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Abstract

The study aimed to test the efficacy of the core ele-

ments of the Health Action Process Approach (HAPA)

in an intervention among parents to promote regular

supervised toothbrushing of preschool-aged children.

The pre-registered study (https://osf.io/fyzh3/) tested

the effects of an intervention employing information

provision, behavioural instruction, implementation

intention and mental imagery techniques, adopting a

randomised controlled design in a sample of Australian

parents of preschoolers (N = 254). The intervention

used an additive design with four conditions—educa-

tion, self-efficacy, planning and action control—
progressively layered to show the cumulative impact of

incorporating self-efficacy, planning and action control

strategies with a foundational education component.

The intervention was delivered online, and participants

completed self-report measures of parental supervised

toothbrushing and HAPA-based social cognition con-

structs pre-intervention and 4 weeks post-intervention.

Although no significant intervention effects on behav-

iour were observed, mixed-model analyses of variance

(ANOVAs) revealed an increase in intention and task

self-efficacy within the action control condition and an
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increase in action planning in both the action control

and planning conditions from pre-intervention to

follow-up. Despite no anticipated changes in behav-

iour, these findings endorse the use of theory- and

evidence-based behaviour change strategies to inspire

change in HAPA-based determinants of parental super-

vised toothbrushing: intention, action planning and

task self-efficacy.
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INTRODUCTION

Early childhood caries is the most prevalent preventable chronic disease in childhood and a key
public health challenge affecting preschoolers worldwide (Australian Institute of Health and
Welfare, 2020; K. J. Chen et al., 2019; El Tantawi et al., 2018). Despite being a highly prevent-
able disease, a recent meta-analysis estimates that almost half of preschool-aged children world-
wide have experienced dental caries (Uribe et al., 2021). Preventive intervention through the
manual removal of dental biofilm (i.e. toothbrushing) is the most common and effective means
of self-care for maintaining good oral health (Van Der Weijden & Slot, 2011; World Health
Organization, 2018). For young children, parents are recommended to perform twice-daily
parental supervised toothbrushing using fluoride toothpaste until children are at least 5 years of
age (Australian Institute of Health and Welfare, 2012; Do, 2020).

The development of oral hygiene habits is heavily influenced by parental involvement
(Blinkhorn et al., 2001; Hamilton et al., 2018; Hariyani et al., 2020; Mohebbi et al., 2008), with
the preschool years offering a crucial period for building and establishing lifelong good oral
hygiene behaviours. It is important to establish and pass on regular toothbrushing habits from
parent to child during the preschool years to prevent the onset of early childhood caries before
the eruption of permanent dentition. Parents generally report high levels of motivation to act in
the best interests of their children's health and safety, including their oral health (Hagger,
Keech, & Hamilton, 2020; Smith et al., 2021; Spinks & Hamilton, 2015). However, research has
well documented that intentions do not reliably predict behaviour, and people often fail to act
upon even their best intentions (Hagger & Chatzisarantis, 2009; McEachan et al., 2011;
Sheeran & Webb, 2016; C.-Q. Zhang et al., 2019). Furthermore, the high prevalence of dental
caries experience in young children worldwide (Kassebaum et al., 2015; Uribe et al., 2021),
along with recent self-report evidence (Royal Children's Hospital Melbourne, 2018), indicates
that parents are not meeting the recommended preventive behavioural guidelines of twice-daily
parental supervised toothbrushing for their preschool-aged children to prevent the development
of early childhood caries.

Common barriers preventing parents from acting on their intentions to perform twice-daily
supervised toothbrushing often include perceived beliefs of being too tired, too busy, forgetting
or having an uncooperative child (Berzinski et al., 2020; Marshman et al., 2016). To promote the
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translation of oral hygiene intentions into behaviour, research has identified the importance of
constructs that underpin motivational and self-regulatory processes such as attitude, self-efficacy,
planning and action control (Gholami et al., 2015; Hamilton et al., 2018; Smith et al., 2021; Zhou
et al., 2014). These findings, along with recent meta-analytic evidence (Hamilton et al., 2020),
indicate that self-regulatory skills may be necessary for equipping parents with the means to
overcome barriers that interfere with their ability to follow-through on their intentions to per-
form regular parental supervised toothbrushing. In recent studies (Hamilton et al., 2018;
Hariyani et al., 2020; Smith et al., 2020, 2021), the importance of theory-based interventions to
enhance parental involvement in promoting their young children's oral hygiene behaviour has
been emphasised. Furthermore, a recent systematic review examining home-based toothbrush-
ing interventions for parents of young children noted a significant absence of theoretical founda-
tions among the interventions included in the review (Aliakbari et al., 2021).

A HAPA-based intervention promoting parental supervised
toothbrushing

The Health Action Process Approach (HAPA) (Schwarzer, 2008) is a dual-phase theoretical
framework that distinguishes between motivational and volitional phases of behavioural enact-
ment and has been applied to predict multiple health behaviours (Schwarzer &
Hamilton, 2020). In the motivational phase of the model, intention is posited as a primary pre-
dictor of behaviour, with outcome expectancies (i.e. beliefs that the target behaviour will lead to
outcomes that have utility for the individual and conceptually similar to attitudes towards a
behaviour) and task self-efficacy (i.e. beliefs in one's capacity to successfully perform a behav-
iour and overcome challenges and barriers to its performance) both positioned as factors
influencing intention. Informed by a recent meta-analysis (Smith et al., 2020) that identified
‘attitudes’ as a significant correlate of parental supervised toothbrushing and recognising the
importance of emotional and value-driven components within attitudes, the present study chose
to target ‘attitudes’ to preserve the theoretical integrity of the HAPA model while streamlining
the research process. It is common for researchers to measure ‘attitudes’ as a surrogate for ‘out-
come expectancies’ due to substantial conceptual overlap between the constructs (e.g. Hamilton
et al., 2020; Smith et al., 2021).

