreover,
while Donlin Washington et al. reported MCCs combined with a FI were
as effective as FI-only, there was no control condition so firm conclu-
sions regarding effectiveness are precluded.

In the only direct comparison of standard FI and MCCs (not com-
bined with cash rewards) on physical activity, Burns and Rothman
(2018) demonstrated cash rewards and MCCs, regardless of using a
fixed or variable reward schedule, yielded similar increases in walking,
each outperforming a control condition. However, they did not test
whether combining the two types of FI conferred any additional benefit.
Matching the amount that individuals are willing to pay into a MCC
with an additional FI may yield stronger effects, at least in part because
this approach may increase the amount of money that individuals are
willing to deposit into a MCC. Indeed, encouraging greater deposits -
and thus making goal failure more aversive may be one (previously
unstudied) mechanism by which MCC efficacy is modified.

Other mechanisms through which different types of FIs promote
physical activity require examination also. Although FIs may not
change autonomous motivation (e.g., Promberger & Marteau, 2013)
this requires formal investigation. Instead, by providing an external
reward, it may be that incentives increase controlled motivation. While
controlled motivation (in line with self-determination theory) may not
be most conducive to enduring physical activity, it has been demon-
strated to be associated with exercise intention formation (e.g. Willem,
De Rycke, & Theeboom, 2017) and may develop into autonomous
motivation over time (Deci & Ryan, 2000). Controlled motivation, by
increasing the importance of the behaviour, may also lead to self-
monitoring of behaviour which is highly associated with achieving
behavioural goals (Harkin et al., 2016).

In summary, while there is evidence showing FIs promote physical
activity, there are several unknowns regarding (i) the impact of in-
dividual and combined types of FIs delivered outside of existing pro-
grammes and (ii) possible mediators including autonomous (intrinsic-
related) and controlled (extrinsic-related) motivation, as well as (iii)
how acceptable different types of FIs are. Without such data, it is un-
clear how feasible or justified testing such interventions are within
longer-term studies. Here, a feasibility study was conducted at a UK-
based university to examine whether interventions using different FI
strategies differentially modified physical activity (pedometer-assessed
daily walking).

1.1. Objectives

The present study had four objectives, collectively addressing each
was necessary to inform fully-powered and longer-term trials of dif-
ferent types of FIs: (i) To evaluate data collection procedures: whether
participants completed the relevant measures, whether levels of activity
untracked by a pedometer was equivalent across groups and to assess
the risk of contamination between conditions. This was important to
minimise threats to the internal validity of the study; (ii) To evaluate
the acceptability and suitability of the intervention and study proce-
dures: in particular, participant retention, responses to quantitative and
qualitative measures of acceptability and to identify the proportion of
participants willing to pay into a MCC and whether this influenced
through the offer of additional rewards. This was important because
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widespread acceptability of an (effective) intervention may maximise
intervention effects; (iii) To present a preliminary evaluation of effec-
tiveness: specifically, whether different types of FIs lead to different
levels of physical activity change, as well as a preliminary estimate of
the relative strategy cost effectiveness. This may have indicated, not-
withstanding potential (particularly Type-II) errors, whether further
testing of these interventions is warranted; (iv) To identify potential
mechanisms (intention, intrinsic/autonomous motivation, extrinsic/
controlled motivation, amotivation, frequency of self-monitoring, de-
posit size) which could explain why particular types of FIs could be
effective. Understanding potential mechanisms is useful; serving to in-
dicate how particular behaviour change effects can be maximized, for
example by indicating whether different behaviour change techniques
targeting other important mechanisms (unaffected by the intervention)
are warranted (Prestwich, Kenworthy, & Conner, 2017).

Although the study was not a-priori statistically powered, it was
predicted that all types of FIs would promote steps, motivation (in-
creased controlled motivation and behavioural intentions, reduced
amotivation) and progress monitoring relative to the comparison con-
ditions. It was also predicted that participants in a combined MCC and
standard FI condition would deposit more money on average than
participants in a MCC-only condition. Differences in controlled moti-
vation, amotivation, progress monitoring and deposit size were antici-
pated to mediate the effects of the interventions on steps. Whether the
interventions served to reduce autonomous motivation or to have no
negative effect on autonomous motivation was explored.

