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Abstract
Background: An increasing number of physical activity (PA) interventions have been implemented to
tackle child obesity epidemic, yet many have shown only moderate effectiveness. This is possibly due to
a lack of in-depth understanding of the intrinsic motivators/demotivators to PA for children. Therefore, a
main aim of this paper is to explore the intrinsic facilitators and barriers to PA participation through the
lived experience of UK children (Study 1). The latter findings will facilitate the development of a
psychometric instrument that assesses children’s tendencies to engage in repeated negative thoughts
about PA (termed rumination ) which may hinder participation. Hence, our second aim is to develop and
validate the PA-specific Rumination Scale for Children (PARSC) (Study 2).
Methods: For Study 1, pedometry PA data were collected from 143 children (aged 6-10 years) over 3
weeks (Sample 1). Twenty-one focus groups were formed based on participants’ year group, sex and PA
level. Focus group discussions were thematically analysed. For Study 2, the themes identified for the
intrinsic barriers were used to develop PARSC. This was completed twice by 382 children (Sample 2),
together with the PA subscale of the Physical Self-Description Questionnaire (short version). Sample 1
also completed the avoidant coping subscales of the Children Coping Strategies Checklist.
Results: For Study 1, four overarching themes were identified for the intrinsic facilitators – sense of
competence/accomplishments, cognitive motivator, sensations and socialisation/social facilitation. Four
main themes for the intrinsic barriers were lack of competence, fear of negative experiences, external
constraints and lacking a sense of purpose. For Study 2, results from Rasch analysis demonstrated that
PARSC possessed sound internal validity and consistency, and test-retest reliability. Self-perceived PA and
avoidant coping were predictive of PA-specific rumination tendencies (15% of variance explained), but
objectively measured PA was not.
Conclusions: The themes identified from the current study can potentially inform future PA interventions
and PE curriculum for UK children. Also, PARSC can be a useful tool to assess children’s PA-specific
rumination tendencies and to advance our understanding of the role of rumination in PA behaviour, but its
applicability to other cultures warrants further investigations.

Background
In the past 4 decades, child obesity has become a global issue with an upward surge by more than
tenfold, from 11 million in 1975 to 124 million in 2016 within the 5-19-year-old population1. In the UK,
about a third of children aged 2–15 are overweight or obese2, and the accompanying consequences are
the development of cardiovascular diseases which are likely to be carried to adulthood if left untreated3.
Recognising habitual physical activity (PA) to be one of the most modifiable lifestyle factors to curb the
epidemic, the number of PA interventions has increased exponentially over the years, however, these
initiatives have presented limited (long-term) effectiveness in increasing habitual PA or improving
metabolic health status across intervention settings4,5.
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A possible reason for the lack of fruitfulness is that children were seldom involved in the design of these
interventions, but it is based on researchers’, education and/or health professionals’ views on what
intrinsically motivates, or hinders, children to participate in PA6. At best, the design of these initiatives was
informed by self-report measures of PA determinants, and children’s perspectives were confined by these
pre-defined factors that might not be entirely reflective of their lived experiences7. Moreover, despite that
many interventions were theory-driven as recommended by some researchers8, a more thorough
understanding of how theories and behaviour change determinants might apply to the target population
is lacking. An example is the use of Social Learning Theory9 to promote in-school moderate-vigorous PA
(MVPA) in adolescent girls via a peer-led brisk walking programme10. The authors have offered a few
explanations for the null findings, yet the possibility that the choice of role models selected by the
researchers for the study might not be aspiring enough for the participants had not been recognised. In
another school-based intervention informed by Self-Determination Theory11, only one of the two
intervention arms (free choice vs set choices) showed a significant increase on MVPA during PE lessons,
hence not all levels of autonomy can achieve the same effect. In order to understand the nuances of how
some PA determinants contribute to PA participation, it is crucial that we listen to the children’s accounts
of their lived experiences through which effective interventions can be designed.
In fact, very often the only time when children’s voice is heard is in the process evaluation of an
intervention12,13. It is not uncommon to receive positive feedback from the stakeholders about the
intervention strategies, but the intervention primary outcomes often suggest otherwise12,14. The possible
reason for this contradiction could be attributable to the novelty effect that biased participants’
perception, but once the novelty had faded, adherence to the interventions became challenging leading to
failure to achieve the expected changes. Thus, where possible, it is vital that children are involved in the
intervention development process through understanding factors that intrinsically motivate or demotivate
them to PA participation. To date, only few studies have explored the intrinsic facilitators and barriers of
PA from children’s perspectives15,16, and none has been conducted with UK children, yet cultural relevance
is pertinent in our understanding of health behaviours17. Therefore, a main aim of the current
investigation (Study 1) is to explore the intrinsic motivators and barriers to PA participation through UK
children’s accounts of their lived experiences.
Additionally, through the intrinsic barriers, the negative thoughts about PA that might hinder children’s
participation can be better understood. The tendency to passively and repeatedly think about negative
events/thoughts is termed rumination, and it is conceptualised as the tendency to attach negative
interferences to stressful life events/stressors, hence rumination can be context-specific as opposed to
trait rumination18. People with this brooding response style tend to exacerbate the negative affects while
avoiding the stressors as they can cause heightened psychological and/or physiological stress
reactivity19 − 21. Rumination has been consistently found to be associated with depression and
anxiety22,23, yet its applicability to PA behaviours has been largely overlooked24. Only few studies have
examined the relationship between rumination and PA behaviours. For example, one study found that
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high ruminating children were notably less physically active than low ruminators, and that their reactivity
to the speculated stressor (PA measurement) seemed to have manifested in their PA behaviours, as
shown in an initial inflation of PA level followed by a substantial drop by the end of the 3-week
measurement period 25. This change in PA behaviour could be explained by the depletion of cognitive
resources that previously sustained the inflated PA level, which was prompted by the hyper-vigilant trait
that ruminators exhibit when being confronted with stressors25. A more recent study suggested that
impulsivity and amotivation mediated the relationship between rumination and exercise behaviours in
adults24. From these studies, it appears that high ruminators are less likely to be physically active than
low ruminators possibly due to their tendencies to dwell on PA-related negative thoughts and/or
experiences. Evidence from child development literature also suggests that high ruminators tend to be
more susceptible to cardiovascular disease risks and that they are more likely to ruminate about their
body image25,26. Whether the former is due to psychophysiological or behavioural response to stress is
unknown, but furthering our understanding into rumination as a potential self-regulatory mechanism that
underpin PA behaviour is warranted.
A common limitation for the above-mentioned studies on rumination and PA behaviour is that the
instruments used to measure rumination tendencies were for evaluating trait rumination, and not specific
to PA behaviour. To date, there are no validated instruments to measure ruminative tendencies towards
PA participation. Therefore, a second aim of this investigation (Study 2) is to develop and validate the PAspecific Rumination Scale for Children (PARSC), and the items for the new instrument will be generated
from the themes on intrinsic barriers to PA participation in Study 1.