The HAPA also posits risk perception (i.e. belief in the severity of a health condition that
may arise from not performing the target behaviour and personal vulnerability towards it) as a
direct predictor of intention. For instance, risk perceptions related to severe complications from
illnesses have clear, explicit and proximal links to behaviours that reduce risks
(e.g. vaccination). However, risk perception has been shown to yield smaller effects on intention
and, indirectly, on behaviour compared with the beliefs that relate to engaging in behaviour
itself, such as attitude and task self-efficacy (Schwarzer & Hamilton, 2020; C.-Q. Zhang
et al., 2019). Furthermore, in the context of parental supervised toothbrushing, risk perceptions
do not have a clear, explicit and proximal link to reduced risk and are not pertinent to an ‘at-
risk’ population. Risk perceptions were, therefore, not expected to have a pervasive influence
on parents' behaviour and were not targeted in the present study. In the volitional phase of the
HAPA, planning (e.g. action and coping planning) and action control (i.e. monitoring and eval-
uation of a behaviour against a desired behavioural standard) are important self-regulatory
strategies, with planning linking behavioural intention to subsequent behavioural enactment
and action control as an important direct determinant of behaviour.
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Previous research supports the application of the HAPA to preventive health behaviours, with
prominent roles for outcome expectancies, self-efficacy, planning and action control (Schwarzer &
Hamilton, 2020; C.-Q. Zhang et al., 2019). Moreover, recent meta-analytic and prospective correla-
tional research demonstrates that outcome expectancies, self-efficacy, planning and action control
are effective in predicting parental supervised toothbrushing (Smith et al., 2020, 2021). The
HAPA, therefore, can be used as the basis for developing effective behaviour change interven-
tions, with research demonstrating that intervention strategies or techniques targeting its key
motivational and volitional constructs can result in behaviour change (Schwarzer &
Hamilton, 2020). Building on this research, the current study aimed to test the efficacy of the core
elements of the HAPA (i.e. outcome expectancies, self-efficacy, planning and action control) to
promote regular parental supervised toothbrushing among parents of preschool-aged children.

The intervention adopts evidence-based behaviour change strategies proposed to affect
change in the targeted determinants (Hagger, Cameron, et al., 2020). Specifically, the interven-
tion adopts strategies of information provision, behavioural instruction, implementation inten-
tions and mental imagery, which target change in the attitude (aka outcomes expectancies),
task self-efficacy, action and coping planning, and action control constructs from the HAPA
(Conroy & Hagger, 2018; Hagger et al., 2012; Hamilton & Johnson, 2020; Knäuper et al., 2009,
2011; Koka & Hagger, 2017; Schwarzer et al., 2015). Behavioural instruction aimed to increase
self-efficacy towards the targeted behaviour by providing clarity on what the behaviour was,
why it was important and how it could be executed; it had previously shown success in promot-
ing self-efficacy towards oral self-care (Schwarzer et al., 2015; Warner & French, 2020). To com-
plement this, we employed implementation intentions in an ‘if–then’ format, which has been
proven to bridge the gap between intentions and actions, particularly in populations high in
motivation but struggling with behaviour change (Gollwitzer & Sheeran, 2006). The mental
imagery technique, informed by best practice techniques and previous intervention research
(Conroy & Hagger, 2018; Hagger & Conroy, 2020; Smith et al., 2022), involved mentally rep-
resenting and rehearsing future actions and was tailored in this study to target action control in
the context of participants' adoption of a behavioural self-monitoring strategy. Both implemen-
tation intentions and mental imagery techniques were valuable in fostering self-initiated behav-
iour change and offered low-cost and low-burden alternatives to traditional person-to-person or
practitioner-led interventions (Knittle et al., 2020).

The present study

The present pre-registered study aimed to test the efficacy of the core elements of the HAPA
(i.e. outcome expectancies, self-efficacy, planning and action control) to promote regular paren-
tal supervised toothbrushing among parents of preschool-aged children. The intervention
adopted a four-group randomised controlled design, with intervention materials delivered
online using resources that can easily be implemented in real-world settings. The randomised
controlled trial used an additive design in which parents of preschool-aged children were ran-
domly assigned to an active control (education) arm or one of the three experimental arms (the
self-efficacy and education condition [self-efficacy+]; the planning, self-efficacy and education
condition [planning+]; or the action control, planning, self-efficacy and education group
[action control+]). By using an additive design, we aimed to test whether the additional treat-
ment components present in the experimental treatment arms provide greater benefit, com-
pared with the components that are held constant across the control and intervention arms
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(e.g. testing the full package of HAPA-based intervention components against components just
targeting self-efficacy and planning, or self-efficacy alone). The intervention was embedded in
an online survey administered to a cohort of Australian parents of preschoolers recruited from
an online survey panel. The study provided all participants with educational information, and
then participants in the experimental arms were guided through some or all of the self-enacted
exercises designed to target change in the HAPA constructs.

We hypothesised that parental supervised toothbrushing would increase across baseline
(T1) and the 4-week follow-up post-intervention (T2) for the three experimental arms: self-effi-
cacy+ condition (H1), planning+ condition (H2) and action control+ condition (H3) compared
with the active control condition. It was further expected that the action control+ condition rel-
ative to all other groups would have greater increases in parental supervised toothbrushing
across baseline (T1) and the 4-week follow-up post-intervention (T2) (H4). In addition, we
pre-registered exploratory analyses investigating intervention effects on the targeted secondary
outcomes: intention, attitude, task self-efficacy, action planning and action control towards
parental supervised toothbrushing.

METHODS

Participants

Participants were Australian parents and caregivers of preschoolers (N = 252, 72.6% women)
ranging in age from 18 to 70 years (M = 35, SD = 7.49). Participants were eligible for recruit-
ment if they lived in Australia, were aged 18 years or older and were the parent or caregiver of at
least one 2–5-year-old child who usually resides in the same household as them. See the online
repository for an overview of participant demographic characteristics: https://osf.io/e8chn.

