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ABSTRACT
Objective:  Physical activity (PA) may offer health benefits for indi-
viduals undergoing substance use disorder (SUD) treatment, yet 
relapse, comorbidities, and motivational challenges often hinder PA 
maintenance. This study assessed the impact of a motivational 
intervention aimed at increasing PA motivation and maintenance 
in a residential SUD treatment setting.
Methods and Measures:  This non-concurrent multiple-baseline 
N-of-1 study consisted of a six-week baseline and a ten-week inter-
vention period. The study was conducted with 17 participants from 
a male-only residential SUD treatment facility in Perth, Australia. 
Seven participants provided sufficient data for statistical analysis. 
Participants received ten weekly sessions of a motivational face-to-
face intervention. Daily data on PA motivation, substance use crav-
ings, and affect were collected through ecological momentary 
assessments. Non-overlap methods and randomisation tests, and 
piecewise regression analyses were employed to assess changes in 
all variables between study phases.
Results:  No changes in PA were observed across study phases. 
However, measures of affect improved, and self-reported craving 
decreased over time. Notably, the intervention enhanced autono-
mous motivation in some participants, although its effects on con-
trolled motivation were mixed.
Conclusion:  These findings suggest that the motivational interven-
tion may enhance autonomous motivation. Future studies should 
involve larger samples and diverse SUD treatment settings.
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Introduction

Substance use disorders (SUDs) pose a major public health issue, with around 2.6% 
of the global population meeting the criteria for a 12-month SUD diagnosis (Degenhardt 
et  al., 2017). In 2022–2023, approximately 1 in 200 Australians sought treatment for 
substance use issues (Australian Institute of Health & Welfare, 2024). Additionally, an 
estimated 1.6% to 2.9% of Australians require SUD treatment (Ritter et  al., 2019). The 
chronic nature of SUDs (McLellan et  al., 2000), high treatment attrition (Brorson et  al., 
2013), and the high prevalence of physical and psychological comorbidities (Ingram 
et  al., 2023; Kingston et  al., 2017; Wu & Blazer, 2014) contribute to the complexity 
and cost of effective treatment.

Regular physical activity (PA) may support various health aspects, including car-
diovascular function, respiratory capacity, endurance, flexibility, neuromotor skills, and 
the maintenance of physical fitness in individuals with SUDs (Giesen et  al., 2015; 
Hallgren et  al., 2017). Nevertheless, the effects of PA interventions on substance use 
and psychological well-being in SUD treatment remain inconclusive. Some studies 
reported reductions in craving and substance use (Piché et  al., 2023; Rensburg et  al., 
2009; Van Rensburg et  al., 2013), psychological distress and symptoms of mental 
ill-health (Paluska & Schwenk, 2000; Saxena et  al., 2005), along with improvements 
in quality of life, self-esteem, relapse prevention efficacy, perceived physical health, 
and psychological well-being (Furzer et  al., 2021). Conversely, other studies report no 
significant changes in anxiety, depression, self-efficacy, or substance use behaviour 
(Colledge et  al., 2018; Giménez-Meseguer et  al., 2020; Linke & Ussher, 2015; Piché 
et  al., 2023; Thal et  al., 2023a; Thompson et  al., 2020a). Generally, studies on PA in 
SUD treatment exhibit considerable heterogeneity and a significant risk of bias (Piché 
et  al., 2023; Thal et  al., 2023a; Thompson et  al., 2020b).

The efficacy of PA interventions in SUD populations may be improved by iden-
tifying and describing observable and replicable single active components or tech-
niques that modify behaviour, i.e. behaviour change techniques (BCTs; Marques 
et  al., 2023). However, there is limited knowledge about which BCTs are effective 
for maintaining PA among people with SUDs. A recent review (Thal et  al., 2023a) 
identified instruction on how to perform the behaviour, social support (unspecified), 
behavioural practice/rehearsal, problem-solving, pharmacological support, goal setting 
(behaviour), self-monitoring (behaviour), and biofeedback as the most frequently used 
promising BCTs in PA interventions for SUD populations. Some of these BCTs overlap 
with those identified in a review of PA-focused interventions for young people at 
risk of problematic substance use (Klamert et  al., 2023). Notably, none of the 
included studies provided evidence of long-term PA maintenance (Thal et  al., 2023a). 
A known barrier to long-term PA maintenance in this population is the loss of 
motivation for PA (Abrantes & Blevins, 2019). None of the studies reviewed by Thal 
et  al. (2023a) specifically targeted the development and sustainment of PA moti-
vation, limiting the potential of these interventions to support long-term PA 
maintenance.

Motivational Interviewing (MI) is a psychotherapeutic intervention known to effec-
tively increase motivation for behaviour change (Miller & Rollnick, 2023). Preliminary 
evidence suggests that group-based MI can improve treatment attendance and 



Psychology & Health 3

engagement (Lincour et  al., 2002), participation in aftercare (Santa Ana et  al., 2007), 
problem awareness (Beadnell et  al., 2012; Murphy et  al., 2002), and readiness to 
change and self-efficacy (Mendel & Hipkins, 2002; Schmiege et  al., 2009). Nearly half 
of the 16 out of the 38 techniques used in MI (Hardcastle et  al., 2017) match BCTs 
as defined by Michie et  al. (2013). However, these BCTs have rarely been applied in 
PA interventions for SUD populations (Thal et  al., 2023a).

Self-Determination Theory (SDT; Ryan & Deci, 2017) also provides an instrumental 
framework to examine motivated behaviour in the contexts of SUD and PA. A con-
ceptual overlap between SDT and MI has been identified, with both emphasising the 
intrinsic drive for psychological integration and growth (Patrick & Williams, 2012). In 
SDT, motivation exists on a continuum, where an individual’s motivation can shift 
from more controlled forms (i.e. amotivation: lack of drive to engage in any behaviour; 
external motivation: behaviour driven by external rewards; introjected motivation: 
behaviour driven by a sense of obligation) to more autonomous forms (i.e. identified 
motivation: behaviour aligned with personal values and goals; integrated motivation: 
behaviour aligned with one’s self-concept; intrinsic motivation: behaviour perceived 
as interesting or enjoyable) and vice versa. High levels of autonomous motivation are 
associated with long-term maintenance of health behaviour change, including PA 
(Ntoumanis et  al., 2021; Teixeira et  al., 2012). Importantly, many individuals in SUD 
treatment engage in PA because it is prescribed rather than self-endorsed; such 
externally driven participation reflects controlled rather than autonomous motivation 
and is unlikely to sustain long-term PA engagement after discharge.

Current study

We co-designed a motivational group intervention based on MI, SDT principles and 
effective BCTs. The aim was to increase participants’ quality of PA motivation (i.e. 
promoting a shift in motivation regulation from controlled to autonomous) to foster 
participants’ PA maintenance after SUD treatment completion (Thal et  al., 2025a). In 
this study, we examined the effects of the intervention on trajectories of PA motivation 
(primary outcome), as well as craving for substance use, affect, and PA levels (secondary 
outcomes) over a 120-day period among residents of a SUD treatment facility in 
Western Australia (WA). Given that treatment-as-usual (TAU) at the facility already 
provides a structured, high-dose PA program (see Methods: Context), we did not 
anticipate observable increases in participants’ PA levels throughout the intervention 
period. Instead, the intervention focused on enhancing the quality of motivation for 
PA, aiming to foster more autonomous regulation as a foundation for sustaining PA 
after treatment. Finally, we evaluated the feasibility and acceptability of the trial and 
the intervention to gauge its potential for wider application across multiple SUD 
facilities. Given our focus on individual responses to the motivational intervention over 
time, we chose to implement an N-of-1 study design. Thereby, we hypothesised that:

1.	 During the intervention period, when compared to baseline,

a.	 autonomous motivation (i.e., identified regulation, intrinsic regulation) and 
positive affect will significantly increase
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b.	 controlled motivation (i.e., amotivation, external regulation, introjected regu-
lation), craving for substance use, and negative affect will significantly decrease

c.	 there will be no significant changes in PA levels

2.	 during the maintenance phase

a.	 The scores on quality of PA motivation, positive and negative affect, and 
craving for substance use will not change significantly over the 12-week 
period

Methods

Study design

We employed a non-concurrent multiple-baseline N-of-1 ABC intervention withdrawal 
design (McDonald et  al., 2017). The design accommodated rolling admissions by 
permitting variable baseline durations, reflecting pragmatic adaptation to the opera-
tional realities of SUD treatment settings. Participants commenced the study on 
admission to the residential program. The baseline phase (A) was pre-specified to last 
a minimum of two and up to six weeks, with length determined by bed availability. 
Afterwards, the 10-week intervention phase (B) was introduced, followed by a 12-week 
maintenance phase (C) for participants who completed their treatment. Data were 
collected during all three assessment periods (see Figure 1). Participants received a 
motivational intervention consisting of ten weekly sessions as an adjunct to TAU. Two 
booster sessions were integrated into the continued care program that residents 
received after discharge from the treatment facility. We collected daily data on moti-
vation, craving, and affect through ecological momentary assessment (EMA) surveys. 
Wireless activity monitors (Fitbit™) were used to measure PA (i.e. steps and active 
minutes). Results are reported according to The Single-Case Reporting Guideline In 
BEhavioural Interventions (SCRIBE) 2016 Checklist (Tate et  al., 2016).

