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Abstract
Background: Stunting remains a major public health concern in Indonesia. 
Mothers frequently face barriers in meeting children’s nutritional needs due 
to lack of knowledge, insufficient support, and a non-enabling environment. 
Strengthening maternal behaviour through targeted education, access to 
local nutritious foods, and mobile-based interventions is essential.
Purpose: This study evaluated the effectiveness of a mobile application–
based nutrition intervention on maternal knowledge, attitudes, and practices 
(KAP) and toddler growth outcomes.
Methods: Guided by the PRECEDE–PROCEED model, this quasi-
experimental study involved 138 dyads of mother-toddler who were 
purposively selected and divided equally into intervention and control 
groups through simple random sampling within clusters. Primary outcomes 
included maternal KAP related to stunting, nutritional monitoring, and meal 
preparation using Nile tilapia fish. Data were collected through pre- and 
post-tests using the set of knowledge, attitude and behavior questionnaire 
and Developmental Pre-Screening Questionnaire. The data analyzed using 
descriptive statistics and non-parametric tests (Wilcoxon, Mann–Whitney).
Results: Baseline characteristics were comparable between groups. After 
the intervention, the intervention group showed significantly higher maternal 
knowledge (mean±SD: 18.72±1.87 and 17.20±1.08), attitudes (85.97±5.47 
and 75.09±3.72), and practices (77.06±3.55 and 70.13±2.16) than the control 
group (all p < 0.001). Height-for-age (HFA) scores also improved (0.70±0.91 
and −1.06±0.78; p < 0.001), whereas no significant changes were observed 
in child development (9.54±0.65 and 8.94±0.82).
Conclusion: Enhanced knowledge and attitudes, combined with access 
to local food sources and simple recipes, facilitated behavior adoption, 
while the mobile module helped sustain these improvements. Cross-sector 
collaboration may support standardized maternal education and strengthen 
integration of this intervention within national stunting prevention programs.

Keywords: mobile-app; maternal kap; nutritional intervention; stunting; 
toddlers

Introduction
Stunting remains a major health issue in Indonesia, affecting approximately 
2.3 million children under five year across the country as of 2024 (Unicef, 
2025). As the country with the third-highest stunting rate in Southeast Asia, 
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Indonesia continues to experience a slow decline 
in stunting prevalence, which currently only at 3% 
(Ministry of Health of the Republic of Indonesia., 2025; 
Ministry of Health of the Republic of Indonesia, 2018; 
World Health Organization (WHO), 2022) Stunting 
prevalence varies significantly across provinces, 
and depend on the characteristics of the provinces 
and sub districts (Mulyaningsih et al., 2021). The 
study also highlight other factors that associated 
with the prevalence of stunting in Indonesia such 
as socioeconomic status, maternal education, 
water, and sanitation infrastructure, and limited 
access to community health services (Mulyaningsih 
et al., 2021). The various contextual factors and  
characteristics  of each region necessitate the 
suitable and context-specific strategies for stunting 
reduction (Eryando et al., 2022). For instance, 
Ciamis Regency, an area in West Java Province 
(Indonesia), has experienced a substantial increase 
in stunting prevalence, rising from 16% in 2021 to 
25.4% in 2023 (Health Development Policy Agency 
of Health Ministry Indonesia, 2024). According to 
recent study on stunting determinants in Ciamis 
Regency, it is found that  access and availability of 
food were not associated with stunting, whereas 
maternal educational status showed a significant 
association (Betaditya et al., 2022). These findings 
underscore the importance of providing adequate 
support and appropriate health education for 
mothers to ensure sufficient dietary intake for their 
children. 

The UNICEF Conceptual Framework of 
Malnutrition 2020 identifies inadequate dietary 
intake and disease as the immediate causes of 
malnutrition, including stunting (UNICEF, 2020). 
These two factors directly interrelated causing the 
impairment of a child growth and development. Poor 
dietary intake compromises the immune system 
and increasing children’s susceptibility to infections 
which can exacerbate further nutritional deficiencies 
by reducing nutrient absorption and appetite (Black 
et al., 2013). A study conducted using data from 
the Indonesian Basic Health Research, showed 
that limited dietary diversity significantly affected 
the nutritional status of children aged 6–23 months 
(Samosir et al., 2023). Similar study also found 
that many mothers are lack of knowledge about 
exclusive breastfeeding, complementary feeding, 
and balanced dietary requirements (Sahanggamu et 
al., 2017). Although parents have reportedly added 
animal-source foods (ASF) (e.g. meat, eggs, and 
dairy products) to their children’s diet, these foods 
are consumed infrequently and in small quantities 
(Arini et al., 2022). This inadequate intake of animal-
source of protein may contribute to the widespread 
deficiencies in iron, zinc, calcium, and vitamin among 
the children (Arini et al., 2022). Promoting mothers’ 
positive behavioral changes to improve toddler 
dietary intake is essential for reducing stunting.