Participants were recruited using a research panel provider, KANTAR. An a priori statistical
power analysis was conducted using G*Power v3.1 for a mixed-model analysis of variance
(ANOVA) estimating fixed effects, main effects and interactions for the two key independent
variables: intervention condition and time. The effect size was set to detect a small effect
(f = .18), based on previous research on effectiveness of imagery interventions (Conroy &
Hagger, 2018), with power and alpha set at .95 and .01, respectively, adjusted to protect from
inflation of type I error rate due to multiple tests. The analysis returned a minimum required
sample size of N = 184 (46 participants in each condition). To allow for 40% attrition, the target
sample size of up to 300 participants at the baseline was set. As a pre-specified stopping rule,
online recruitment ceased once 300 participants had completed the baseline (Time 1 [T1]) sur-
vey. However, a less conservative a priori power analysis with power set at .80 was performed
after pre-registration and before recruitment due to practical constraints including resource lim-
itations due to the COVID-19 pandemic. The revised power estimation indicated a minimum
required sample size of N = 148. As such, to allow for 40% attrition, we were satisfied to stop
T1 recruitment once 250 participants had completed baseline.

Design and procedure

The study was pre-registered prior to data collection on the Open Science Framework: https://
osf.io/fyzh3/. The University Human Research Ethics Committee approved the study
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(reference: 2019/852). The study has been reported in accordance with the CONSORT 2010
checklist for reporting randomised trials (Schulz et al., 2010). Data were collected between
5 March and 8 April 2021. Participants completed the online study over two online data collec-
tion sessions, 4 weeks apart. In Session 1, participants received study information and provided
informed consent and then completed baseline measures of study variables followed by the
intervention content of the condition to which they were assigned. In Session 2, participants
completed T2 measures of all study variables. See Figure 1 for the CONSORT 2010 flow diagram
of the intervention. The study adopted a double-blind parallel four-condition mixed (within–
between) randomised controlled design. Participants were randomly assigned to one of the four
additive study arms: the active control (education-only) condition or one of the three experi-
mental arms (the self-efficacy and education [self-efficacy+] condition; the planning, self-
efficacy and education [planning+] condition; or the action control, planning, self-efficacy and
education [action control+] condition). Participants were not made aware of the condition to
which they were assigned. The research team had no contact with intervention participants,
and the research panel provider responsible for contacting participants was not made aware of
the intervention conditions. A table summarising the additive design is available in Supporting
Information S1 and in the online repository, and further details of the study design and proce-
dure are available in the study pre-registration document: https://osf.io/e8chn.

Simple randomisation was used to allocate participants to one of the four study conditions.
The randomisation was conducted by the Qualtrics randomisation feature following completion
of the pre-intervention survey. The Qualtrics randomisation feature uses a Mersenne Twister
pseudorandom number generator that is seeded using a Unix timestamp (in milliseconds).

HAPA-based intervention development and optimisation

The intervention content was informed by best practice techniques for mental imagery inter-
ventions (Conroy & Hagger, 2018; Hagger & Conroy, 2020; Hamilton et al., 2021) and based on
examples and mechanisms identified in prior research investigating mental imagery interven-
tion techniques for behaviour promotion (Hagger et al., 2011; Hamilton et al., 2021; Knäuper
et al., 2011). The intervention was presented to participants as a slideshow displayed on their
screens. Participants were instructed to read a series of slides that provided information and
instructions for self-enacted parental supervised toothbrushing exercises. They had the ability
to manually advance through the slides. A timer was used on all slides containing intervention
stimuli to prevent participants advancing through the information and activities too quickly
without fully engaging in the content. The intervention utilised a range of behaviour change
techniques that were aligned with the targeted HAPA constructs in the trial (Kok et al., 2016).
The content and procedure of the four intervention components are outlined below. A sum-
mary of the behaviour change techniques aligned with the HAPA theoretical constructs is avail-
able in Supporting Information S2, and materials for each of the intervention components are
available in the online repository: https://osf.io/e8chn (i.e. ‘Intervention Slideshow’).

Part 1: Educational component

Participants in the education-only condition (i.e. active control condition) were presented only
with the educational component of the intervention. For the educational component,
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participants were presented with an infographic from the Australian Dental Association that
contained general information and guidelines for caring for the oral health of preschool-aged
children (e.g. parents should supervise their children's toothbrushing, teeth should be brushed

FIGURE 1 CONSORT 2010 flow diagram.
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twice daily and a soft child's brush with a paediatric toothpaste [500–550 ppm of fluoride]
should be used). After reviewing the educational guidelines, participants completed a single-
item measure of goal intention, where they were presented with the statement ‘I am willing to
form a goal to supervise my child's toothbrushing 2 times each day for the next 4 weeks’, with
responses recorded on a 7-point scale (1 = strongly disagree to 7 = strongly agree). Information
provision about the importance of engaging in a target behaviour (e.g. providing
information about health consequences and highlighting the pros over the cons of a particular
course of action, using credible sources) targets behaviour change by promoting positive atti-
tudes towards the behaviour (Hamilton & Johnson, 2020).

Part 2: Self-efficacy component

In addition to the educational component of the intervention, participants assigned to the self-
efficacy+ condition were also presented with a series of slides containing step-by-step instruc-
tions on how to correctly supervise their young child's toothbrushing behaviour. Behavioural
instruction techniques target behaviour change by increasing task self-efficacy towards per-
forming the behaviour in future and involve providing information about what a behaviour is,
why it is done and how it is done (Warner & French, 2020). Behavioural instruction has shown
to be a successful technique for increasing self-efficacy towards oral self-care (Schwarzer
et al., 2015). Following the behavioural instruction, participants were also presented with the
testimonials of three parents of preschool-aged children. The testimonials comprised brief nar-
ratives describing parents having successfully implemented regular supervision of their pre-
schooler's toothbrushing. Testimonials were presented as a quote from the person,
accompanied by their image, first name, city of residence and age of child.

