Pre prints.org

Article Not peer-reviewed version

Promoting Sustainable Research
Competence through a Problem-
Solving Method and a STEM
Educational Kit: A Case Study with
Nursing Students at a Newly Established
Public University in Peru

Ronald Paucar-Curasma " , Richard Yuri Mercado Rivas , Pedro José Garcia Mendoza

Posted Date: 2 July 2025
doi: 10.20944/preprints202507.0194.v1

Keywords: formative research; research competences; problem-solving method; STEM educational kit;
nursing students

Preprints.org is a free multidisciplinary platform providing preprint service
that is dedicated to making early versions of research outputs permanently
available and citable. Preprints posted at Preprints.org appear in Web of
Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This open access article is published under a Creative Commons CC BY 4.0
license, which permit the free download, distribution, and reuse, provided that the author
and preprint are cited in any reuse.



https://sciprofiles.com/profile/2729330
https://sciprofiles.com/profile/4546346
https://sciprofiles.com/profile/4547155

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 July 2025 d0i:10.20944/preprints202507.0194.v1

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.

Article

Promoting Sustainable Research Competence

Through a Problem-Solving Method and a STEM
Educational Kit: A Case Study with Nursing Students
at a Newly Established Public University in Peru

Ronald Paucar-Curasma %*, Richard Yuri Mercado Rivas 2 and Pedro José Garcia Mendoza !

! Universidad Nacional Auténoma de Tayacaja Daniel Hernandez Morillo
2 Universidad Nacional del Centro del Pera

* Correspondence: rpaucarc@unat.edu.pe

Abstract

This study aimed to evaluate the impact of a pedagogical approach based on problem-solving,
grounded in Pdlya’s methodological proposal and complemented with a STEM electronic
educational kit, on strengthening the research competences of first-year nursing students at a public
university in Peru. The research followed a quantitative approach, using a quasi-experimental design
with pre- and post-test measurements applied to a group of students who addressed real community
health issues in their local context. The intervention was structured into four phases: understanding
the problem, planning activities, execution, and reviewing the solution. The results showed
significant improvements across all phases, particularly in problem analysis, autonomous planning,
technological application, and critical thinking. The Wilcoxon test yielded p-values < 0.05 in all
evaluated dimensions, allowing the rejection of the null hypothesis and confirming the effectiveness
of the intervention. It is concluded that the problem-solving method, when integrated with relevant
technological tools, is an effective strategy to promote formative research in vulnerable educational
contexts. Moreover, it aligns with the Sustainable Development Goals —specifically SDG 4 (Quality
Education) and SDG 10 (Reduced Inequalities) —by fostering inclusive, equitable, and contextually
relevant education through socially and technologically meaningful innovation.

Keywords: formative research; research competences; problem-solving method; STEM educational
kit; nursing students

1. Introduction

Formative research constitutes a fundamental pillar in university education, fostering the
development of scientific, technological, and reflective competencies from the early academic cycles
[1,2]. In the field of health sciences, particularly in nursing education, it is essential to promote a
sustainable research culture that prepares professionals capable of addressing social and health
challenges based on scientific evidence [3,4].

In recently established institutions, such as emerging public universities in Latin America, this
challenge is intensified by structural, territorial, and technological limitations that hinder access to
active methodologies and innovative teaching resources. Therefore, it is necessary to implement
accessible, contextualized, and sustainable pedagogical strategies that foster meaningful learning,
critical thinking, and research autonomy from the early stages of professional training [5-7].

In recent years, the Sustainable Development Goals (SDGs) have been consolidated as a global
priority framework. Goal 4 (SDG 4), focused on ensuring inclusive, equitable, and quality education,
is particularly crucial for achieving sustainable development. This goal is closely linked to SDG 10,
which seeks to reduce inequalities within and among countries [7,8]. In the educational context, this

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.0194.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 July 2025 d0i:10.20944/preprints202507.0194.v1

2 of 21

articulation implies ensuring that all students, regardless of their geographic, socioeconomic,
cultural, or linguistic background, have access to meaningful and relevant learning opportunities [9].
The incorporation of innovative pedagogical approaches—culturally and technologically
contextualized —can help close educational gaps and promote equitable participation in vulnerable
contexts [10]. Thus, joint action on SDG 4 and SDG 10 supports progress toward more inclusive and
resilient educational systems capable of responding to both local and global challenges of the 21st
century.