Figure 1. S et up for EMA surveys and physical activity data collection.
Note. Each participant was provided with a Fitbit and an iPad, on which individual EMA surveys were created using Qual-
trics. The Qualtrics app and the Fitbit app were pre-installed on the iPads, with the Fitbit devices connected to the iPads via 
Bluetooth. Participants completed the EMA surveys on the iPads each evening. At that time, the Fitbit automatically synced 
its activity data with the iPad through the Bluetooth connection. The iPads, connected to the internet, then automatically 
uploaded both the EMA survey responses and the physical activity data daily. Dotted arrows in the figure represent the 
Bluetooth connections between devices, while solid black arrows illustrate the flow of data from devices to the cloud.
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A study protocol was published on Open Science Framework before the start of 
the data collection (https://osf.io/jmr38). Several protocol changes were necessary 
during the study. The first two intervention sessions were conducted in the first week 
of the intervention phase due to a significant number of participants being affected 
by the coronavirus, which delayed the start of the intervention phase and extended 
the baseline phase by one week. Additionally, only one participant entered continued 
care and thus the maintenance phase during our observation period. As a result, we 
concluded data collection after 17 wk, instead of the initially planned 28 wk. We also 
collected data from residents who began treatment at the facility during the inter-
vention phase, despite the original protocol stating that data would only be collected 
from participants with at least two weeks of baseline data. This adjustment was made 
at the request of the facility to foster inclusivity and allow all interested residents to 
participate in the study. Further, a personal trainer (PT) with lived experience in SUD 
treatment participated in six of the nine group motivational intervention sessions, 
rather than the two sessions originally outlined in the intervention plan (Thal et  al., 
2023b). This adjustment was made because a staff member from the treatment facility 
was required to be present during the group sessions, and the PT also led the group 
physical activity sessions following the group motivational sessions.

Participants

All residents who were in treatment during the study period were offered the oppor-
tunity to participate in the intervention adjunct to their TAU. They were eligible for 
the study if they had medical clearance for PA (obtained during admission) and 
provided informed consent.

Individuals are eligible for treatment at this facility if they have a diagnosis of SUD 
according to the Diagnostic and Statistical Manual of Mental Disorders 5th ed., text rev. 
(DSM-5 TR; American Psychiatric Association, 2022) criteria, are male, and are ≥18 years 
old. Individuals with comorbid untreated serious mental illness and/or acute symptom 
relapse within the past three months are not admitted to the treatment facility. More 
detailed treatment exclusion criteria are outlined in the study protocol (Thal 
et  al., 2023b).

Context

All participants underwent inpatient treatment at a treatment facility in Perth, WA. 
The facility offers treatment to men in recovery from long-term issues related to 
substance use and comorbid mental health conditions. The residential treatment 
period spans six months, followed by a twelve-month outpatient continued care 
program.

A structured PA program is a key component of TAU at the treatment facility. 
Weekly PAs included a 30-minute group morning walk four days a week, and weekly 
60-minute boxercise group sessions, 60-minute bootcamp group sessions, and 
60-minute group yoga sessions. Additional components of TAU include individual and 
group counselling, support work, involvement in 12-step groups, psychoeducation 
groups, mindfulness groups, and equine therapy.

https://osf.io/jmr38
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Approvals

The study was approved by the Human Research Ethics Committee of Curtin University 
(HRE2023-0544) and was registered with the Australian New Zealand Clinical Trials 
Registry (ACTRN12623001261606) prior to recruitment of the first participant.

Prior to baseline data collection, residents had the opportunity to hear about the 
study from the researchers, discuss their participation, and complete informed consent 
forms. Newly admitted residents were given the opportunity to opt into the study 
at any time.

Measures and materials

Sample characteristics
Demographics.  Participants provided demographic information, including their 
age, gender, ethnicity, and relationship status.

Pre-Treatment physical activity. The 16-item Global Physical Activity Questionnaire 
(GAPQ; Armstrong & Bull, 2006; Bull et  al., 2009) was used to collect data on 
participants’ pre-treatment daily PA in three settings (i.e. activity at work, travel 
to and from places, recreational activities), as well as time spent sedentary each 
day in a typical seven-day period. The questionnaire comprises 16 items and is 
well validated (Bull et  al., 2009).

Substance use history.  Participants were asked to select from a list the substances 
they have used regularly (i.e. on a weekly basis) before they started treatment.

Ecological momentary assessment
Motivation for physical activity.  An adaptation of the 6-item version of the 
Behavioural Regulation in Exercise Questionnaire 3 (BREQ3; Wilson et  al., 2006)—
the BREQ3-6 (Rocchi et  al., 2023), was used to measure motivation for PA. The 
BREQ3-6 includes one item per construct aligned with the Self-Determination 
Theory (SDT; Ryan & Deci, 2017) continuum. We excluded the integrated subscale 
item (“I consider physical activity a fundamental part of who I am”) as it was 
anticipated that this item would not yield much daily variation. For each item, 
participants indicated the extent to which each statement reflected their reason 
to engage in physical activity on that day.

Affect.  Participants responded to six items tapping positive and negative affect 
in the past day. These items have proven feasible for EMA of affective states in 
depression-prone and control samples (Seidman et  al., 2022). Each item followed 
the stem: “During the past day, how strongly did you feel…?”. The listed emotions 
included four negative emotions (sad/blue, nervous/anxious, irritable, and angry) 
and two positive emotions (happy, satisfied) from the Positive and Negative Affect 
Schedule (PANAS; Watson et  al., 1988). For the subscale analysis, mean scores 
were computed by aggregating the relevant items for positive and negative affect.
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Craving.  The 3-item Craving Scale (Weiss et  al., 1995) was used to measure daily 
craving for substance use. The total craving score was calculated as the average 
of the three items. The scale is well-validated across SUDs (McHugh et  al., 2021).

Physical activity measure.  The PA variables used for analysis were daily step count 
and active minutes measured by Fitbit™ wireless activity monitors. In addition, 
participants’ attendance at the group exercise sessions run by the facility were recorded 
by the instructors.

Trial and intervention feasibility and acceptability.  We collected study process 
data including the number of people who agreed to participate in the study, 
those who consented, and those who participated in the intervention sessions. 
At the end of the intervention phase, participants who remained in treatment at 
this time were asked to complete a 7-item measure of the feasibility and 
acceptability of the intervention (Kwasnicka et  al., 2022) on a 7-point scale 
(1 = strongly disagree, 7 = strongly agree).