Part 3: Planning component

In addition to the educational and self-efficacy components of the intervention, participants
assigned to the planning+ condition also completed action planning and coping planning exer-
cises. Action planning was targeted via the formation of action plans, where parents recorded
when, where and before/after which regular activity they would perform parental supervised
toothbrushing (e.g. ‘I will supervise my child's toothbrushing every morning in the downstairs
bathroom, right after breakfast’), with separate plans recorded for mornings and evenings. After
recording their action plans, participants performed an implementation intentions exercise
where they were instructed to generate up to three coping plans in relation to supervising their
child's toothbrushing in the next 4 weeks using an ‘If–then’ format, where the ‘If’ statement is
the identified barrier to performing the behaviour and the ‘Then’ statement is the planned
action to overcome this barrier. For example, a participant might have come up with: (e.g. ‘If …
my child is resisting having their teeth brushed, Then I will … play a toothbrushing song to make
it a fun activity’). Evidence shows that implementation intentions are effective at promoting
enactment of intended behaviours beyond mere formation of a goal intention (Gollwitzer &
Sheeran, 2006), which has particular relevance in a population with high motivation but has dif-
ficulty translating intentions to behaviour. Furthermore, the adoption of imagery and implemen-
tation intention techniques together has been shown to promote behaviour change in previous
intervention studies (Hagger et al., 2012; Knäuper et al., 2009, 2011; Koka & Hagger, 2017).
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Part 4: Action control component

In addition to the educational, self-efficacy and planning components of the intervention, par-
ticipants assigned to the action control+ condition were also guided through a mental imagery
exercise targeting the implementation and maintenance of a parental supervised toothbrushing
self-monitoring strategy. Mental imagery techniques target change in behaviour by promoting
positive attitudes and increasing self-efficacy towards performing the behaviour in the future,
and it involves individuals mentally representing and rehearsing future actions and conse-
quences (Conroy & Hagger, 2018; Kavanagh et al., 2005; Pham & Taylor, 1999). In the present
study, the mental imagery technique has been tailored to target action control, in addition to
attitudes and task self-efficacy, by guiding participants through mental representation and
rehearsal of implementing and utilising a self-monitoring strategy. Meta-analytic evidence sup-
ports the effectiveness of these imagery techniques on behaviours and social-cognitive con-
structs (Conroy & Hagger, 2018). Furthermore, implementation intentions and mental imagery
intervention techniques promote self-initiated behaviour change. Low-cost and low-burden
strategies such as these can overcome the need for person-to-person contact or expensive
practitioner-delivered interventions (Knittle et al., 2020). Therefore, the decision to have partici-
pants select a preferred behavioural self-monitoring strategy was guided by the aim to develop
an effective intervention that requires minimal person-to-person contact and uses minimal
resources, while also being tailored to the individual. A process mental imagery task was used
in conjunction with instructing participants to select and then implement a preferred self-
monitoring strategy to bolster implementation and adherence of the chosen self-monitoring
strategy in a format that also requires minimal direct contact and resources.

First, participants were instructed to think of a strategy they would use to monitor them-
selves supervising their child's twice-daily toothbrushing for the next 4 weeks. Participants were
advised that the choice of strategy was their own, with some example strategies also provided
for inspiration (e.g. using a toothbrushing chart and setting smartphone reminders). Once a pre-
ferred self-monitoring strategy was decided upon, participants recorded their strategy in a text
entry box and then completed a single-item measure of goal intention where they were pres-
ented with the statement ‘I am willing to form a goal to implement my strategy to monitor
myself supervising my child's toothbrushing 2 times each day for the next 4 weeks’, with
responses recorded on a 7-point scale (1 = strongly disagree to 7 = strongly agree). Following
this, participants were directed to engage in a mental imagery task, dedicating several minutes
to vividly envisage the implementation of their preselected self-monitoring strategy. They were
encouraged to conjure a detailed and consistent mental representation of themselves utilising
this strategy over the forthcoming 4-week period to monitor supervising their child's tooth-
brushing routine. Subsequent to the mental imagery exercise, participants were asked to docu-
ment a succinct synopsis of the imagery they conceived during the task in a designated text
entry box. This provided a reflective account of their mental rehearsal, further reinforcing their
commitment to the planned behavioural strategy.

Treatment fidelity

As explained by Borrelli (2011), treatment fidelity encompasses three main components:
fidelity of treatment delivery (e.g. adherence to the intervention protocol and consistent use of
the planned intervention techniques), fidelity of treatment receipt (e.g. participant
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comprehension of the intervention content and recall of the instructional information) and
fidelity of treatment enactment (e.g. accurate application of the learned strategies or skills
within the intervention context). In the current study, we assessed treatment fidelity across
these three dimensions.

To improve treatment delivery, we used a timer function on slides to prevent participants
from proceeding to the next slide until sufficient time had passed to read the information and
instructions on the slides, with longer timers embedded on pages of the study directing the per-
formance of the mental imagery exercises. Forced responding was also used to monitor treat-
ment delivery, where participants were not permitted to proceed to the next page of the survey
without responding to the open-ended questions, or the imagery fidelity measures.

To assess treatment receipt, several open-ended responses were recorded throughout the
intervention to verify understanding of the information and adherence to the instructions pro-
vided. For the planning component, participants recorded their action plans and coping plans
in an open text box during the intervention. Prior to the process mental imagery exercise, par-
ticipants described their preferred strategy to monitor themselves supervising their child's
twice-daily toothbrushing for the next 4 weeks (e.g. ‘put toothbrushing chart in the bathroom
and mark it off each morning and night’). After the process mental imagery exercise, partici-
pants were asked to write a few sentences summarising their process imagery (e.g. ‘I'm going to
print the brushing chart and hang it on the bathroom mirror, with a marker to tick the box
when teeth are done each time’). All qualitative responses were coded as ‘related’ or
‘unrelated’ based on whether the responses provided were each relevant to their respective
activities and instructions. Of the responses from the n = 110 participants in a condition that
received the planning intervention, one evening action plan and one morning action plan, and
six open-ended responses for the coping plans, were coded as unrelated. Of the n = 56 partici-
pants in a condition that received the action control intervention, two responses describing the
preferred self-monitoring strategy and three of the open-ended responses summarising the pro-
cess mental imagery were coded as unrelated.