This study proposes the application of the problem-solving method based on Pélya’s framework
[11-13] as an effective strategy for developing sustainable research competences. This strategy is
complemented by a STEM educational kit developed in the Huancavelica region, designed to
facilitate university learning through accessible technological solutions. This kit consists of thematic
electronic boards and sensors that allow students to design technological solutions to real public
health problems in their environment [14].

The study was conducted with first-year nursing students at the Universidad Nacional
Auténoma de Tayacaja Daniel Herndndez Morillo (UNAT), a Peruvian public university with seven
years of academic activity. Located in the Andean region, the institution faces challenges typical of
emerging educational contexts, justifying the need to apply active methodologies using low-cost,
high-impact resources. Through a quasi-experimental design and the development of contextualized
technological projects, the impact of the intervention was analyzed in terms of strengthening research
competencies and promoting a more equitable, technological, and sustainable education aligned with
SDGs 3, 4, and 10 [7,15].

In this context, it is essential to promote strategies that integrate research training from the early
stages of higher education. Formative research, understood as a process that connects learning with
the production of knowledge, enables students not only to assimilate scientific foundations but also
to apply research as a tool to solve real-world problems. In nursing programs, this approach is
especially relevant as it focuses on community health issues that require contextualized, critical, and
proactive responses.

Accordingly, this study aims to evaluate whether the implementation of a problem-solving
method based on Pélya’s methodology and complemented with a STEM electronic educational kit
contributes to strengthening the research competences of first-year nursing students at a public
university in Peru. The pedagogical intervention was framed within formative research, addressing
real community health problems previously identified. Activities were developed following the four
phases of Pdlya’s problem-solving method: understanding the problem, planning activities,
executing the plan, and reviewing the solution. These were integrated with technological tools that
facilitated the development of practical solutions, represented through functional models
programmed using visual tools. This experience allowed for the hypothesis to be tested in a
contextualized, sustainable, and meaningful educational environment.

2. Literature Review

2.1. Formative Research

From a pedagogical perspective, formative research is grounded in inquiry-oriented teaching
methods and practices that have been implemented by faculty and universities with positive results.
Strengthening this approach in higher education requires collaborative and interdisciplinary work
that encourages the active participation of both faculty and students within a comprehensive and
cross-cutting educational model in the university [16]. This type of research contributes to the
development of essential skills such as critical reading and academic writing, enabling students —
even in technical fields like engineering—to produce academic work with the potential for
publication in indexed journals [17].

In this context, formative research is conceived as a teaching function with a clear pedagogical
intention, developed within the curricular framework. It presents two distinctive features: it is led
and guided by the teacher as part of their educational role, and it is carried out by students in training,
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rather than by established researchers. Its implementation requires a suitable methodological
strategy, supported by scientific evaluation and continuous feedback, aimed at strengthening
research competences from the earliest stages of university education, particularly in fields such as
engineering and health sciences [18,19].

This approach promotes a teaching model based on active methodologies, in which the student
plays a leading role in their own learning process. Through exploration and inquiry, it fosters a
deeper understanding of knowledge while stimulating curiosity, critical thinking, and skepticism —
essential pillars for the development of research competences [1].

However, its implementation in the early years of university presents certain limitations. Since
it takes place within the curricular framework and does not follow the rigor of formal scientific
research, it is typically carried out over short periods, usually within a single academic semester.
Furthermore, it is essential that the technological resources used —both hardware and software—are
accessible and appropriate for the students’ cognitive level in order to effectively enhance learning
and the development of research skills [20,21].

2.2. Problem-Solving Method Based on Pélya’s Proposal

The problem-solving method based on Pélya’s proposal is a pedagogical strategy adapted from
George Pdlya’s classical framework [22], aimed at developing research competences in students
through a structured process comprising four phases: understanding the problem, designing
activities, implementing activities, and reviewing the solution [12]. This approach combines active
problem-solving methodologies with the use of accessible educational technologies, such as STEM
educational kits, sensors, and visual programming environments [11,23,24]. Figure 1 illustrates the
phases of the method and the main activities associated with each stage.

Problem Activity Activity Solution
— H = H > H

« Search for scientific and * Search for * Interact with computer * Check the
technological research tools. performance of the
information. background. + Understand how results.

* Present the problematic * List research sensors and actuators * Optimize the
situation. activities. work. results.

* Represent cause and « Cite and reference * Develop research * Review the article
effect in a visual documents. activities. and provide
organizer. » Write an article. feedback.

Figure 1. Problem-Solving Method Based on Pélya’s Proposal.