Mothers’ feeding behaviors are shaped by 
multiple factors. According to the PRECEDE-
PROCEED model, behavioral change is influenced 

by predisposing, enabling, and reinforcing factors, 
and modifying these factors is essential for 
achieving sustainable behavior changes (Porter, 
2016). Previous studies have shown that maternal 
educational background is a major predisposing 
factor influencing maternal knowledge about child 
nutrition and related feeding practices (Laksono et 
al., 2022). For instance, higher maternal education 
has been associated with better nutrition knowledge 
and improved feeding practices. However, evidence 
from rural communities in West Java indicates 
that limited maternal education attainment is 
commonly linked to inadequate nutrition knowledge 
and suboptimal infant and young child feeding 
practices (Mauludyani & Khomsan, 2022). These 
challenges are further compounded by insufficient 
health education and nutrition promotion activities, 
contributing to the persistently high prevalence 
of stunting among children (Berutu et al., 2024; 
Haryanti et al., 2024a). A community-based study 
conducted in a village in Ciamis Regency similarly 
identify gaps in maternal feeding knowledge and 
caregiving practices contributing to persistent 
stunting in village samples (Suminar et al., 2025). 
Furthermore, low feeding practices also intensified 
by socioeconomic constraints and limited access to 
affordable nutritious foods even when they are aware 
of recommended feeding guidelines (Kolopaking et 
al., 2011). 

Utilizing locally available and affordable food 
resources is a powerful strategy to overcome 
the socio-economic barriers. For instance, 
complementary feeding programs implemented in 
Southeast Sulawesi Province, eastern Indonesia, 
promoted diverse diets using locally available 
ingredients (e.g. seafood, eggs, and vegetables), 
and enhanced maternal nutrition knowledge 
through mini classes and home visits significantly 
improved dietary diversity and feeding practices 
(Effendy et al., 2020). Similarly, a community-based 
intervention in rural East Nusa Tenggara Province, 
one of Indonesia’s most stunting-affected regions 
used locally produced supplementary foods, and 
promoted caregiver knowledge has succeeded in 
reducing stunting prevalence from 42.3% to 28.7% 
over 12 months (Dwianto, 2025). This evidence 
suggests that using local food resources combined 
with nutritional education is a promising strategy to 
reduce stunting prevalence.

Nile tilapia (Oreochromis niloticus), a freshwater 
fish species native to Africa, is widely cultivated in 
the West Java Province due to its rapid growth, ease 
of breeding, and affordability. From a nutritional 
perspective, Nile Tilapia provides high-quality protein 
and is a valuable source of essential micronutrients 
such as iron, zinc, calcium, and vitamin B. Given 
its wide availability and nutrient density, the Nile 
Tilapia is increasingly promoted as a locally sourced 
food to improve dietary intake (Wibowo et al., 
2024). Unfortunately, despite the fact that the fish is 
nutritious, its consumption in West Java remains low 
at 38.48 kg per capita per year, and even lower in 

Hikmayani, N.H., et al. (2026)



225

Original Article

Jurnal Keperawatan Padjadjaran, Volume 14, Issue 2, August 2026

Ciamis Regency at only 22.15 kg per capita (Baliwati 
& Saputra, 2014; Ministry of Marine Affairs and 
Fisheries Republic of Indonesia, 2023). Based on 
dietary recommendation, a minimum of 15-25 kg per 
capita per year is considered a baseline for adequate 
intake, while 40-50kg per capita per year reflects a 
more optimal intake associated with better health 
outcome (World Health Organization (WHO), 2011, 
2020). However, many mothers lack knowledge and 
skills in processing fish into child-friendly meals. 
The mother more concerns on the danger of fish 
bones, taste preferences, or unfamiliarity with age-
appropriate recipes can discourage fish inclusion in 
children’s diets (Gibson et al., 2020). Furthermore, 
a recent mixed-methods study also added that 
common parental concerns included fears that the 
fish may cause allergies, digestive problems, or 
illness (Yigit et al., 2025). This misconception should 
be addressed through targeted nutritional education 
for parents, especially mothers who play a key role 
in managing children’s dietary intake. 

The mobile-based intervention has the potential 
to provide accessible nutrition education, facilitate 
behavior change, and support decision-making 
for parents. It allows the users to learn anytime 
and anywhere, making it especially beneficial for 
the busy caregivers or mothers. Unlike traditional 
methods, mobile-based intervention is not time-
bound, more durable than printed materials, and 
offers greater accessibility, particularly in remote 
or underserved areas. A recent study suggests 
that a smartphone-based education program on 
complementary feeding significantly improved 
maternal nutritional literacy and led to better 
children’s’ growth outcomes (Seyyedi et al., 2020). 
Given the high smartphone uses in West Java 
Province (70.37%) and particularly in Ciamis 
Regency (79.38%), along with increased internet 
accessibility, mobile-based intervention emerge 
as a promising solution for expanding nutritional 
education (Regional Development Planning Agency 
of Ciamis Regency, 2022; Statistics Indonesia (BPS), 
2021; West Java Provincial Office of Communication 
and Informatics, 2020). Considering the beneficial 
features of the mobile-based intervention, this study 
aimed to develop an application named “MENUMIS 
STUNTING” (Menu Seputar Nutrisi Sehat untuk 
Anak Stunting [Healthy Nutrition Menu for Stunted 
Children]) and examine its impact on maternal 
knowledge, attitudes, and practices (KAP), as well 
as toddler growth. 