Method
The aim of Study 1 is to explore the intrinsic facilitators and barriers of PA through the lived experiences
of school-aged children. The themes generated from the latter will inform the development and validation
of the PA-specific Rumination Scale for Children (PARSC) in Study 2.

Study 1
Participants
Table 1 summarises the sample characteristics. One hundred and forty-three children aged 6 to 10 years
(Year 2 to 5; Mage = 8.77yrs, SD = 1.05; 50% boys) assented to participation and parental consents were
received. Participants were recruited from 4 government-aided primary schools in the southwest of UK
between January and April 2017. Those with physical/intellectual disabilities or recent physical injuries
that would hinder everyday PA were excluded from the study. All measures and procedure were approved
by the Institutional Ethics Board.
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Table 1
Descriptive statistics of the sample characteristics for Study 1 and Study 2.
N
(boys,

Mean age
± sd

Mean
steps ± sd

girls)
Study
1

Total sample (Sample 1)

143
(71,
72)

8.77 years
± 1.05

10,181.73
± 2,741.10

Study
2

Total sample (Sample 2)

389
(177,
212)

8.63 years
± 1.32

---

Sample included for internal validity, internal
consistency,
test-retest reliability analyses

382
(170,
212)

8.63 years
± 1.32

---

Sample included for factors predictive of PA-specific
rumination tendencies in regression analysis (a subsample from Study 1)

87
(45,
42)

