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Abstract: Child malnutrition remains a public health challenge in Ecuador, particularly in low-income
areas with limited access to continuous monitoring. This study evaluates the impact of a computer
system designed to improve anthropometric and nutritional tracking of children in primary care
settings in southern Guayaquil. Using a cross-sectional mixed-methods approach, data were collected
through surveys administered to parents of children aged 0 to 12 years, and usability tests were
conducted with health professionals and administrative staff, following the ISO/IEC 9126 standard. A
non-probabilistic convenience sampling was applied in ten local clinics. Results show that the system
effectively automated data entry and retrieval, improved the timeliness of nutritional assessments,
and facilitated vaccination and growth monitoring. Respondents reported high satisfaction levels,
emphasizing ease of use, speed in accessing information, and the system’s contribution to early
identification of nutritional risks. The findings suggest that implementing such a system may enhance
child health services by optimizing workflows and empowering healthcare providers and families.
Broader adoption of information and communication technologies in primary care could strengthen
national efforts to reduce child malnutrition and improve health outcomes.
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1. Introduction
Child health is a fundamental pillar for Ecuador’s development. Despite advancements in public

health, challenges such as chronic malnutrition persist, affecting twenty-three percent of children
under 5 years old, according to INEC in 2023 [1] as well as non-compliance with vaccination schedules.
Access to quality medical care and adequate follow-up are crucial to addressing these issues [2].
The lack of digital tools in many health centers hinders the recording, tracking, and management of
information, which can impact the quality of care [3]. Nutrition and immunization play a vital role in
children’s lives from their earliest months. Inadequate nutrition at home negatively affects a child’s
health, learning, and development [4]. On the other hand, vaccines save 2 to 3 million lives each
year by protecting children from serious diseases [5]. Monitoring both aspects is essential to ensuring
optimal child development. To address these challenges, this retrospective cohort study will examine
the feasibility and impact of implementing a digital system for the anthropometric and nutritional
monitoring of children in Ecuador [6].

2. Materials and Methods
In today’s rapidly evolving society, the need for effective tools to monitor the physical and

mental well-being of children and adolescents has become increasingly urgent. In Ecuador, a country
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facing rising rates of childhood obesity and malnutrition [7], the development of innovative solutions
to track and address these pressing health concerns is of utmost importance. Medical centers in
the south of Guayaquil encountered difficulties in recording, tracking, and managing nutritional
and immunological information for patients [8]. We implemented a web and mobile system to
automate these processes. We utilized open-source technologies, including PHP for web development,
Android Studio for the mobile application, and MySQL for database management, to ensure the
system’s accessibility and adaptability. We hypothesized that using the Web System would strengthen
nutritional control. As a result, this study looked at how parents felt about nutritional monitoring
and control [9]. It found that the system was much better than traditional methods at collecting
accurate data, finding nutritional problems early, and making clinical decisions [10]. We used the
Extreme Programming (XP) software development methodology, which emphasizes the continuous
delivery of functional software and close client collaboration. XP enabled rapid adaptation to changing
requirements and an efficient response to the clinics needs. The use of this methodology facilitated
communication and collaboration between developers and clinic staff, ensuring that the system met
the end users’ requirements and expectations.

2.1. Web System

The system has essential modules: The Nutritional Control module enables the documentation of
children’s anthropometric measurements (weight, height, circumferences) during each appointment
and automatically assigns a diagnosis according to the growth percentiles set by the World Health
Organization (WHO) [11]. The approach evaluates the child’s body measurements by comparing
them to established reference standards and assessing whether they are within the appropriate ranges
for their age and gender. Furthermore, it provides individualized dietary suggestions based on
the child’s nutritional condition, encouraging appropriate and nutritious eating practices [12]. This
module’s significance lies in its ability to identify and mitigate malnutrition or overweight problems in
children, thereby promoting their ideal growth and development.The Immunization Tracking module
oversees the documentation of immunizations given to each child, including the date of administration,
vaccine type, batch number, and the name of the administering practitioner. Furthermore, the system
calculates and presents the additional vaccination doses required by the child according to the national
immunization schedule [13]. Furthermore, it sends automated notifications to parents of impending
vaccinations, thereby encouraging compliance with the immunization timetable and contributing to
disease prevention. We conducted functionality and usability tests based on the ISO/IEC 9126 standard
to evaluate the system’s quality. These tests included verifying that all system functionalities operated
correctly, such as data recording, report generation, and reminder sending. We also evaluated the
system’s user-friendliness for doctors and parents, considering elements like unambiguous instructions,
user-friendly navigation, and compatibility with different devices. We used the results of these tests to
identify and correct errors, thereby enhancing the user experience. We also administered surveys to
doctors and parents to gather their perceptions of the system. We evaluated aspects such as ease of use,
utility of the tools, and overall satisfaction with the system. The surveys provided valuable information
about user experiences and needs, which contributed to improving the system and adapting it to meet
end users’ expectations [14]. The study included 453 parents of children aged 0 months to 12 years
living in the southern sector of Guayaquil, Ecuador. Local health centers, which regularly monitor
child growth, selected all participants. We excluded parents whose children suffered from severe
chronic illnesses or had incomplete data. The study ensured equitable gender representation, with
a focus on comparing urban and rural areas, and collected data on the parents’ socioeconomic and
educational levels.