Intervention

The intervention was based on MI (Miller & Rollnick, 2013) and SDT (Ryan & Deci, 2017) 
principles and employed an adapted MI protocol for group settings (Wagner & Ingersoll, 
2013). It was co-designed with consumers and stakeholders associated with SUD treatment 
centres in Western Australia (Thal et  al., 2025a). The intervention followed a structured 
progression from engagement to action and maintenance. Early sessions (Weeks 1–3) 
focused on building rapport, exploring personal values and reasons for being active, and 
identifying initial goals. Mid-phase sessions (Weeks 4–8) addressed ambivalence, strengths, 
and future visioning, linking participants’ values and identities to more autonomous motives 
for PA. Later sessions (Weeks 9–10) emphasised planning and commitment, using SMART 
goals and strategies for overcoming setbacks. Two individual booster sessions during con-
tinued care (Weeks 11–12) reviewed progress, adapted plans, and reinforced self-monitoring 
and problem-solving skills. Across all sessions, core MI processes (engaging, exploring 
perspectives, broadening perspectives, moving into action) and recurring BCTs such as 
social support, goal setting, and action planning were used to strengthen internalisation 
of motivation for sustained PA engagement. An autonomy-supportive communication style 
(asking permission, offering choice, acknowledging ambivalence), competence support 
(scaffolded planning, graded tasks, feedback via self-monitoring), and relatedness support 
(empathic group climate, peer input) were implemented across all session (see Thal et  al., 
2024). The intervention description according to the Template for Intervention Description 
and Replication (TIDieR) checklist (Hoffmann et al., 2014) can be found in Appendix A and 
detailed outline of individual intervention sessions can be found in Appendix B.

Data collection

After consenting to participate in the study, participants completed a survey on iPads 
that covered demographics, pre-treatment PA, and substance use history. Subsequently, 
they were given wireless activity monitors (Fitbit™) and iPads for completing the EMA 
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survey in the evenings. Participants were instructed to wear the activity monitor on their 
wrists daily, from the time they got out of bed in the morning until they returned to 
bed at night, and to charge the devices overnight. EMA surveys, which assessed daily 
emotions, cravings, and motivation, were completed each evening using iPads and the 
Qualtrics app (see Figure 1). Facility staff supervised this process, then stored the devices 
in a locked filing cabinet. At the end of the intervention phase, participants completed 
measures of feasibility and acceptability. During the maintenance phase, participants 
received daily messages with survey links on their mobile phones.

Sample size

The required number of observations were based on simulations with 5,000 replica-
tions in four respective conditions: (1) α = 10%, auto-correlation = .50, (2) α = 5%, 
auto-correlation = .50, (3) α = 10%, auto-correlation = .10, (4) α = 5%, auto-correlation 
= .10. With assumptions of large auto-correlation (.50), 130 observations were neces-
sary to have 80% power for an ES of .40, with a 5% Type I error.

Analysis

Descriptive data for demographics and pre-treatment PA and substance use were 
provided for the entire sample. Each participant’s data was treated as a distinct dataset 
and analysed individually. A complete analysis was conducted for the seven partici-
pants who provided data for the baseline and intervention phases. Data from the 
remaining participants were only used to calculate the average PA for both study 
phases. First, trajectories of all variables across participants and study phases were 
plotted and visually inspected. Non-overlap methods (Manolov et  al., 2016) were used 
to assess the degree to which observations from the intervention and the maintenance 
phases showed changes in autonomous motivation and positive affect (Hypotheses 
1a/2a), controlled motivation, craving for substance use, and negative affect (Hypotheses 
1b/2a), compared to the baseline phase.

Second, randomisation tests (Edginton & Onghena, 2007; Kratochwill & Levin, 2010) 
were applied for the non-overlap methods to obtain randomisation distributions 
(non-overlap percentages) and p-values. These allowed us to determine whether the 
observed differences between study phases for the variables mentioned above were 
statistically significant. For the plotting, non-overlap methods, and the randomisation 
tests, we used the ‘scda’ R-package (Verboon & Peters, 2024).

Eventually, a piecewise regression model was used to model linear trends and to 
explore non-linear trends for the different phases of the intervention and to provide 
confidence bands (Huitema & Mckean, 2000; Verboon & Peters, 2020). The piecewise 
regression model was also used to assess changes in PA between baseline and inter-
vention phases (Hypothesis 1c). Descriptive statistics were used to report feasibility 
and acceptability measures.

Analysis amendments
As originally outlined in our study protocol (Thal et  al., 2023b), we planned to impute 
missing data. However, due to the high adherence in the completion of EMA surveys 
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and the collection of PA data from those who remained in the study, we concluded 
that imputation was not necessary. Furthermore, we originally intended to use 
non-overlap methods and randomisation tests for Hypothesis 1c but ultimately chose 
not to rely on p-values for testing a null effect (Lakens, 2017).

Results

Recruitment and participant flow

In total, 17 residents were recruited for the study. Twelve participants (#1-12) com-
menced at the baseline phase, while five (#13-17) joined during the intervention 
phase. One participant (#15) withdrew during recruitment, resulting in data collection 
from 16 participants. Seven participants (#2,3,4,5,7,8,9) provided data for both baseline 
and intervention phases, making them eligible for inclusion in the hypothesis testing 
analyses. Only one participant (#3) transitioned to continued care and provided main-
tenance data (see Figure 2).

Figure 2.  Participant Flow.
Note. Recruitment and baseline data collection commenced on December 15, 2023, and ended on February 4, 2024. The 
intervention phase started on February 5, 2024, and ended on April 13, 2024. Only one participant entered continued care 
and thus the maintenance phase (on Feburary16, 2024) during our observation period. Data collection was concluded after 
17 weeks, on April 13, 2024.
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Baseline data

Demographic information was not provided by one participant (#15). The remaining 
participants were all male, with a mean age of 39.19 years (SD = 8.11). Alcohol (65%) 
was the most used substance, followed by nicotine (59%), (meth-)amphetamines (53%), 
and cannabis (41%). Thirteen participants reported poly-substance use of up to eight 
substances (Mdn = 3.5, M = 3.13, SD = 2.22; see Table 1). Participants’ pre-treatment PA 
differed greatly, with a mean of 823.64 (SD = 1542.32) minutes of vigorous intensity 
physical activity, a mean of 1322.27 (SD = 1083.19) minutes of moderate intensity 
physical activity, and a mean of 2091.82 (SD = 2338.46) minutes spent sedentary (see 
Appendix C).

Study and program attendance

On average, participants remained in the study for 58.18 (SD = 43.69) days. Eleven 
participants (65%) discontinued the study prematurely, with eight (47%) withdrawing 
due to discontinuing treatment, which automatically ended their study participation. 
The response rate on the daily EMA surveys was high: 91.76% (SD = 5.98). This figure 
was calculated only for participants who remained in the study, as those who dis-
continued treatment were no longer prompted to complete EMA surveys and were 
therefore excluded from the denominator. Participants attended 83.19% (SD = 20.88) 

Table 1.  Demographic information.
All participants Participants B&I&F

Sample Characteristics N (%) M SD n (%) M SD
Age 16 (94.1%) 39.19 8.11 7 (41.2%) 40.29 9.45
Gender
  Male 16 (94.1%) 7 (41.2%)
Ethnicity
 A boriginal 1 (5.9%) 1 (5.9%)
 A frican 1 (5.9%) 1 (5.9%)
 C aucasian 11 (64.7%) 4 (23.5%)
 L atino or Hispanic 1 (5.9%) 0 (0%)
 O ther 2 (11.8%) 1 (5.9%)
Relationship
 Y es 6 (35.3%) 2 (11.8%)
  No 9 (52.9%) 5 (29.4%)
  Prefer not to say 1 (5.9%) 0 (0%)
Substance Use
 A lcohol 11 (64.7%) 6 (35.3%)
  Benzodiazepines 3 (17.6%) 1 (5.9%)
 C annabis 7 (41.2%) 4 (23.5%)
 C ocaine 1 (5.9%) 0 (0%)
 E cstasy/MDMA 2 (11.8%) 0 (0%)
 H eroin 1 (5.9%) 1 (5.9%)
  Nicotine 10 (58.8%) 6 (35.3%)
  (Meth-)Amphetamines 9 (52.9%) 4 (23.5%)
  Painkillers/Opioids 5 (29.4%) 2 (11.8%)
  Psychedelics 1 (5.9%) 0 (0%)
  Prefer not to say 1 (5.9%) 0 (0%)
  None 1 (5.9%) 1 (5.9%)

Note. n = 17 residents participated in the study. Data from one participant is missing. Participants B&I&F = Participants 
who contributed data during both the baseline and intervention phases, as well as the one participant who 
provided maintenance data.
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of the motivational sessions during the time they remained in treatment (see Appendix 
D for more detailed attendance data).