8.94 years
± 1.02

10,106.64
± 2,717.90

Procedure
To aid the random selection of participants for focus group discussions based on their habitual PA, all
participants were given a peizo-electric pedometer (New Lifestyles 800) to wear over a nylon belt on their
left hips every day during waking hours, except during water activities, for 3 consecutive weeks. The New
Lifestyles 800 has presented good validity as a measurement tool for use with school-aged children27.
Participants with at least 1 weekday and 1 weekend day of data, with daily steps between 2,000–30,000
inclusive, were included in the analysis27,28. To account for potential reactivity, all pedometers were
sealed and only Week 3’s data were used to categorize participants into low, moderate and high PA for
each year group27.
Focus groups were composed based on sex, year group and high or low activity level, hence each year
group consisted of at least one group of high PA boys, one group of high PA girls, one group of low PA
boys and one group of low PA girls28. Most focus group discussions lasted for 20–30 minutes and were
led by the lead researcher who had extensive experience working with children and in qualitative work.
Some year groups had more than 2 focus groups due to insufficient time to
complete the earlier sessions. Most focus groups consisted of 3 participants each, but due to absence on
the date of discussions, some groups only had 2 participants. Altogether 53 participants were included in
19 focus group discussions across all year groups, and all focus group discussions were conducted
within the respective school venues (see Table 2 for details).
Semi-structured interview questions were prepared to prompt the discussions and these questions
primarily tapped into participants’ daily routine and the reasons for (not) enjoying PA29. First and
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foremost, the concept of PA was clarified at the beginning of each session to ensure that the participants
understood that all sports, exercise, play or everyday activities (e.g. walking to school) would be
considered as PA. To aid the discussions, participants were first asked to draw the activities they enjoyed,
or did not enjoy, so as to allow time to reflect on their experiences and further engage in the subsequent
discussions30. In particular, participants were asked to reflect on the thoughts that conjured up as they
were drawing the activities that they disliked, or if they were to participate in them, as this information
would serve the purpose of Study 2. All focus group discussions were audio-recorded and transcribed
verbatim.
Table 2
Composition of focus group members in each year group.
Year 2

Year 3

Year 4

Year 5

High active

1FG x 3 boys
1FG x 2 girls

1FG x 3 boys
1FG x 3 girls

1FG x 3 boys
1FG x 3 girls

2FGs x 3 boys
2FGs x 3 girls

Low active

1FG x 3 boys
1FG x 3 girls

1FG x 3 boys
2FGs x 3 girls

1FG x 3 boys
1FG x 3 girls

2FGs x 3 boys
2FGs x 3 girls

Note
FG = focus group. Physical activity level was objectively determined by mean daily steps in Week 3 of
physical activity measurement.

Focus group analysis
Thematic analysis was adopted using QSR NVIVO 12 software. A deductive approach was initially
employed, followed by an inductive approach, as recommended for analyses that are partially addressing
existing theories31. Two researchers experienced in qualitative research conducted the analysis which
involved comparisons of themes explored after each focus group transcript and collapsing related
themes into higher order themes. Any disagreements were discussed and subsequently resolved, such as
in the case of removing ‘positive moods’ as a higher order theme but including it as lower order theme
under ‘sensations’. This process concluded when both researchers agreed that the analysis had reached
saturation and that the final coding scheme could sufficiently addressed the study aim.

Results

Internal validity and internal consistency using Rasch
analysis
Original scale
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For the original PARSC analysis, six well-distributed class intervals were utilised (n = 50–77). Adequate
overall fit of PARSC to the Rasch model is demonstrated from the non-significant Chi-square probability
value (χ2 (50) = 58.41, p = .19). Fit residual values for all items were within ±2.5, suggesting good item fit.
A single person was identified with fit residual > 2.5 (indicting an unexpected response pattern), and 24
people were identified with fit residual < -2.5 (indicating a predictable response pattern). These people
were retained within the analysis, as they were not considered to be overly corrupting the analysis.
One pair of items, items 2 (How often do you think you might get hurt?) and 8 (How often do you think
serious accidents may happen?), demonstrated local dependency with a residual correlation of 0.12, > 0.2
compared to the mean of all residual correlations. As the item set has no pre-existing clustering, the
comparative groups for the unidimensionality series of t-tests was determined through the positively
loading and negatively loading items from a principal componentsanalysis of the residuals. The series of
t-tests reported that 3.93% of cases demonstrated significant differences between the two comparative
person estimates that were generated.. This suggests unidimensionality of the scale. Furthermore, DIF
analyses suggest that four items display DIF-by-sex, and three items display DIF-by-age group (Bonferroni
adjusted p-value > 0.05).
The person-item threshold distribution suggests that distribution of the person estimates and item
threshold was reasonably matched (or targeted) (mean ± sd person logit = − .59 ± .89, with average scale
item mean = 0.00 logit), i.e., item difficulty could adequately address the range of rumination tendencies
(Fig. 1a). Regarding the response categories, disordered thresholds were evident for all items except item
4 (How often are you think you might feel ‘funny’ in your body, like in the tummy, in the arms and legs, or
feel ‘tired’?), indicating that the response scale is not working in the expected manner for most items.
Figure 2a illustrates the category probability curve for item 6 as an example. This suggests that 4response options appears too many to be operational within this sample., Inspection of the person-item
map indicates that categories 2 and 3 (‘sometimes’ and ‘often’) appeared to be the most difficult to
endorse.Based on this information, a generic recode was applied across all items, where categories 2 and
3 (‘sometimes’ and ‘often’) were treated as an equivalent response, to deliver an implied 3-response
category format.