The proposed method links scientific thinking with technological action. In other words, the
student not only analyzes a problem situation, but also proposes, executes, and validates solutions
through experimentation with technological tools, thereby developing functional products (such as
models, prototypes, or applications). The following describes the research activities carried out in
each phase:

Understanding the problem: involves the search for scientific and technological information,
analysis of real-life situations, and visual representation of causes and effects through graphic
organizers. This phase develops skills in observation, critical analysis, and the formulation of
researchable questions.

Designing activities: focuses on planning research actions, reviewing background information,
and logically structuring tasks. It fosters the ability to methodologically structure formative research.

Executing activities: students interact with technological tools such as sensors and actuators,
programming their behavior using visual software like mBlock. This phase allows for active
experimentation, application of technical knowledge, and reinforcement of collaborative work.
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Reviewing the solution: the results obtained are verified, optimized, and reflected upon. Critical
thinking, continuous improvement, and metacognition are promoted by evaluating the impact and
relevance of the proposed actions in relation to the original problem.

This method is particularly relevant in fields such as Nursing, where learning must go beyond
theoretical knowledge and promote the ability to respond to real-world problems. By linking the
research process with concrete technologies, formative research becomes a meaningful,
interdisciplinary, and innovation-oriented experience.

Various studies support its effectiveness, showing that such methodologies improve students’
attitudes toward research, strengthen logical thinking, and foster autonomy in learning [25,26].
Moreover, implementing the proposed method using STEM educational kits facilitates the
acquisition of digital competences, which are essential for today’s professional training.

2.3. STEM Educational Electronic Kit

Currently, there are commercially available educational technologies, such as the Arduino board
and its integrated development environment (IDE) based on the C++ language, which are widely
used in education for the development of projects and technological activities. However, these
solutions present limitations when applied to learning experiences focused on solving real-world
problems in social contexts. In particular, they are not well-suited for students who are just beginning
their university education, as their programming interfaces are not sufficiently intuitive or accessible
for beginners. Furthermore, they lack hardware components (sensors, actuators, and specialized
boards) specifically designed to address issues relevant to local or regional contexts [27].

Therefore, the creation of customized hardware prototypes using boards like Arduino and
ESP8266 has proven to be an effective alternative. These prototypes are not only cost-effective but
also promote the development of skills such as abstraction, problem-solving, and algorithmic
thinking. Previous studies have shown that such solutions can be as illustrative as commercial
educational technologies and can be complemented by visual programming environments designed
for teaching purposes [26,28].

In response to the limitations mentioned above, a STEM (Science, Technology, Engineering, and
Mathematics) educational electronic kit was designed and implemented. It consists of six themed
electronic boards: agriculture, aquaculture, environment, health, education, and livestock [14]. These
boards are specifically designed to support the development of investigative activities related to real-
world problems in regional contexts, incorporating relevant sensors and actuators for each theme
[29].

Interaction with the kit is carried out through a block-based visual programming interface
developed on the mBlock platform, using libraries written in Python. This platform includes
customized programming blocks that allow users to easily control the sensors and actuators on each
electronic board. As a visual and intuitive environment, mBlock motivates students to design
technological solutions in response to community-based challenges, providing immediate feedback
throughout the process. This approach not only promotes the learning of programming but also
encourages logical structuring of problems, creative thinking, and the practical application of
knowledge in real-world contexts [21].

Figure 2 presents the electronic boards included in the STEM educational kit and the visual
programming environment based on mBlock used in its implementation.
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Figure 2. STEM Educational Kit with Visual Programming Environment: a) Six educational electronic boards

and b) mBlock visual programming interface.

2.4. Educational Sustainability in Health Sciences

Educational sustainability refers to the capacity of educational systems to adapt, innovate, and
endure over time, ensuring quality, equity, and relevance across diverse contexts. In the 21st century,
sustainable education involves not only access and inclusion, but also the development of enduring
competencies that prepare students to face social, technological, and environmental challenges [6,7].

In the health sciences, educational sustainability is particularly relevant due to the dynamic and
complex nature of healthcare systems. Sustainable educational models in nursing and public health
aim to train students with research competencies, critical thinking, digital skills, and problem-solving
abilities that can be continuously applied to improve healthcare delivery [15]. These models promote
interdisciplinary learning, evidence-based practice, and community engagement as essential pillars
for developing resilient professionals.

Technological integration plays a key role in educational sustainability. Accessible, scalable, and
context-sensitive technologies —such as STEM kits and visual programming environments —enhance
student participation and autonomy, reduce learning barriers, and promote equity in education
[11,30]. When these tools are integrated into active pedagogical frameworks, they strengthen both
cognitive and socio-emotional dimensions of learning, making education more inclusive and
sustainable over time.