Intervention feasibility and acceptability

The feasibility and acceptability survey indicated that most participants (9/10; 90%) 
believed that the intervention was a valuable use of their time and that the motiva-
tional program was beneficial. They felt that the program met their expectations and 
left them confident in their ability to apply what they learned to engage in regular 
PA (8/10; 80%). More than two-thirds (7/10; 70%) enjoyed the program, and more 
than half (6/10; 60%) thought it prepared them adequately to sustain their PA. 
However, only half (5/10; 50%) of the participants believed that the program provided 
sufficient preparation for regular PA engagement (see Table 2).

Physical activity

Participants were very active, with average daily step counts ranging between 4,800 
and 23,400 steps and daily active minutes ranging between 26 and 228 min across 
study periods (see Figures 3 and 4). Average step counts and active minutes for 
individual participants can be found in Appendices E and F, respectively.

Hypotheses testing

We used non-overlap methods and randomisation tests to test our hypotheses. The 
results of these tests are detailed in Appendix G.

Autonomous motivation
Findings provided partial support for our Hypothesis 1a. Non-overlap methods and ran-
domisation tests showed a significant increase in intrinsic regulation between baseline 
and intervention phases for participants #7 (PEM = 0.491, p = 0.01; NAP = 0.51, p = 0.01) and 

Table 2.  Feasibility and acceptability data.

Question
Strongly 
disagree Disagree

Somewhat 
disagree

Neither 
agree nor 
disagree

Somewhat 
agree Agree

Strongly 
agree

The motivational program was a 
worthwhile investment of time for me.

0 0 0 1 0 2 7

The motivational program was beneficial 
for me.

0 0 0 1 0 4 5

I enjoyed the motivational program. 0 0 0 1 2 2 5
The program helped me to feel confident 

to use what we learnt to be regularly 
physically active.

0 0 1 1 0 3 5

The program sufficiently prepared me to 
be regularly physically active.

0 1 0 2 2 1 4

The program sufficiently prepared me to 
maintain my physical activity.

0 0 1 1 2 3 3

The program met my expectations. 0 1 0 0 1 5 3

Note. Data from n = 10 participants who were in the treatment facility at the end of the intervention phase.
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participant #9 (PEM = 0.927, p = 0.01; NAP = 0.772, p = 0.01; IRD = 0.475, p = 0.05). Piecewise 
regression analyses supported these findings for both participant #7 and participant #9 
(see Figure 5) and further showed significant increases in identified regulation between 
the baseline and the intervention phase for participant #2, participant #5, and participant 
#7 (see Figure 6). However, piecewise regression analyses showed significant decreases 
of intrinsic motivation and identified motivation for participant #4.

Controlled motivation
Findings did not provide support for Hypothesis 1b. The observed differences in 
trajectories for controlled motivation were non-significant for most participants. 
Contrary to our prediction, non-overlap methods and randomisation tests showed a 
significant increase in introjected regulation between baseline and intervention phases 
for participant #9 (PEM = 0.982, p = 0.09; NAP = 0.846, p = 0.02, IRD = 0.636, p = 0.02). 
Similarly, the piecewise regression analysis indicated significant increases between 
baseline and intervention phases in introjected regulation (see Figure 7) for participant 
#7, participant #8, and participant #9, in external regulation (see Figure 8) for partic-
ipant #2, participant #5, participant #7, participant #8, and participant #9, and in 
amotivation regulation (see Figure 9) for participant #5 and participant #7.

Affect and craving
Non-overlap methods and randomisation tests do not provide support for Hypothesis 
1b. Piecewise regression analyses were non-significant but indicated that, for most par-
ticipants, positive affect increased, and negative affect decreased during the baseline 
phase. This pattern continued during the intervention phase (see Figure 10 and Figure 
11). However, this trend is inverted for participant #5 and participant #8. Similarly, most 
participants reported a reduction in craving during the baseline phase with a non-significant 
difference between baseline and intervention phases (see Figure 12).

Physical activity
Consistent with our hypothesis 1c, the observed differences in trajectories for step 
counts and active minutes for most participants were non-significant (see Figures 3 
and 4). However, piecewise regression analyses showed significant increases of step 
counts between baseline and intervention phases for participant #4 and participant 
#8. Participant #8 also showed a significant increase in active minutes between base-
line and intervention phases.

Motivation, craving and affect maintenance
The findings supported Hypothesis 2, as non-overlap methods and randomisation 
tests revealed no significant differences in the quality of PA motivation, positive and 

Figure 3. S tep Counts.
Note. Two slopes with confidence bands are displayed for the seven participants included in the analyses of the hypotheses: 
the purple slope represents the baseline phase, while the yellow slope corresponds to the intervention phase. Additionally, 
the green line indicates the phase-shift effect, evaluated at the onset of the intervention phase. The intercept is shown at 
t = 0 in the figure.
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Figure 4. A ctive Minutes. Note. Two slopes with confidence bands are displayed for the seven 
participants included in the analyses of the hypotheses: the purple slope represents the baseline 
phase, while the yellow slope corresponds to the intervention phase. Additionally, the green line 
indicates the phase-shift effect, evaluated at the onset of the intervention phase. The intercept is 
shown at t = 0 in the figure.
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Figure 5.  Intrinsic Regulation. Note. Two slopes with confidence bands are displayed for the seven 
participants included in the analyses of the hypotheses: the purple slope represents the baseline 
phase, while the yellow slope corresponds to the intervention phase. Additionally, the green line 
indicates the phase-shift effect, evaluated at the onset of the intervention phase. The intercept is 
shown at t = 0 in the figure.
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Figure 6.  Identified Regulation. Note. Two slopes with confidence bands are displayed for the 
seven participants included in the analyses of the hypotheses: the purple slope represents the 
baseline phase, while the yellow slope corresponds to the intervention phase. Additionally, the 
green line indicates the phase-shift effect, evaluated at the onset of the intervention phase. The 
intercept is shown at t = 0 in the figure.
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Figure 7.  Introjected Regulation. Note. Two slopes with confidence bands are displayed for the 
seven participants included in the analyses of the hypotheses: the purple slope represents the 
baseline phase, while the yellow slope corresponds to the intervention phase. Additionally, the 
green line indicates the phase-shift effect, evaluated at the onset of the intervention phase. The 
intercept is shown at t = 0 in the figure.
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Figure 8. E xternal Regulation. Note. Two slopes with confidence bands are displayed for the seven 
participants included in the analyses of the hypotheses: the purple slope represents the baseline 
phase, while the yellow slope corresponds to the intervention phase. Additionally, the green line 
indicates the phase-shift effect, evaluated at the onset of the intervention phase. The intercept is 
shown at t = 0 in the figure.
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Figure 9. A motivation Regulation. Note. Two slopes with confidence bands are displayed for the 
seven participants included in the analyses of the hypotheses: the purple slope represents the 
baseline phase, while the yellow slope corresponds to the intervention phase. Additionally, the 
green line indicates the phase-shift effect, evaluated at the onset of the intervention phase. The 
intercept is shown at t = 0 in the figure.



20 S. THAL ET AL.

Figure 10.  Positive Affect. Note. Two slopes with confidence bands are displayed for the seven 
participants included in the analyses of the hypotheses: the purple slope represents the baseline 
phase, while the yellow slope corresponds to the intervention phase. Additionally, the green line 
indicates the phase-shift effect, evaluated at the onset of the intervention phase. The intercept is 
shown at t = 0 in the figure.
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Figure 11.  Negative Affect. Note. Two slopes with confidence bands are displayed for the seven 
participants included in the analyses of the hypotheses: the purple slope represents the baseline 
phase, while the yellow slope corresponds to the intervention phase. Additionally, the green line 
indicates the phase-shift effect, evaluated at the onset of the intervention phase. The intercept is 
shown at t = 0 in the figure.
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Figure 12. C raving. Note. Two slopes with confidence bands are displayed for the seven partici-
pants included in the analyses of the hypotheses: the purple slope represents the baseline phase, 
while the yellow slope corresponds to the intervention phase. Additionally, the green line indicates 
the phase-shift effect, evaluated at the onset of the intervention phase. The intercept is shown at 
t = 0 in the figure.



