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Abstract
ToyBox Study Malaysia (TSM) is an evidence-based programme aimed at preventing childhood obesity by promoting 
healthy behaviours among preschool children, including water consumption, healthy snacking, increased physical activity, 
and reduced sedentary time. Adapted from ToyBox Study Europe, TSM was first implemented in Malaysian preschools 
in 2018 and later converted into an online learning system, eToyBox. This study evaluated the effectiveness of eToyBox 
compared to print-based learning in enhancing preschool teachers’ knowledge, attitudes, and self-efficacy in teaching these 
behaviours. This cluster-randomized controlled study involved 138 preschool teachers assigned to control group (CG), 
intervention group I (IG-I), or intervention group II (IG-II). IG-I (n = 46) completed 13-week asynchronous eToyBox pro-
gramme, while IG-II (n = 47) implemented printed ToyBox modules over the same period. CG received no intervention 
but completed the same assessments. Outcomes were measured using ToyBox Teacher’s Questionnaire at baseline (T0), 
post-intervention (T1), and 3-month follow-up (T2), and analysed using Friedman test and repeated measures ANOVA. 
Compared to CG, IG-I teachers showed significant improvements in knowledge, attitudes, and self-efficacy after eToyBox 
programme (p < 0.001), while IG-II showed significant gains only in attitudes (p = 0.028) and self-efficacy (p = 0.002). 
Direct comparison between both IGs revealed that there was no statistically significant difference for knowledge and self-
efficacy, IG-I significantly outperformed IG-II in enhancing teachers’ attitudes (p = 0.027). These findings support digital 
health promotion interventions as a scalable strategy to empower educators in childhood obesity prevention.
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Introduction

Childhood obesity has emerged as a pressing global pub-
lic health issue in recent decades. According to the World 
Health Organization, the number of children under the age 
of five affected by obesity worldwide has risen markedly, 
increasing from 33 million (5.3%) to 37 million (5.6%) over 
the past two decades (World Health Organization, 2024). 
Nearly half (48%) of these 37 million children live in the 
Asian region, followed by Africa, which accounts for more 
than a quarter (28%) of the global burden. In Southeast 
Asia specifically, the prevalence of obesity among children 
under five has increased by half a million cases over the 
past decade, rising from 3.6 million in 2012 to 4.1 million 
in 2022. Malaysia ranks second only to Brunei in child-
hood obesity prevalence, with 12.7% of children aged 5 to 
19 years classified as having obesity. Alarmingly, over half 
of affected children (7.1%) are under the age of five years 
(UNICEF, 2019).

Childhood obesity is a multifaceted condition shaped 
by complex interplays among individual factors, socio-
economic circumstances, and community context. Rather 
than stemming solely from individual dietary patterns and 
physical inactivity, these behaviours are heavily influenced 
by broader environmental, genetic, and psychosocial deter-
minants (Kansra et al., 2021). Introducing health promo-
tion interventions early during the school years is therefore 
important, since schools are considered ideal venues for 
implementing such programmes due to their structured 
environment (Barnes et al., 2021), the significant amount 
of time children spend in school, and the opportunities 
they provide to offer healthy food options through school 
meal programmes (Clarke et al., 2013). Furthermore, nutri-
tion education programmes have shown effectiveness in 
reducing children’s body mass index (BMI) (Chatterjee & 
Nirgude, 2024), while the inclusion of experiential environ-
mental sustainability components, such as gardening, food 
tasting, and cooking activities, has been associated with 
increased fruit and vegetable consumption (Karpouzis et 
al., 2025). Teachers represent a critical delivery agent for 
school-based nutrition education, and teacher-led nutrition 
education has been shown effectively to enhance students’ 
nutrition knowledge and dietary behaviours (Cotton et al., 
2020; Snelling et al., 2016).

However, teachers’ capacity to teach healthy behaviours 
is influenced by several factors, including their foundational 
knowledge (Jones & Zidenberg-Cherr, 2015), confidence 
in teaching about healthy lifestyles, and their perceptions 
of the importance of nutrition education (Hall et al., 2016). 
A significant challenge faced by teachers is their lack of 
knowledge and confidence in delivering nutrition education 
in the classroom (Aydin et al., 2022; Esdaile et al., 2024). 

This issue often stems from insufficient institutional sup-
port (Perikkou et al., 2015), and the lack of adequate train-
ing and teaching resources (Resor et al., 2021) which has 
further constrained teachers’ capacity to facilitate meaning-
ful behavioural changes. The absence of specific training 
and credible teaching materials raises concerns about the 
accuracy and quality of nutrition information delivered to 
students.

Nonetheless, studies have demonstrated that providing 
technical support or professional development opportuni-
ties such as workshops, training, seminars, and teaching kits 
is effective in enhancing teachers’ competencies in health 
promotion (Bales et al., 2025; Coccia et al., 2020; Hal-
loran et al., 2018; Nanayakkara et al., 2024)). Teachers who 
receive nutrition-specific training are more likely to teach 
and sustain lessons on healthy habits compared to those 
who do not undergo such training (Perikkou et al., 2015). 
Beyond traditional teaching methods, web-based learning 
systems offer flexible and convenient learning environ-
ments, enabling teachers to acquire knowledge efficiently 
and effectively (Sheridan & Wen, 2021). In recent years, 
several studies have extended this evidence by showing that 
online or web-based training programmes can be equally 
effective in improving teachers’ competencies in deliver-
ing nutrition education (Cohen et al., 1999; Katsagoni et 
al., 2019; O’Dea, 2016; Sindi et al., 2021). Online learning 
programmes are recommended as an effective form of pro-
fessional development for preschool educators, as they pro-
vide access to up-to-date teaching approaches and materials 
without time or location constraints (Bruder et al., 2009).