Sustainable Learning in the educational field involves more than teaching about sustainability;
it focuses on developing the capacities that allow students to engage in continuous learning and
adapt to complex situations. This approach includes four key elements: renewal and relearning, both
individual and collaborative learning, active participation, and the ability to apply acquired
knowledge in various contexts. By integrating both practical and reflective educational methods,
Sustainable Learning becomes a key strategy for strengthening and promoting lifelong learning
competencies, which are essential for achieving sustainable development [31].

The problem-solving method based on Pdlya’s proposal and the STEM educational kit presented
in this study align with the principles of sustainable education by fostering critical and technological
competencies from the early stages of university education, with direct connections to the social
needs of the students’” communities. This approach ensures that students are not only recipients of
knowledge but also problem-solvers and active agents of sustainable development in their local
environments.

3. Materials and Methods
3.1. Research Approach and Participants

This study employed a quasi-experimental design using a pretest—posttest approach, with a non-
probabilistic, purposive sampling strategy under a quantitative framework. The participants were
students enrolled in the course Information Management, part of the Nursing program at the
Universidad Nacional Autéonoma de Tayacaja Daniel Hernandez Morillo, located in the Andes of
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Peru. All participants were in their first academic year and registered during the second semester of
2024. Most students were under 21 years of age, and the total number of participants was 64,
consisting of 53 women and 11 men.

Data collection was conducted using a validated instrument that assesses research competencies
within the framework of formative research, structured according to the phases of the problem-
solving method based on Pélya’s proposal [32]. The instrument includes 24 items distributed across
four phases: understanding the problem (7 items), designing activities (5 items), executing activities
(5items), and reviewing the solution (7 items). Each item was rated on a five-point Likert scale, where
1 corresponds to “never,” 2 to “almost never,” 3 to “sometimes,” 4 to “almost always,” and 5 to
“always.” Table 1 presents the items of the instrument.

Table 1. Items of the instrument.

Understanding the Problem

Do you read the project or assignment statement several times?

Do you understand the project or assignment statement?

Can you explain the problem of the project or assignment in your own words?

Can you easily identify the cause and effect of the problem?

Is it easy for you to represent the problem using a visual organizer?

Can you easily identify the most important data of the problem?

N | YU R W=

Can you identify a problem similar to the one in your project or assignment?

Designing activities

Can you easily find a similar project or assignment?

Do you recognize the project activities slightly differently in another project?

Do you find or identify an activity from another project that helps you plan your own?

Do you break down the solution into several parts?

Ul [ W (N[ =

Can you identify the technological resources needed to develop the project activities?

Implementing activities

Do you carry out everything planned in the previous step?

Do you use technological resources during the execution of the project activities?

Do you carry out the tasks step by step?

Do you demonstrate that the activities are executed in an orderly and sequential manner?

Ul b= | W (N =

Do you perform the activities in an orderly and sequential way?

Reviewing the Solution

Do you review or test the functionality of the solution results?

Do you verify the functionality of each component or part of the solution results?

Do you analyze if there are other alternatives to solve the project problem?

Is it easy for you to apply the solution results to solve another project problem?

Does the solution cover all parts of the problem?

Do you identify any component or part of the solution to improve or optimize?

N DU W=

Do you identify any component or part of the solution that can be reused in another project?

The instrument was validated by three international experts: a specialist in education, one in
computer science, and another in computer engineering. In addition, its internal consistency was
assessed using Cronbach’s alpha statistical test, applied at three different times (2020, 2021, and 2022),
yielding reliability coefficients of 0.957, 0.965, and 0.924, respectively, which demonstrates high
reliability.

The instrument was administered at two points: before (pretest) and after (posttest) the
pedagogical intervention in the classroom, with a total of 64 students. Table 2 presents the
distribution of items by phase of the problem-solving method and the internal consistency of the
instrument for assessing research competencies (Cronbach’s alpha).
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Table 2. Items by Problem-Solving Phase and Cronbach’s Alpha.
Problem-Solving Phase Items Pre-test Post-test
Understanding the problem 7 0.950 0.950
Designing activities 5 0.950 0.949
Implementing activities 5 0.949 0.949
Reviewing the solution 7 0.949 0.949

3.2. Proposal and Implementation of Formative Research Projects in the Classroom

3.2.1. Formative Research Projects and the STEM Educational Kit

Table 3 presents the Formative Research (FR) projects proposed to be developed in groups by
nursing students under the guidance of the course instructor. Each project is linked to a health-related
issue identified in the students’ local environment, which helps contextualize the research activity
and make it more meaningful. Each group was assigned a specific card from the STEM educational
kit, equipped with corresponding sensors, in order to carry out investigative activities using
educational technologies.