Materials and Methods

Study Design
The current study used quasi-experimental study 
adopts the PRECEDE-PROCEED in analyzing 
the influence of mobile-based health education 
programs in improving mothers’ feeding knowledge, 
attitude, and practice. The PRECEDE-PROCEED 
framework provided a structured approach for 
identifying predisposing, enabling, and reinforcing 

factors and for supporting sustainable behaviour 
change.

Development of Mobile-App Intervention 
and Program Description 
The program utilized a smartphone-based application 
titled MENUMIS STUNTING (Menu Seputar Nutrisi 
Sehat untuk Anak Stunting [Healthy Nutrition Menu 
for Stunted Children]) as an online platform for 
educational activities and interactive discussion, 
enabling users to access learning materials and 
participate in Q&A sessions. Several nutrition 
education themes were formulated into a 12-week 
program consisting of weekly 6-minute educational 
videos, downloadable supplementary materials, and 
an integrated Q&A feature that allowed participants to 
submit questions through the application (Appendix 
1). During the intervention period, participants were 
required to access supplementary materials and 
health education videos at least once per week with 
flexible scheduling and were encouraged to use the 
application at a minimum frequency of three times 
per week. User engagement was enhanced through 
reminder notifications delivered via WhatsApp 
groups and by monitoring application usage, 
including frequency of access, duration of use, and 
completion of educational materials. The application 
also included a question-and-answer (Q&A) feature 
designed to facilitate interactive online discussion. 
The monitoring process was conducted online 
by surveyors via WhatsApp to assess whether 
participants had completed the weekly educational 
materials, identified risks of participant dropout, 
and addressed any technical issues encountered 
during application use. During the study period, the 
control group received standard care in the form 
of routine health and nutrition education delivered 
face-to-face during weekly Posyandu sessions by 
healthcare personnel or community health cadres 
using standard printed materials. No access to the 
mobile learning application was provided.

The intervention was conducted over 12 weeks 
(Appendix 2), with each session addressing a 
specific topic related to stunting prevention, toddler 
nutrition, and meal preparation using local source 
food. Weeks 1-4 covered understanding about 
stunting, the role of nutrition in toddler growth and 
development, nutritional status monitoring, and 
mothers’ roles in meeting toddlers’ nutritional needs. 
Weeks 5–7 introduced Nile tilapia as an animal 
protein source for stunting prevention, explained 
its nutritional benefits for toddler growth, and 
presented various tilapia-based recipes for toddlers. 
Weeks 8–12 focused on practical food preparation 
sessions, including steamed Nile tilapia, tilapia 
porridge, tilapia soup, tilapia nuggets, and tilapia 
rice porridge.

The intervention materials were developed 
through three stages: needs assessment, prototype 
development, and usability testing. The needs 
assessment was conducted using FGDs and 
semi-structured interviews with 18 key informants, 
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including local stakeholders, healthcare providers, 
and mother–toddler dyads. Findings indicated low 
participation in existing stunting education programs, 
limited access to information, low animal protein 
intake (particularly fish), and limitations of paper-
based education; participants preferred interactive 
and audio-visual learning formats. Based on these 
findings, the application content and prototype 
were developed by the research team with IT and 
multimedia experts. Content validation was then 
conducted by nutrition, education, and fisheries 
experts, and revisions were made based on their 
feedback to improve content accuracy, clarity, and 
usability (Appendix 3). The application content 
and prototype were subsequently developed and 
validated by nutrition, education, and fisheries 
experts using the Content Validity Index (CVI). The 

validation demonstrated excellent content validity 
(I-CVI = 1.00; S-CVI/Ave = 1.00)”

The completed mobile learning prototype was 
subsequently tested on a limited scale of samples 
and revised prior to the full implementation phase 
(Figure 1). Functionality was assessed through 
black-box testing involving 36 users in Sukasenang 
and Wanasigra villages, with a 100% success rate—
above the 80% usability threshold. Usability testing 
via the System Usability Scale (SUS) returned an 
average score of 74.8, exceeding the acceptable 
threshold of 68, signifying that the application is 
appropriate for use as a nutritional intervention 
tool. According to the limited trial results that were 
reported in Table 1, this application may positively 
improve knowledge, attitudes, and practice related 
to toddler nutrition. 

Hikmayani, N.H., et al. (2026)

Table 1.Limited Trial Result
Mean N Std. Dev Std. Error Mean

Knowledge Pre-test 12.53 36 1.404 0.234
Post-test 18.17 36 1.207 0.201

Attitude Pre-test 54.97 36 1.028 0.171
Post-test 80.03 36 2.063 0.344

Practice Pre-test 50.11 36 1.833 0.305
Post-test 65.08 36 1.105 0.184

Notes:
*Chi-Square test with Significant at p<0.05.. **t-test with Significant at p<0.05.