Most childhood obesity interventions in Malaysia have 
primarily focused on older students (aged 7 to 11 years), 
with a particular emphasis on involving nutrition experts 
and parents in addressing weight-related issues (Chin et al., 
2020; Gunasekaran et al., 2018; Md. Yusop et al., 2018). 
There remains a significant gap in interventions targeted 
specifically at preschool-aged children, particularly those 
that are teacher-led, despite evidence that early intervention 
is crucial for establishing the foundation for healthy hab-
its (Hammersley et al., 2017; Sigman-Grant et al., 2014). 
Additionally, existing research has predominantly centred 
on face-to-face interventions, with little exploration of how 
these could be adapted for online platforms. The question 
of whether the effectiveness of web-based training inter-
ventions is comparable to that of physical modules remains 
underexplored.

To address this gap, eToyBox, an online learning platform 
tailored for preschool teachers, was developed as an adapta-
tion of the ToyBox Study Malaysia intervention programme 
(2018) (Cheah et al., 2023; Reeves et al., 2018). This study 
used a three-arm cluster randomized controlled trial to com-
pare the effectiveness of eToyBox and print-based learning 
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materials, relative to a control group (CG), in improving 
preschool teachers’ knowledge, attitudes, and self-efficacy 
in promoting healthy behaviours in the classroom.

ToyBox Study Malaysia

The original ToyBox Study was developed in Europe to pre-
vent obesity among preschool children by targeting multiple 
energy-balance related behaviours through an evidence-
based, theory-driven approach (Manios, 2012). Grounded 
in the PRECEDE-PROCEED model and intervention map-
ping, it promotes water consumption, healthy snacking, 
increased physical activity (PA), and reduced sedentary 
time, and has been implemented across six European coun-
tries (Manios, 2012; Manios et al., 2014). Recognising the 
absence of obesity prevention programmes for kindergarten-
aged children in Malaysia, an international collaboration 
involving the University of Roehampton (UK), University 
of Durham (UK), Universiti Kebangsaan Malaysia, Uni-
versiti Malaysia Sarawak, with the support of Harokopio 
University (Greece), initiated the ToyBox Study Malaysia.

To ensure cultural and contextual relevance, the original 
intervention materials were adapted for local implementa-
tion and translated into the Malay language. In 2018, the 
programme was delivered in both urban and rural settings 
across Kuala Lumpur, Selangor, and several districts in Sar-
awak (Cheah et al., 2023). Engaging preschool teachers, 
preschoolers and their parents, the intervention combined 
environmental modifications in the classroom and structured 
teacher training sessions, to facilitate behaviour change 
among the preschoolers. However, subsequent implementa-
tion efforts were hindered by the COVID-19 pandemic and 
movement restriction orders, limiting in-person activities.

To ensure sustainability and enhance accessibility and 
scalability, the printed modules were subsequently trans-
formed into digital learning materials (eToybox). eToybox 
is an open-access, web-based learning management system 
(LMS) designed for preschool teachers. This platform was 
designed to broaden access to teaching resources and sup-
port the long-term integration of health-promoting practices 
by preschool teachers. Building upon the pioneering Toy-
Box Study Malaysia, which marked the first implementa-
tion of the ToyBox framework outside Europe, this digital 
adaptation addresses a critical gap in scalable early child-
hood obesity prevention efforts.

Methods

Study Participants  Preschool teachers registered under 
the Community Development Department of Malaysia 
(KEMAS) across six regions in Peninsular Malaysia (North-
ern, Southern, Central, East Coast) and the states of Sabah 

and Sarawak formed the sampling frame. Prior approval 
was obtained from KEMAS, which provided a list of ran-
domly selected teachers from various districts in each state. 
From this list, purposive sampling was employed to select 
participants to ensure diverse geographical coverage across 
all six regions, prioritising a broad representation from both 
urban and rural settings despite varying teacher population 
densities.

The required sample size was calculated using Snedecor 
and Cochran’s (1989) formula (Snedecor & Cochran, 1989). 
Reference data were drawn from a similar intervention by 
O’Dea (2016), which reported significant improvements 
in knowledge scores (mean increase from 24.27 ± 4.89 to 
51.0 ± 5.61). Based on an estimated effect size of 0.5, a sta-
tistical power of 90% (β = 0.10), and a significance level of 
5% (α = 0.05), the calculation indicated a minimum of 45 
respondents per group. To account for potential 15% drop-
out rate, the target was increased to 52 respondents per group 
(control and intervention), and a total of 156 participants.

A control group was included to improve the study’s 
internal validity and allow robust evaluation of changes in 
preschool teachers’ knowledge, attitudes, and self-efficacy 
attributable to the intervention. Its inclusion helped control 
for potential confounding variables, such as socioeconomic 
status and unmeasured factors, thereby differentiating true 
intervention-related effects from changes due to external 
influences, selection bias, or temporal trends. Moreover, 
the control group provided a reference point for interpreting 
the relative effectiveness of the online and printed delivery 
formats.

A total of 175 preschool teachers were shortlisted from 
the KEMAS teacher registry based on their location within 
the selected districts. These teachers were then contacted via 
WhatsApp, whereby the study objectives and activities were 
explained through a digital recruitment flyer. The researcher 
addressed any queries before obtaining agreement to par-
ticipate. This recruitment and consent procedure applied 
uniformly to all participants. Of those invited, 156 teach-
ers responded positively and agreed to participate, yielding 
a response rate of 89.1%. Consent forms and information 
sheets were distributed using Google Forms. Participants 
were eligible if they owned a laptop, tablet, or smartphone 
with internet access and had not participated in earlier 
phases of the study.

eToyBox

The eToyBox modules (https://etoybox-study.my/) were 
developed to extend the objectives of the earlier printed 
ToyBox Study Malaysia materials ​(​​​h​t​t​p​s​:​/​/​t​o​y​b​o​x​-​s​t​u​d​y​.​
o​r​g​.​m​y​/​​​​​)​. It aimed to provide teaching resources to help 

https://etoybox-study.my/
https://toybox-study.org.my/
https://toybox-study.org.my/
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preschool teachers deliver classroom activities that pro-
mote healthy behaviours among preschoolers and garner 
support from the home environment to ensure consistent 
behavioural reinforcement. The platform was designed 
as an accessible and flexible online learning environment 
to support preschool teacher uptake of the Toybox Study 
Malaysia modules. By delivering training content asyn-
chronously, the platform enabled teachers to engage with 
the eToyBox materials at their own pace and on their own 
schedules, addressing common time and resources, which 
is a flexibility that is particularly salient in an adult learning 
context. The use of an online learning management system 
also allowed for standardized delivery of training content, 
integration of multimedia teaching resources, and scal-
ability across geographically diverse regions. Collectively, 
these features were intended to enhance the feasibility and 
sustainability of the ToyBox Study Malaysia intervention 
when implemented at scale.