For instance, in FR Project 1, the green card (agriculture) was used with a capacitive soil moisture
sensor. In FR-2, the black card (environment) was combined with the MQ135 air quality sensor. FR-
3 employed the yellow card (livestock) with the HC-SR04 ultrasonic sensor. In FR-4, the blue card
(aquaculture) was used with the water turbidity sensor, while in FR-5, also with the blue card, the
DS18B20 water temperature sensor was applied. Finally, FR-6 involved the red card (health) and the
MLX90614 body temperature sensor.

All the electronic cards were programmed using the mBlock visual block-based programming
environment, which facilitated interaction with the sensors and the development of contextualized

technological solutions.

Table 3. Formative Research Projects and STEM Educational Kit.

STEM

ID F ive R h Proj D ipti
ormative Research Project escription Sensor Educational Kit

The project involves monitoring soil moisture in
vegetable crops to prevent anemia in school-age
children in Acraquia, Tayacaja province. For this,
the agriculture board, a capacitive soil moisture
sensor, and the mBlock programming Capacitive Soil
environment were used. Moisture Sensor

Monitoring soil moisture in
vegetable crops to prevent
FR-1 anemia in school-age children
in the district of Acraquia,
Tayacaja province.

Agriculture card

Monitoring air quality in
homes with wood-burning
stoves to prevent respiratory
issues in the district of
Andaymarca, Tayacaja

The project focuses on monitoring air quality in
homes using wood-burning stoves to prevent ﬂ !
respiratory problems in Andaymarca, Tayacaja. R
The environment board, MQ135 air quality MQI135 Air
sensor, and mBlock were used. Quality Sensor Environment
card

FR-2

province.

Monitoring guinea pig pens to The project involves monitoring guinea pig pens

prevent salmonella to prevent attacks from predators and avoid the
FR-3 transmission in Santa Rosa  consumption of contaminated meat in the Santa i
community, Tayacaja province, Rosa community, Tayacaja. The livestock board, J .
. .1 HC-SR04 Distance
which could affect human ultrasonic distance sensor, and mBlock were Sensor
meat consumption. used. Livestock card

The project consists of monitoring water quality
to prevent stomach infections in the population of
Ustuna, Tayacaja. The aquaculture board,

turbidity sensor, and mBlock environment were
used. Water Turbidity

Sensor

Monitoring water quality to

revent stomach infections
FR4 T

among residents of the district

of Ustuna, Tayacaja province.
Aquaculture card
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Monitoring water temperature The project consists of monitoring water
in the “La Cabafa” fish farm to  temperature in the “La Cabafia” fish farm to
FR5 avoid trout mortality and  prevent trout deaths and avoid the consumption

potential consumption of of contaminated meat in Tayacaja. The
. . . DS18B20 Water
contaminated meat in Tayacaja aquaculture board, DS18B20 temperature sensor,
. Temperature
province. and mBlock were used.

Sensor Aquaculture card

Monitoring children’sbody  This project focuses on monitoring children’s
temperature to prevent fever body temperature to prevent fever outbreaks at

FR6 outbreaks at IE Mariscal IE Mariscal Céceres school in the district of
Céceres school in Daniel ~ Daniel Herndndez Morillo, Tayacaja. The health MLX90614 Body
Hernandez Morillo district, board, MLX90614 sensor, and mBlock Temperature
Tayacaja. environment were used. Sensor Health card

3.2.2. Development of Research Activities in the Classroom

Figure 3 shows the distribution of sessions and resources used during the educational
intervention, based on the problem-solving method proposed by Pélya. The planning was organized
around the four phases of the method: understanding the problem, planning activities, executing
activities, and reviewing the solution. In each phase, specific technological tools were used: academic
search engines (Google Scholar, Scopus, SciELO), artificial intelligence tools (ChatGPT), reference
managers (Mendeley), visual programming platforms (mBlock), and the STEM educational kit (six
electronic boards) with sensors.

The sessions were carried out over 16 academic weeks, progressively strengthening the research
and technological competencies of nursing students. The research activities were conducted in the
“Information Management” course, corresponding to the second semester of the Nursing program,
with 4 hours per week over 16 sessions. These activities took place in the classroom, under constant
supervision and continuous feedback from the instructor.

