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Abstract: Background: Understanding the mechanisms (mediators) of behavior change is crucial to
designing more effective interventions. However, this is rarely reported. This paper investigates
the mechanisms that explain the lack of intervention effect on physical activity and the significant
effect on television viewing time from an early childhood trial. Methods: Secondary analyses were
undertaken of data from a cluster randomized controlled trial. The Melbourne Infant Feeding,
Activity and Nutrition Trial (INFANT) was a 15-month group program promoting obesity-protective
behaviors from the age of 4 months. Outcomes relevant to the current study were child physical
activity (accelerometer), television viewing time (maternal report) and 12 potential mediator scales
(maternal report). Linear regression models used the product of coefficients method with a joint
significance test. Results: Complete data were from 398 mother-child dyads. Despite weak evidence
of an intervention effect on the mother’s physical activity knowledge and optimism, there was no
effect on children’s physical activity, and no clear mechanisms were identified. An intervention effect
was observed for the mothers’ television knowledge (unstandardized regression coefficient for a
path (a) = 0.34, 95% confidence interval (CI95) = 0.22, 0.45), with weak evidence for maternal efficacy
(a = 0.11, CI95 = −0.02, 0.24) and the use of television (a = −0.10, CI95 = −0.22, 0.01). The intervention
impact on television knowledge explained 75% of the difference between the intervention and control
groups in children’s television viewing. Conclusions: In the very early childhood period, as mothers
are commencing their parenting journey, improving their behavioral knowledge appears to be the
biggest contributor to reducing child television viewing, constituting a relatively simple strategy that
could be implemented across clinical and public health settings. In contrast, it remains unclear what
mechanisms may increase physical activity levels in this age group.

Keywords: early childhood; mediators; movement behaviors; intervention; television viewing;
active play

1. Introduction

The World Health Organization has identified childhood obesity as an urgent issue
requiring intervention [1], along with key drivers of obesity including insufficient physical
activity and excessive screen time [1,2]. Obesity prevention trials generally aim to improve
obesity-promoting behaviors by targeting postulated mediating factors, the potential
mechanisms of behavior change. However, few trials directly investigate these observed
mechanisms, despite their importance for understanding why an intervention worked or
not [3,4], which is information vital for the design of more effective interventions.

Interventions often target multiple behaviors and assume similar mechanisms of
behavior change, yet findings from mediation studies suggest this is often not the case.
Reviews of mediation analyses in obesity prevention trials among school-aged children
showed specific mediation pathways for different behaviors [4,5]. For example, children’s
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self-efficacy and intention for behavior change were consistently reported to mediate
changes in physical activity [4,5], but intrinsic motivation mediated sedentary behavior
change [4,5].

In the burgeoning field of very early childhood (0–2 y) obesity prevention, the small
number of trials to date have shown some success in reducing adiposity [6,7] and improving
obesity-preventive behaviors [6–9]. While some have reported intervention effects on the
postulated mediating factors [10,11], often referred to less explicitly as secondary or tertiary
outcomes, few have investigated the mechanisms of behavior change.

The Melbourne Infant, Feeding, Activity and Nutrition Trial (INFANT), a 15-month
early childhood obesity prevention program, aimed to promote healthy diets, physical
activity and reduced sedentary behaviors in children from infancy by developing maternal
knowledge, skills and confidence [12]. The main outcomes, reported previously [8], showed
no impact on child adiposity or physical activity, but did show improvement in some
measures of diet and reductions in television viewing time. Mechanisms of change for the
children’s diet quality were found to be maternal feeding knowledge and the use of food
as rewards [13]. This paper aims to investigate potential mechanisms relating to the other
two outcomes: the lack of an observed intervention effect on children’s physical activity
levels and a significant intervention effect on television viewing time.

2. Materials and Methods
2.1. Study Design

This study involved secondary mediation analyses of data from the INFANT cluster
randomized controlled trial. INFANT was a 15-month, 6-session, face-to-face group pro-
gram delivered by trained dietitians in first-time parent groups in Melbourne, Australia.
Session information was supplemented with written information and a take-home DVD.
The program aimed to promote healthy diet, physical activity and reduced sedentary
behaviors from infancy by developing maternal knowledge, skills and confidence (the
study protocol detailing randomization and procedures has been published elsewhere) [12].
Ethical approval was granted by the Deakin University Human Research Ethics Committee
(EC 175-2007). The trial registration was as follows: ISRCTN Register ISRCTN81847050,
registered 7 November 2007.