To assess treatment enactment, we included a measure of ‘imagery fidelity’ directly after
the process imagery exercise to ensure participants were actively implementing the process
imagery techniques as instructed and not just passively receiving the intervention. We assessed
imagery fidelity using a four-item scale modified from Knäuper et al. (2011). The four items
assess vividness (e.g. ‘How VIVID was the mental image that you had of the process of monitor-
ing yourself supervising your child's toothbrushing 2 times each day for the next 4 weeks?’;
1 = not at all vivid to 7 = very vivid), clarity (e.g. ‘How CLEAR was the mental image that you
had of the process of monitoring yourself supervising your child's toothbrushing 2 times each
day for the next 4 weeks?’; 1 = not at all clear to 7 = very clear), detail (e.g. ‘How DETAILED
was the mental image that you had of the process of monitoring yourself supervising your chi-
ld's toothbrushing 2 times each day for the next 4 weeks?’; 1 = not at all vivid to 7 = very vivid)
and ease of imagery (‘How EASY or DIFFICULT was it for you to create these images?’;
1 = extremely difficult to 7 = extremely easy). High mean imagery fidelity scores were observed
for the process imagery exercise (M = 5.50, SD = 0.94).

Measures

Study measures were carried out on multi-item psychometric instruments developed using pub-
lished guidelines and adapted for use with the target behaviour in the current study
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(Schwarzer, 2008). All measures were assessed at baseline (T1) and at the 4-week follow-up
(T2). All items were rated on a 7-point Likert scale (1 = strongly disagree to 7 = strongly agree),
unless otherwise specified. See the online repository for full measures and their reliability in the
present study: https://osf.io/e8chn.

Behaviour

To measure regular parental supervised toothbrushing, participants were first presented with
the following information: ‘Regular supervision of your child's toothbrushing means
(a) brushing your child's teeth for them; or assisting, observing, and advising your child as they
brush their own teeth, and (b) performing this behavior 2 times every day.’ Participants then
responded to two questions: (1) ‘In the past 4 weeks, how often did you supervise your child's
toothbrushing?’ measured on a 7-point Likert scale (1 = never to 7 = always); (2) ‘In the past
4 weeks I have regularly supervised my child's toothbrushing’ measured on a 7-point Likert
scale (1 = false to 7 = true).

HAPA constructs

Three items measured intention to engage in the target behaviour in the next 4 weeks (e.g. ‘It is
likely that I will supervise my child's toothbrushing’); four items measured task self-efficacy
with respect to engaging in the target behaviour for the next 4 weeks (e.g. ‘I am confident that I
can start regularly supervising my child's toothbrushing immediately, even if I have to force
myself to start right now’); attitude towards engaging in the target behaviour in the next week
was measured in response to the common stem: ‘Supervising my child's toothbrushing in the
next 4 weeks would be …’ with responses provided on three 7-point semantic differential scales
(1 = unpleasant to 7 = pleasant; 1 = bad to 7 = good; 1 = worthless to 7 = valuable); four items
measured action planning with respect to engaging in the target behaviour in the next 4 weeks
(e.g. ‘I have made a plan for when to supervise my child's toothbrushing’); and three items
measured action control with respect to engaging in the target behaviour in the next 4 weeks
(e.g. ‘I have consistently monitored when, how often, and how to supervise my child's
toothbrushing’).

Baseline participant characteristics

Demographic information such as gender, age, number of young children, ethnicity, education,
employment status and annual household income was measured at baseline. See the online
repository for detailed information about participant demographic characteristics overall and
per condition: https://osf.io/e8chn.

Imagery ability

Imagery ability was measured using a 10-item scale drawn from the International Personality
Item Pool (IPIP) (Goldberg, 1999) and designed to measure Factor V (Intellect and Imagination)
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of Goldberg's Big-Five Factor Markers (Goldberg, 1992). Responses were provided on 5-point
scales (1 = very inaccurate to 5 = very accurate). For example, ‘Typically, I … have a vivid
imagination’.

Data quality

Two questions were embedded within the T1 survey to assess attentive responding (Maniaci &
Rogge, 2014). The questions instruct the choice of a particular answer so that it is not possible
to answer the question incorrectly if the item is read carefully (e.g. ‘Please select option “dis-
agree” to ensure you are paying attention’) (Maniaci & Rogge, 2014). Participants who did not
answer both questions correctly at baseline were screened out of the survey. Goldammer et al.
(2020) suggest that checks of this type should be used to guard against inflated item variances,
biased item means towards scale midpoints and increased residual variances of construct indi-
cators that occur due to careless responding. In addition, a challenge-response ‘CAPTCHA’ was
also embedded at the beginning of the online survey to distinguish between genuine human
users and automated computer programs.

Data analysis

According to our pre-registered data analysis protocol, we planned to evaluate the effect of the
intervention on parental supervised toothbrushing using a 4 � 2 mixed-model ANOVA. In the
analysis, parental supervised toothbrushing was the dependent variable, with condition (educa-
tion-only vs. self-efficacy+ vs. planning+ vs. action control+) as the between-participants inde-
pendent variable and time (baseline [T1] vs. 4-week follow-up [T2]) as the within-participants
independent variable. Alpha level for inference was adjusted to .01 to protect from inflation of
type I error rate due to multiple tests. Pre-registered exploratory analyses for the effect of the
intervention on the social cognition constructs (i.e. task self-efficacy, intention, action planning,
action control and attitude) were also carried out using a series of 4 � 2 mixed-model ANOVAs
with identical design. However, α = .05 was used as the threshold for statistical significance for
exploratory analyses on secondary outcomes. Where an ANOVA indicated a significant
Time � Condition interaction for any of the outcome variables, simple effects analyses using
estimated marginal means were examined for that outcome.