The eToyBox programme comprised interactive learn-
ing modules featuring infographics, e-storybooks, interac-
tive quizzes, and instructional and demonstration videos 
designed to guide various sensory and physical games, 
experiments and animated Kangaroo stories. The pro-
gramme was hosted on an open-source LMS (Chamilo), 
which provided all the necessary features to support an 
effective and user-friendly learning experience. These 
included organised course structures, file uploads (videos 
and documents), assessment tools, user progress tracking, 
and interactive functionalities that enabled participants to 
engage actively with the course materials.

The eToyBox platform consists of four core modules, 
each designed to promote specific aspects of healthy hab-
its among preschoolers. It targets four primary energy 
balance-related behaviours: Jom Minum (water drinking), 
Tingkah Laku Sedentari (sedentary behaviours), Makanan 
dan Snek Sihat (healthy snacking), and Jom Aktif (physical 
activity). Each module was structured into three subtopics 
that provided a gradual and comprehensive implementation 
framework. An overview of each module, its subtopics, and 
corresponding further topics is presented here; full details 
are available in Supplementary Table 1.

The first subtopic was focused on setting up the kinder-
garten environment, offering practical recommendations to 
create conditions conducive to healthier behaviours. These 
included increasing access to healthy snacks and potable 
water, encouraging physical activity, and reorganising 
classrooms to support active breaks. For example, there are 
step-by-step guidelines on how to set up water stations to 
promote regular hydration; and how to modify classroom 
layouts, such as setting up standing activity stations and 
clear movement areas, to reduce sedentary behaviour in the 
classroom.

The second subtopic aimed to show the preschool teach-
ers how to integrate eToybox activities into the existing 
curriculum, enabling a seamless implementation of Toybox 
Study Malaysia modules in the classroom. For instance, 
healthy recipe demonstrations in eToybox provided children 
with hands-on experiences in preparing healthier foods to 
increase acceptance; or introduced various engaging games 
and group exercise routines to incorporate movement into 
daily activities.

The third subtopic was centred on guiding the teachers 
on how to use the classroom activities in eToybox that were 
designed to build children’s self-efficacy, knowledge, and 
skills for maintaining healthy habits. It featured interactive, 
engaging tasks that reinforce the behaviours introduced in 
earlier subtopics, including sensory play and experiments 
that supported cross-curricular teaching, integrating sub-
jects such as science and mathematics. Additionally, ani-
mated videos (Kangaroo stories) were incorporated into 
language lessons to promote healthy habits while meeting 
broader educational objectives.

At the end of each module, bulletin and tip cards were 
included for preschool teachers to print or share these mate-
rials with parents. These resources summarised key mes-
sages and provided practical strategies to reinforce healthy 
behaviours at home and ensure consistency between school 
and home. Teachers also completed a 10-question online 
quiz at the end of each module, with a minimum score of 
70% required to progress, with multiple attempts allowed.

Study Instrument

The ToyBox Teachers’ Questionnaire, originally developed 
in the European ToyBox Study (Mouratidou et al., 2014) 
was translated into Bahasa Melayu and culturally adapted 
for this study. A systematic translation and validation pro-
cess was undertaken to ensure its suitability for the Malay-
sian context (Cruchinho et al., 2024). This Bahasa Melayu 
version served as the primary instrument for assessing par-
ticipants’ knowledge, attitudes, and self-efficacy of the four 
healthy behaviours in their classrooms. The questionnaire 
comprised 47 items divided into four sections, each corre-
sponding to one of the targeted health behaviours.

The questions that assessed nutrition and physical activ-
ity knowledge were specifically based on the information 
provided through the eToyBox programme. The knowledge 
scores were calculated by assigning 1 point for each cor-
rect response and 0 for each incorrect answer, with higher 
scores indicating greater knowledge. Responses for the atti-
tude and self-efficacy domains were then measured using 
a 5-point Likert scale ranging from 1 (“Strongly Agree” or 
“Very Confident”) to 5 (“Strongly Disagree” or “Very Not 
Confident”).



1 3

Early Childhood Education Journal

Study Design

Figure 1 shows the study design flowchart. Participants 
selected were randomly assigned to one of three groups, 
including the Control Group (CG), Intervention Group I 
(IG-I), or Intervention Group II (IG-II). Cluster randomiza-
tion approached was performed using a computer-generated 
random number sequence, with the preschool serving as the 
unit of randomization (cluster). This approach ensured that 
preschool teachers within the same preschool were assigned 
to the same study arm, thereby minimizing contamination 

between intervention groups. Dedicated WhatsApp groups 
were created for each group to facilitate communication.

IG-I received the eToyBox intervention comprising four 
online training modules: (1) Jom Minum (water drinking), 
(2) Tingkah Laku Sedentari (sedentary behaviours), (3) 
Makanan dan Snek Sihat (healthy snacking), and (4) Jom 
Aktif (physical activity). IG-II received printed versions of 
the same modules, delivered by post before the intervention 
began. Both intervention arms followed a 13-week sched-
ule, with the duration allocated for each module determined 
by the volume of its content (Table 1).