3. Algorithm and Implementation
To classify the nutritional status of the children, we categorized their nutritional state based on

anthropometric measurements such as height [15], weight, and age. The system enabled us to calculate
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indices such as BMI-for-age, weight-for-height, and height-for-age, and then classify these according
to standard growth charts or WHO guidelines.

During the cohort analysis, we defined specific groups based on common characteristics and
monitored their progress over time. In this case, we grouped the children by age ranges and their
initial nutritional status (based on BMI). This approach allowed us to observe trends and changes in
their nutritional status, facilitating early intervention and tailored recommendations for each group.
We evaluated whether there were significant differences in BMI based on the frequency of medical
attendance using ANOVA analysis, which used BMI as the dependent variable and the frequency of
medical visits as the independent variable. This section includes the distribution of BMI, categories by
age group (Figure 1),.

Figure 1. Distribution of BMI, Categories by age group.

F-Statistic: 1.178 p-value (PR(>F)): 0.319
This analysis did not reveal significant differences in BMI according to the frequency of medical

visits. Therefore, we used a decision tree model to classify body mass index (BMI) levels in children,
using age, weight, height, and gender as predictive variables. The decision tree illustrates the appli-
cation of decision rules to classify BMI as either "low BMI" or "high BMI." Each node represents a
decision based on a characteristic, and the tree splits the data at each node to maximize class separation.
We evaluated entropy to measure the degree of disorder or impurity of the data set by running the
decision tree algorithm. We calculated the entropy for a data set that had proportions of children with
high BMI(p) and children with low BMI(q), Eq. 1.

E(S) = −p log2(p)− q log2(1 − q) (1)

We used the Gini index to measure the probability of incorrect classification of an element based on the
class distribution at the node. The split in the decision tree selects the feature that minimizes the Gini
impurity or maximizes the information gain. If we generate a random prediction, we use the following
equation to determine this measure:Eq. 2.

Gini(S) = 1 −
n

∑
i=1

p2
i (2)
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A was obtained an Accuracy: 92.65 percent.This indicates that the decision tree correctly classified
the BMI category for approximately 93 percent of the test data. The F1 Score shows that precision
and recall are balanced at 93 percent for both classes. The model performs well, with high accuracy,
balanced precision, and recall across both BMI categories. Decision trees are relatively robust against
missing data and noise in the data (Figure 2).

Figure 2. Decision tree Visualization.

In observational studies like this one, it is common to encounter incomplete data or some variabil-
ity in measurements. Decision trees can handle these imperfections by hierarchically splitting the data
and making decisions based on the most discriminate variables at each node. The confusion matrix
shows the following results:

True Positives (High BMI): 63 True Negatives (Low BMI): 63 False Positives (Low BMI incorrectly
classified as High BMI): 2 False Negatives: 8 (High BMI incorrectly classified as Low BMI)

The high number of true positives (TP) suggests that the model is effective at identifying cases
of high BMI. The low number of false positives indicates that the model rarely classifies low BMI
cases as high BMI cases. The described methodology not only offers a robust framework for analyzing
nutritional and anthropometric data, but it can also seamlessly integrate into Ecuador’s web system.
This integration facilitates a continuous cycle of data collection, analysis, feedback, and adjustment,
enhancing the ability of professionals to monitor and respond to child health needs in real time.