2.2. Participants

Recruitment (detailed elsewhere, including a CONSORT flowchart) [8,12] involved
two-stage random sampling. First, 14 of 28 local government areas (LGAs) within a
60 km radius of the research center in Burwood, Victoria, Australia were randomly selected.
Secondly, 50% (rounded up to an even number to ensure 1:1 randomization) of the first-time
parent groups within each LGA were randomly selected. These groups were operated by
the state-wide free universal Maternal and Child Health Service offered to all new mothers.
Group eligibility required the consent of at least 8 mothers (6 in low socioeconomic LGAs).
Declining or ineligible LGAs or groups were replaced by the next ones on the randomized
list. The parents provided written informed consent.

2.3. Measures

Data collection (2008–2010) occurred at baseline (child age ~4 months) and program
conclusion (child age ~20 months). With the exception of the children’s physical activity
levels, data were gathered through maternal completed questionnaires.

2.3.1. Participant Demographics

At baseline, each mother reported the child’s sex and date of birth and the mother’s ed-
ucation level (low (i.e., secondary school), medium (i.e., post-secondary trade or certificate)
or high (i.e., university)), country of birth (Australia or other) and main language spoken
at home (English or other). At the program’s conclusion, the mothers were retrospectively
asked the age when their child began walking.
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2.3.2. Outcome Measures

Physical activity: At the program’s conclusion, the children wore ActiGraph accelerom-
eters (Model GT1M, Pensacola, FL, USA), capturing data in 15 s epochs for 8 days excluding
sleeping and water activities. A cut point of ≥192 counts per minute [14] was applied to
the data to determine the minutes of total physical activity per day (light, moderate or
vigorous intensity). For inclusion, usable accelerometer data were required for a minimum
of 7.4 h/day for a minimum of 4 days. This provided acceptable reliability (ICC > 0.70)
when using the Spearman–Brown prophecy formula for the total physical activity in
this sample. [15] Accelerometry data were not collected at baseline as the children were
preambulatory (4 mo old).

Television viewing: At baseline and the program’s conclusion, the mothers proxy
reported the amount of time their child spent watching television in a typical day. Test-retest
reliability assessment in a separate sample of 66 mothers of 4-month-olds and 51 mothers of
20-month-olds showed acceptable reliability (ICC = 0.69, CI95 = 0.54, 0.80, and ICC = 0.84,
CI95 = 0.72, 0.90, respectively).

2.3.3. Potential Mediators

The hypothesized mediators fit within the COM-B (capability, opportunity, motivation
and behavior) behavior change framework [16]: maternal attitudes, knowledge and skills
(capability), the home environment’s access to play equipment and space (opportunity) and
maternal beliefs and intention (motivation). One potential mediator, future expectations,
which comprised two items, was common across both outcomes. An additional six potential
mediators of physical activity were derived from 37 items, and five were derived from
32 items for television viewing (Table 1). All items were reported by the mothers at baseline
and the program’s conclusion, with the exception of facilitating physical activity and
physical activity in the home environment, which were assessed only at the program’s
conclusion as they were not relevant at baseline when the children were preambulatory. The
items were purposely designed for this study due to a lack of validated measures for this
age group. There was good internal consistency for the potential mediators (Cronbach’s
alpha = 0.58–0.84 at baseline and 0.68–0.91 at the intervention’s conclusion) (Table 1).
Test-retest reliability, assessed with a separate sample of mothers, indicated acceptable
agreement [17] for most items (85% weighted kappa > 0.4 at baseline and 75% weighted
kappa > 0.4 at the program’s conclusion).
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Table 1. Descriptions of potential mediator measures.

Measures Description Scale and Range Baseline Program Conclusion

Chronbach’s
α

Control Intervention Chronbach’s α Control Intervention

M ± SD M ± SD M ± SD M ± SD

Physical activity-related mediators

Self-efficacy around
physical activity

(3 items)

Parental confidence to
promote active play (i.e.,
provide my child with a

range of active play
options).