Fig. 1  Study Design 
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An initial online workshop was conducted via Micro-
soft Teams and introduced the programme objectives and 
guided participants through the first two modules (water 
consumption and sedentary behaviour). Participants were 
also instructed on integrating these topics into classroom 
teaching. Baseline data (T0) on knowledge, attitudes, and 
self-efficacy in promoting healthy habits were collected dur-
ing this session using the ToyBox Teachers Questionnaire.

Throughout the intervention, weekly WhatsApp remind-
ers prompted participants from IG-I and IG-II to complete 
each module. A virtual midpoint workshop (Week 5) aimed 
to support implementation of Toybox Study Malaysia mod-
ules by providing an opportunity to the participants to discuss 
challenges and find solutions. At the same time, this virtual 
meeting also guided the participants through the remaining 
two modules (healthy snacking and PA). Post-intervention 
data (T1) were collected at the end of each module using the 
standard questionnaire, administered via an online form. T2 
data collection was conducted three months after complet-
ing all modules. Meanwhile, CG participants did not receive 
any intervention but were assessed concurrently with the 
intervention groups to allow consistent comparisons. After 
the study concluded, CG participants were given access to 
the eToyBox platform.

Statistical Analysis

Statistical analysis was conducted using IBM SPSS Statis-
tics for Windows version 29.0 (IBM Corporation, New York, 
USA). As the number of items varied across sections and 

domains in the ToyBox Teacher’s Questionnaire (Table 2), 
the total scores were converted into percentages to enable 
direct comparison. Percentage scores were calculated by 
dividing each participant’s total score by the maximum pos-
sible score for that domain and multiplying by 100. The 
maximum possible aggregated scores were 14 for knowl-
edge, 90 for attitudes, and 75 for self-efficacy, based on 
the total number of items multiplied by the highest Likert 
scale value. To aid interpretation, these percentages were 
categorised into four levels: “Very Poor” (0–24%), “Poor” 
(25–49%), “Moderate” (50–74%), and “High” (75–100%).

Both percentage and raw scores were used for differ-
ent purposes. Percentages provided a standardized metric 
for descriptive summaries, enabling comparison across 
domains and intervention groups. Raw scores were retained 
for statistical analyses to preserve scale properties and 
ensure accurate calculation of p-values and effect sizes. 
Accordingly, percentages were used for descriptive report-
ing, while raw scores were used in inferential analyses.

Prior to analysis, the distribution of the data was eval-
uated for normality using Shapiro-Wilk test and visual 
inspection of histograms and evaluation of skewness and 
kurtosis. Since the data violated the assumption of normal-
ity, non-parametric tests were primarily employed. To mini-
mize selection bias, baseline data for the overall scores for 
knowledge, attitudes, and self-efficacy related to promot-
ing healthy habits were compared across the intervention 
groups (IG-I and IG-II) and the control group (CG) using 
the Kruskal-Wallis test. The outcome scores were reported 
as means with standard deviations.

Changes in outcomes over time were examined using 
multiple statistical approaches. Within-group changes in 
knowledge, attitudes, and self-efficacy across time points 
were evaluated using the Friedman test, followed by post 
hoc Wilcoxon signed-rank tests with Bonferroni correc-
tion. To determine if the magnitude of improvement dif-
fered between the eToyBox (IG-I) and Printed (IG-II) 
groups, time-by-group interaction effects were assessed 
using repeated measures ANOVA. Although the data were 
non-normally distributed, repeated measures ANOVA was 
employed for the interaction analysis because this test has 
been shown to be robust to deviations of normality, par-
ticularly when the assumption of sphericity is satisfied and 
sample sizes are adequate (Blanca et al., 2023). Mauchly’s 
test of sphericity was used to check the assumption of sphe-
ricity; when violated (p < 0.05), Greenhouse-Geisser correc-
tions were applied, otherwise results were reported based on 
sphericity-assumed estimates. Post hoc pairwise compari-
sons included Bonferroni adjustments to control for Type 
I errors.

Table 1  Implementation timing of the eToyBox and ToyBox modules
Modules Water 

consumption
Sedentary 
behaviour

Healthy 
Snacking

Physical 
Activity

 Duration 2 weeks 3 weeks 4 weeks 4 weeks
 Timing
 (nth Week)

 1 st to 2nd 
week

3rd to 5th 
week

6th to 9th 
week

10th to 
13th 
week

Table 2  Distribution of questions and maximum scores across domains
Modules Knowledge Attitude Self-efficacy Total 

items
Water Consumption 3 5 3 11
Healthy Snacking 5 5 4 14
Physical activity 3 5 4 12
Sedentary 
behaviour

3 3 4 10

Total items by each 
domain

14 18 15 47

Maximum agre-
gated score for each 
domain

14 90 75 -
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Results

Participant Characteristics

Table 3 shows the sociodemographic characteristics of the 
study participants in this study. The study involved 138 
participants divided into three groups: CG (n = 45), IG-I 
(n = 46), IG-II (n = 47). The mean age across groups was 
approximately 33 years: 33.6 ± 6.85 years in CG, 33.4 ± 4.41 
years in IG-I, and 33.4 ± 5.74 years in IG-II. More than 90% 
of participants in all groups were female.

The majority of the participants held pre-university qual-
ifications (approximately 70% to 76%), such as the Malay-
sian Higher School Certificate (Sijil Tinggi Persekolahan 
Malaysia, STPM), diploma, or matriculation. This was fol-
lowed by participants with a Bachelor’s degree (approxi-
mately 13% to 27%) and a smaller proportion with a 
Certificate in Early Childhood Care and Education (around 
2% to 11%). Most participants also had 10 or more years 
of teaching experience in the field (approximately 36% to 
45%). Geographical distribution varied for all groups, the 
CG participants were nearly evenly split between urban 
(51.1%) and rural (48.9%) areas, while IG-I (76.1%) and 
IG-II (72.3%) were predominantly from rural areas.

A total of 156 preschool teachers were initially recruited 
and randomized into the three study arms (n = 52 per group). 