Revised scale after rescoring
After rescoring, the class interval distribution was reviewed. Due to the uneven distribution from 42–126
across the 6 intervals, we chose a 5-class interval structure in order to reduce the variability between each
class (57–94) before proceeding with model fit analyses. The revised scale demonstrated good overall fit
to the Rasch model (χ2 (40) = 52.36, p = .09). All individual items satisfied the model fit criteria. One
participant displayed a fit residual > 2.5 (2.61), and 30 participants displayed fit residuals < -2.5. No local
dependency was evident from the residual correlation matrix, and the scale displayed (series of t-tests =
4.71%).
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Rescoring of the response scale also saw more evenly distributed thresholds (Fig. 2b) and the personitem threshold map depicts adequate targeting between item difficulty and person attributes (Fig. 1b). DIF
was still present for sex (items 1, 6 and 7– Uniform DIF) and age group (items 1 and 5 – Uniform DIF). A
subtest was conducted for each person factor including the identified items, and analyses of variance
indicated that the DIF items cancelled each other out at test level (p = .07 and p = .11 respectively), hence
no further actions were taken to address the DIF issue. Lastly, internal consistency of PARSC was deemed
satisfactory with PSI = .73

Test re-test reliability and factors predictive of PA-specific
rumination tendencies
Utilising the logit (interval) scores of the revised PARSC, ICC coefficient suggested that the revised PARSC
possessed sound test-retest reliability (ICC = .77; 95% CI, .72 – .81). To assess factors predictive of PAspecific rumination tendencies, 87 cases were retained for regression analysis, with avoidant coping,
objective and self-report PA level as the predictors. Results suggest that PA rumination tendencies are
predicted by self-perceived PA level (β = .15, p = .006; 95% CI, .04 − .25) and avoidant behaviour (β = .10, p
= .02; 95% CI, .02 − .19), but not objective PA (β = -8.31E, p = .36), and 15% of the variance can be
explained by the model.