2. Method

2.1. Participants

Eighty participants were recruited. Participants were identified via
email responses to poster/email advertisements and screened via an
online eligibility questionnaire. Included participants were (i) aged
18–65 and (ii) classified as having low/moderate levels of physical
activity (IPAQ-Short Form category one and two, respectively).
Excluded were those (i) at risk of negative health impacts following
increased activity (based on the Physical Activity Readiness
Questionnaire), (ii) with insufficient English language skills.

2.2. Design

A factorial (+1 condition), five-arm, parallel groups, randomised
controlled trial was conducted from June 2016 to October 2017.
Twelve participants per condition was the sample size aim, though to
account for attrition, 16 were recruited. Allocations (1:1:1:1:1) were
specified and listed in a randomly generated order. Each consecutive
participant recruited into the study was then assigned to the corre-
sponding condition next in the list. Participants were masked to con-
ditions, experimenters (including data analysts) were not.

Participants attended the laboratory three times; time 1 on day 0,
time 2 on day 8 and time 3 on day 23. At time 2 all but one condition was
set a goal of increasing their daily steps over a period of two weeks
(between time 2 and 3). Goals were based on the median number of
steps each participant achieved between time 1 and 2; participants
walking ≤8000 median daily steps were given a goal of 10,000 daily
steps, participants walking>8000 steps were given a goal of 12,000.
These were chosen to maximally enhance goal achievement in line with
Locke and Latham (2002); they were specific and difficult (at minimum
2000 steps more than participants’ current average) - but not too dif-
ficult (for participants averaging fewer than 8000 steps, 12,000 steps
was considered likely to undermine goal commitment through in-
sufficient self-efficacy).

Participants could receive a payment of £25 worth of shopping
vouchers for completing relevant measures (£15 at time 2, £10 at time
3), though allocation to certain conditions gave participants the chance

of earning more (or less).
Condition 1. Financial incentive (FI). Study completers could

earn £25 or £40; participants earned £15 in vouchers (in addition to the
standard £15 at time 2 and £10 at time 3) if they met their set goal on 12
of the 14 days (between time 2 and 3).

Condition 2. Monetary contingency contract (MCC). Completers
could earn between £10 and £25; participants had the option of putting
£0, £5, £10 or all of their time 2 £15 voucher aside. Failing to meet their
goal on 12 out of 14 days forfeited whatever they put aside (though still
received the standard time 3 £10 voucher). Participants were given a
24-h period to withdraw their decision to put vouchers aside and re-
trieve the full value. Note that the option to put zero money aside was
given to participants (i) due to ethical reasons and (ii) to assess real-
world engagement with the paradigm (i.e., ecological validity).

Condition 3. Monetary contingency and financial incentive
(MCC+ FI). Completers could earn between £10 and £40; as above,
participants could put some of the voucher aside (with a 24-h window),
and forfeited that amount if they failed to achieve their goal. However,
if they achieved their goal on 12 of 14 days they received double the
amount they put aside at time 2, as well as the standard £10 partici-
pation voucher at time 3.

Condition 4. Control with goal (CG). Completers earned £25;
participants were given a goal but were offered no financial incentive to
achieve it, receiving only the standard participation vouchers.

Condition 5. Control without goal (CWOG). Completers earned
£25; participants were given no step goal and received participation
vouchers only.

To investigate effects on potential psychological mediators of be-
haviour change, behavioural intentions and three facets of motivation
(controlled, autonomous and amotivation) were assessed at time 1, time
2 and once at time 3. Additionally, to investigate whether monitoring
was related to daily step increases, participants noted the frequency
which they had monitored their daily step count per se and the fre-
quency they monitored their step count to judge goal progress, at time
3. At time 3 participants also completed measures of intervention ac-
ceptability, contamination and were encouraged to add any further
comments on their experience with the study.

2.3. Measures

Daily steps. Yamax/Yamasa PZ-271 pedometers assessed steps. The
range has good evidence of reliability and validity (e.g., Crouter,
Schneider, Karabulut, & Bassett, 2003). Participants were instructed to
attach the pedometer (which reset at 2am each morning) to their hip
upon morning awakening until bedtime. Participants could monitor
their steps ad libitum.