To assess differences between participants lost to follow-up and those retained in the trial, a
one-way multivariate ANOVA (MANOVA) was performed with attrition status (dropouts
vs. completers) as the independent variable and baseline behaviour and social cognition factors
as the dependent variables (i.e. behaviour, intention, task self-efficacy, attitude, action planning
and action control). Results indicated no significant differences between dropouts (n = 97) and
completers (n = 155) on baseline behaviour and social cognition factors, F(8,243) = 0.54,
p = .827, ηp

2 = .017. Dropouts and completers were also compared on demographic characteris-
tics, revealing significant differences between the groups on age and income. Participants
retained in the trial were older and generally reported higher annual household income than
those who were lost to follow-up. Participants' demographic characteristics by attrition status
and results of attrition analyses are available online: https://osf.io/e8chn.

As per the pre-registration, missing data were imputed using the expectation–maximisation
(E–M) algorithm, which was carried out separately per randomised group (Sullivan et al., 2018).
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This approach was deemed appropriate given missing data did not exceed 40% (Jakobsen
et al., 2017), and Little's (1988) test indicated that missingness could be assumed to have
occurred completely at random. Finally, most variables in the analyses showed significant nega-
tive skewness and kurtosis, and data transformations were performed to correct the significant
departures from normality, as per the pre-registration. The transformations failed to correct the
significant negative skewness and kurtosis; thus, the untransformed variables were analysed.

RESULTS

Pre-registered analyses

Estimated marginal means, standard errors and 99% confidence intervals of study variables by
time and condition are reported in Table 1. Line graphs depicting the results of the ANOVAs
are available in Supporting Information S3, and data and output files of the analyses are avail-
able in the online repository: https://osf.io/e8chn.

Behaviour

Contrary to predictions, we found no statistically significant Time � Condition interaction
effect on parental supervised toothbrushing, F(3,248) = 1.19, p = .313, ηp

2 = .005. Similarly, we
observed no significant main effects of time, F(1,248) = 1.23, p = .269, ηp

2 = .005, or condition,
F(3,248) = 1.13, p = .336, ηp

2 = .014.

Secondary outcomes

We found a significant main effect of time on intention, F(1,248) = 10.91, p = .001, ηp
2 = .042,

where a general increase of intention from T1 (M = 5.84, SD = 1.03) to T2 (M = 6.01,
SD = 1.11) was observed. This main effect of time was qualified by a significant
Time � Condition interaction effect on intention, F(3,248) = 3.89, p = .010, ηp

2 = .045. Simple
effects analyses indicated an effect of time on intention for participants assigned to the action
control+ condition, F(1,248) = 16.80, p < .001, ηp

2 = .063. Pairwise comparisons indicated
higher levels of intention at T2 (M = 6.13, SD = 0.95) compared with T1 (M = 5.86, SD = 1.03)
for participants allocated to the action control+ condition (p < .001, d = 0.27). A significant
change to intention over time was not observed for the other conditions.

We found a significant main effect of time on action planning, F(1,248) = 15.396, p < .001,
ηp

2 = .058, where a general increase of action planning from T1 (M = 5.34, SD = 1.24) to T2
(M = 5.64, SD = 1.21) was observed. This main effect was qualified by a significant
Time � Condition interaction effect on action planning, F(3,248) = 3.18, p = .024, ηp

2 = .037.
Simple effects analyses indicated an effect of time on action planning for participants assigned
to the planning+ condition, F(1,248) = 5.22, p = .023, ηp

2 = .021, and the action control+ con-
dition, F(1,248) = 16.45, p < .001, ηp

2 = .062. Pairwise comparisons indicated higher levels of
action planning at T2 (M = 5.63, SD = 1.34) compared with T1 (M = 5.22, SD = 1.16) for par-
ticipants allocated to the planning+ condition (p = .023, d = 0.33) and higher levels of action
planning at T2 (M = 5.82, SD = 0.95) compared with T1 (M = 5.10, SD = 1.49) for participants
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allocated to the action control+ condition (p < .001, d = 0.58). A significant change to action
planning over time was not observed for the education-only or self-efficacy+ conditions.

No significant main or interaction effects for time and condition on measures of attitude or
action control were observed. However, it should be noted that we observed effects of the inter-
vention on task self-efficacy, which failed to reach the conventional levels of statistical signifi-
cance by a trivial margin. For example, we observed a main effect of time on task self-efficacy,
F(1,248) = 3.61, p = .059, ηp

2 = .014, where a general increase of task self-efficacy from T1
(M = 5.75, SD = 1.03) to T2 (M = 5.87, SD = 1.12) was observed. This main effect was qualified
by a Time � Condition interaction, F(3,248) = 2.51, p = .059, ηp

2 = .029. Simple effects ana-
lyses indicated an effect of time on task self-efficacy for participants assigned to the planning+
condition, F(1,248) = 10.50, p = .001, ηp

2 = .041. Pairwise comparisons indicated higher levels
of task self-efficacy at T2 (M = 5.98, SD = 0.82) compared with T1 (M = 5.75, SD = 1.03) for
participants allocated to the action control+ condition (p = .001, d = 0.25). Effects of time on
task self-efficacy were not observed for the other conditions.

DISCUSSION

This pre-registered intervention aimed to test the efficacy of the core elements of the HAPA to
promote regular parental supervised toothbrushing among parents of preschool-aged children.
The intervention adopted an additive design employing behavioural instruction, implementa-
tion intentions and mental imagery techniques aimed to change behaviour compared with an
active control condition that only received general guidelines for caring for young children's
oral health issued by the Australian Dental Association. Contrary to our pre-registered hypothe-
ses, we found no effects of the intervention on parental supervised toothbrushing. Self-reported
parental supervised toothbrushing was high at baseline and at the 4-week follow-up post-
intervention, with no significant within- or between-subjects effect on behaviour observed. The
intervention did, however, exhibit significant effects on intention for people in the action con-
trol+ condition, and intervention effects on action planning for people in the planning+ and
action control+ conditions. Furthermore, estimated marginal means for intervention effects on
task self-efficacy were trending favourably in the expected direction for those in the action con-
trol+ condition.