4 points: 0 = not at all
confident, 3 = very confident. 0.84 2.5 ± 0.5 2.5 ± 0.5 0.83 2.5 ± 0.5 2.5 ± 0.5

Facilitating physical
activity a

(6 items)

Over the past month,
frequency of parents

facilitating their child’s
active play (e.g., by being

active with them),
providing active

opportunities.

6 points: 0 = never or rarely,
1 = some days each week,
2 = most days each week,

3 = every day,
4 = at least once a day,

5 = several times each day.
Recoded into times/week

scores. Range = 0–84.

NA 0.73 41.8 ± 13.3 40·6 ± 13·7

Physical activity
knowledge
(10 items)

Agreement with
statements on benefits
and recommendations
relating to children’s
physical activity (e.g.,

parents need to encourage
their babies and toddlers
to be physically active).

4 points: 0 = strongly
disagree, 3 = strongly agree. 0.80 2.5 ± 0.3 2.5 ± 0.3 0.83 2.5 ± 0.3 2.5 ± 0.4

Views on physical
activity

(4 items)

Agreement with
statements on personal

views on children’s
physical activity (e.g., a

placid and inactive child
is easier to look after than

an active one).

4 points: 0 = strongly
disagree, 3 = strongly agree. 0.61 0.9 ± 0.5 0.9 ± 0.5 0.72 0.7 ± 0.5 0.6 ± 0.5
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Table 1. Cont.

Measures Description Scale and Range Baseline Program Conclusion

Chronbach’s
α

Control Intervention Chronbach’s α Control Intervention

M ± SD M ± SD M ± SD M ± SD

Physical activity
home environment

(11 items) a,c

Indication of whether
child has access to items

or environment that
promote physical activity
(e.g., tricycle or safe and

secure play space
outside).

2 points: 0 = no, 1 = yes.
Range = 0–11. NA NA 6.3 ± 2.0 6.2 ± 1.8

Physical activity
optimism
(3 items)

Agreement with
statements relating to
own child’s physical

activity (e.g., it is easy for
my child to get plenty of

active play time every
day).

4 points: 0 = strongly
disagree, 3 = strongly agree. 0.72 2.3 ± 0.5 2.3 ± 0.4 0.78 2.4 ± 0.5 2.3 ± 0.4

Future expectations
(2 items) b

Agreement with
statements relating to

future activity levels and
television habits (e.g., I

think that when he or she
is older, my child will
have similar physical

activity levels to my own).

4 points: 0 = strongly
disagree, 3 = strongly agree. 0.58 1.7 ± 0.5 1.7 ± 0.5 0.68 1.9 ± 0.6 1.7 ± 0.6

Television viewing-related mediators

Self-efficacy around
television viewing

(3 items)

Parental confidence to
limit child’s television
viewing (e.g., keep my

child entertained without
using TV, video or DVDs).

4 points: 0 = not at all
confident, 3 = very confident. 0.73 2.0 ± 0.6 2.0 ± 0.6 0.83 2.2 ± 0.7 2.3 ± 0.6
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Table 1. Cont.

Measures Description Scale and Range Baseline Program Conclusion

Chronbach’s
α

Control Intervention Chronbach’s α Control Intervention

M ± SD M ± SD M ± SD M ± SD

Facilitating
television viewing

(7 items)

Over the past month,
frequency of parents

facilitating their child’s
television viewing (e.g.,

turning the television on).

6 points: 0 = never or rarely,
1 = some days each week,
2 = most days each week,
3 = every day, 4 = at least

once a day, 5 = several times
each day. Recoded into

times/week scores.
Range = 0–98.

0.78 26.3 ± 15.6 27.0 ± 15.0 0.82 21.6 ± 15.2 21.4 ± 15.6

Television viewing
knowledge

(4 items)

Agreement with
statements on detriments

and recommendations
relating to children’s

television viewing activity
(e.g., TV is educational for

babies and toddlers).

4 points: 0 = strongly
disagree, 3 = strongly agree

(reverse scored).
0.87 1.3 ± 0.5 1.4 ± 0.5 0.91 1.3 ± 0.5 1.7 ± 0.7

Use of television
(5 items)

Agreement with
statements on how

parents use television in
relation to their child (e.g.,
I use TV to keep my child
occupied so that I can get

things done).