Table 2. General characteristics of participants by group at baseline (n=138) 
Characteris-

tics
Category Intervention 

(n=69)
Control 
(n=69)

Total 
(n=138)

p-value

N % N % N %
Education Primary Education 25 36.2 23 23 48 35 0.625

Secondary Education 36 52.2 34 49.3 70 51
Tertiary Education 8 11.6 12 17.4 20 14
Total 69 100 69 100 138 100

Income Above District Minimum 
Wage

19 27.5 15 21.7 34 24.6 0.553

Below District Minimum 
Wage

50 72.5 54 78.3 104 74.4

Total 69 100 69 100 138 100
Occupation Employed 26 37.7 21 30.4 47 34 0.475

Unemployed 43 62.3 48 69.6 91 66
Total 69 100 69 100 138 100

Birth Weight Low 6 8.7 12 17.4 18 13 0.206
Normal 63 91.3 57 82.6 120 87
Total 69 100 69 100 138 100

Chronic Infec-
tion

Yes 24 34.8 20 29 44 32 0.584
No 45 65.2 49 71 94 68
Total 69 100 69 100 138 100

Notes:
Chi-Square test with Significant at p<0.05 and non-statistically significant at p>0.05
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Table 3. Comparison of the pre- and post- test results within intervention and control group (n=138)
Group Dependent 

Variables
N MeanSD Min-Max CI 95%

Knowledge
Intervention Pre-Test 69 13.071.834 9.00-18.0 12.63-13.51

Post-Test 69 18.721.870 14.0-20.0 18.28-19.71
Control Pre-Test 69 13.071.192 11.0-16.0 12.79-13.36

Post-Test 69 17.031.150 14.0-19.0 16.75-17.31
Attitude
Intervention Pre-Test 69 60.125.279 43-69 58.85-61.38

Post-Test 69 85.965.481 73-100 84.64-87.27
Control Pre-Test 69 68.102.462 63-75 67.51-68.69

Post-Test 69 75.103.7111 68-85 74.21-75.99
Practice
Intervention Pre-Test 69 55.254.710 44-65 54.11-56.38

Post-Test 69 77.063.552 66-80 76.20-77.91
Control Pre-Test 69 55.063.086 45-61 54.32-55.80

Post-Test 69 70.092.092 64-74 69.58-70.59
Height-for-Age (HFA)
Intervention Pre-Test 69 -3.250.434 -4.00-(-3.00) -3.35-(-3.14)

Post-Test 69 0.700.912 -1.00-2.00 0.48-0.91
Control Pre-Test 69 -1.001.043 -3.00-1.00 -1.25-(-0.75)

Post-Test 69 1.770.926 0.00-3.00 1.55-1.99
Development
Intervention Pre-Test 69 6.670.834 6.00-8.00 6.47-6.87

Post-Test 69 9.540.655 8.00-10.00 9.38-9.69
Control Pre-Test 69 6.670.834 5.00-8.00 6.37-6.97

Post-Test 69 9.540.657 8.00-10.00 9.38-9.49
Abbreviations: 
HFA: Height-for-age. CI: Confidence Interval

Table 4. Comparison between intervention and control group results for the variables of interest 
(n=138)

Variable Group N Mean±SD Mean Dif-
ference

95% CI df p-val-
ue

Knowledge Intervention 69 18.721.870 1.69 18.28-19.71 69 0.001*
Control 69 17.031.150 16.75-17.31 69

Attitude Intervention 69 85.965.481 10.86 84.64-87.27 69 0.001*
Control 69 75.103.7111 74.21-75.99 69

Behaviour Intervention 69 77.063.552 6.97 76.20-77.91 69 0.001*
Control 69 70.092.092 69.58-70.59 69

Height/Age Intervention 69 0.700.912 1.07 0.48-0.91 69 0.001*
Control 69 1.770.926 1.55-1.99 69

Development Intervention 69 9.540.655 0.00 9.38-9.69 69 0.001*
Control 69 9.540.657 8.00-10.00 69

Notes:
Chi-Square test with Significant at p<0.05 and non-statistically significant at p>0.05 
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Population, Sampling Technique, and 
Sample
A total of 138 mother–toddler dyads were 
recruited through a multistage sampling approach. 
Clusters were defined based on community 
health center service areas in Ciamis Regency, a 
predominantly agricultural region with moderate 
human development and ongoing socioeconomic 
challenges affecting household nutrition and child 
health (Central Statistics Agency of Ciamis Regency, 
2025). Panumbangan District was assigned as 
the intervention group, while Sadananya District 
served as the control group. Both districts were 
selected through cluster sampling due to their 
high stunting prevalence in Ciamis Regency and 
comparable socioeconomic conditions and access 
to health services. Eligible participants within each 
cluster were then selected using simple random 
sampling and equally allocated to the intervention 
(n = 69) and control (n = 69) groups. Panumbangan 
was designated as the intervention cluster based 

on program implementation readiness, support 
from community health centers and cadres, and 
feasibility of monitoring the MENUMIS STUNTING 
application, whereas Sadananya was assigned as 
the control group to provide a comparable setting 
and minimize potential selection bias. 

Sample size was determined using the 
Lemeshow formula at a 95% confidence level, 
resulting in 138 respondents (including a 20% buffer 
for dropout) (Appendix 4). The study had included 
mothers whose children had been identified as at 
risk of stunting through screening at local community 
health centers and who had demonstrated adequate 
literacy skills and the ability to operate a smartphone. 
Mothers of toddlers with congenital or chronic 
health conditions (e.g. tuberculosis, other chronic 
respiratory infections, congenital heart disease, 
chronic otitis media, metabolic disorders, and 
genetic abnormalities) had been excluded to ensure 
participant safety and to avoid potential confounding 
factors. 