HAPA-based intervention effects

Contrary to our predictions and previous research using imagery and planning interventions to
change health behaviour (Hamilton et al., 2021; Keech et al., 2021), we found no effects of the
intervention on parental supervised toothbrushing. There are a number of factors that may
have attenuated the effects of the intervention on parental supervised toothbrushing. Parental
supervised toothbrushing rates were very high across all conditions at baseline and follow-up,
making gains in behaviour particularly difficult to achieve. It is also possible that the self-
reported parental supervised toothbrushing was substantially overestimated at both time points,
which is reflected in the data that show dental caries in young children (K. J. Chen et al., 2019).
There is evidence to support the use of self-reported toothbrushing frequency as a proxy mea-
sure for clinical oral hygiene indices (Gil et al., 2015); however, recent research has highlighted
inaccuracies of self-reported parental supervised oral hygiene behaviour of preschoolers when

HAPA-BASED PARENTAL SUPERVISED TOOTHBRUSHING INTERVENTION 329
bs_bs_banner

 17580854, 2024, 1, D
ow

nloaded from
 https://iaap-journals.onlinelibrary.w

iley.com
/doi/10.1111/aphw

.12489 by Freie U
niversitaet B

erlin, W
iley O

nline L
ibrary on [22/02/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



compared with observation and video recordings (Martin et al., 2019). Overestimating parental
supervised toothbrushing may be explained by social desirability and wanting to appear to be
acting in the best interests of their child's health. Alternatively, reflecting and reporting on
behaviour performed for another person may be more difficult than recalling behaviour per-
formed for oneself, which may have also encouraged over-reporting of parental supervised
toothbrushing.

Another consideration is that the mode of delivery of the intervention components may
have limited intervention efficacy. The intervention exercises were presented online as a
slideshow, whereas previous studies have used audio and video to guide participants through
the exercises (Hamilton et al., 2021; Keech et al., 2021). The additional attentional effort
required to read to information on the slides may have interrupted the comprehension and
assimilation of intervention messages. However, previous research has demonstrated the effi-
cacy of interventions using text-based intervention delivery for changing behaviour (Hagger
et al., 2012; Knäuper et al., 2009). Furthermore, participants reported high levels of vividness,
clarity, detail and ease of performance following the process mental imagery exercise,
supporting the fidelity of the text-based imagery intervention.

Although targeting the motivational and self-regulatory processes specified by the HAPA
did not lead to an actual behaviour change in the present study, several effects of the interven-
tion on the secondary outcomes were observed. As expected, action planning significantly
increased from baseline to follow-up for the two conditions that completed the action plans and
implementation intentions exercise (i.e. planning+ and action control+), which targeted
change in action planning, relative to the conditions that did not include the planning interven-
tion component (i.e. education-only and self-efficacy+). Meta-analytic evidence shows action
planning to directly predict behaviour and to mediate the intention–behaviour relationship,
across multiple behaviours (C.-Q. Zhang et al., 2019). Similarly, there is a substantive body of
literature supporting the efficacy of action plans and implementation intentions as self-
regulatory intervention techniques in interventions targeting health behaviour change (Bieleke
et al., 2021; Hagger & Luszczynska, 2014). Therefore, in lieu of an observed change to behav-
iour, the significant improvement to action planning over time for these two conditions sup-
ports the efficacy of action plans and implementation intentions as self-regulatory strategies for
promoting parental supervised toothbrushing, by means of improving action planning.

Furthermore, intervention effects favouring the action control+ condition were observed for
intention and trending in the positive direction for task self-efficacy. Participants in the action
control+ condition received all intervention components and were the only group guided
through the mental imagery exercise aimed at promoting the uptake and maintenance of a self-
monitoring task to track twice-daily parental supervised toothbrushing. We propose several
explanations for the improvements to task self-efficacy and intention observed only for the
action control+ condition. First, it may be that the mental imagery exercise generated improve-
ments to intention and task self-efficacy. This is supported by meta-analytic findings of the
effects of mental imagery interventions on health behaviour, whereby significant positive effects
of imagery on key outcomes including intention and self-efficacy were observed (Conroy &
Hagger, 2018). Alternatively, improved intention and task self-efficacy may have been the
cumulative effect of all intervention components—which would be consistent with literature
finding in support of multicomponent theory-based interventions for promoting health behav-
iour change (Y. Chen et al., 2020; Evans et al., 2012; Makvandi et al., 2015; Y. Zhang
et al., 2020). However, improvements in psychological constructs did not translate into behav-
iour change in the present study, consistent with the findings of a recent HAPA-based
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intervention study that targeted influenza prevention behaviour among older adults (C.-Q.
Zhang et al., 2023). This emphasises the need for further research to better understand the
mechanisms of action underlying these techniques and their effectiveness in eliciting sustain-
able health behaviour change.

Although targeted in the intervention, no main or intervention effects were observed for
attitude and action control. This was not unexpected for attitude, which was targeted in all four
conditions, and, thus, a Time � Condition interaction was not anticipated, and the lack of a
main effect of time on attitude could be explained by a ceiling effect caused by high levels of
attitude at baseline. However, we would have expected intervention effects favouring the action
control+ condition for changes to action control, given that this group was the only one to com-
plete the mental imagery exercise, which was designed to promote the adoption and mainte-
nance of a twice-daily parental supervised toothbrushing self-monitoring strategy (e.g. using a
brushing chart). It is possible that the mental imagery exercise failed to target action control as
intended. The qualitative summaries of the imagery participants recorded directly after the
imagery task suggest that this may have been the case, with some ambiguity surrounding
whether the process of performing behavioural self-monitoring versus the process of performing
the parental supervised toothbrushing had been imagined, based on participants' qualitative
summaries of the imagery.