To adjust for hours of walking not recorded through pedometer non-
compliance, participants were asked to complete a non-wear time
questionnaire at time 2 and 3. Daily steps were therefore assessed (i)
adjusted for non-wear time: (total n steps over n days/total n of waking
hours in n days – n hours pedometer was not worn)*16, where 16 h was
assumed to be the typical time spent awake by the participants, and (ii)
unadjusted: total n steps over n days/n of days worn.

To capture physical activity not obtained by the pedometer, those
stating they had not worn the pedometer for ≥1 h were required to
describe any exercise and walking journeys above 10min they engaged
in without the pedometer. Participants were categorized as doing vs.
not doing at least some moderate physical activity (i.e. brisk/fast
walking or any exercise) while not wearing the pedometer at time 3.

Motivation. The 15-item Treatment Self-Regulation Questionnaire
(TSRQ) (Levesque et al., 2006) assessed autonomous motivation, con-
trolled motivation (six items each) and amotivation (three items). Re-
sponses were rated from 1 (not at all) to 7 (very true). Internal con-
sistency for each subscale was good (see supplementary Table S1), apart
from the amotivation subscale at time 1 and 3. Dropping one item
considerably improved consistency (e.g. time 3 Mcdonald’s ω = 0.68 to
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.78), thus a truncated version was used.
Behavioural intentions. Participants rated four items (due to dif-

fering step goals) related to their n = 8000, 10,000, 12,000 and 14,000
daily step intentions (“I intend to take at least ____ over the next 14 days”)
from 1 (strongly disagree) to 7 (strongly agree). Internal consistency
was excellent (Table S1).

Self-monitoring & progress monitoring. Participants reported
how frequently they had checked their step count in the previous 14
days, from 1 (“never”) to 7 (“several times a day”). Progress monitoring,
the frequency participants checked how close they were to achieving
their step goal was assessed likewise.

Intervention acceptability. Participants rated eight statements
assessing the degree they found the intervention, for example, “helpful”
from 1 (strongly disagree) to 5 (strongly agree). Those in the MCC, FI
and MCC+FI conditions were asked to rate a further two statements
related to vouchers (e.g. “I liked earning vouchers”). Written participant
feedback about the study was also encouraged to provide insight into
improving participant experience.

Contamination check. Participants reported whether they knew of
any other participants, and if applicable (i) how many, (ii) whether they
discussed the study with them, and (iii) whether they knew what an-
other participant was required to do. Those who stated they knew what
others had to do were asked to write a description of the requirements/
rewards of the other participant(s).

2.4. Procedure

Day 0: Time 1 (baseline). After providing informed consent, par-
ticipants completed behavioural intention/motivation measures and
were fitted with a pedometer.

Day 8: Time 2 (pre-intervention). Participants completed mea-
sures of behavioural intentions, motivation and pedometer non-wear-
time before being provided with condition-specific instructions. The
pedometer was retrieved while participants completed the measures,
and step counts where taken from the memory.

Day 23: Time 3 (post-intervention). Participants completed
measures of intentions, motivation, pedometer non-wear-time, self/
progress monitoring, intervention acceptability, contamination and
offered any comments regarding their experience. The pedometer was
retrieved while participants completed the measures, and step counts
taken from the memory. Depending on their condition, participants
received their respective voucher rewards. Participants were debriefed
via email.

2.5. Analysis strategy

Analyses were conducted using JASP and Jamovi software.
Throughout, alpha was set at .05 (two tailed). Between subjects AN(C)
OVA was used for analyses with one DV and one IV with>2 levels
(e.g., step counts between conditions), MAN(C)OVA when>1 DV (e.g.,
randomisation/attrition checks), and a within-between ANCOVA with
repeated measures (motivation and intentions between conditions over
time). Chi-Squared tests assessed differences when IVs and DVs were
categorical (e.g. contamination between conditions), with logistic re-
gression further investigating condition goal achievement and multi-
nomial regression investigating deposit amount between MCC versus
MCC+FI conditions. Exploratory bootstrapped (1000 resamples) med-
iation models formally assessed potential mechanisms for the effect of
condition on step counts. This was done only when there was evidence
that the potential mediating variable (e.g. intentions or deposit size)
was significantly affected by condition allocation and that it predicted
step counts. It was acknowledged that with a feasibility study sample
size significance testing may be prone to Type-II error. To partially
offset this in primary analyses, Bayes factor (BF10) equivalents of all the
above frequentist tests were used - thus evidence for null effects could
be quantified. Here, BF10 1–3 = anecdotal (+), 3–10 = moderate (+