Psychology & Health 23

negative affect, and craving during the maintenance phase compared to the baseline 
and intervention phases for participant #3.

Discussion

This is the first study to implement and assess a motivational intervention specifically 
designed to enhance PA motivation and maintenance among residents at a SUD 
treatment facility. In this study, the innovative application of N-of-1 methods and the 
use of EMA allowed for a detailed intraindividual evaluation of study outcomes over 
the study period. This approach provided some evidence in support of our hypotheses. 
Several participants showed significant increases in autonomous motivation in line 
with Hypothesis 1a. However, some participants also demonstrated significant increases 
in controlled motivation. Thus, Hypothesis 1b was not supported. These findings might 
align with Deci and Ryan (2012) comparison of SDT and MI, where they acknowledge 
similarities but note that MI emphasises the quantity of change talk more than its 
quality. They suggest that encouraging any type of change talk may not only promote 
autonomy-related change talk (e.g. discussing personal values, available options, and 
taking responsibility for change) but also controlled change talk (e.g. focusing on 
what one should do or how others want one to change), potentially affecting the 
degree of internalisation. Furthermore, the authors argue that the directive approach 
of MI practitioners in guiding individuals towards more change talk, rather than being 
autonomy supportive, may inadvertently promote greater interpersonal control, leading 
to reduced autonomy and a diminished sense of relatedness in the interaction. While 
some participants in the study reported a significant increase in autonomous moti-
vation, future iterations might aim to specifically limit controlled change talk and 
thus increases in controlled motivation. Additionally, PA was a mandatory component 
of TAU at the facility, which may have introduced a non-modifiable degree of per-
ceived external regulation. In future studies, similar interventions could be imple-
mented in treatment contexts in which PA is optional.

On average, participants took 12,523 steps per day and were physically active for 
80 min daily (560 min per week). In comparison, adult Australians take on average 
about 7,400 steps per day (Australian Bureau of Statistics, 2013), and the World Health 
Organisation (WHO) recommends at least 150 min of PA per week (Bull et  al., 2020). 
This highlights that our participants exhibited significantly higher levels of PA, taking 
1.7 times more steps than the average Australian and exceeding the WHO recom-
mendations by 3.75 times. It is important to note that the higher PA levels could be 
influenced by the mandatory PA program included in the TAU at the treatment facility 
and may not necessarily represent pre- or post-treatment PA patterns. Hypothesis 1c 
was confirmed in most instances since differences in PA between baseline and inter-
vention phases were non-significant for all but two of our participants (#4 and #8). 
This was likely due to the regular PA program that was an integral part of TAU at 
the treatment facility.

We were unable to fully investigate Hypothesis 2a, as only one participant pro-
gressed to the maintenance phase after completing two intervention sessions. However, 
positive affect increased, and negative affect decreased over time, with a similar 
decrease observed in craving, for most participants. This pattern was reversed for 



24 S. THAL ET AL.

participants #5 and #8, who received detrimental diagnoses about their physical health 
at the start of the intervention phase. Additionally, there was a reduction in self-reported 
craving during the baseline phase, with no significant difference between baseline 
and intervention phases across participants. This suggests that most observed changes 
in affect and craving may be attributed to the TAU at the facility rather than the 
motivational intervention, per se.

Strengths

Conducting research with individuals with SUDs is challenging due to the reasons 
outlined in the introduction. Nevertheless, our study demonstrated high levels of 
retention to both the intervention and EMA protocols, suggesting that the intervention 
was well-received. In comparison, past studies reported much lower intervention 
retention rates (Giménez-Meseguer et  al., 2020; Thal et  al., 2023a; Thompson et  al., 
2020b). While EMAs are typically resource-intensive, we demonstrated that using a 
combination of wearable devices and tablets for self-report surveys automated and 
streamlined the process. We thus conclude that the study design and data collection 
methods were feasible and acceptable and can be confidently applied in future SUD 
treatment studies. The high levels of participant engagement with the intervention 
also reflect the intervention’s acceptability. The iterative co-design of this intervention 
with consumers and stakeholders likely enhanced its acceptability and appropriateness. 
A detailed qualitative analysis of participants’ and facilitators’ perspectives on feasibility 
and acceptability is presented in a separate publication (Thal et  al., 2025b).

We employed innovative data analysis methods that highlight the need to per-
sonalise data collection, data analysis, and subsequent interventions. Evidence from 
a participant-level analyses suggest that the motivational intervention was successful 
in increasing autonomous motivation for PA in some participants. This suggests 
that relying on generalised theories to predict the behaviour of an “average per-
son”—who, in reality, does not exist—may be redundant and we should question 
applying theories to group averages instead of individuals (Johnston & 
Johnston, 2013).

With advances in technology such as predictive analytics, AI, and machine learning, we 
are now able to implement precision behavioural science at scale (Bucher et  al., 2024). 
This allows us to learn about individuals’ unique predictors and design personalised inter-
ventions in response. In our study, we were able to show trajectories and changes within 
participants over time—something few studies have done in SUD populations. For instance, 
decreases in PA, motivation, and affect observed in some participants after learning of 
detrimental health diagnoses were immediately visible in their data and could have been 
addressed through Just-in-time adaptive interventions (Hardeman et al., 2019; Wang & 
Miller, 2020) where behavioural support is provided in response to real-time needs. These 
options mark a significant shift from traditional “one-size-fits-all” approaches to more cus-
tomised, precise and data-driven interventions adapted to the needs of each individual.

Future interventions could benefit from being tailored to individual participants’ 
preferences and needs, allowing for a more personalised and immediate approach to 
treatment. Our study demonstrates the potential for these novel methods to be 
effectively implemented in residential SUD treatment contexts.
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Limitations

The primary limitation of the study was the high attrition rate, largely due to partic-
ipants discontinuing SUD treatment. High attrition rates are commonly reported in 
SUD treatment (Brorson et  al., 2013) and PA interventions within SUD settings 
(Giménez-Meseguer et  al., 2020; Thal et  al., 2023a). As such, the results must be 
interpreted with caution, as individuals with lower motivation, higher cravings, or 
more negative affect may have been more likely to discontinue treatment.

A second limitation is that, although we intended to collect maintenance data, we 
were unable to do so because all participants who would have qualified for continued 
care during the observation period discontinued treatment prematurely. Consequently, 
we cannot determine whether the observed effects, such as the increase in autono-
mous motivation, were sustained after the intervention ended or when participants 
transitioned into continued care.

A third limitation is that we did not reach the 130 observations per participant as 
required by our power calculations, as a consequence of these high attrition rates. 
Consequently, the study may have been underpowered to detect the effect sizes we 
were targeting, potentially limiting the ability to draw robust conclusions about the 
intervention’s effects.

Another limitation concerns the difficulty of attributing observed changes over 
time solely to the intervention. Because all participants were exposed to the same 
treatment-as-usual environment and external contextual factors, improvements in 
motivation or affect could partly reflect concurrent influences rather than the inter-
vention itself (Slocum et  al., 2022).

The PA levels observed in this study were extraordinarily high likely due to PA 
participation being mandatory in this closed treatment setting. This limits the gen-
eralisability of our findings to other treatment contexts where PA is optional.

Further, some items of the EMA questionnaire may have limited value for daily 
assessments, as they showed minimal variability for certain participants. This includes 
the external regulation and amotivation items from our adapted version of the 
BREQ3-6. Some participants may have misunderstood certain items or instruments, 
or deliberately provided more favourable responses. This is particularly evident in 
participants #3, #4, and #5, who reported almost no craving for substance use during 
the entire observation period, which may warrant closer scrutiny. Participant #4 con-
sistently reported unusually high autonomous motivation and extremely low controlled 
motivation, which suggests social desirability bias.