Problem-resolv e 3 gessions 6 sessions 2 sessions
Phases ~ ~ © - | w RN © o = = ~ = X 9 2
" -~ = = = = -~ = = -~ = - = = -~ -
U U B U v B U ) N < U U u N B v
) O O O O O S ) S w ) 3 ) S w 3
< s £ 2|2 ’a S f |2 |2 |2 £ |8 |5 |2 |8 |8

Google Scholar
Understand the

problem M S .',Q( )

Google Scholar

Designing activities @ 7
SE A0
, @ mpLock O\
Implementing ' =\

activities d = <@¢Q‘ /

\

Reviewing the
solution

Figure 3. Distribution of sessions and resources used during the educational intervention through the phases of
the problem-solving method.

The following describes the activities carried out by the students, following the phases of the
problem-solving method based on Pélya’s proposal: understanding the problem, planning activities,
executing activities, and reviewing the solution.

Understanding the problem (5 sessions). In this phase, students carried out various tasks aimed
at understanding the issue related to their assigned research topic. Among the main actions was the
search for information using artificial intelligence applications (ChatGPT), academic search engines
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(Google Scholar, Scopus, SciELO), among others. Subsequently, students conducted a process of
analysis and synthesis of the collected information, from which they prepared a descriptive sheet or
page with scientific citations using reference managers (Mendeley) about the problem situation. In
addition, they represented the cause-and-effect relationship of the issue using a visual organizer,
which allowed them to better structure their ideas and achieve a deeper understanding of the
proposed topic. Figure 4 shows a sample of the diagrams developed, highlighting the visual
representation of causes and effects related to the research topics selected by the students.

b\)
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Figure 4. Cause-and-effect representation of the problematic situation in the proposed research topics: a) FR-1,
b) FR-2, c) FR-3, d) FR-4, e) FR-5, and f) FR-6.

Designing activities (3 sessions). In this phase, students researched background information
related to their selected research topics. To do this, they consulted various scientific sources such as
Scopus, Google Scholar, among others. Once the information was gathered, they proceeded to
analyze it and identify similar experiences or previously developed activities. Based on this analysis,
they created a list of proposed actions aimed at offering viable solutions to the issues raised in each
research topic. These activities were designed considering the local context, technical feasibility, and
the use of the STEM educational kit. Table 4 presents the set of activities proposed by the students
according to the research topics developed in class.
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Table 4. List of activities proposed to solve the identified problems: a) FR-1, b) FR-2, c) FR-3, d) FR-4, e) FR-5,
and f) FR-6.

Identify and understand the problem of air
pollution caused by the use of wood-burning stoves
in the district of Andaymarca.
Design the circuit using the environment board
and the MQ135 air quality sensor.
- Identify parameters related to Air Quality
Index (AQI).

- Identify and understand the issue related to
the supervision and production of vegetables in the
district of Acraquia.

- Design the circuit using the agriculture board
and soil moisture sensor.

- Program the sensors to acquire soil moisture

ters.
paramerers . . Develop an application to monitor air quality
N Develop an application to monitor soil using mBlock, allowing visualization of the AQI
moisture. 8 ! 8 ;

Build a prototype simulating a household with

- Build a model simulating a greenhouse for . . . .
wood-burning stoves for measuring air quality

measuring soil moisture parameters.
parameters.

a) b)
Recognize and test the functionality of the
aquaculture board and turbidity sensor.
Design a turbidity monitoring system using the
aquaculture board.
- Develop an application for water turbidity
monitoring using mBlock software.
Build a model simulating water quality level.
C) d)
- Implement the circuit using the aquaculture
board and DS18B20 water temperature sensor.
- Develop an application in mBlock to measure
water temperature variation.
- Build a model representing the “La Cabana” fish

- Test the functionality of the livestock board and
the HC-SR04 ultrasonic sensor.

- Develop an application to alert about predator
attacks on guinea pigs and to display health
information using mBlock.

- Build a model simulating guinea pig farming.

Implement the circuit using the health board and
MLX90614 body temperature sensor.
- Develop an application using mBlock to display
body temperature values in a user-friendly way.

farm in Acostambo. - Build a prototype simulating a system for

- Verify the correct operation of the application.

e) f)

monitoring body temperature parameters.