+), 10+ = strong (+++) evidence in favour of the alternative over
the null hypothesis, and 0.33–1 = anecdotal (=), 0.10–0.33 = mod-
erate (==) and 0.03–0.10 = strong (===) evidence for the null over
the alternative hypothesis (c.f. Quintana & Williams, 2018;
Wagenmakers et al., 2018). Sensitivity analyses assessed the results
with set priors of r=0.3, 0.5 and 0.7 (or equivalent). The BF10 inter-
pretation (e.g. anecdotal versus moderate) did not meaningfully change
between priors for any primary analysis (results using JASP defaults
were reported c.f. Quintana & Williams, 2018; Wagenmakers et al.,
2018).

Bayesian post-hoc analyses were conducted using standard t-test
equivalents with the JASP default Cauchy prior (0.71) (Wagenmakers
et al., 2018). Post-hoc tests conducted within the frequentist tradition
were for multiple comparisons to mitigate Type-I error inflation. Sub-
scripts proceeding p value labels denote the adjustment method used
(Tukey or Holm methods, depending on the analysis).

Condition cost-effectiveness was determined by dividing the total
expenditure per condition by the number of successful goal achieve-
ments per condition (assuming that the CWOG condition had a goal
based on their baseline steps); generating a measure of expenditure per
goal achievement. Each condition was compared against the highest
achieving condition (MCC+FI) by dividing its expenditure per goal
achievement by the corresponding MCC+FI figure (relative ex-
penditures are reported as percentages).

3. Results

Sixteen participants per condition were recruited (n= 80).
Participants were mostly female (90%) and were an average age of 34.2
(SD=11.6) years. Thirty percent were students and 66.3% were uni-
versity employees (see Table 1).

3.1. Objective 1: Assessing data collection procedures

Missing data. Data were well captured across measures. For all
motivation/monitoring measures at all time-points, data were missing
for 4 participants (5%) or fewer. Pre-intervention average steps data
were missing for 2 (2.5%) participants, post-intervention 6 (7.5%).
Pedometer non-wear time data were missing for 5 (6.3%) or fewer
participants across time-points. Six (7.5%) participants had missing
data for the first contamination item. Acceptability ratings had 5 (6.3%)
or fewer participants missing data. For demographic data, age and
student status was missing for 3 (3.8%) participants, sex for zero.

Validity checks. Between-condition proportions of participants
reporting any physical activity deemed at or above METs ‘moderate’
(brisk/fast walking and exercise/dancing) while not wearing the ped-
ometer at time 3 were investigated. There were no significant differ-
ences between those involving MCCs versus others, and no differences
between individual conditions. However, there was a risk that condi-
tions with FIs would be incentivised not only to walk more, but to wear
their pedometer more often whilst doing physical activities (increasing
their chances of goal achievement and monetary reward). This was
found to be the case, χ2(1)= 4.49, p = .03, after conditions including
financial (MCC+FI, FI) versus no financial incentive (MCC, CG, CWOG)
were compared.

There were no significant differences between conditions in the (i)
proportion of participants knowing another participant, (ii) total
number known, and (iii) proportion of participants reporting that they
discussed the study with another participant. However, there was a
significant between-condition difference in the number of participants
reporting that they knew what another participant had to do in the
study (p= .05). Inspection of the further comments section on the
contamination measure revealed that two participants were only ex-
posed to others in the same condition. After recoding these participants
as non-exposed, between-condition differences remained as above,
χ2(4)= 10.07, p = .04. No participants in the MCC+FI, FI or CG
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conditions were exposed to other manipulations; five CWOG and one
MCC participant were.

The potential impact of participants being more or less likely across
conditions to do physical activity while not wearing the pedometer was
taken into account by considering pedometer steps adjusted for non-
wear time. Sensitivity analyses were also conducted to examine whe-
ther effects changed (i) excluding individuals who engaged in moderate
or above physical activity without the pedometers and (ii) excluding
individuals who had become aware of what participants in different
conditions were required to do (see Objective 3).