Hikmayani, N.H., et al. (2026)

Figure 1. TREND Flow Diagram of Participant Selection, Allocation, Follow-up, and Analysis
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Instrument
In this study, primary outcomes, including maternal 
knowledge, attitudes, and practice, were measured 
using a structured questionnaire consisting of 
three domains, each comprising 20 items. The 
knowledge questionnaire was developed by the 
researchers based on theories of stunting, toddler 
nutrition, and local food utilization and aligned with 
the study objectives. The knowledge, attitude, and 
behavior questionnaires employed in this study 
were developed by the researchers specifically for 
the study and were not adapted from previously 
published instruments. The development process 
was informed by relevant literature, theoretical 
frameworks, and indicators corresponding to 
each variable under investigation. Before data 
collection, the instrument underwent content 
validation to ensure its relevance, clarity, and 
adequacy in measuring the intended constructs. 
Before implementation, all instruments’ items 
were re-tested for validity and reliability among 36 
mothers of stunted toddlers from Sukamanah and 
Sukaraja villages in Ciamis Regency. The validity 
test showed that all items were valid (r calculated 
> r table = 0.329). Reliability testing demonstrated 
high internal consistency, with Cronbach’s alpha 
values of 0.898 for knowledge, 0.946 for attitudes, 
and 0.947 for behavior. Meanwhile, toddler growth 
as a secondary outcome was measured using the 
Kuesioner Pra Skrining Perkembangan (KPSP; 
Developmental Pre-Screening Questionnaire), 
a national standardized tool for assessing child 
development in Indonesia. The KPSP evaluates 
four domains: gross motor, fine motor, language, 
and personal–social development. Each age-
specific questionnaire contains 10 items scored as 

1 (“yes”) or 0 (“no”), with total scores interpreted as 
follows: 9–10 = age-appropriate development, 7–8 
= questionable development, and ≤6 = suspected 
developmental delay requiring further assessment.

Data Collection and Analysis
The research data were collected through a self-
reported questionnaire using pre-test and post-test 
design to quantitatively assess maternal knowledge, 
attitudes, and practices before and after the mobile-
app intervention. This process was conducted 
by trained field enumerators. Prior to the study, 
the research team provided briefing and training 
sessions to standardize study procedures and 
ensure consistency in field implementation. Both 
mother and toddler assessments were conducted 
prior to the intervention and re-evaluated three 
months afterwards. This study applied a single-blind 
approach at the participant level, whereby mothers 
were not informed of their allocation to either the 
intervention or control group to reduce the risk of 
the Hawthorne effect. Full double-blinding was not 
feasible due to geographical constraints and the 
cluster sampling design. To minimize observer bias, 
separate enumerator teams were assigned to each 
district, and enumerators in the control area were 
not given access to the educational application 
materials used in the intervention group. Quantitative 
data from pre- and post-intervention questionnaires 
and toddler growth was analyzed using SPSS 
version 26. Descriptive statistics were applied to 
summarize respondent characteristics and outcome 
variables. For group comparisons, non-parametric 
tests (Wilcoxon signed-rank test for paired samples 
and Mann–Whitney U test for independent samples) 
were conducted due to the non-normal distribution 

Effectiveness of a mobile app-based intervention

Figure 2. Comparison of Mean Pre- and Post-Test Scores Between Control Groups (CG) and Inter-
vention Groups (IG)

Abbreviations: 
IG: Intervention Group, CG: Control Group
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of data. 

Ethical Considerations
This study obtained ethical clearance from The 
Research Ethics Committee of Faculty Medicine 
Universitas Sebelas Maret with registration number 
192/UN27 06 11/KEP/EC/2024. Prior to data 
collection, participants were thoroughly informed 
about the study’s objectives, procedures, potential 
risks, and anticipated benefits. Involvement in the 
study was voluntary, and participants were assured 
they could withdraw their participation at any point 
without any consequences. To protect participant 
privacy, all identifying information was anonymized 
and stored in a secured, password-protected 
database accessible solely to the research team. 
Given that the research involved stunted toddlers and 
their mothers—a vulnerable population, additional 
care was taken to ensure their safety. Pilot testing 
of the mobile learning application was conducted 
beforehand to ensure its usability, ease of access, 
security, and potential benefits for participants. Given 
that the intervention was educational in nature, 
it was categorized as minimal risk. Throughout 
the study period, no significant issues associated 
with the application or educational materials were 
observed. In accordance with the policy the ICMJE 
data sharing guidelines, the authors declare that 
individual deidentified participant data underlying 
the results reported in this study on nutrition and 
education interventions will be available upon 
reasonable request. The shared data will include 
participant demographic information, pre- and post-
intervention measurements, and survey responses.

Results

Study Characteristics
The demographic profiles of participants in each 
group are reported in Table 2. Most respondents had 
secondary education, while fewer attained primary 
or higher education. The majority were unemployed 
and household incomes below the regional minimum 
wage. Most toddlers were born with normal birth 
weight and did not experience chronic infections. 
Baseline comparison of key demographic profiles 
between intervention and control groups showed 
no statistically significant differences (p>0 05), 
indicating that both groups were homogenous prior 
to the intervention (Table 2).