Discussion
In recent years, there is growing emphasis on the automatic (implicit) processes that drive health
behaviour (e.g. impulsivity, attention bias) over and above the reflective (explicit) processes that assume
individuals’ awareness (e.g. intention, self-efficacy)51. Focus on the latter might be another key reason for
the moderate effectiveness of behaviour change interventions as the health decisions that people make
are often less conscious than the explicit processes suggest52. Essentially, rumination, an emotion coping
mechanism that is closely linked to implicit cognition such as attention bias and affective processes,
could play a vital role in hindering our decisions to engage in positive health behaviour. While rumination
has shown to be a potential self-regulatory mechanism that drives PA behaviour, our understanding of
this coping style in its application to health behaviours is still in its infancy. This is partly attributable to a
lack of a psychometric instrument to measure PA-specific rumination. Our study is the first to develop and
validate a rumination scale specific to PA behaviour for school-aged UK children. The PARSC with a 3point response scale has demonstrated sound internal validity, internal consistency and test-retest
reliability. PA-specific rumination tendencies were also found to be predicted by self-perceived PA and
avoidant coping. A main strength of this validation study is the use of Rasch modelling to generate
meaningful interval scores for analysis55. The association between avoidant coping and rumination is as
expected, as confronting stressors are undesirable for ruminators due to their heightened reactivity to
stress, resulting in their urge to avoid the source of stress56,57. However, it is surprising that self-perceived
PA, and not objectively measured PA, is linked to rumination tendencies. It is possible that the shrunken
sample size in the analysis, due largely to attrition from PA measurement (40%), failed to capture the
extreme ends of the PA spectrum while the possible underestimation of light-moderate PA and
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overestimation of moderate-vigorous PA from the self-report might have artificially inflated the
variability58. Future studies should consider measuring objective PA in a larger sample to ascertain the
predictive validity of PARSC.
As the PARSC was developed through accounts of the lived experience of children from the UK, it can be
considered as a culture-specific instrument. Nonetheless, it can potentially be used for other child
populations. Findings from previous qualitative studies on barriers of PA with Hispanic and Australian
children are largely similar to the themes identified in the current study, however, additional prominent
themes from the former include concerns about getting ‘sweaty’, and parent-driven rules such as
expectations of behaviour indoor, and neither studies identified uncleanliness, sex stereotype and lack of
a sense of purpose from their participants15,16. These discrepancies could potentially stem from cultural
differences in parenting practice, and from the fact that focus of these studies is less on the intrinsic
barriers but more on environmental barriers as well. Therefore, if PARSC is used in children from different
cultural backgrounds, it is recommended that further validation process is in place to ascertain its
suitability.
For some of the intrinsic barriers that are relatively uncontrollable by individuals, such as sex stereotype,
uncleanliness, unfair play, previous negative experiences and to some extent, injuries and accidents, it is
important for researchers and education professionals to help children overcome them by building
resilience in order to minimize their influence on children’s PA. PA interventions can also consider
implementing strategies that address the other barriers through effective coaching. For example,
understanding that some children find the ‘out of breath’ experiences disconcerting, PE sessions can
focus on pacing strategies for a more even distribution of effort intensity so that prolonged PA can be
enjoyable, and at the same time, awareness about this sensation can be raised as part of normal
physiological functioning so that children would not consider this to be negative59. Intriguingly, when
children expressed that a lack of purpose being a barrier, they did not consider staying healthy as a
purpose, yet, all agreed that PA is a means to lead a healthy lifestyle. This certainly has implications on
the content of health messaging in PA interventions and public health campaigns, as focus on health
promotion is perhaps less likely to motivate children than the intrinsic facilitators that attract them to
engage in PA due to its lack of relevance to children’s value60.
Lastly, regarding the intrinsic facilitators, they generally agree with previous research in the area and
these factors, such as sense of competence and social facilitation, can certainly be incorporated in
children’s PA experiences by PE teachers and parents14. For example, children’s sense of
accomplishments can be enhanced through effective goal-setting or errorless learning in the skill learning
process as well as raising self-reflective ability61; their enjoyment gained from self-expression can be
satisfied by allowing autonomy to create their own games or dance moves14, and the effect of social
facilitation can be optimized through role modelling or amicable competitions62. Crucially, our data
suggest that children are naturally drawn to movements and play, so any attempts to provide such
opportunities are likely to reduce time spent sedentary and potentially reduce cardiovascular disease
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risks63. All of these strategies can be implemented within PE classes or integrated into PA interventions.
In fact, the mentioned factors have provided support to existing theories of behaviour change, such as
Self-Determination Theory and Social Learning Theory, but our findings have presented further insights
into how these theories, and the associated PA determinants, may operationalise in a context specific to
PA behaviour in UK children through which future PA interventions can model on.
Additionally, some intrinsic facilitators are unrelated to existing theories and less explored in PA
behaviour literature. Specifically, children seemed to derive PA enjoyment from their sensory experiences
and energy boost. The latter is particularly interesting as this factor seems to be novel within existing
literature. As discussed previously, even though the concept of health might not be meaningful to
children, having the energy to function in everyday life and to participate in enjoyable pursuits seem to be
a crucial motivator for some children to engage in PA. This finding also suggests that children’s sensory
experiences should not be undermined, hence strategies to promote an active lifestyle can include an
emphasis of positive sensory experiences during and after PA, a concept similar to mindfulness training
in encouraging attention to the present-moment feelings and sensations64.
A few limitations of the current study are worth noting. First, due to the limited linguistic repertoire and
self-reflexive ability, drawing in-depth information from the youngest age group in focus group
discussions was challenging. Focus group discussions might not be the best way to understand the lived
experience of children under 7 years of age, instead, we might have to rely on reports from parents and
teachers who can explore children’s in-the-moment PA experiences. Moreover, despite possessing sound
psychometric properties, further confirmation of construct validity of PARSC is called for, due to a lack of
validated rumination scales for children. The psychometric assessment led to a post-hoc rescaling of
PARSC, and some DIF was indicated for both sex and age groups. Although the post-hoc scoring
appeared to work favourably, and the impact of the DIF appeared to be small at the test level, this should
be further tested by a different sample in order to confirm the psychometric properties of the PARSC, and
to determine whether a 3-response category format is appropriate when tested prospectively.
Nonetheless, we consider the themes identified from the focus group discussions and the phrasing of the
items indicative of the construct, and potentially, future studies can lend support through neuroimaging or
psychophysiological response to PA-related stimuli with children of extreme ends of the PA spectrum.

Conclusions
To conclude, the current study has provided an in-depth understanding of the culture-specific intrinsic
facilitators and barriers of PA in UK children, and through the themes from the latter, PARSC was
developed and its psychometric properties were confirmed. We encourage researchers and policy makers
to consider our qualitative findings in the design of future PA interventions for this population, and for
education professionals to effectively promote PA to young children, especially those with relatively high
PA rumination tendencies as identified through PARSC. While it is crucial to focus on the intrinsic
facilitators to enrich children’s PA experience, strategies to address the intrinsic barriers that may become
sources of rumination against PA, such as resilience development, should also be considered. Through
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PARSC, we hope to advance our understanding of rumination as a self-regulatory coping mechanism that
underpins PA behaviour and metabolic health in young children and the potential strategies to encourage
adoption of adaptive coping style in the promotion of positive behaviour change.