3.2. Objective 2: Acceptability and suitability of the intervention and study
procedures

Quantitative feedback. There were no significant differences be-
tween groups on the acceptability related items completed by all con-
ditions, or the two additional voucher themed items completed by those
in the FI, MCC, and MCC+FI conditions. All mean scores were greater
than 4 (see supplementary Table S2) (indicating above middle ratings,
thus seemingly high intervention acceptability), with exceptions on the
‘fun’ item (FI-only= 3.40, MCC-only= 3.88, CG=3.71), and in the
MCC-only condition, the item asking whether vouchers increased their
walking (3.38; likely because not all participants deposited their vou-
chers).

Qualitative feedback. Various informative participant comments
were made (see supplementary Table S3). Briefly, nine participants
suggested that an incentive was highly motivating, though one sug-
gested this may only be true in the short term. Having a pedometer and
thus being able to monitor step counts was considered useful: “[it] made
me think more about walking”, “[it] was eye opening […] helpful in raising
awareness”. Though some participants did have reservations about the
pedometer: (e.g. “… it was not easy to use, too bulky”).

Retention. Seventy-six (95%) participants completed the study.
Two dropped out pre-intervention (time 2), two post-intervention (be-
tween time 2 and 3) (see supplementary Figure S1). Drop outs and
completers did not differ significantly by condition or any other mea-
sured variable (e.g. age, baseline steps, baseline intentions).

MCC adherence. No participants in any condition asked for their
vouchers back. There was a significant omnibus effect, and moderate
evidence for, between-condition differences (MCC+FI versus MCC-
only) in deposit amount, χ2(3)= 7.87, p= .05, BF10 = 4.25 (++) (see
supplementary Figure S2). Those in the MCC+FI condition, compared
to those in the MCC-only condition, were significantly more likely to
deposit £15 versus £0 (OR = 3, p= .02), but equally likely, versus £0,
to deposit £10 (p= .95) and £5 (p = .24). Multinomial model post-hoc
tests showed that those in the MCC-only condition versus MCC+FI

condition were 43% more likely to deposit £0 (pHolm= .03), 35% less
likely to deposit £15 (pHolm= .08) and 1% (pHolm= .95) and 7%
(pHolm= .34) less likely to deposit £5 and £10 respectively.

3.3. Objective 3: Preliminary evaluation of effectiveness

Age differed significantly across conditions, F(4, 70)= 2.61,
p= .04, FI participants were marginally younger than MCC participants
(M=28.67 years, SD=8.83 versus M=39.53, SD=12.19,
pTukey= .06). Sex marginally varied across conditions, χ2(4)= 9.17,
p = .06; of all 8 men in the study, half were in the CG condition, and
zero were in the MCC-only or MCC+FI conditions. There were no other
pre-intervention between-condition differences. Subsequent analyses
controlled for age (note that results were similar when controlling for
age and sex and are available on request).

Adjusted and unadjusted steps. Controlling for age and baseline
steps, there were significant between-condition differences on adjusted,
F(4, 64)= 3.70, p < .01, ω2= 0.08, η2= 0.12, η2p= .19 and un-
adjusted steps, F(4, 64)= 4.06, p < .01, ω2= 0.09, η2= 0.12,
η2p= .20, with moderate-sized Bayes factors (adjusted: BF10 = 4.88,
++; unadjusted: BF10 = 7.56, ++). MCC+FI participants achieved
marginally more adjusted steps than CG participants, adjusted: t
(64)= 2.67, pTukey= .07, mean difference= 2772 steps, SE= 1038,
BF10 = 1.32 (+), though significantly more than both the MCC-only, t
(64)= 2.94, pTukey= .04, mean difference= 2909, SE= 990,
BF10= 0.81 (=) and CWOG participants, t(64)= 3.03, pTukey= .03,
mean difference=2897, SE=956, BF10 = 3.32 (++). MCC+FI also
achieved significantly more unadjusted steps than both controls See
Table 2 for an overview of the results.

Robustness checks. After reanalysis of steps outcomes following
the removal of ‘contaminated’ participants, all main effects remained
significant, and evidence against the null remained moderate. However,
post-hoc tests showed that the difference between MCC+FI and the CG
condition were mostly only marginally significant, with anecdotal
Bayes factors. After removing participants who engaged in exercise
without the pedometer, all main effects remained significant and Bayes
factors favoured the alternative hypothesis. The only significant post-
hoc comparison that remained significant was more steps in MCC+FI
versus CWOG condition (see Table 2).