4 points: 0 = strongly
disagree, 3 = strongly agree. 0.77 0.8 ± 0.5 0.8 ± 0.4 0.82 0.7 ± 0.5 0.6 ± 0.5

Sedentary behavior
in home

environment
(13 items) c

Indication of whether
child has access to items

or environment that
promote screen use (e.g.,

DVD player).

0 = no, 1 = yes. Range = 0–13. NA 4.9 ± 1.5 5.0 ± 1.6 NA 4.7 ± 1.6 4.8 ± 1.8
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Table 1. Cont.

Measures Description Scale and Range Baseline Program Conclusion

Chronbach’s
α

Control Intervention Chronbach’s α Control Intervention

M ± SD M ± SD M ± SD M ± SD

Future expectations
(2 items) b

Agreement with
statements relating to

future activity levels and
television habits (e.g., I

think that when he or she
is older, my child will

watch similar amounts of
TV to me).

4 points: 0 = strongly
disagree, 3 = strongly agree. 0.58 1.7 ± 0.5 1.7 ± 0.5 0.68 1.9 ± 0.6 1.7 ± 0.6

a Measured at the program’s conclusion only. b Future expectations was included as a potential mediator for both outcomes. c Chronbach’s alpha not calculated for home environment measures as these were
checklists. NA: not applicable.
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2.3.4. Statistical Analyses

To examine whether maternal and home environment factors mediated the inter-
vention effects on children’s physical activity and television viewing, a series of linear
regression models were utilized, following the product of coefficients method with a joint
significance test [18,19]. As data were available from two time points, mediation was tested
using a half-longitudinal framework [20]. Specifically, the models examined whether the
intervention influenced potential mediators at the program’s conclusion while adjusting for
baseline levels of mediators where available (a path) and whether these potential mediators
were associated with children’s physical activity levels or television viewing behavior
at the program’s conclusion (b path) (i.e., X1 → M2 → Y2). Following the MacArthur
approach [21], the b path models initially included an interaction of the exposure and the
mediator; if the p-value for the interaction term was <0.05, the interaction was omitted. For
any potential mediators showing evidence of both a and b path associations at the p < 0.05
level, indirect effects were examined for single mediator models by testing the product
of the a and b coefficients with bootstrapped, percentile-based 95% confidence intervals
calculated [22]. To be conservative, indirect effects were also assessed for the potential
mediators, showing evidence of a or b path associations at the p < 0.05 level and weak
evidence (p < 0.1) for the other path. For each outcome, a multiple mediator model was
tested, including all individual mediators whose indirect effect 95% confidence interval
did not cross zero.

The models were adjusted for the child’s age, gender and maternal education, and they
included cluster-robust standard errors to account for clustering within the groups of moth-
ers. Models in which physical activity was the outcome were adjusted for the accelerometer
wear time. Reported coefficients are unstandardized regression coefficients. Stata/SE 16·1
(StataCorp, College Station, TX, USA) was used to conduct all statistical analyses.

3. Results

Participants were recruited between June and December 2008, and post-intervention
data were collected between September 2009 and March 2010. In total, 542/630 (86%)
mother-child dyads across 62 parent groups participated, and 492 (91%) were retained
to completion of the 15-month program. Details of participant recruitment and retention
have been published elsewhere [8]. For current analyses, one dyad was excluded as the
respondent was not a mother. Due to missing data for key variables, 93 participants were
excluded. The final sample was 398 dyads. For analyses where physical activity was the
outcome, 268 dyads with valid accelerometer data were included.

3.1. Participant Characteristics

At baseline, the mothers were aged M = 32.4 y (SD 4.2), born in Australia (81.2%) and
primarily English-speaking (96.7%). Half (55.8%) of the mothers had tertiary education,
with the remainder having completed secondary school (20.1%) or post-secondary trade
or certificate qualifications (24.1%). Boys represented 53.8% of the children, and walking
commenced at M = 13.2 mo (SD 2.0).

3.2. Physical Activity Outcome

There was no evidence of an intervention effect on the children’s physical activity
time (path c) (c = −2.27, CI95 = −11.00, 6.47, p = 0.61). As shown in Table 2, there was weak
evidence of an intervention effect on physical activity knowledge (a = 0.07, CI95 = 0.00,
0.14) and optimism (a = −0.10, CI95 = −0.18, −0.01). Mothers in the intervention group
had greater knowledge of the importance of physical activity and the need for parents
to facilitate it, but they also had lower optimism regarding their children’s ability and
opportunities to engage in physical activity compared with the control group mothers.
There was no evidence of an effect on the remaining potential mediators (path a).
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Table 2. Mediating pathways between the intervention group, potential mediators and children’s physical activity time a.