Declarations
Ethics approval and consent to participate Ethical approval was obtained from the Northumbria
University Research Ethics Board. All participants assented to participation and their guardians also
provided written informed consent. Consent for publication No details of individuals have been included
in the manuscript. Availability of data and materials The dataset used and/or analysed for the current
study is available from the corresponding author on reasonable request. Competing interests The authors
declare no conflicts of interest. Funding Not applicable. Authors’ contributions The study was conceived
by FL who also collected and analysed data for both studies. JS co-analysed the qualitative data and MH
co-analysed the quantitative data. All authors contributed to manuscript preparation. Acknowledgements
The first author would also like to thank her former undergraduate students, Danielle Sweeting and
Danielle Sefu, for conducting the focus group discussions and preparing the transcripts.

References
1. NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in body-mass index, underweight,
overweight, and obesity from 1975 to 2016: a pooled analysis of 2416 population-based
measurement studies in 128.9 million children, adolescents, and adults. Lancet, 2017; 390:26272642.
2. Conolly A, Davies B. Health Survey for England 2017. https://digital.nhs.uk/data-andinformation/publications/statistical/health-survey-for-england/2017. Accessed 1 Sept 2019.
3. Llewllyn A, Simmonds M, Owen CG, Woolacott N. Childhood obesity as a predictor of morbidity in
adulthood: a systematic review and meta-analysis. Obes Rev, 2016; 17; 56-67.
4. Ellis LJ, Rees K, Brown T, Mead E, Al-Khudairy L, Azevedo L, et al. Interventions for treating children
and adolescents with overweight and obesity: an overview of Cochrane reviews. Int J Obes, 2018; 42:
1823-1833.
5. Wang Y, Cai L, Wu Y, Wilson RF, Weston C, Fawole O, et al. What childhood obesity prevention
programmes work? A systematic review and meta-analysis. Obes Rev, 2015; 16: 547-565.
6. Darbyshire P, MacDougall C, Schiller W. Multiple methods in qualitative research with children: more
insight or just more? Qual Res, 2005; 5: 417–436.
7. Hohepa M, Schofield G, Kolt GS. Physical activity: what do high school students think? J Adolesc
Health, 2006; 39: 328–336.
8. Abraham C, Kelly MP, West R, Michie S. The UK national institute for health and clinical excellence
public health guidance on behavior change: a brief introduction. Psychol Health Med. 2009; 14: 1-8.
9. Bandura A. Social Foundations of Thought and Action. Englewood Cliffs: Prentice-Hall, 1986.
Page 11/16

10. Carlin A, Murphy MH, Nevill A, Gallagher AM. Effects of a peer-led Walking in ScHools intervention
(the WISH study) on physical activity levels of adolescent girls: a cluster randomised pilot study.
Trials, 2018; 19:31.
11. Deci EL, Ryan RM. The “what” and “why” of goal pursuits: Human needs and the self-determination
of behavior. Psychol Inq, 2000: 11: 227-268.
12. de Craemer M, Verloigne M, de Bourdeaudhuij I, Androutsos O, Iotova V, Moreno L, et al. Effect and
process evaluation of a kindergarten-based, family-involved cluster randomised controlled trial in six
European countries on four- to six-year-old children’s steps per day: the ToyBox-study. Int J Behav
Nutr Phys Act, 2017; 14:116.
13. McCullogh N, Boyle SE, Fothergill M, Defeyter MA. ‘A really good balance’: Thematic analysis of
stakeholders’ views on classroom- and games-based positive choices interventions for primary
school children. PLoS One, 2019; 14: e0219503.
14. Ling FCM, Farrow A, Farrow D, Berry J, Polman RCJ. A children’s perspective on the effectiveness of
the Playing for Life philosophy in an afterschool sports program. Int J Sport Sci Coach, 2016; 11:
780-788.
15. Ross SET, Francis LA. Physical activity perceptions, context, barriers, and facilitators from a Hispanic
child’s perspective. Int J Qual Stud Health Well-being, 2016; 11:31949. Doi: 3402/qhw.v11.31949.
16. Stanley RM, Boshoff K, Dollman J. A qualtiative exploration of the “critical window”: Factors
affecting Australian children’s after-school physical activity. J Phys Act Health, 2013; 10: 33-41.
17. Lwelunmore J, Newsome V, Airhihenbuwa CO. Framing the impact of culture on health: a systematic
review of the PEN-3 cultural model and its application in public health research and interventions.
Ethn Health, 2014; 19: 20-46.
18. Smith JM, Alloy LB. A roadmap to rumination: A review o the definitions, assessments and
conceptualization of this multifaceted construct. Clin Psychol Rev, 2009; 29: 116-228.
19. LeMoult J, Arditte KA, D’Avanzato C, Joormann J. State rumination: Associations with emotional
stress reactivity and attention biases. J Exp Psychopathol, 2013; 4: 471-484.
20. Lyubomirsky S, Kasri F, Chang O, Chung Ruminative response styles and delay of seeking diagnosis
for breast cancer symptoms. J Soc Clin Psychol, 2006; 25: 276-304.
21. Nolen-Hoeksema S, Stice E, Wade E, Bohon C. Reciprocal relations between rumination and bulimic,
substance abuse, and depressive symptoms in female adolescents. J Abnorm Psychol, 2007; 116:
198–207.
22. Iqbal N, Dar KA. Negative affectivity, depression, and anxiety: Does rumination mediate the links? J
Affect Disord, 2015; 181: 18-23.
23. Kim JS, Jin MJ, Jung W, Hahn SW, Lee SH. Rumination as a mediator between childhood trauma and
adulthood depression/anxiety in non-clinical participants. Front Psychol, 2017; 8: 1596.
24. Riley KE, Park CL, Laurenceau JP. A daily diary study of rumination and health behaviors: Modeling
moderators and mediators. Ann Behav Med, 2019; 53: 743-755.
Page 12/16