Goal achievement. Goal achievement was significantly different
between conditions, χ2(4)= 10.13 p= .04, with a moderate-sized
Bayes factor (BF10 = 4.25, ++) (++ remained with prior con-
centrations of 1, 3, 5 and 7). Those in the MCC+FI had significantly
higher odds of goal achievement versus the CWOG condition (reference
condition) (odds ratio (OR) = 11.84, p= .01). Other conditions had
non-significantly higher odds (all p > .13, OR: FI= 4.25, CG=2.12,

Table 1
Mean (SD) sample characteristics between conditions at baseline.

Variable FI MCC MCC+FI CG CWOG p

Age 28.67 (8.83) 39.53 (12.19) 37.25 (13.02) 29.67 (9.57) 35.75 (10.83) .04
Age range 20–45 21–64 23–61 18–51 23–59 –
Sex (% female) 93.3 100 100 66.6 76.9 .06
Steps (unadjusted) 7672 (3386) 8390 (2758) 7752 (2711) 9044 (3864) 7850 (3015) .47
%≥ 10,000 daily average (unadjusted) 20 19 25 33 13 .70
%≤ 8000 daily average (unadjusted) 47 38 50 53 63 .71
Steps (adjusted) 8146 (3489) 9052 (2770) 8259 (2407) 9895 (3809) 8150 (3220) .70
%≥ 10,000 daily average (adjusted) 27 31 25 40 13 .53
%≤ 8000 daily average (adjusted) 47 31 38 40 50 .84
Total hours not worn the pedometer 10.47 (18.59) 10.84 (18.66) 11.38 (16.28) 9.33 (13.63) 4.84 (4.46) .50
% doing some physical activity without wearing the pedometer 40 25 13 33 19 .41
Intention 4.63 (1.19) 4.78 (1.88) 4.83 (1.68) 4.47 (1.12) 4.33 (1.17) .83
Autonomous motivation 4.88 (1) 5.04 (0.81) 4.98 (1.47) 5.25 (1.12) 4.96 (0.77) .90
Controlled motivation 2.13 (0.76) 2.44 (1) 2.47 (1.41) 2.35 (1.05) 2.26 (1.18) .87
Amotivation 2.64 (1.16) 2.27 (0.90) 2.54 (1.23) 2.48 (0.79) 2.60 (1.02) .99

Note. FI = standard financial incentive; MCC = monetary contingency contract; MCC+FI = monetary contingency contract + standard financial incentive;
CG= control with a set goal; CWOG= control without a set goal.
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MCC=2.49) (see supplementary Figure S3).
Cost effectiveness. Per participant pay-outs (mean, SD; including

money paid up to the point of drop-out) per condition were:
MCC+FI = £515 (£32.2, £10.5), MCC = £380 (£23.8, £3.9),
FI = £440 (£27.5, £10.8), CG = £375 (£23.4, £6.3) and
CWOG = £390 (£24.4, £2.5). Cost per successful goal completion was:
MCC+FI = £46.82, MCC = £76, FI = £73.33, CG = £93.75 and
CWOG = £195. Compared to the highest goal achieving condition
(MCC+FI, 11/16 participants), others were thus 62% (MCC, 5/16),
57% (FI, 6/16), 100% (CG, 4/16) % and 317% (CWOG, 2/16) more
expensive per goal achiever.

3.4. Objective 4: Identifying potential intervention mechanisms

Psychological variables. There were no significant main or time x
condition effects (and moderate to strong Bayes factor supporting null
effects) on intentions, autonomous and controlled motivation, or
amotivation (supplementary Table S1). The same was true of self- or
progress-monitoring.

Deposit size. Given those in the MCC+FI versus MCC-only condi-
tion were significantly more likely to deposit £15 versus £0 (see
Objective 2), deposit size represented a viable mechanism explaining
between-condition step count differences (see Objective 3).
Furthermore, there was evidence to suggest between-deposit (£0, £5,
£10, £15) differences in adjusted F(3, 23)= 3.28, p= .04, ω2= 0.16,
η2= 0.23, η2p= .30, BF10 = 4.48 (++) and unadjusted steps F(3,
23)= 2.50, p= .09, ω2= 0.13, η2= 0.22, η2p= .25, BF10 = 2.57
(+). For the former, a £15 deposit led to significantly more adjusted
steps than £0, t(23)= 3.11, pTukey= .02, mean difference=3721
steps, SE=1197, BF10 = 10.43 (+++).