Implementation
The within-group comparisons of pre-test and post-
test outcomes for both groups are presented in 
Table 3. Baseline values were comparable between 
the intervention and control groups, indicating 
similar initial conditions. Improvements were most 
pronounced in the primary outcomes—knowledge, 
attitude, and practice—suggesting favorable 
changes in maternal cognitive and behavioral 
domains following exposure to the intervention 
(Table 3). Toddler growth and developmental scores 

also increased over time in both groups. 
Table 4 presents the between-group comparison 

of post-intervention outcomes. The intervention 
group demonstrated significantly higher mean 
scores for knowledge, attitude, and practice, with 
corresponding mean differences, 95% confidence 
intervals, and p-values indicating statistically 
significant effects (Table 4). These findings confirm 
that the observed improvements in maternal 
outcomes were attributable to the intervention 
rather than to time-related changes alone (Figure 
2). Toddlers in the intervention group also exhibited 
significantly greater improvements in height-for-
age (HFA), suggesting a beneficial effect of the 
intervention on linear growth. In contrast, there is no 
statistically significant difference that was observed 
in child developmental outcomes, as both groups 
showed comparable improvements.

Discussion
This quasi-experimental study evaluated the 
impact of mobile-app nutritional intervention 
program on maternal knowledge, attitude, practice 
(KAP) as primary outcomes, and toddler height-
for-age (HFA), and toddler development score 
as secondary outcome. The adaptation of the 
PRECEDE-PROCEED framework in this study 
provides deeper contextual insights in formulating 
educational formats that suit mothers’ needs and 
facilitates sustainable behavioral changes. An 
application called MENUMIS STUNTING (Menu 
Regarding Healthy Nutrition for Stunting Children), 
consisting of 12 weekly nutrition education modules 
on the processing and preparation of Nile tilapia–
based meals, was successfully developed and 
demonstrated positive results both in limited trials 
and actual implementation.  

Although most toddlers were born with normal 
birth weight and did not experience chronic 
infections (Table 2), the risk of stunting remains 
high. This is largely associated with the participants’ 
sociodemographic characteristics, as most mothers 
had only moderate education, were unemployed, 
and lived below the regional minimum wage 
(Table 2). Mothers with low levels of education 
tend to have limited knowledge about health and 
nutrition, which impacts their ability to understand 
the importance of proper nutrition for child growth 
and development (Syah & Yuniarti, 2024). This 
phenomenon was supported by recent study in 
Ciamis Regency found that most of mothers have 
moderate knowledge of child nutrition (Rahayu et 
al., 2023). In addition, qualitative findings indicate 
that families with stunted toddlers often neglect fish 
consumption, even though fish is a primary source 
of protein for growth. Lower level of education often 
leads to a lack of information about healthy eating 
patterns, the importance of exclusive breastfeeding, 
and child growth and development, which can 
affect children’s physical growth and cognitive 
development in the long term period (Laksono et al., 
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2022). Current study suggest that mothers with only 
primary or secondary education have greater odds 
of having stunted children compared to those with 
tertiary education (Laksono et al., 2022; Yunitawati 
et al., 2025). In this case, health education efforts 
regarding maternal education can help reduce 
this risk, as previous study shows that maternal 
education negatively correlates with the incidence 
of stunting among toddlers (Rahayu & Khairiyati, 
2014). 

Apart from the education and support provided 
to mothers, socioeconomic factors also play 
an important role in stunting prevention efforts. 
According to prior study, the risk of stunting 
increases as household wealth decreases (Tamir et 
al., 2024). Compared to children from the wealthiest 
households, children from rich, middle, poor, and 
poorest households have a higher likelihood of 
being stunted.  Similar study also reported that 
identifying low household income as a stunting risk 
factor (Kassaw et al., 2020). Low income is often 
associated with limited access to nutritious and 
sufficient food necessary for child growth (Ijaiya et 
al., 2024). In addition, maternal employment status 
also plays a significant role in stunting risk.  While 
working mothers may contribute to household 
income, time constraints can compromise childcare 
and diet quality, thereby increasing vulnerability 
to stunting (Supadmi et al., 2024). Conversely, 
unemployed mothers often face financial barriers 
that limit access to nutritious food and health services 
(Supadmi et al., 2024). Therefore, interventions to 
address stunting cannot focus solely on providing 
nutrition, but also address obstacles related to 
sociodemographic aspects. 

Effect of mobile-app intervention on 
Maternal Knowledge, Attitude, and Practice 
(KAP)
A mobile-based nutritional intervention utilizing 
locally available food resources (e.g., Nile tilapia) 
was reported to significantly improve maternal 
knowledge, attitudes, and practices (KAP) 
among mothers of toddlers. Although both groups 
demonstrated score improvement, the intervention 
group showed more consistent and pronounced 
improvements across all variables. These findings 
are consistent with previous studies reporting 
the effectiveness of mobile-app intervention in 
enhancing maternal KAP (Fitriami & Galaresa, 
2022; Nurhidayah et al., 2024; Pantiawati et al., 
2025). This improvement should be interpreted 
within the local context of existing community-
based stunting management programs in Ciamis 
Regency, where routine health services, nutritional 
counseling, growth monitoring, and supplementary 
feeding are already implemented. Despite these 
ongoing programs, previous evidence from the 
same setting showed that maternal nutritional 
knowledge remained moderate and feeding 
practices were still constrained by socioeconomic 
barriers, food access limitations, and established 

dietary habits. Therefore, the greater improvement 
observed in the intervention group suggests that 
mobile-based education may complement existing 
services by providing more accessible, continuous, 
and engaging learning opportunities.