25. Ling FCM, Masters RSW, Yu CCW, McManus AM. Central adiposity and the propensity for rehearsal in
children. Diabetes, Metab Syndr, 2011; 4: 225-228.
26. Ling FCM, McManus AM, Knowles G, Masters RSW, Polman RCJ. Do children emotionally rehearse
about their body image? J Health Psychol, 2015; 20, 1133-1141.
27. Ling FCM, Masters R, McManus AM. Rehearsal and pedometer reactivity in children. J Clin Psychol,
2011; 67: 261-266.
28. Rowe DA, Mahar MT, Raedeke TD, Lore J. Measuring physical activity in children with pedometers:
Reliability, reactivity and replacement of missing data. Pediatr Exerc Sci, 2004; 16: 343-354.
29. Peterson-Sweeney The use of focus groups in pediatric and adolescent research. J Pediatr Health
Care, 2005; 19, 104–110.
30. Morgan M, Gibbs S, Maxwell K, Britten Hearing children’s voices: methodological issues in
conducting focus groups with children aged 7-11 years. Qual Res, 2002; 2; 5–20.
31. Elo S, Kyngäs H. The qualitative content analysis process. J Adv Nurs, 2008; 62; 107-115.
32. Rasch G. Probabilistic models for some intelligence and attainment tests. Cophenhagen, Denmark:
Danmarks Paedagogiske Institute;
33. Wilson M. Constructing Measures. Mahwah, NJ: LEA Publishers; 2005.
34. Marsh HW, Martin AJ, Jackson S. Introducing a short version of the physical self-description
questionnaire: new strategies, short-form evaluative criteria, and applications of factor analyses. J
Sport Exerc Psychol, 2010; 32: 438-482.
35. Ayers TS, Sandler IN, West SG, Roosa MW. A dispositional and situation assessment of children’s
coping: Testing alternative models of coping. J Pers, 1996; 64: 923-958.
36. Streiner D L, Norman GR. Health measurement scales: A practical guide to their development and
use. 4th New York: Oxford University Press; 2008.
37. Weng L-J. Impact of the number of response categories and anchor labels on coefficient alpha and
test-retest reliability. Educ Psychol Meas, 2004; 64: 956–962.
38. Rudd J.R., Barnett LM, Farrow D, Berry J, Borkoles E, Polman R. The impact of gymnastics on
children’s physical self-concept and movement skill development in primary schools. Meas Phys
Educ Exerc Sci, 2017; 21: 92-100.
39. Ayers TA, Sandler IN. Manual for the Children’s Coping Strategies Checklist and the How I coped
Under Pressure Scale. http//www.asu.edu/clas/asuprc. Accessed 15 July 2017.
40. Simpson D, Suarez L, Cox L, Connolly The role of coping strategies in understanding the relationship
bewteen parental support and psychological outcomes in anxious youth. Child Adolesc Soc Work J,
2018; 35; 407-421.
41. Andrich D, Sheridan B, Luo G. RUMM 2030. Perth: RUMM Laboratory; 2009.
42. Ramp M, Khan F, Misajon RA, Pallant JF. Rasch analysis of the multiple sclerosis impact scale
(MSIS-29). Health Qual Life Outcomes, 2009; 7:58.