Implementing activities (2 sessions). In this stage, students addressed the identified problem
through the implementation of the previously designed activities. As a first step, they familiarized
themselves with the operation of the STEM educational kit’s electronic boards, sensors, and actuators
by following a laboratory guide prepared for this purpose. Once the basic knowledge was acquired,
they proceeded to assemble the circuits and connect them to their laptops. Next, they developed
applications using the visual programming environment mBlock, with the objective of monitoring
various health-related parameters such as air quality, water turbidity, body temperature, soil
moisture, water temperature, and distance. In addition, the students built a model to simulate the
proposed solution by integrating the STEM educational kit’s electronic boards and sensors with the
application developed in mBlock. They also wrote a report that documented the information obtained
during the experience. Figure 5 shows part of the activity implementation process, highlighting the
use of STEM kit electronic boards, their associated sensors, and the programming routines developed
in mBlock.

Inicializar sensor de calidad deaireenpin A2 v
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:
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Figure 5. Implementation of research activities in the classroom: a) FR-1, b) FR-2, c) FR-3, d) FR-4, e) FR-5, and f)
FR-6.

Table 5 presents the methodological sequence followed in the development of applications using
mBlock, within the framework of six formative research projects carried out by nursing students. This
sequence integrated various activities: from selecting visual scenarios representative of the local
context, designing digital characters, programming the logic of operation, to building interactive
physical models. As an illustrative example, the application developed in project FR-2 is presented,
titled “Monitoring air quality in households using wood-fired stoves to prevent respiratory problems
in the district of Andaymarca, in the province of Tayacaja.” This process allowed students not only
to develop technical skills related to programming, design, and data interpretation, but also to
integrate cultural, linguistic, and social expressions from the Andean context—thus promoting a
pedagogical experience that was contextualized, interdisciplinary, and culturally relevant.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202507.0194.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 July 2025

12 of 21

Table 5. Development of Applications in mBlock (FR-2).

1. The students digitally represented the real
griatly rep . 2. The students designed the visual characters of
context of the problem using customized . e .
. . the application, including a nurse, a mother, a

graphic resources. First, they selected the . .

. R ) child, and smoke particles, all adapted to cultural
interior of a rural household with a wood- . . .. .

. . . . and social characteristics representative of the local

burning stove as the main setting, using a

. . environment. These visual elements were
reference image that was incorporated as the inteerated into the mBlock programmin
background in the mBlock interface. This . 5 . P g, . &
. .. . environment to create an interactive visual
simulated space reproduces the conditions in . .. ) .
. .. . narrative, aiming to raise awareness about the risks
which families in Andaymarca cook daily, . . . . .
. o of air pollution and simulate possible solutions
allowing the contextualization of smoke .
. . through sensors and block-based programming.
exposure risks in enclosed environments.

(V1T

3. They programmed the application’s logic
. Y PTog . Pp & 4. Interactive screens were created in mBlock to
using programming blocks in mBlock related . .
. . o communicate the health risks of smoke exposure,
to the air quality sensor, associating the values inteeratine eraphic elements. texts. sounds. and
of the Air Quality Index (AQI) with visual & & graphic eler ’ ’ ’
colors. This screen is triggered when the sensor
messages and responses. The program . . .

o . ) . registers air quality levels between 600 and 700 ppm.
classifies pollution levels into 6 AQI intervals In this case. the nurse displavs the message ‘mild
(<=600, 601-700, 701-800, 801-900, 901-1000, .. . .. P y, 'g

L discomfort in sensitive groups’; a yellow light turns
and >=1001 ppm); for each level, it displays

. . . . on, representing moderately good air quality.
animated warning messages using the objects . .

. . Visually, the mother and child show calm
(child, nurse, mother, and smoke particles) to . . .

. expressions, while the nurse appears attentive,
show the community health consequences of . . . .
) emphasizing the onset of a precautionary situation.
varying smoke levels.

¥ A 4
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5. An educational model was built to recreate
the domestic setting with a wood-burning
stove, serving as a tangible support for
interacting with the application. This
experience not only allowed students to apply
technological knowledge in a physical setting
but also encouraged them to appreciate the
real conditions of communities facing
environmental health issues, thus
strengthening their social commitment and
investigative competencies.

6. The applications programmed in mBlock were
integrated with the STEM educational kit inside the
model, resulting in a complete interactive
experience. The model features the integration of the
MQ135 air quality sensor from the environmental
card (STEM educational kit) connected to a visible
digital interface (air quality monitoring application
in mBlock) on a laptop, enabling real-time
monitoring of environmental variables such as
indoor smoke concentration.