Effects of Intervention on Potential
Mediators b

Effects of Potential Mediators on PA
Outcome c

a (95% CI) p-Value b (95% CI) p-Value

Self-efficacy around
physical activity 0.00 (−0.10, 0.10) 0.96 6·80 (−2.24, 15.85) 0.14

Facilitating physical activity −1.32 (−4.60, 1.97) 0.43

Control group: 0.66
(0.31, 1.00)

Intervention group:
−0.03 (−0.60, 0.54)

<0.0005
0.92

Physical activity knowledge 0.07 (0.00, 0.14) 0.06 18.61 (3.49, 33.72) 0.02
Views on physical activity −0.05 (−0.16, 0.05) 0.32 −2.18 (−11.92, 7.56) 0.66

Physical activity
home environment −0.09 (−0.56, 0.38) 0.71

Control group: 2.86
(0.20, 5.52)

Intervention group:
−2.30 (−6.64, 2.04)

0.04
0.29

Physical activity optimism −0.10 (−0.18, −0.01) 0.03 11.89 (1.10, 22.68) 0.03

Future expectations −0.06 (−0.20, 0.08) 0.43

Control group: 8·87
(−0.63, 18.36)

Intervention group:
−7.30 (−19.17, 4.56)

0.07
0.22

a All analyses were adjusted for the child’s age and sex and maternal education. b Control group is a reference category. These models
were additionally adjusted for baseline levels of potential mediators where available. Reported coefficients are unstandardized regression
coefficients for path a. c These models were additionally adjusted for the intervention group, baseline levels of potential mediators where
available and accelerometer wear time. Where there was evidence of an interaction between the intervention group and a potential mediator
at the p < 0.05 level, separate effect estimates were presented for the two intervention groups. Reported coefficients are unstandardized
regression coefficients for path b.

When examining the effects of potential mediators on children’s physical activity time
(path b), there was evidence of moderating effects of the intervention group for facilitating
physical activity (p = 0.039), the physical activity home environment (p = 0.045) and future
expectations (p = 0.024). Thus, these effects were estimated separately. For the control group,
a positive association was observed for facilitating physical activity (b = 0.66, CI95 = 0.31,
1.00) and for the physical activity home environment (b = 2.86, CI95 = 0.20, 5.52) with
physical activity time, and weak evidence for future expectations (b = 8.87, CI95 = −0.63,
18.36). For the intervention group, there was no evidence of associations between these
potential mediators and physical activity. However, there was evidence of positive effects
from physical activity knowledge (b = 18.61, CI95 = 3.49, 33.72) and physical activity
optimism (b = 11.89, CI95 = 1.10, 22.68) on the children’s physical activity time for the
sample overall.

Given at least weak evidence of an effect from the intervention on physical activity
optimism and knowledge and an effect of these potential mediators on the physical activity
outcome, the indirect effects (a ∗ b) for these two potential mediators were examined. The
estimated indirect effects were −1.15 (CI95 = −3.01, 0.03) and 1.30 (CI95 = −0.10, 3.38), with
the 95% confidence intervals crossing zero.

3.3. Television Viewing Outcome

An intervention effect on television viewing time (path c) was observed, with the
intervention group children watching 14 min less television per day than the control
group children (c = −14.35, CI95 = −27.95, −0.76). As is shown in Table 3, there was
strong evidence of an intervention effect on television knowledge (a = 0.34, CI95 = 0.22,
0.45) and weak evidence for self-efficacy (a = 0.11, CI95 = −0.02, 0.24) and the use of
television (a =−0.10, CI95 =−0.22, 0.01) (path a). The intervention group mothers indicated
greater television knowledge (regarding recommendations and potential detriments of
child viewing), greater self-efficacy for limiting their children’s television viewing and
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lower intended and actual use of television to entertain and distract their children compared
with the mothers in the control group.

Table 3. Mediating pathways between the intervention group, potential mediators and children’s television viewing time a.