Of these, 138 participants (88.5%) completed all assess-
ments at baseline, post-intervention, and follow-up and were 
included in the final analysis. The overall attrition rate was 
11.5% (n = 18). Primary reasons for withdrawal included 
heavy workload (n = 2), transfer to new positions (n = 3), 
change of employment (n = 1), and unknown reasons (n = 12). 
The dropout rates were comparable across groups: CG (n = 7; 
13.5%), IG-I (n = 6; 11.5%), and IG-II (n = 5; 9.6%). As attri-
tion was low and evenly distributed, a complete-case analy-
sis was performed, excluding participants with missing data 
at any time point. No adverse events or unintended effects 
were reported by the teachers in any of the study groups dur-
ing the intervention or follow-up periods.

Preschool Teachers’ Knowledge, Attitude and Self-
Efficacy Before Intervention

At baseline, the overall scores for knowledge, attitude, and 
self-efficacy were compared across the three groups to ensure 
no significant differences existed between them (Table  4). 
Since all p-values were greater than 0.05, the knowledge 
(p = 0.161), attitude (p = 0.556) and self-efficacy (p = 0.220) 
results confirmed that the participants were comparable 
across groups for these key measures prior to the intervention.

Table 5 shows the baseline distribution of knowledge, atti-
tude, and self-efficacy levels across modules for all groups. 

Table 3  Sociodemographic characteristics of study participants
CG (n = 45) IG-I (n = 46) IG-II (n = 47)
n % n % n %

Age (years old)
Mean ± SD

33.6 ± 6.85 33.4 ± 4.41 33.4 ± 5.74

Gender
Male 4 8.9 2 4.35 1 2.1
Female 41 91.1 44 95.7 46 97.9
Education Level
Certificate in Early Childhood Care and Education 2 4.4 1 2.2 5 10.6
STPM/Diploma/Matriculation 31 68.9 35 76.1 36 76.6
Bachelor’s degree 12 26.7 10 21.7 6 12.8
Years of Teaching Experience
1–3 years 12 26.7 9 19.6 8 17.0
4–6 years 6 13.3 11 23.9 6 12.8
7–9 years 11 24.4 6 13.0 12 25.5
10 years and above 16 35.6 20 43.5 21 44.7
Geographical location
Urban areas 23 51.1 11 23.9 13 27.7
Rural areas 22 48.9 35 76.1 34 72.3
States
Northern region 10 22.2 17 37.0 12 25.5
Central region 8 17.8 8 17.4 8 17.0
East region 5 11.1 6 13.0 5 10.6
Southern region 16 35.6 7 15.2 9 19.1
Sabah 4 8.9 4 8.7 11 23.4
Sarawak 2 4.4 4 8.7 2 4.3
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The overall knowledge level across all healthy behaviours 
among participants was categorized primarily as “Moderate” 
(74.0%). The participants demonstrated the highest knowl-
edge in PA and drinking modules, both categorized as “High” 
(76.8%). However, the healthy snacking module had the low-
est overall score, classified as “Moderate” (68.7%), with two 
participants (1.45%) categorized into the “Very Poor” range.

The participants exhibited a positive attitude towards 
teaching all healthy behaviours, with all modules scoring 
above 80% in the “High” category, except for sedentary 
behaviour. This module was rated at a “Moderate” level 
(71.9%), with 7 participants (5.1%) categorized as “Poor.” 
The highest positive attitude was observed in PA, with nearly 
all participants (77.5%) categorized as “High.” On the other 
hand, participants reported the highest confidence in teach-
ing topics related to water consumption (drinking), with 
an overall score of 85.8% and the majority of participants 
(89%) in the “High” category. Healthy snacking followed 
closely with an overall score of 82.8%, and most participants 
(87%) were categorized as “High.” Sedentary behaviour had 
the lowest overall score at 63.4% (“Moderate” level), with 
22 participants (15.9%) categorized as “Poor”.

Preschool Teachers’ Knowledge, Attitudes, and Self-
Efficacy After Intervention

Table 6 summarised the temporal changes in participants’ 
knowledge, attitudes, and self-efficacy scores across all 

three groups (IG-I, IG-II, and CG) from baseline (T0) to 
immediately post-intervention (T1) and three months post-
intervention (T2). CG showed minimal changes across all 
outcomes throughout the study period with no significant 
differences observed over time (knowledge: p = 0.182; atti-
tude: p = 0.674; self-efficacy: p = 0.574).

IG-I demonstrated the most substantial improvements. 
Knowledge scores increased markedly from baseline to 
immediately post-intervention (9.98 ± 1.41 to 12.48 ± 1.15), 
with a slight decline at three months (11.89 ± 1.52), yet the 
improvements were significant for overall and across all 
time points (p < 0.001). Similarly, attitude and self-efficacy 
scores improved significantly following the intervention 
(p < 0.001), and these improvements were maintained at the 
three-month follow-up.

However, IG-II showed a different pattern of change. 
No significant improvement in knowledge scores was 
observed from baseline to three months post-intervention 
(10.64 ± 1.54 to 11.11 ± 1.65; p = 0.123). In contrast, both 
attitude (73.64 ± 6.71 to 76.75 ± 8.22; p < 0.05) and self-
efficacy (55.85 ± 7.97 to 61.09 ± 8.58; p < 0.05) improved 
significantly from baseline (T0) to the three-month fol-
low-up (T2). Although these within-group trajectories 
suggest positive changes following the intervention, 
between-group comparisons are required to determine 
whether these improvements can be attributed to the inter-
vention itself.