The slight pivot towards ‘self-monitoring of parental supervised toothbrushing’ as the target
behaviour in the action control intervention component may have resulted in some confusion.
Moreover, it is also conceivable that the mental imagery exercise led to improvements of inten-
tion and task self-efficacy towards engaging in regular parental supervised toothbrushing,
regardless of whether participants imagined self-monitoring their behaviour or imagined per-
forming the behaviour itself, during the mental imagery exercise. This would explain the inter-
vention effects on task self-efficacy and intention favouring the action control+ condition.
Furthermore, allowing participants to choose a preferred self-monitoring strategy prior to the
imagery exercise may have been too abstract, compared with prescribing a specific self-
monitoring strategy for participants to visualise themselves implementing and maintaining.
Another consideration is that dose may have been a contributing factor to the lack of observed
intervention effects on action control for the action control+ condition, as meta-analytic evi-
dence suggests that the efficacy of mental imagery interventions is improved by the inclusion of
a follow-up imagery component, such as sending ‘booster’ text messages or having participants
maintain an imagery-related diary (Conroy & Hagger, 2018).

Strengths, limitations and avenues for future research

The present research has a number of strengths, particularly its focus on a key parental health
behaviour aimed at preventing early childhood caries and promoting good oral health in
preschool-aged children. Furthermore, the study tested a theory-driven intervention, which was
based on the HAPA, and adopted information provision, behavioural instruction, implementa-
tion intentions and mental imagery strategies based on prior research and guidelines for best
practice (Conroy & Hagger, 2018; Hamilton et al., 2021; Keech et al., 2021). The study also used
a pre-registered randomised controlled design and was delivered in a cost-effective online for-
mat using resources that can easily be implemented in real-world settings. The implications of
the additive intervention design are twofold. First, the effects of the educational component,
which consisted of an infographic containing standard toothbrushing guidelines for young
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children, were held constant across all conditions. Therefore, any effects of the intervention
could potentially be interpreted as being over and above the effects of simple knowledge trans-
mission. Furthermore, the lack of intervention effects on behaviour or any of the secondary out-
comes for the active control group is consistent with research that argues that knowledge
transmission alone is generally not sufficient to produce behaviour change (e.g. Freeman, 2009;
Kay & Locker, 1998).

Current findings, however, should be considered in light of some limitations. First, all out-
come measures relied exclusively on self-report and retrospective recall, and high baseline
levels of behaviour and associated beliefs left little room for improvement at follow-up. The evi-
dence for the reliability and validity of self-report measures of oral hygiene behaviour is mixed
(Gil et al., 2015; Martin et al., 2019). While the self-report measures used in the intervention
exhibited adequate reliability here and in previous research, their use may introduce additional
error variance through recall bias and socially desirable responding. We acknowledge that there
are significant financial and logistical challenges to developing non-self-report measures of
behaviours such as parental supervised toothbrushing; however, future studies should consider
means by which researchers may gain concurrent validity for the self-report measures, for
example, through covert observation in discreet settings; or equipping participants with tooth-
brushes capable of recording usage data; or by measuring, and then controlling for, social desir-
ability in the model.

Furthermore, in light of the findings from this study, which indicate high levels of parental
supervised toothbrushing among the sample population, it would be valuable to explore this
topic further in a community where parental supervision is not as prevalent. This might involve
focusing on parents of children shown to have the poorest oral health (e.g. low socio-economic
groups [Stormon et al., 2019]), who may be more receptive to an intervention targeting oral
health behaviour change. Conducting a study in such a setting would provide insights into the
effectiveness of interventions and strategies aimed at improving parental supervised toothbrush-
ing behaviours in populations with lower baseline levels of supervision.

The single 4-week follow-up period also precludes any inference of long-term changes to
behaviour or the beliefs relating to parental supervised toothbrushing. As such, we recommend
future research with additional follow-up time points to investigate the long-term effects of
these kinds of intervention strategies on behaviour and beliefs. Furthermore, the fidelity of the
imagery exercise for targeting action control could not be confirmed in the present study.
Future research employing mental imagery techniques to promote action control may benefit
from prescribing a self-monitoring strategy that is to be the subject of the process mental imag-
ery exercise and providing participants with the necessary materials (e.g. providing a brushing
chart with stickers kept in the bathroom). Future research may also benefit from exploring
whether dose moderates intervention effects by delivering an additional follow-up or ‘booster’
to the imagery component of the intervention.

We also recommend testing the present intervention strategies with alternative modes of
delivery. Using videos or voice-over narration to guide participants through the exercises may
help to overcome any attentional burden associated with reading information from slides, while
preserving the advantages of online delivery (e.g. cost-effective, limited equipment needed and
easily implemented in real-world settings). Alternatively, future research testing the interven-
tion using in-person delivery of behaviour change strategies and providing physical intervention
packs may be more useful for informing the development of chair-side behavioural
intervention protocols that are easily adopted and implemented by dental health professionals.
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CONCLUSIONS

The present study tested the efficacy of a pre-registered, online, HAPA-based intervention
aimed at promoting parental supervised toothbrushing. Overall, present findings suggest
already high levels of parental supervised toothbrushing, which is crucial for the prevention of
early childhood caries and the transference of positive oral hygiene behaviours from parent to
child. Despite null findings with respect to the hypothesised effects of the intervention on
behaviour, the results of the pre-registered exploratory analyses provide support for the applica-
tion of theory- and evidence-based behaviour change strategies to inspire change in previously
identified motivational and volitional determinants of parental supervised toothbrushing: inten-
tion, action planning and task self-efficacy. Further research is needed to examine the effects of
more objective measures of behaviour, individual differences (e.g. socio-economic status), the
number of follow-up data collection and intervention delivery time points, and different modes
of intervention delivery on the impact of the intervention on parental supervised
toothbrushing.
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