Effects of Intervention on Potential Mediators b Effects of Potential Mediators on TV Outcome c

a (95% CI) p-Value b (95% CI) p-Value

Self-efficacy around
television viewing 0.11 (−0.02, 0.24) 0.086 −30.33 (−40.56,

−20.10) <0.0005

Facilitating television
viewing −0.99 (−3.98, 2.00) 0.51 1.78 (1.26, 2.30) <0.0005

Television viewing
knowledge 0.34 (0.22, 0.45) <0.0005 −32.28 (−41.34,

−23.22) <0.0005

Use of television −0.10 (−0.22, 0.01) 0.07 35.75 (21.86, 49.63) <0.0005
Sedentary behavior in

home environment 0.01 (−0.26, 0.28) 0.96 0.87 (−4.61, 6.36) 0.75

Future expectancies −0.09 (−0.20, 0.03) 0.14 −12.50 (−24.76, −0.25) 0.046
a All analyses were adjusted for the child’s age and sex and maternal education. b Control group is a reference category. These models were
additionally adjusted for baseline levels of potential mediators. Reported coefficients are unstandardized regression coefficients for path a.
c These models were additionally adjusted for the intervention group and baseline levels of potential mediators and child TV viewing
times. Reported coefficients are unstandardized regression coefficients for path b.

Higher maternal self-efficacy for limiting children’s television viewing (b = −30.33,
CI95 = −40.56, −20.10), television knowledge (b = −32.28, CI95 = −41.34, −23.22) and
expectations that their children, when older, would have similar physical activity and
television habits to their own (b = −12.50, CI95 = −24.76, −0.25) were all associated with
lower viewing times for the children. Higher television viewing was seen in children whose
mothers had greater intended and actual use of television to entertain and distract (b = 35.75,
CI95 = 21.86, 49.63) and provided greater facilitation of television viewing (b = 1.78, CI95
= 1.26, 2.30). The only potential mediator to not show evidence of an association with
children’s television viewing times was sedentary behavior in the home environment (path
b) (see Table 2).

Only television viewing knowledge showed evidence of effects at the p < 0.05 level
for both the a and b path. Mediation analyses estimated an indirect effect of the interven-
tion on children’s television viewing time via television viewing knowledge of −10.83
(CI95 = −15.78, −6.72) accounting for an estimated 75% of the total effect of the interven-
tion on television viewing time. Both self-efficacy around television viewing (p = 0.086)
and parent’s use of television (p = 0.071) showed weak evidence of an intervention effect
on the potential mediator and strong evidence of an effect of the potential mediator on
the television outcome (both p < 0.005). The indirect effect for self-efficacy was −3.43
(CI95 = −7.21, 0.54) and for use of television it was −3.70 (CI95 = −8.77, 0.16). In an ex-
ploratory multiple mediation model including these three potential mediators (results
not shown), the estimated proportion of intervention effect on television viewing time
accounted for was 76%.

4. Discussion

This study aimed to understand the mechanisms of behavior change (the how) associ-
ated with early childhood obesity prevention intervention for two behavioral outcomes:
children’s physical activity, which showed no intervention effect, and television viewing,
which was reduced by the intervention. This addresses a major evidence gap, as few
studies progress beyond the investigation of what changed to understand how the behav-
ior change occurred (or why it did not occur). Identifying the underlying mechanisms
of behavior change is vital for both understanding how behaviors develop and how to
modify them to improve health. Potentially explaining the lack of an intervention effect
on children’s physical activity, there was a limited intervention impact on the physical
activity mediating factors that were targeted. In contrast, the intervention appeared to
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have reduced children’s television viewing primarily by improving mothers’ knowledge
about screen time recommendations and potential detriments to their children of television
viewing from a young age, which explained three quarters of the total intervention effect.