Table 4  Comparison of baseline overall knowledge, attitude and self-efficacy scores across groups
Maximum score possible CG (n = 45) IG-I (n = 46) IG-II (n = 47) p-value

Mean SD Mean SD Mean SD
 Knowledge 14 10.13 1.39 9.98 1.40 10.63 1.54 0.161
 Attitude 90 72.65 7.15 74.0 5.67 73.64 6.71 0.556
 Self-efficacy 75 57.76 5.14 56.76 7.79 55.85 7.97 0.220

Table 5  Baseline distribution of knowledge, attitude, and self-efficacy levels across modules for all groups
Outcome Modules Score distribution, n(%) Overall score (Mean ± SD) Overall average score

(Mean ± SD)Very Poor Poor Moderate High
Knowledge Drinking 0 (0) 7 (5.1) 82 (59.4) 49 (35.5) 76.8 ± 18.7 74.0 ± 9.80

PA 0 (0) 0 (0) 96 (69.6) 42 (30.4) 76.8 ± 15.3
Healthy Snacking 2 (1.45) 13 (10.9) 59 (42.7) 64 (46.4) 68.7 ± 16.8
Sedentary Behaviour 0 (0) 21 (15.2) 67 (48.6) 50 (36.2) 73.7 ± 22.7

Attitude Drinking 0 (0) 3 (2.2) 28 (20.3) 107 (77.5) 80.7 ± 11.54 80.6 ± 7.43
PA 0 (0) 0 (0) 3 (2.2) 135 (97.8) 89.4 ± 9.98
Healthy Snacking 0 (0) 0 (0) 28 (20.3) 110 (79.7) 80.5 ± 8.65
Sedentary Behaviour 0 (0) 7 (5.1) 75 (54.3) 56 (40.6) 71.9 ± 13.5

Self-efficacy Drinking 1 (0.72) 1 (0.72) 13 (9.4) 123 (89.1) 85.8 ± 12.5 76.3 ± 9.36
PA 0 (0) 5 (3.6) 55 (39.9) 78 (56.5) 73.2 ± 12.9
Healthy Snacking 0 (0) 0 (0) 18 (13.0) 120 (87.0) 82.8 ± 10.1
Sedentary Behaviour 1 (0.72) 22 (15.9) 78 (56.5) 37 (26.8) 63.4 ± 16.3

The scores were graded based on the following percentage ranges:
Very poor: 0–24%; Poor: 25–49%; Moderate: 50–74%; High: 75–100%
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Effectiveness of eToyBox

To determine if the magnitude of improvement differed 
between the online and printed delivery formats, time-by-
group interaction effects were examined (Table 7). Repeated 
measures ANOVA revealed significant interactions for all 
three outcomes: knowledge (F = 11.78, p < 0.001, partial 
η²=0.149), attitude (F = 5.63, p < 0.001, partial η²=0.077), 
and self-efficacy (F = 7.25, p < 0.001, partial η²=0.097). The 
effect sizes were largest for knowledge, followed by self-
efficacy and attitude.

When both intervention groups were compared directly, 
it was revealed that the eToyBox (IG-I) was significantly 
more effective than the printed modules group (IG-II) in 
enhancing teacher’s attitude (p < 0.05). While IG-I also 
achieved higher improvement scores than IG-II for knowl-
edge and self-efficacy, these specific differences between 
the two intervention arms did not reach statistical signifi-
cance (p = 0.131 and p = 0.064, respectively).

Compared to the CG, IG-I demonstrated significant 
improvements across all three measured domains (p < 0.05). 
Similarly, IG-II significantly outperformed CG in knowl-
edge and attitude (p < 0.05); however, it showed no signifi-
cant change in self-efficacy compared to CG (p = 0.974). 
Collectively, these findings identify the eToyBox platform 
(IG-I) as the superior intervention model; not only did it 
produce significantly greater improvements in attitudes 
compared to the printed modules, but it also demonstrated 
a broader impact by being the sole intervention to signifi-
cantly improve self-efficacy relative to the control group.

Discussion

This study evaluated the effectiveness of the eToyBox online 
learning management system in improving preschool teach-
ers’ knowledge, attitudes, and self-efficacy in promoting 
healthy classroom behaviours. The primary finding was that 

Table 6  Changes in preschool teachers’ knowledge, attitude, and self-efficacy scores across all three groups (CG, IG-I and IG-II)
Outcome Groups Time Points Overall score (Mean ± SD) Overall change

(p-value)
Pairwise comparisons
T0 to T1 T1 to T2

Knowledge CG T0 10.13 ± 1.14 0.182 - -
T1 10.42 ± 1.50
T2 10.62 ± 1.65

IG-I T0 9.98 ± 1.41 < 0.001* < 0.001* < 0.001*
T1 12.48 ± 1.15
T2 11.89 ± 1.52

IG-II T0 10.64 ± 1.54 0.123 - -
T1 11.23 ± 1.60
T2 11.11 ± 1.65

Attitude CG T0 72.64 ± 7.16 0.674 - -
T1 71.89 ± 6.96
T2 72.51 ± 8.27

IG-I T0 74.00 ± 5.67 < 0.001* < 0.001* < 0.001*
T1 80.07 ± 5.36
T2 80.58 ± 7.33

IG-II T0 73.64 ± 6.71 0.028* 0.090 0.016 *
T1 75.43 ± 7.17
T2 76.75 ± 8.22

Self-efficacy CG T0 57.76 ± 5.14 0.574 - -
T1 56.84 ± 5.38
T2 57.42 ± 5.84

IG-I T0 56.76 ± 7.79 < 0.001* < 0.001* < 0.001*
T1 62.63 ± 5.10
T2 63.72 ± 8.15

IG-II T0 55.85 ± 7.97 0.002* 0.002* < 0.001*
T1 58.40 ± 6.93
T2 61.09 ± 8.58

Friedman test within group analysis was applied followed by pairwise comparisons using Wilcoxon Signed-Rank test with Bonferroni correc-
tion for multiple comparisons
*Level of significance was set at 0.05 (two-tailed)
T0: Pre-intervention, T1: First follow-up, T2: Second follow-up (3 months post-intervention)
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while both online and printed based materials were compa-
rably effective in improving preschool teachers’ knowledge 
and self-efficacy, the online platform was significantly more 
effective in enhancing their attitudes towards the importance 
of promoting the energy balance related healthy behaviours.