Page 13/16

43. Shea TL, Tennant A, Pallant JF. Rasch model analysis of the depression, anxiety and stress scales
(DASS). BMC Psychiatr, 2009; 9:21.
44. Tennant A, Conaghan PG. The Rasch measurement model in rheumatology: What is it and why use
it? When should it be applied, and what should one look for in a Rasch paper? Arthritis Care Res,
2007; 57: 1358–
45. Marais I, Andrich D. Formalizing dimension and response violations of local independence in the
Unidimensional Rasch model. J Appl Meas, 2008; 9: 200–215.
46. Christensen, K.B., Makransky, G., Horton, M. (2017). Critical values for Yen’s Q3: identification of local
dependence in the Rasch model using residual correlations. Applied Psychological Measurement,

41(3), 178-94.
47. Pallant JF, Miller RL, Tennant A. Evaluation of the Edinburgh Post Natal Depression Scale using
Rasch analysis. BMC Psychiatr, 2006; 6:28.
48. Andrich D, Hagquist C. Real and artificial differential item functioning in polytomous items. Educ
Psychol Meas, 2015; 75:185-207.
49. Stevens J. Applied multivatirate statistics for the social sciences. 4th ed. New Jersey: Lawrence
Erlbaum Associates Publishers; 2002.
50. Nunnally JC, Bernstein IH. Psychometric theory. 3rd New York: McGraw-Hill; 1994.
51. Sheeran P, Bosch JA, Crombez G, Hall PA, Harris JL, Papies EK, Wiers RW. Implicit process in health
psychology: Diversity and promise. Health Psychol, 2016; 35: 761-766.
52. Sheeran P, Klein WM, Rothman AJ. Health behaviour change: Moving from observation to
intervention. Annu Rev Psychol, 2017; 68: 573-600.
53. Schlinkert C, Koole SL. Self-restraint spillover: Inhibitory control disrupts appetite regulation among
ruminators. J Pers, 2018; 85: 825-840.
54. Ottaviani C, Thayer JF, Verkuil B, Lonigro A, Medea B, Couyoumdjian A, and Brosschot JF.
Physiological concomitants of perseverative cognition: A systematic review and meta-analysis.
Psychol Bull, 2016; 142: 231-259.
55. Hobart JC, Cano SJ, Zajicek JP, Thomson AJ. Rating scales as outcome measures for clinical trials
in neurology: problems, solutions and recommendations. Lancet Neurol, 2007; 6: 1094-1105.
56. Nolen-Hoeksema S, Harrell Z. Rumination, depression and alcohol use: Tests of gender differences. J
Cogn Psychother, 2002; 16; 391–404.
57. Dickson KS, Ciesla JA, Reilly LC. Rumination, worry, cognitive avoidance, and behavioral avoidance:
Examination of temporal effects. Behav Ther, 2016; 43: 629-640
58. Sprengeler O, Wirsik N, Hebestreit A, Herrmann D, Ahrens W. Domain-specific self-reported an
objectively measured physical activity in children. Int J Environ Res and Public Health, 2017; 14:242.
59. Edwards A, Polman R. Pacing and awareness: brain regulation of physical activity. Sports Med, 2013;
43: 1057-1064.

Page 14/16

60. Kreuter MW, Wray RJ. Tailored and targeted health communication: strategies for enhancing
information relevance. Am J Health Behav, 2003; 27 Supp 3: S227-232.
61. Maxwell JP, Masters RSW, Kerr E, Weedon E. The implicit benefit of learning without errors. Q J Exp
Psychol A, 2001; 54: 1049–1068.
62. Radcliffe JN, Comfort P, Fawcett T. Psychological strategies included by strength and conditioning
coaches in applied strength and conditioning. J Strength Cond Res, 2015; 29: 2641-2654.
63. Kwon S, Janz KF, Burns TL, Levy SM. Association between light-intensity physical activity and
adiposity in childhood. Pediatr Exerc Sci. 2011; 23(2): 218–29.
64. Brown KW, Ryan RM. The benefits of being present: mindfulness and its role in psychological wellbeing. J Pers Soc Psychol, 2003; 84: 822-848.

Figures

Figure 1
Person-item threshold distribution maps. Each map illustrates the extent to which participants’ PAspecific ruminative tendencies (top) matches item contribution to the construct (bottom). The logits
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(location) scale on the x-axes represent a standardized score where the mean rumination score and mean
item contribution is set to 0, and one logit = one SD. The y-axis of the top histogram shows the
distribution of standardized scores while the y-axis of the lower histogram shows the probability of
endorsing a given score for a particular item. Map (a) displays targeting between item difficulty and
person attributes of the original scale and map (b) depicts that of revised scale after rescoring.

Figure 2
Category probability curve of item 6 (a) from the original scale and (b) after rescoring.
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