4. Results
The integration of mobile health (mHealth) technologies into pediatric care has the potential

to streamline healthcare delivery and improve patient outcomes. The system proved effective in
automating clinic processes, significantly improving efficiency and access to information [16]. Doctors
reported a 50 percent reduction in time spent on administrative tasks, such as patient registration and
appointment scheduling, thereby freeing up more time for direct patient care. Additionally, the quick
and simple access to patients’ complete medical histories enabled doctors to make more informed
decisions and provide more personalized, high-quality care [17].

A particularly valuable feature was the integration of a nutritional module that calculates daily
caloric needs based on the patient’s sex, age, and weight status, and distributes them across meals
according to clinical guidelines. This functionality supported precise dietary planning for children with
nutritional risks (e.g., underweight or overweight), and offered caregivers practical, evidence-based
recommendations on meal distribution, enhancing adherence to nutritional guidance.
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Importantly, the software was developed entirely using free and open-source technologies—including
PHP, Android Studio, and MySQL—which ensured scalability, adaptability, and cost-efficiency. More-
over, the system was deployed and made available to participating health centers at no cost, reinforcing
its value as a sustainable and accessible digital health solution in resource-constrained environments.

Parents expressed high satisfaction with the platform, with 95 percent rating the ease of use of the
mobile application as “very good” or “excellent.” Furthermore, 85 percent appreciated functionalities
such as online appointment scheduling, automated vaccination reminders, and detailed access to
nutritional and immunization data.

Usability tests and satisfaction surveys confirmed that the system meets the quality criteria
defined by the ISO/IEC 9126 standard. It was considered intuitive, efficient, reliable, and effective by
both healthcare professionals and families, contributing to a more coordinated and informed pediatric
care model.

5. Discusion
The results of this case study support the utility and effectiveness of information systems in

improving pediatric primary health care. Automation of processes, the availability of relevant in-
formation, and ease of use are key factors contributing to the success of these tools. We should
emphasize that we developed this system using open-source technologies, ensuring its accessibility
and adaptability to various contexts. In addition, the agile methodology enabled for a quick and
efficient implementation that responded to the specific needs of the clinic. The results of this case study
further support the value and effectiveness of information systems in improving pediatric primary
care. Process automation, access to relevant information, and user-friendliness are essential elements
that contribute to the success of these tools.

Pediatricians and their partners must become aware of the technological and adaptive challenges
involved in adopting these tools and collaborate with organizational leaders and developers to
advocate for the best interests and safety of pediatric patients. We must consider the adoption of
pediatric health information technology holistically, addressing technical, organizational, and cultural
aspects to ensure optimal results.

6. Conclusions
This study used a web-based anthropometric and nutritional tracking system in Ecuador to collect

a dataset and implement a decision tree model to predict body mass index (BMI) levels in children.
The results indicated that variables such as age, weight, and height are significant determinants in
BMI classification, while gender did not have a substantial impact on the predictive model [18]. The
decision tree allowed for a clear and comprehensible visualization of decision rules, making it easier
to interpret the factors influencing children’s nutritional status. This feature is particularly valuable
in a clinical context, where decisions must be transparent and based on data accessible to healthcare
professionals. The decision tree model integration into the web system has proven to be an effective
tool for improving decision-making in managing children’s nutritional status. By providing accurate
and easily interpretable predictions, the system not only aids in the early identification of children
at risk of being overweight or underweight, but also supports healthcare professionals in planning
appropriate interventions.
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Çocukların beslenme Özelliklerinin karşılaştırılması]. Hacettepe Egitim Dergisi 2015, 30, 42 – 55.

18. Adaji, I. Serious Games for Healthy Nutrition. A Systematic Literature Review. International Journal of
Serious Games 2022, 9, 3 – 16. https://doi.org/10.17083/ijsg.v9i1.466.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 8 May 2025 doi:10.20944/preprints202505.0448.v1

https://doi.org/10.52808/BMSA.7E5.614.003
https://doi.org/10.1186/1471-2458-12-564
https://doi.org/10.1145/3176653.3176732
https://doi.org/10.1016/j.aogh.2015.02.930
https://doi.org/10.1016/j.aogh.2015.02.930
https://doi.org/10.1016/j.amepre.2017.02.016
https://doi.org/10.17083/ijsg.v9i1.466
https://doi.org/10.20944/preprints202505.0448.v1

	Introduction
	Materials and Methods
	Web System

	Algorithm and Implementation
	Results
	Discusion
	Conclusions
	References