At baseline, preschool teachers demonstrated a moder-
ate level of knowledge in teaching healthy behaviours, con-
sistent with previous studies reporting approximately 70% 
correct on items assessing their understanding of nutrition 
and physical activity (Habib et al., 2023; Katsagoni et al., 
2019; Kupolati et al., 2015). Among the four healthy behav-
iours assessed, teachers demonstrated the lowest knowledge 
in healthy snacking, while showing the highest proficiency 
in water drinking and physical activity. This pattern aligns 
with previous findings indicating that, although teachers 
generally understand healthy eating principles, they often 
lack more specific knowledge, such as recommended daily 
nutrient intakes and appropriate portion sizes for fruits and 
vegetables (Rapson et al., 2021). Although the current study 
did not evaluate teachers’ understanding of daily nutrient 
requirements, the majority of preschool teachers were less 
familiar with identifying food groups using tools like the 
Malaysian Healthy Plate (or known as #SukuSukuSeparuh 
or #QuarterQuarterHalf plate) and the Malaysian Food Pyr-
amid, and also lacked knowledge regarding the appropriate 
timing and portion sizes for different food groups for pre-
schoolers, similar to earlier findings (Sharma et al., 2013). 
Nonetheless, they demonstrated a good grasp of basic nutri-
tional recommendations, such as the importance of consum-
ing fibre-rich foods like fruits and vegetables.

Moreover, the participants in this study also demon-
strated both a positive attitude and a high level of self-effi-
cacy at baseline. Although nutrition knowledge is widely 
recognised as an important determinant of teachers’ atti-
tudes toward promoting healthy behaviours (Esdaile et 
al., 2024), this relationship is not always consistent. For 

instance, Katsagoni et al. (2019) found that teachers’ nutri-
tion knowledge positively influenced their attitudes only at 
the pre-intervention stage, suggesting that knowledge alone 
may be insufficient to sustain attitudinal change. Without 
opportunities to apply what they know in practice, teachers 
may struggle to internalize the value of the content or face 
situational barriers that dampen their enthusiasm. Similarly, 
Shannon et al. (1981) reported weak associations between 
knowledge and attitudes before training, but stronger corre-
lations across all attitudinal measures after a nutrition educa-
tion intervention, including support for nutrition education 
in schools and commitment to teaching it in the classroom. 
This shift indicates that active engagement and experiential 
learning, rather than knowledge acquisition alone are essen-
tial for transforming cognitive understanding into lasting 
positive attitudes. Teachers’ attitudes are more favourable 
when knowledge is reinforced through hands-on experi-
ence, peer discussion, and opportunities to observe positive 
changes in children’s behaviours (Byrne et al., 2018; Hall et 
al., 2016; Metos et al., 2019).

Higher nutrition knowledge has also been consistently 
associated with greater self-efficacy in teaching health-
related topics (Coccia et al., 2020; Fahlman et al., 2011). 
Teachers who understand the content are more confident in 
delivering it effectively. However, the relationship between 
knowledge and self-efficacy may evolve during training. 
Linnell et al. (2018) revealed that teachers’ self-efficacy 
may decline after professional development sessions due 
to response shift bias, where teachers initially overestimate 
their confidence before realizing the complexity of the cur-
riculum and instructional expectations. The lack of aware-
ness among teachers of the depth of knowledge required or 
perceive challenges in implementation might have affected 
their attitudes, self-efficacy and motivation. Therefore, pro-
fessional development programmes should provide con-
tent that is appropriately paced, relevant, and aligned with 

Table 7  Comparative effectiveness of eToyBox (IG-I) versus printed modules (IG-II) and control group (CG) on teachers’ knowledge, attitude, 
and self-efficacy
Outcome df F Overall

p-value
Partial Eta Squared Group Comparison Mean Difference (I–J) Std. Error Adjusted

p-value
95% CI

 Knowledge 4 11.78 < 0.001 0.149 CG vs. IG1 −1.06 0.227 < 0.001* [−1.61, −0.51]
CG vs. IG2 −0.60 0.225 0.026* [−1.15, −0.05]
IG1 vs. IG2 0.46 0.224 0.131 [−0.09, 1.00]

 Attitude 3.660 5.630 < 0.001 0.077 CG vs. IG1 −5.87 1.122 < 0.001* [−8.59, −3.15]
CG vs. IG2 −2.92 1.116 0.030* [−5.63, −0.22]
IG1 vs. IG2 2.95 1.110 0.027* [0.26, 5.64]

 Self-Efficacy 3.719 7.251 < 0.001 0.097 CG vs. IG1 −3.70 1.125 0.004* [−6.42, −0.97]
CG vs. IG2 −1.11 1.119 0.974 [−3.82, 1.61]
IG1 vs. IG2 2.59 1.113 0.064 [−0.11, 5.29]

Repeated measure ANOVA was applied followed by pairwise comparisons using with Bonferroni correction (post-hoc test analysis) for mul-
tiple comparisons
* Level of significance was set at 0.05 (two-tailed)
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teachers’ real teaching contexts to sustain confidence and 
engagement. Online training platforms are particularly 
advantageous in this regard, as they allow teachers to learn 
at their own pace and exercise autonomy in selecting con-
tent most relevant to their teaching needs.

Moreover, eToyBox programme demonstrated signifi-
cant improvements in all measures immediately after the 
intervention, with these effects sustained three months later. 
These findings align with existing studies, which shows 
that online learning programmes can effectively enhance 
nutrition knowledge, self-confidence, and attitudes in 
teaching healthy habits (Cohen et al., 1999; Katsagoni et 
al., 2019; O’Dea & Abraham, 2001). Traditionally, profes-
sional development programmes such as seminars, work-
shops, or collaborations with nutrition professionals have 
been proven effective in improving teachers’ knowledge for 
delivering nutrition education (Esdaile et al., 2024; Otten 
et al., 2024). Our findings suggest that online training pro-
grammes that provide comprehensive asynchronous train-
ing for teachers and teaching resources, are equally effective 
in achieving these outcomes. With the modernization of 
pedagogical methods used in the classrooms, web-based 
training programs or digital teaching resources are particu-
larly relevant given that teachers are increasingly relying 
on online information and digital games as teaching materi-
als in their nutrition education efforts (Esdaile et al., 2024; 
Jones & Zidenberg-Cherr, 2015). The alignment between 
digital delivery of eToyBox and teachers’ existing practices 
makes it a relatable and feasible choice that addresses their 
current needs and teaching preferences.