Finding that maternal knowledge was the key mediator of the intervention’s impact
on children’s television viewing time was somewhat unexpected. Typically, knowledge is
considered necessary but insufficient for behavior change [23,24]. However, we similarly
found that maternal feeding knowledge mediated the intervention effect on children’s
diet quality in this sample [13]. It is likely these first-time mothers were starting at a
low knowledge base regarding early childhood behaviors, and much of the information
provided in the intervention was new to them [25]. Specifically for television viewing,
while the American Academy of Pediatrics first issued a policy in 1999 encouraging parents
to avoid television viewing for children under 2 years old [26], Australia only released
guidelines for early childhood in 2009 [27] when INFANT was underway. Dissemination
of the Australian guidelines was primarily through secondary sources such as health
professionals. It is unclear how widely dissemination to parents was achieved. What is
known is that less than one third of maternal and child health nurses, the key primary
health care contact for mothers in Victoria, Australia through the first year after birth,
reported routinely discussing screen time recommendations in their consults [28]. Many
nurses suggest they do not feel comfortable raising this issue with families [28], and only
27% report having access to education materials on limiting screen time. It is possible
that INFANT bridged this gap by providing mothers with such educational materials and
knowledge alongside the strategies to enable it.

This study identified weak evidence that maternal efficacy for limiting a child’s
television viewing and the use of television to distract and occupy their child may also be
mediators. While these constructs showed strong associations with children’s television
viewing times, as would be expected and the reason they were targeted, there was only
weak evidence that the intervention had impacted them. This suggests that the impact
of INFANT on children’s television viewing time, while significant both statistically and
at a public health level [8], may have been even greater had the program succeeded in
having a greater impact on these mediators. Further work is required to identify strategies
to successfully increase maternal efficacy and decrease the use of television as a means
to manage behavior or entertain a child while the mother undertakes other tasks, an
occurrence mothers regularly report [29]. Given the now widespread use of a range of
screen devices for young children, it is likely mothers will require even greater support to
limit their children’s exposure, particularly as newer screen devices are more portable and
readily accessible even outside the home.

Of note, all potential mediators of television viewing targeted in this intervention,
with the exception of the home environment, showed strong evidence of an association
with children’s television viewing time. This indicates that they were appropriate targets.
In contrast, few potential mediators showed evidence of an association with children’s
physical activity or of having been impacted by the intervention. This helps explain the lack
of the intervention’s effect on children’s physical activity, suggesting both a lack of effect
of the intervention on the targeted mediators and also the potential that the intervention
targeted the wrong mediators. It is possible that the children in this study were too young
for there to be clear associations with their physical activity levels yet; many had not been
walking confidently for long. Other studies have reported that parents place less emphasis
on influencing their children’s physical activity, assuming they will naturally be active [29].
This may have impacted the mothers’ engagement with the physical activity messages
and strategies promoted in the intervention. Certainly, physical activity in very young
children remains poorly understood, and this study further highlights the importance of
comprehending the mechanisms at play.

The strengths of this study include the strong study design, which was based within
a cluster randomized controlled trial with longitudinal data, enabling the assessment
of causal relationships. However, as a half-longitudinal design was employed, it is not
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possible to draw unequivocal conclusions on causality, given that it would be assumed that
the intervention’s effects on potential mediators would precede the effects on behaviors. A
further strength is the comprehensive assessment of potential mediators and the objective
assessment of children’s physical activity. A limitation is the constraint of trying to capture
what are likely to be complex and dynamic processes occurring within families via simple
survey-based measures. The proxy reporting of children’s television viewing time is a
further limitation. However, in the absence of objective measures suitable for community-
based studies, the measure employed was the best available with good test-retest reliability.
While a focus on television viewing for this age group was appropriate at the time of the
study’s development, there is now widespread use of portable screen devices among young
children. Hence, future studies would be advised to focus on screen time more broadly.
The response and retention rates were much higher than is typical for this type of research.
Nonetheless, the sample was biased toward more educated mothers, which is common in
community-based research.

In conclusion, this study suggests that, at least in the very early childhood period
when the parenting journey is commencing, equipping mothers with the knowledge
that television viewing does not confer health and developmental benefits and is not
recommended for children under the age of two years may be the biggest contributor to
reducing child viewing time. This constitutes a relatively easy intervention that could
be implemented across a range of clinical and public health settings. Strengthening the
support and skill-building aspects of this intervention to improve mothers’ confidence
to limit their children’s television viewing and enact alternative strategies to keep their
children entertained may further contribute to a significant reduction in television viewing
time. Such strategies should be central to intervention efforts in this age group. In contrast,
it is currently unclear what mechanisms are likely to increase the physical activity levels of
children of this age. Given the strong public health imperative to instill physical activity
from a young age, this remains a key area for further investigation.
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