In formal mediation analyses, step count by condition (MCC or
MCC+FI) analyses (the direct effects) were not significant (adjusted
steps: p= .43; unadjusted steps: p= .58). All other path estimates were
significant; deposit size by condition (B= 6.3, 95% CI: 1.7–10.7,
p= .007) and steps by deposit size (adjusted: B= 247.7, 95% CI:
4.2–451.8, p= .03; unadjusted: B= 259.5, 95% CI: 52–435.9,
p= .009). While the overall indirect effects were not statistically sig-
nificant (adjusted: B= 1549, 95% CI: −56.3–3850, p= .12; un-
adjusted: B= 1624, 95% CI: 167.7–3822, p= .09), there was some
evidence of mediation; 58.1% (adjusted steps) and 70.5% (unadjusted
steps) of the total effect in each analysis was explained by indirect ef-
fects.

4. Discussion

This is the first study to separate out the individual and combined
effects of MCCs and standard FIs on physical activity. All interventions
were well accepted by participants; retention was high; measures well
adhered to; and there were some interesting (and robust) preliminary
results. There was moderate evidence from Bayes factors and frequen-
tist analyses to suggest between-condition differences on steps over a
two-week period. Those in the MCC+FI condition achieved more steps
than both control groups, and there was some evidence of superiority
over MCC-only. There was however no evidence of superiority of a
combined intervention above standard FIs, and no significant other
between-condition differences. MCC+FI participants had the highest
level of goal attainment, indeed, this condition was by far the most cost-
effective intervention as assessed by cost per participant goal achieved.
MCCs + FIs led to more full £15 deposits than the MCC-only condition,
and MCC-only led to more £0 deposits than the MCC+FI condition;
notable considering £15 versus £0 deposits led to more steps. There was
no statistical evidence of between-condition differences on three facets
of motivation, intentions or self-monitoring.

The combination of standard FIs plus MCCs appeared highly pro-
mising. Though not all statistically significant, the finding that differ-
ences between the MCC+FI and other conditions were all (and often

well above) 2000 steps is noteworthy; studies have shown that such an
increase can lead to tangible health benefits (Dasgupta et al., 2017;
Ewald et al., 2017; Hajna et al., 2017) meaning, if stable and replicable,
it may be a clinically significant difference. Similarly, the cost effec-
tiveness of MCC+FI relative to other conditions in terms of goal
achievement was impressive.

Those in the FI conditions were less likely than those in the non-FI
conditions to do some form of (at least) moderate physical activity
while not wearing the pedometer. While this difference did not explain
the effect of the interventions on step counts, it is clearly a potential
confound which researchers should pay close attention to in future
trials. There was no large and notable difference, through frequentist or
Bayesian analysis, in the number of steps achieved following FI-only or
MCC-only interventions compared to the control group, which is con-
trary to previous studies (e.g. Burns & Rothman, 2018; Finkelstein
et al., 2008; Patel et al., 2016). It should be noted, however, that the
small pilot sample size may have introduced imprecision (Bayes factors)
and lack of power.

The non-significant mediation effects of deposit size on MCC vs.
MCC+FI and steps may also have been driven by imprecise estimates
given the relatively small feasibility study sample size. Indeed, it is
acknowledged that testing for mechanisms in small samples may be
problematic, and that larger replication is needed. As such, given ob-
served differences between MCC+FI and MCC-only conditions in both
steps and deposit amounts (and large indirect effect sizes), the relative
effects between MCC+FI and MCC may be still explained by deposit
amounts. Higher deposits may lead to increases in loss aversion, as well
as an increased exposure to the synergistic influence of both positive
and negative reinforcement. In effect, the significance of an added fi-
nancial incentive could be jointly explained by its ability to increase
both perceived value and adherence to the MCC paradigm. Previous
studies which have had deposits as a participant requirement (i.e. 100%
adherence) as well as studies where participants would stand to lose
their own money (increased negative reinforcement), may explain why
they saw increased MCC-only effects (e.g., Donlin Washingon,
Mcmullen & Devoto, 2016). For the present study, the participants own
money was not risked and zero deposit and was allowed. This may
represent a more accurate picture of real-world effectiveness of, and
adherence to MCCs. For instance, if MCCs were offered in a healthcare
service, it could never be through coercion – patients would always
have the option of opting out. Confidence in the ecological validity of
the study was boosted further by the fact that no participants requested
their lost earnings back. This suggests that participants respected the
rules of the paradigm and treated it as ‘real’.