Conclusion

Our study showed how N-of-1 designs can be successfully implemented in SUD treat-
ment settings. It further demonstrated that N-of-1 designs provide valuable insights 
into individual differences in responses to motivational interventions, offering more 
detailed information compared to traditional sample-level assessments. The design of 
effective interventions requires a deeper understanding of within person differences. 
We demonstrated that our intervention successfully increased autonomous motivation 
in some participants, while its effects on controlled motivation were more variable. 
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This finding aligns with the suggestions made by the original proponents of SDT. Future 
motivational interventions aiming to increase PA motivation in SUD contexts should 
therefore focus not only on increasing autonomous motivation for PA but also on 
reducing controlled motivation. Furthermore, they should be personalised to individual 
participants’ preferences and allow for more immediate responses to participants’ needs.
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maintaining an active lifestyle. However, motivation for long-term physical activity 
maintenance is an issue for people with SUDs.

What (materials) Men participating in the intervention received a Fitbit activity monitoring device and a 
short presentation outlining the study to them.

What (procedures) Participants attended twelve motivational counselling sessions (three individual sessions 
and nine group sessions) which last for approximately 60 min. The intervention was 
based on MI and SDT principles which have been adapted to a group setting and 
incorporates BCTs that have been found promising for PA intervention in SUD contexts. 
These BCTs have further been aligned with BCTs which match MI techniques. The 
content of the counselling sessions was co-developed in a previous study and a 
detailed session outline were published in a separate article. Participants took part in 
short bursts of PA in the group sessions. Participants were be asked to self-monitor 
their daily step counts and record them alongside other measures daily.

Who provides Individual and group sessions were provided by a psychologist (ST) with a master’s 
degree in clinical psychology, training in MI and group counselling. A PT (JC) 
significantly contributed to and co-facilitated six of the nine sessions

How The intervention was delivered face-to-face. It was estimated that approximately twelve 
men attended each group session. The spirits of the MI model are fundamental to the 
delivery of both individual and group sessions and there will be a strong emphasis on 
optimism, respect and autonomy across all sessions.

Where The program was delivered in an SUD treatment facility in the greater Perth region in 
Western Australia. A suitable in-door area for individual and group counselling sessions 
was provided by the treatment facility.

When and how 
much

Participants engaged in a structured program consisting of twelve 60-minute sessions. This 
program included an initial one-on-one counselling session, followed by nine 
consecutive weekly group sessions during the intervention phase. Additionally, during 
the maintenance phase, participants received two individual counselling sessions (four 
weeks apart).

Tailoring The intervention follows evidence-based MI principles for group intervention and was 
adapted for the purpose of PA maintenance in SUD populations. The group sessions 
followed a support group format: Participants were supported and supported each 
other in behaviour change processes. Participants were supported by a personal trainer 
in creating and adapting individual change plans. During the follow-up sessions, 
participants received feedback on their individual goals and change plans were 
adapted to individual and contextual needs.
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nc
id

en
ta

l P
A 

ex
am

pl
es

 
ar

e 
br

ai
ns

to
rm

ed
. E

ve
nt

ua
lly

, g
ro

up
 g

ui
de

lin
es

/r
ul

es
 a

re
 

di
sc

us
se

d.

Fo
st

er
 a

 s
ec

ur
e 

an
d 

nu
rt

ur
in

g 
en

vi
ro

nm
en

t 
th

at
 a

ct
iv

el
y 

in
vo

lv
es

 
gr

ou
p 

m
em

be
rs

 in
 t

he
 

co
lla

bo
ra

tiv
e 

pr
oc

es
s

En
ga

gi
ng

 t
he

 
gr

ou
p

Re
la

te
dn

es
s, 

au
to

no
m

y
St

re
tc

hi
ng

So
ci

al
 s

up
po

rt
 

(u
ns

pe
ci

fie
d)

3
Ge

ne
ra

l g
oa

ls
 a

nd
 m

ot
iv

es
 f

or
 j

oi
ni

ng
 t

he
 g

ro
up

 a
re

 d
is

cu
ss

ed
. A

 
ba

ro
m

et
er

 im
ag

e 
is

 in
tr

od
uc

ed
 t

o 
ex

pl
or

e 
in

di
vi

du
al

 r
ea

so
ns

 
fo

r 
in

cr
ea

si
ng

 p
hy

si
ca

l a
ct

iv
ity

. P
ar

tic
ip

an
ts

 s
ha

re
 t

he
ir 

st
ro

ng
es

t 
m

ot
iv

es
 f

or
 P

A 
m

ai
nt

en
an

ce
. A

ft
er

w
ar

ds
, s

pe
ci

fic
 

in
iti

al
 g

oa
ls

 f
or

 p
os

t-
tr

ea
tm

en
t 

ph
ys

ic
al

 a
ct

iv
ity

 a
re

 d
is

cu
ss

ed
, 

co
ns

id
er

in
g 

va
rio

us
 t

yp
es

 o
f 

ac
tiv

iti
es

.

En
co

ur
ag

e 
ac

tiv
e 

pa
rt

ic
ip

at
io

n 
w

ith
in

 
th

e 
gr

ou
p 

an
d 

es
ta

bl
is

h 
in

iti
al

 
pe

rs
on

al
 o

bj
ec

tiv
es

 f
or

 
pa

rt
ic

ip
an

ts
.

En
ga

gi
ng

 t
he

 
gr

ou
p

Au
to

no
m

y,
 

co
m

pe
te

nc
e

W
al

ki
ng

 a
ro

un
d 

th
e 

ro
om

So
ci

al
 s

up
po

rt
 

(u
ns

pe
ci

fie
d)

, 
Go

al
 s

et
tin

g 
(b

eh
av

io
ur

), 
Go

al
 

se
tt

in
g 

(o
ut

co
m

e)
4

A 
pe

er
 w

or
ke

r 
sh

ar
es

 t
he

ir 
pe

rs
on

al
 h

is
to

ry
 a

nd
 a

ns
w

er
s 

pa
rt

ic
ip

an
ts

’ q
ue

st
io

ns
. P

ar
tic

ip
an

ts
 d

is
cu

ss
 t

he
 c

on
se

qu
en

ce
s 

of
 s

ed
en

ta
ry

 b
eh

av
io

ur
 c

om
pa

re
d 

to
 in

cr
ea

se
d 

PA
. A

ft
er

w
ar

ds
, 

pa
rt

ic
ip

an
ts

’ d
ai

ly
 r

ou
tin

es
 a

nd
 h

ab
its

 a
re

 e
xp

lo
re

d,
 in

cl
ud

in
g 

PA
 a

nd
 s

ed
en

ta
ry

 b
eh

av
io

ur
, a

nd
 h

ow
 t

he
se

 a
ffe

ct
 t

he
ir 

he
al

th
. T

he
 p

ot
en

tia
l f

or
 P

A 
as

 a
 h

ea
lth

y 
ha

bi
t 

is
 d

is
cu

ss
ed

, 
fo

llo
w

ed
 b

y 
a 

co
nv

er
sa

tio
n 

ab
ou

t 
lif

es
ty

le
 c

ha
ng

es
.

O
ffe

r 
a 

po
si

tiv
e 

ro
le

 
m

od
el

 f
or

 in
sp

ira
tio

n,
 

sh
ar

e 
in

fo
rm

at
io

n 
ab

ou
t 

th
e 

po
si

tiv
e 

ou
tc

om
es

 o
f 

be
ha

vi
ou

r 
ch

an
ge

 a
nd

 t
he

 
ne

ga
tiv

e 
co

ns
eq

ue
nc

es
 

of
 m

ai
nt

ai
ni

ng
 t

he
 

cu
rr

en
t 

st
at

us
 q

uo
, 

en
co

ur
ag

e 
re

fle
ct

io
n 

on
 a

do
pt

in
g 

he
al

th
ie

r 
ha

bi
ts

 a
nd

 r
ou

tin
es

Ex
pl

or
in

g 
pe

rs
pe

ct
iv

es
Re

la
te

dn
es

s, 
co

m
pe

te
nc

e
PA

 p
ro

vi
de

d 
by

 
pe

er
 w

or
ke

r
In

fo
rm

at
io

n 
ab

ou
t 

he
al

th
 

co
ns

eq
ue

nc
es

, 
In

fo
rm

at
io

n 
ab

ou
t 

em
ot

io
na

l 
co

ns
eq

ue
nc

es
, 

Cr
ed

ib
le

 s
ou

rc
e

(C
on
tin

ue
d)
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#

Co
nt
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t

Ai
m

M
I 

ph
as

e
SD

T 
ta

rg
et

s
PA

BCT
s

*

5
Th

e 
co

nc
ep

t 
of

 a
m

bi
va

le
nc

e 
an

d 
th

e 
“c

irc
le

 o
f 

ch
an

ge
” 