Repeated exposure to information through 
these medium supports knowledge retention 
and comprehension (Dissieka et al., 2019), while 
interactive and visual features enhance engagement 
and facilitate understanding of complex information 
(Ahmed et al., 2025). Despite some mixed evidence, 
tailoring delivery methods and content to audience 
needs can improve knowledge uptake among 
mothers of diverse educational backgrounds (Daly 
et al., 2018; Knop et al., 2024). Moreover, mothers 
of young children often face time constraints 
in attending health education programs due to 
caregiving and household duties (Acharya et al., 
2022). In this context, mobile-app interventions 
offers flexibility, allowing mothers to learn at their own 
pace and schedule, access information anytime, 
and review unfamiliar materials without time 
pressure (Sisouvong & Pasanchay, 2024). The use 
of locally available food resources may also explain 
the observed behavioral improvement. Considering 
that socioeconomic conditions are recognized 
determinants of maternal feeding practices, the 
intervention intentionally promoted affordable 
and accessible local foods. In Ciamis Regency, 
Nile tilapia is widely available and represents a 
practical source of high-quality protein and essential 
micronutrients that support child growth. Integrating 
locally relevant nutritional recommendations 
may have reduced implementation barriers and 
increased the likelihood of adopting recommended 
feeding practices. Furthermore, these findings align 
with a recent systematic review which concluded 
that video and online counseling delivered via 
mobile applications positively impact maternal 
nutritional literacy (Hasan et al., 2024). In this study, 
once mothers better understood appropriate food 
combinations and preparation techniques, their 
feeding practices improved.

In contrast to knowledge, improvements in 
attitudes are shaped by complex factors, including 
beliefs, cultural norms, personal experiences, 
and socioeconomic conditions (Abdulahi et al., 
2021; Bashir et al., 2023). As reported by several 
studies, greater knowledge does not necessarily 
translate into more positive attitudes (Abdulahi et 
al., 2021; Bashir et al., 2023). However, present 
study shows that utilization of mobile-based 
intervention in maternal education is effective in 
improving both knowledge and attitudes (Table 4). 
Discussion forums and nutrition chatbots features in 
the application enabling mothers to ask questions 
and receive immediate feedback, which proven 
effectively enhanced engagement in the learning 
process (I. Nurhidayah et al., 2018). Emotional 
engagement strengthens motivation for mother to 
adopt new behaviors in childcare and nutritional 
practices (Wu & Yu, 2022). User interaction within 
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discussion forums not only reinforces social 
norms but also enhances maternal confidence 
in applying acquired knowledge and strengthens 
their commitment to child development and well-
being. Consequently, mothers feel more assured 
in implementing what they have learned. Through 
this mechanism, mobile application functions as 
an effective tool for changing mothers’ attitudes 
and even practices regarding toddler nutrition and 
development.

Maternal behavior improvement in this study 
aligns with the PRECEDE-PROCEED model (Porter, 
2016), where enhanced maternal knowledge, 
attitudes, and practices (KAP), practical nutritional 
guidance, and support from discussion forums 
acted as key drivers of positive behavioral change.  
Recognizing that behavioral changes are also 
influenced by socio-economic barriers, community 
support, and cultural context, the study not only 
provided mothers with flexible and engaging learning 
opportunities but also sought to mitigate socio-
economic barriers by promoting the use of local food 
resources. As a commonly consumed freshwater fish 
in Sundanese communities and widely cultivated in 
household ponds (balong), Nile tilapia is affordable, 
accessible, and familiar to local households. Recipe 
modules were adapted to local cooking practices 
while modifying texture and nutritional content to 
suit the dietary needs of stunted toddlers, which 
may have supported greater maternal acceptance 
and implementation. Data from the Fisheries 
Department in Ciamis Regency indicates that Nile 
Tilapia is a widely cultivated freshwater fish in this 
area, offering considerable potential as an affordable 
and accessible source of animal protein. This fish 
is abundant in protein, essential fatty acids, iron, 
and other micronutrients vital for child development 
and growth, and its regular consumption may 
contribute to optimal growth, enhanced nutritional 
status, and a reduced risk of stunting (Wibowo et 
al., 2024). Recent evidence shows that providing 
local food-based food has a positive impact on 
nutritional status among toddlers aged 6–36 months 
in Indonesia, particularly in rural settings (Susanto 
et al., 2017), which also reflects the characteristics 
of most participants in the present study (Table 3) 
However, there is contrasting evidence that shows 
application-based education is not always sufficient 
to change behavior unless accompanied by direct 
interaction with healthcare professionals (Rufaindah 
& Patemah, 2021). Therefore, mobile-based learning 
interventions should be used as a complement 
rather than a replacement for direct interactions 
between mothers and healthcare providers.