For the standard FI-only condition, the value of the reward alone
may not have been enough of a positive reinforcer to overcome non-
trivial costs (evidenced by some participants suggesting that the goals
were quite hard for them to achieve). Indeed, larger incentives per se
(Mitchell et al., 2013), as well as the perceived value of incentives (Burns
& Rothman, 2018) have been shown to produce larger effects on phy-
sical activity. Among a host of other environmental and psychological
variables, this cost-benefit analysis is likely to be associated with per-
sonal income (which may be an interesting variable to investigate in
future research). Additionally, individuals, if given the choice, may
choose a lower sum of money instantly, than a larger sum in the future;
here, the week delay in reward may have been vulnerable to this delay
discounting effect (Odum, 2011), reducing the effective incentive value.

As demonstrated by between-condition ratings of intervention ac-
ceptability, low attrition (equivalent across conditions), and mostly
positive qualitative feedback, the present study demonstrated that
MCC-only, FI-only and combined FI interventions are similarly accepted
by participants (and similarly acceptable to minimal interventions de-
livered within the control conditions). The present results also showed
no impact of interventions on any psychological variables including
that FIs had no deleterious effect on autonomous motivation (consistent
with Promberger & Marteau, 2013). The present study cannot however
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determine the psychological effects of FIs over the long term; it may be
that sustained external reward only undermines intrinsic motivation
when the individual comes to develop a reliance on this for a source of
motivation at the expense of their own, internal motivation.

As with previous analyses, more power may be able to detect, what
may be subtle changes in all measured psychological-related variables -
though this is unlikely given the observed Bayes factors favouring the
null. One key reason for null results may be that because incentives
were only offered over two weeks, this may have been too short of a
time frame to truly observe changes in, for example, controlled moti-
vation. Similarly, it is acknowledged that participants, overall, had re-
latively high levels of certain facets of motivation (e.g. intentions) at
baseline - so the degree of potential modifiability may have been small.
This latter factor may have impacted the primary results; if participants
had lower baseline motivation, speculatively, the intervention effects
may have been increased. Nevertheless, regarding autonomous moti-
vation, this study was interested in examining whether certain types of
financial rewards undermine (rather than enhance) motivation. From
this perspective, the relatively high levels of autonomous motivation
was not particularly problematic.

There were several study limitations. First, there was a relatively
high degree of contamination, which may be an inherent issue with
single organisation-based studies. Mindful of this, contamination was
assessed between conditions, and while the between condition pro-
portions of contamination per se were negligible, there was a significant
difference in the number of participants knowing what another parti-
cipant had to do. Although main effects were unaffected, reanalyses
excluding these participants led to some post-hoc comparisons to be-
come non-significant. Given the contamination risk, multi-centre trials
may be particularly helpful for future trials. Second, females were over-
represented in the sample (9:1) which is common in physical activity
focused incentive studies (e.g., Sykes-Muskett et al., 2015; Burns &
Rothman, 2018) and may reflect between gender differences in physical
activity/weight loss attitudes (Azevedo, Araujo, Reichert, Siqueria, da
Silva & Hallal, 2007; Burton, Walsh, & Brown, 2008). There is however
little evidence of between-gender efficacy of physical activity inter-
ventions (Williams, Wood, Collins, & Callister, 2015). Third, the use of
vouchers in this study may not have had equal incentive salience as
cash – intrinsically (e.g. Raghubir & Srivastava, 2008) but also because
the vouchers limited the number of products/service available for
purchase. Fourth, while the cost effectiveness of the combined condi-
tion relative to other conditions was impressive, the study ran over a
limited timeframe; how this may have changed over time is unknown.

This study provided initial evidence that adding standard FI to MCC
may boost their efficacy, possibly through increases in both adherence
to and salience of MCCs. The study did not find any evidence that au-
tonomous motivation would be undermined by external reward, and
that different types of FIs were equally accepted by participants. Future
trials should be mindful of limitations described above and try to re-
plicate findings using a larger sample size, longer follow-up period, and
in the knowledge that contamination (single organisation research) and
pedometer adherence (between conditions incentivised to wear it, and
those not so) may be potential confounds.
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