m
od

el
 a

re
 

in
tr

od
uc

ed
 b

rie
fly

. T
he

 m
ai

n 
ac

tiv
ity

 in
vo

lv
es

 a
 g

ro
up

 g
am

e 
w

he
re

 p
ar

tic
ip

an
ts

 b
ra

in
st

or
m

 t
he

 p
ro

s 
an

d 
co

ns
 o

f 
be

co
m

in
g 

le
ss

 p
hy

si
ca

lly
 a

ct
iv

e 
af

te
r 

tr
ea

tm
en

t 
an

d 
m

ai
nt

ai
ni

ng
 h

ig
h 

ph
ys

ic
al

 a
ct

iv
ity

 le
ve

ls.
 S

ub
se

qu
en

tly
, t

he
 f

ac
ili

ta
to

r 
su

m
m

ar
is

es
 t

he
 c

on
te

nt
, e

xp
la

in
in

g 
te

m
pt

at
io

ns
 t

o 
m

ai
nt

ai
n 

th
e 

st
at

us
 q

uo
 a

nd
 m

ot
iv

at
io

ns
 f

or
 c

ha
ng

e.
 P

ar
tic

ip
an

ts
 s

ha
re

 
on

e 
m

ea
ni

ng
fu

l o
bs

er
va

tio
n 

fro
m

 t
he

 e
xe

rc
is

e 
an

d 
di

sc
us

s 
ho

w
 it

 r
el

at
es

 t
o 

th
ei

r 
ow

n 
go

al
s.

Ex
pl

or
e 

am
bi

va
le

nc
e 

ab
ou

t 
be

ha
vi

ou
r 

ch
an

ge

Ex
pl

or
in

g 
pe

rs
pe

ct
iv

es
Au

to
no

m
y

Ba
llo

on
 

vo
lle

yb
al

l
Pr

os
 a

nd
 c

on
s, 

An
tic

ip
at

ed
 

re
gr

et
, 

Co
m

pa
ra

tiv
e 

im
ag

in
in

g 
of

 
fu

tu
re

 o
ut

co
m

es

6
Th

e 
co

nc
ep

t 
of

 v
al

ue
s 

is
 in

tr
od

uc
ed

. C
or

e 
va

lu
es

 a
re

 e
xp

lo
re

d,
 

an
d 

th
e 

gr
ou

p 
di

sc
us

se
s 

ho
w

 d
iff

er
en

t 
va

lu
es

 c
an

 b
e 

us
ed

 f
or

 
gu

id
an

ce
, w

or
k 

to
ge

th
er

 o
r 

be
 in

 c
on

fli
ct

. S
ub

se
qu

en
tly

, 
di

sc
us

si
on

s 
re

vo
lv

e 
ar

ou
nd

 h
ow

 p
ar

tic
ip

an
ts

 c
an

 a
lig

n 
th

ei
r 

ch
oi

ce
s 

w
ith

 t
he

ir 
va

lu
es

 a
nd

 h
ow

 v
al

ue
s 

ca
n 

gu
id

e 
th

em
 in

 
m

ai
nt

ai
ni

ng
 p

hy
si

ca
l a

ct
iv

ity
) 

al
so

 in
 r

el
at

io
n 

to
 o

th
er

 
pa

rt
ic

ip
an

ts
’ s

to
rie

s)
.

Ex
pl

or
e 

pa
rt

ic
ip

an
ts

’ 
va

lu
es

Ex
pl

or
in

g 
pe

rs
pe

ct
iv

es
Au

to
no

m
y,

 
re

la
te

dn
es

s
Bo

dy
w

ei
gh

t 
sq

ua
ts

Fo
cu

s 
on

 p
as

t 
su

cc
es

s, 
Va

lu
ed

 
se

lf-
id

en
tit

y

7
Th

e 
Sh

ift
 f

ro
m

 e
xp

lo
rin

g 
to

 b
ro

ad
en

in
g 

pe
rs

pe
ct

iv
es

 is
 

in
tr

od
uc

ed
. P

ar
tic

ip
an

ts
 a

re
 a

sk
ed

 if
 t

he
y 

ar
e 

fa
m

ili
ar

 w
ith

 t
he

 
St

ag
es

-o
f-

Ch
an

ge
 m

od
el

. D
ep

en
di

ng
 o

n 
th

ei
r 

fa
m

ili
ar

ity
:

•	
O

pt
io

n 
1 

(N
ot

 f
am

ili
ar

): 
Th

e 
fa

ci
lit

at
or

 in
tr

od
uc

es
 t

he
 

St
ag

es
-o

f-
Ch

an
ge

 m
od

el
, d

is
cu

ss
in

g 
pa

st
 c

ha
ng

es
 a

nd
 t

he
 

gr
ad

ua
l n

at
ur

e 
of

 c
ha

ng
e.

 T
he

y 
ex

pl
ai

n 
th

e 
m

od
el

 in
 

ev
er

yd
ay

 la
ng

ua
ge

 a
nd

 h
ow

 it
 r

el
at

es
 t

o 
pa

rt
ic

ip
an

ts
’ c

ha
ng

e 
go

al
s.

•	
O

pt
io

n 
2 

(F
am

ili
ar

): 
A 

qu
ic

k 
re

ca
p 

of
 t

he
 S

ta
ge

s-
of

-C
ha

ng
e 

m
od

el
 is

 p
ro

vi
de

d,
 f

ol
lo

w
ed

 b
y 

a 
di

sc
us

si
on

 o
f 

pa
st

 a
tt

em
pt

s 
to

 c
ha

ng
e 

ph
ys

ic
al

 a
ct

iv
ity

 b
eh

av
io

ur
s, 

ex
pl

or
in

g 
ba

rr
ie

rs
 a

nd
 

co
m

m
on

 p
er

sp
ec

tiv
es

.
Af

te
rw

ar
ds

, p
ar

tic
ip

an
ts

 e
xp

lo
re

 t
he

ir 
pe

rs
on

al
 s

tr
en

gt
hs

 a
s 

to
ol

s 
fo

r 
ch

an
ge

, i
de

nt
ify

in
g 

st
re

ng
th

s 
an

d 
di

sc
us

si
ng

 h
ow

 t
he

y 
ha

ve
 h

el
pe

d 
in

 t
he

 p
as

t 
an

d 
ho

w
 t

he
y 

ca
n 

su
pp

or
t 

th
ei

r 
de

si
re

d 
ch

an
ge

s.

In
tr

od
uc

e 
he

ur
is

tic
 

m
od

el
(s

), 
fa

m
ili

ar
is

in
g 

pa
rt

ic
ip

an
ts

 w
ith

 
st

ag
es

 o
f 

ch
an

ge
, 

ex
pl

or
in

g 
pa

rt
ic

ip
an

ts
’ 

st
re

ng
th

Br
oa

de
ni

ng
 

pe
rs

pe
ct

iv
es

Co
m

pe
te

nc
e,

 
au

to
no

m
y

St
re

tc
hi

ng
Fo

cu
s 

on
 p

as
t 

su
cc

es
s (C

on
tin

ue
d)

Co
nt

in
ue

d
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#

Co
nt
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m

M
I 

ph
as

e
SD

T 
ta

rg
et

s
PA

BCT
s

*

8
Pa

rt
ic

ip
an

ts
 a

re
 in

vi
te

d 
to

 e
nv

is
io

n 
an

d 
sh

ar
e 

th
ei

r 
id

ea
s 

ab
ou

t 
th

ei
r 

fu
tu

re
, i

nc
lu

di
ng

 d
es

ire
d 

ch
an

ge
s. 

Th
e 

fa
ci

lit
at

or
 li

nk
s 

th
e 

co
nt

en
t, 

th
em

es
, f

ee
lin

gs
, o

r 
id

en
tit

ie
s 

sh
ar

ed
 b

y 
pa

rt
ic

ip
an

ts
 a

nd
 a

sk
s 

ke
y 

qu
es

tio
ns

 a
bo

ut
 h

ow
 t

o 
ac

hi
ev

e 
th

ei
r 

vi
si

on
s. 