Effect of mobile-app intervention on toddler 
nutritional outcomes
Assessing the sociodemographic profile of 
participants in this study indicates an elevated risk 
of stunting among children, underscoring the urgent 
need for targeted nutritional interventions. The main 
barriers identified were poor dietary habits, limited 

participation in health programs, and the absence 
of engaging, contextually appropriate educational 
materials for mothers. To address this, the present 
study evaluated the impact of a mobile-based 
learning intervention on toddler nutritional outcomes 
as part of stunting reduction efforts, focusing on 
Height-for-Age (HFA) and developmental indicators. 
The findings demonstrated that the intervention 
improved toddlers’ HFA and developmental scores 
after participation (Table 3). However, cross-group 
comparisons revealed that while HFA significantly 
improved in the intervention group compared to 
controls, no significant effects were observed on 
developmental outcomes (Table 4).

This study supports evidence that technology-
based nutrition education can improve children’s 
anthropometric indicators, although significant 
changes in growth may not be observed due to 
insufficient intervention duration or the need for 
longer follow-up (Hojati & Farhangi, 2025; Mousavi 
Ezmareh et al., 2024; Seyyedi et al., 2020). In the 
first 3–6 months of an intervention, anthropometric 
measures such as weight and height (or length) 
are particularly responsive indicators of nutritional 
improvement (Garenne et al., 2013). This may 
explain why increases in HFA scores are observed 
earlier than developmental scores. In addition, 
toddler development is shaped by the interplay of 
biological, parenting, environmental, and socio-
economic factors, which adds further complexity 
(Rocha et al., 2021). According to prior study, 
maternal education combined with stimulation 
sessions improved children’s motor, cognitive, and 
language development (Muhoozi et al., 2018). 
Despite some evidence on the contrary, certain 
findings indicate that toddler development may also 
improve through adequate nutritional fulfilment, even 
in the absence of structured stimulation programs (M. 
M. Black et al., 2017). There is strong evidence that 
highlights the importance of stimulation in supporting 
toddler growth and development. Combining early 
stimulation with nutrition programs enhanced child 
development outcomes, underscoring the value of 
integrated interventions (Andrew et al., 2020). Early 
child stimulation was positively associated with 
linear growth and improvements in cognitive, motor, 
and language development even among low birth 
weight infants (Upadhyay et al., 2022). Therefore, it 
is important to include child stimulation in maternal 
education programs.

Nursing Implications
Nurses play a vital role in delivering health education, 
promoting preventive behaviors, and improving 
maternal caregiving practices in community settings 
(Kappi, 2026). However, nurses often face barriers 
such as limited time, heavy workload, inadequate 
educational resources, insufficient communication 
skills, and low community health literacy (Shadadi 
et al., 2018; Wang et al., 2024). These challenges 
may reduce the effectiveness and sustainability 
of maternal and child health education programs. 
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Mobile-based nutritional interventions provide an 
innovative approach to extending health education 
beyond conventional face-to-face methods through 
continuous support, flexible learning schedules, and 
wider outreach (Umeano, 2025). Community health 
nurses may utilize this platform to deliver education, 
monitor participant engagement, and facilitate 
interactive discussions efficiently. This intervention 
may also enables broader participation and expand 
the outreach coverage of community healthcare 
facilities. Therefore, the findings of this study offer 
practical implications for developing sustainable, 
accessible, and community-based nutritional 
education strategies, particularly in low-resource 
settings.

Limitations of This Study
This study has several methodological limitations. 
The non-randomized design may have reduced 
statistical precision and increased the risk of 
selection bias and residual confounding, potentially 
affecting the internal validity of the findings. The 
study was also conducted in selected community 
health center areas in Ciamis Regency, which may 
limit the generalizability of the findings to regions 
with different social and economic characteristics. 
In addition, the relatively short intervention and lack 
of long-term follow-up restricted the evaluation of 
sustained behavioral and nutritional changes. The 
intervention also focused on menu variations from 
a single local food source, which may not represent 
the broader range of affordable and culturally 
relevant foods. In addition, the application did not 
include a log-in system or user-monitoring features, 
limiting the assessment of participant engagement, 
intervention adherence, and usage patterns. Future 
studies should employ larger samples, stronger 
methodological designs, longer follow-up periods, 
multiple local food sources, and enhanced digital 
monitoring systems to strengthen the evidence base 
and improve generalizability.

Conclusions 
This present study suggests the potential impact of 
mobile-app nutritional intervention and utilization of 
local food source on maternal knowledge, attitudes, 
and practices (KAP), as well as contributing to early 
improvements in height-for-age (HFA). Although 
the three-month intervention was relatively short to 
assess growth and developmental outcomes, it was 
sufficient to capture early behavioral changes and 
weight responses, supporting evidence that mobile-
app interventions may positively influence toddler 
nutritional outcomes. This study underscores the 
importance of engaging diverse stakeholders 
including academic institutions, healthcare 
providers, community health cadres, and local 
fisheries department while leveraging local food 
resources to address nutritional needs in affordable 
and contextually relevant ways, particularly for low-
income communities. Cross-sectoral collaboration 

may facilitate the development of standardized 
maternal health education formats, strengthen the 
training of community health cadres, and support 
the integration of this intervention within the national 
stunting prevention program. Further research with 
longer intervention periods and extended follow-up 
is necessary to evaluate the impact of mobile-app 
interventions on children’s nutritional status and 
reductions in stunting. 
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