Despite similar knowledge trajectory patterns, within-
group analysis revealed that only eToyBox produced a sig-
nificant improvement from baseline, characterised by an 
immediate post-intervention increase that declined at three 
months, whereas printed modules showed no significant 
changes over time. This may reflect the distinct learning 
dynamics of each approach. Online learning management 
systems like eToyBox promote rapid knowledge acquisition 
through time-efficient, multimedia content (Mayer, 2005), 
whereas printed materials require longer, more focused 
engagement, potentially supporting deeper processing (Heng 
& Chu, 2023). While there are no direct comparisons exist 
between asynchronous printed and online learning knowledge 
retention, some evidence suggests online methods may yield 
slightly lower long-term retention due to how information is 
absorbed (Arnold et al., 2023). Nonetheless, the immediate 
and substantial knowledge gains associated with eToyBox 
highlight its value as a time-efficient educational tool.

Overall, eToyBox demonstrated more consistent and 
stronger effects than printed modules in enhancing teachers’ 
attitudes, with significant improvements observed immedi-
ately post-intervention and at three months, compared with 

improvement at follow-up only in the printed modules group. 
This delayed effect may be attributed to teachers needing 
more time to familiarize themselves with the printed materials 
and to envision how the suggested classroom activities could 
be implemented in their own settings. In contrast, eToyBox 
offered immediate access to ready-to-use teaching resources, 
including animated videos, classroom activities, infographic 
guides, and e-storybooks, which required less time for 
teachers to prepare, both in terms of understanding the con-
tent and planning how to integrate it into their classrooms. 
Consequently, access to user-friendly, easily implementable 
resources, and engaging multimedia materials provided by 
the eToyBox platform appeared to encourage more positive 
attitudes among teachers toward teaching healthy behaviours, 
as they felt better equipped and more confident to apply these 
strategies effectively in their classrooms (Aydin et al., 2022; 
Hall et al., 2016; Metos et al., 2019).

Strengths and Limitations

The study employed a robust and well-structured interven-
tion framework. To the authors’ knowledge, this is the first 
study to compare the effectiveness of a nutrition training 
programme by integrating a control group and two inter-
vention groups: one utilizing asynchronous online learning 
(the eToyBox platform) and the other using asynchronous 
printed materials (the printed ToyBox modules). This design 
enabled a comparative evaluation of the digital eToyBox 
programme against its conventional counterpart, allowing 
for an in-depth analysis of their respective impacts on teach-
ers’ knowledge, attitudes, and self-efficacy in promoting 
healthy behaviours. This comprehensive approach provides 
valuable insights into the effectiveness of both intervention 
strategies within the context of early childhood education.

However, the findings may not be fully generalizable to 
preschools in other regions or countries with different cul-
tural or educational contexts. Future research could expand 
to more diverse samples or international settings to evaluate 
the programme’s broader applicability. Finally, the 3-month 
follow-up captured short-term changes but may not reflect 
long-term effects on teachers’ knowledge, attitudes, or 
teaching practices. Longer follow-up studies are needed to 
assess the sustainability of these outcomes and the lasting 
impact on professional development.

Conclusion

The eToyBox programme was effective in improving teach-
ers’ attitudes towards promoting healthy eating and physi-
cal activity behaviours. While the online platform showed 
similar effects as printed modules on knowledge and 
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self-efficacy; however, this study underscores the critical 
importance of providing training and teaching resources, 
regardless of format to support teachers in promoting 
healthy behaviours. Knowledge and self-efficacy are closely 
intertwined, as self-efficacy stems from acquiring accu-
rate and reliable content knowledge, effective pedagogical 
knowledge to communicate this information, and process 
knowledge to adapt and implement organizational policies 
within the classroom context (Bales et al., 2025). Although 
both intervention approaches had different trajectories, they 
proved equally effective in building teachers’ competencies 
over time. Therefore, both tangible and digital resources are 
effective tools for enhancing teachers’ self-perceived com-
petence in delivering nutrition and physical activity lessons 
(Fahlman et al., 2011; Kaschalk-Woods et al., 2021; Nanay-
akkara et al., 2024; Stage et al., 2016).

To ensure these improvements are sustained and trans-
lated into practice, ongoing support from school adminis-
trators and educational authorities is important, including 
mentorship, time allocation for implementation, and policy 
reinforcement that encourages regular use of training out-
comes. While the formats may differ in their duration and 
sustainability of impact, integrating these resources within 
supportive institutional frameworks can strengthen their 
effectiveness and promote long‑term improvements in 
classroom nutrition and health education.

Study Implication and Future Recommendation

This study contributes to the less explored area of evalu-
ating the effectiveness of online/web-based programmes 
in enhancing teachers’ capabilities in health promotion. It 
also provides valuable insights for policymakers and cur-
riculum developers aiming to strengthen school-based 
health promotion. The demonstrated effectiveness of both 
digital and printed resources suggests that flexible, multi-
format approaches can be integrated into teacher training 
programmes to accommodate different learning preferences 
and school contexts. Given the demonstrated effectiveness 
of these interventions, the broad uptake and integration 
of the ToyBox Study Malaysia (TSM) framework and the 
eToyBox platform should be encouraged within Malaysian 
kindergartens. Building upon this implementation, future 
studies should expand this research by examining and com-
paring the impact of both the eToyBox and printed mod-
ule approaches on children’s health outcomes. This could 
include assessing anthropometric indicators such as BMI, as 
well as evaluating children’s nutrition and physical activity 
knowledge, attitudes, and self-efficacy. Such research would 
provide valuable insights into how different teacher training 
methods ultimately influence children’s health behaviours 
and overall well-being.
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