Af
te

rw
ar

ds
, p

ar
tic

ip
an

ts
 f

oc
us

 o
n 

a 
sp

ec
ifi

c 
be

ha
vi

ou
r 

ch
an

ge
 r

el
at

ed
 t

o 
ph

ys
ic

al
 a

ct
iv

ity
 in

 t
he

ir 
da

ily
 

liv
es

 a
ft

er
 t

re
at

m
en

t. 
Th

ey
 r

at
e 

th
e 

im
po

rt
an

ce
 o

f 
th

is
 c

ha
ng

e 
an

d 
di

sc
us

s 
th

ei
r 

ra
tin

gs
. C

on
fid

en
ce

 in
 m

ak
in

g 
th

e 
ch

an
ge

 is
 

al
so

 r
at

ed
 a

nd
 d

is
cu

ss
ed

.

Ex
pl

or
e 

pa
rt

ic
ip

an
ts

’ 
vi

si
on

s 
fo

r 
th

e 
fu

tu
re

 
an

d 
th

ei
r 

su
bj

ec
tiv

e 
im

po
rt

an
ce

 a
nd

 
co

nfi
de

nc
e 

fo
r 

be
ha

vi
ou

r 
ch

an
ge

Br
oa

de
ni

ng
 

pe
rs

pe
ct

iv
es

Au
to

no
m

y,
 

co
m

pe
te

nc
e

Si
le

nt
 b

al
l

Co
m

pa
ra

tiv
e 

im
ag

in
in

g 
of

 
fu

tu
re

 o
ut

co
m

es
, 

Pr
ob

le
m

 s
ol

vi
ng

, 
so

ci
al

 s
up

po
rt

 
(u

ns
pe

ci
fie

d)

9
A 

pr
of

es
si

on
al

 w
ith

 a
n 

ex
er

ci
se

 b
ac

kg
ro

un
d 

jo
in

s 
th

e 
se

ss
io

n.
 

Th
e 

m
ai

n 
fo

cu
s 

of
 t

he
 s

es
si

on
 is

 c
ha

ng
e 

pl
an

ni
ng

. 
Pa

rt
ic

ip
an

ts
 a

re
 in

tr
od

uc
ed

 t
o 

SM
AR

T 
go

al
s 

as
 a

 f
ra

m
ew

or
k 

fo
r 

fo
rm

ul
at

in
g 

go
al

s. 
Pa

rt
ic

ip
an

ts
 d

ra
ft

 t
he

ir 
ch

an
ge

 p
la

ns
 

in
di

vi
du

al
ly

. T
he

 e
xe

rc
is

e 
pr

of
es

si
on

al
 p

ro
vi

de
s 

fe
ed

ba
ck

 a
nd

 
ad

di
tio

na
l i

nf
or

m
at

io
n 

on
 t

he
ir 

pl
an

s, 
an

d 
pa

rt
ic

ip
an

ts
 d

is
cu

ss
 

st
ra

te
gi

es
 t

o 
ha

nd
le

 c
ha

lle
ng

es
 a

nd
 s

et
ba

ck
s. 

Af
te

rw
ar

ds
, 

pa
rt

ic
ip

an
ts

 e
ng

ag
e 

in
 g

oa
l a

tt
ai

nm
en

t 
sc

al
in

g 
(im

po
rt

an
ce

 
an

d 
co

nfi
de

nc
e)

.

D
ev

el
op

 a
 c

ha
ng

e 
pl

an
M

ov
in

g 
in

to
 

ac
tio

n
Co

m
pe

te
nc

e,
 

au
to

no
m

y
PA

 p
ro

vi
de

d 
by

 
ex

er
ci

se
 

pr
of

es
si

on
al

Go
al

 s
et

tin
g 

(b
eh

av
io

ur
), 

Go
al

 
se

tt
in

g 
(o

ut
co

m
e)

, 
Pr

ob
le

m
 s

ol
vi

ng
, 

Ac
tio

n 
pl

an
ni

ng
; 

Gr
ad

ed
 t

as
ks

10
Pa

rt
ic

ip
an

ts
 a

re
 in

tr
od

uc
ed

 t
o 

st
at

em
en

t 
of

 c
om

m
itm

en
t. 

Th
os

e 
re

ad
y 

to
 m

ak
e 

a 
co

m
m

itm
en

t 
sh

ar
e 

th
ei

r 
st

at
em

en
ts

, a
nd

 t
he

 
gr

ou
p 

re
fle

ct
s 

on
 e

ac
h 

pa
rt

ic
ip

an
t’s

 s
ta

te
m

en
t. 

Pa
rt

ic
ip

an
ts

 
w

ho
 a

re
 n

ot
 r

ea
dy

 y
et

 s
ha

re
 t

he
ir 

de
ve

lo
pi

ng
 c

om
m

itm
en

t 
st

at
em

en
ts

, a
nd

 a
 d

eb
rie

f 
fo

llo
w

s, 
di

sc
us

si
ng

 p
ot

en
tia

l 
se

tb
ac

ks
 a

nd
 s

tr
at

eg
ie

s 
to

 o
ve

rc
om

e 
th

em
. S

ub
se

qu
en

tly
, 

pa
rt

ic
ip

an
ts

 d
is

cu
ss

 p
ot

en
tia

l c
ha

ng
es

 a
nd

 c
om

e 
up

 w
ith

 
ea

si
ly

 a
ch

ie
va

bl
e 

st
ep

s. 
Th

es
e 

sm
al

l s
te

ps
 a

re
 t

he
n 

pr
es

en
te

d 
to

 t
he

 w
ho

le
 g

ro
up

.

St
re

ng
th

en
 c

om
m

itm
en

t 
to

 c
ha

ng
e

M
ov

in
g 

in
to

 
ac

tio
n

Au
to

no
m

y,
 

re
la

te
dn

es
s

W
al

ki
ng

 a
ro

un
d 

th
e 

ro
om

Go
al

 s
et

tin
g 

(b
eh

av
io

ur
), 

Go
al

 
se

tt
in

g 
(o

ut
co

m
e)

11
 &

 1
2

In
 b

ot
h 

in
di

vi
du

al
 f

ol
lo

w
-u

p 
se

ss
io

ns
, t

he
 f

oc
us

 is
 o

n 
ad

dr
es

si
ng

 
ea

ch
 p

ar
tic

ip
an

t’s
 s

pe
ci

fic
 c

on
ce

rn
s 

an
d 

ne
ed

s. 
Th

e 
fa

ci
lit

at
or

 
re

vi
ew

s 
th

e 
pa

rt
ic

ip
an

t’s
 g

oa
ls,

 a
ss

es
se

s 
pr

og
re

ss
 u

si
ng

 g
oa

l 
at

ta
in

m
en

t 
sc

al
in

g,
 a

nd
 e

va
lu

at
es

 t
he

 e
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Appendix C:  GPAQ data

P# VIPA Work MIPA Work
MIPA 
Travel

VIPA 
Recreation

MIPA 
Recreation Sedentary VIPA Total MIPA Total

1
2 1500 1800 0 0 140 2100 1500 1940
3 0 180 240 60 30 5040 60 450
4 0 0 0 0 0 840 0 0
5 4320 1140 0 90 120 420 4410 1260
6
7 0 2400 0 0 0 210 0 2400
8 0 720 0 0 135 7560 0 855
9 0 2400 210 0 45 1260 0 2655
10
11
12
13 1200 600 45 1890 1680 1260 3090 2325
14 0 120 0 0 0 3360 0 120
15
16 0 0 0 0 0 480 0 0
17 0 2520 0 0 20 480 0 2540
Mdn 0 720 0 0 30 1260 0 1260
M 638.18 1080.00 45.00 185.45 197.27 2091.82 823.64 1322.27
SD 1336.88 1024.93 90.25 566.17 494.96 2338.46 1542.32 1083.19

Note. Values indicated in minutes per week; missing data from n = 6 participants; P# = Participant number; 
VIPA = Vigorous Intensity Physical activity; MIPA = Moderate Intensity Physical Activity.
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