@O REDMINOTE 8
QO \Al QUAD CAMERA

Solution Review. In this phase, students verified the results obtained from the research activities
carried out in the classroom. They evaluated the functionality of the models developed after
integrating the electronic boards from the STEM educational kit and programming their behavior
using the mBlock platform. Subsequently, they optimized the results based on the observations and
suggestions provided by the instructor and completed the preparation of their research article. Figure
6 presents a series of models built by the students, simulating different health-related problem
contexts. The cases addressed include: vegetable cultivation in relation to anemia, the impact of
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wood-fired kitchen smoke on respiratory health, safety in guinea pig farms against predators and its
effect on human health, water turbidity and its link to stomach infections, water temperature
variation in fish farms and its impact on human health, and monitoring of children’s body
temperature in educational settings. These problems were monitored through applications
developed in mBlock, using sensors integrated into the electronic boards for data collection and
analysis, aiming to validate the functionality of the solutions proposed by the students themselves.

Figure 6. Evaluation of research results: ) FR-1, b) FR-2, c) FR-3, d) FR-4, e) FR-5, and f) FR-6.

4. Results

4.1. Descriptive Evaluation of Research Competence According to the Problem-Solving Phases

Table 6 presents the statistical summary of research competence within the context of formative
research, according to the phases of problem-solving. The results show improvements across all
evaluated phases after the intervention, with increases in both means and medians indicating a
general positive effect. In most cases, the decrease in standard deviation suggests that responses were
more consistent in the post-test.
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Table 6. Summary Statistical Analysis.
tandard
Phases of the Problem-Solving Mean Median 5 ancar
Method Deviation
) Pre-test Pos-test Pre-test Pre-test Pos-test Pre-test

Understanding the problem 4.31 4.45 4.00 4.00 0.665 0.588
Designing activities 3.50 3.84 3.00 4.00 0.690 0.761
Implementing activities 4.19 4.25 4.00 4.00 0.710 0.713
Reviewing the solution 4.05 4.30 4.00 4.00 0.765 0.706

4.2. Hypothesis Testing of Research Competence According to the Phases of the Problem-Solving Method

The statistical analysis begins with the normality test of the collected data. The Kolmogorov-
Smirnov statistic was used because the sample size exceeds 50. Table 7 shows the p-values for the
pre- and post-test related to the assessment of research competencies according to the phases of the
problem-solving method based on Pélya’s proposal. The results indicate a p-value less than 0.001;
this value is lower than the significance level (0.05), indicating that the corresponding data do not
follow a normal distribution.

Table 7. Kolmogorov-Smirnov Normality Test.

Kolmogé6rov-Smirnov

N 64
Statistic 0.361
Valor p <0.001

Since the scores obtained do not follow a normal distribution, the non-parametric Wilcoxon
signed-rank test for related samples was used to test the hypothesis: “The implementation of a
problem-solving method based on Pélya’s proposal and complemented with an electronic STEM
educational kit contributes to the strengthening of research competencies in nursing students.” Table
8 presents the results of the hypothesis test applied to each phase of the problem-solving method.

Table 8. Hypothesis testing with Wilcoxon test.

Hypothesis
HO = “The implementation of a problem-solving method based on Pdlya’s proposal and complemented
with an electronic STEM educational kit does not contribute to the strengthening of research competencies
in nursing students”

H1 = “The implementation of a problem-solving method based on Pdlya’s proposal and complemented
with an electronic STEM educational kit contributes to the strengthening of research competencies in
nursing students”

Significance Level: 5%

Decision Rule: If p > 5%, do not reject HO. If p < 5%, reject HO.

Phases of the Problem-Solving Method Wilcoxon p-value Decision
Understanding the problem 0.001 Hp is rejected
Designing activities 0.002 Hp is rejected
Implementing activities 0.002 Hp is rejected
Reviewing the solution 0.006 H, is rejected

Since all p-values are < 0.05, the null hypothesis (Ho) is rejected in each of the phases, concluding
that the educational intervention had a statistically significant effect on the development of research
competencies. These findings support the effectiveness of the implemented methodological
approach, highlighting its usefulness in promoting critical analysis, autonomous planning,
technological application, and reflective evaluation processes among first-year nursing students. The
results demonstrate the hypothesis that “The implementation of a problem-solving method based on
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Polya’s proposal and complemented with an electronic STEM educational kit contributes to the
strengthening of research competencies in nursing students.”

4.3. Analysis of Research Competence Development According to the Problem-Solving Phases

The results shown in Figure 7 highlight the development of research competence in nursing
students following the application of the four-phase problem-solving method, supported by a STEM
educational kit. The analysis is structured according to the four phases: understanding the problem,
planning activities, executing activities, and reviewing the solution.

In the understanding the problem phase, a significant improvement is observed. The “high” and
“very high” levels increased from 45% and 6% (pre-test) to 56% and 38% (post-test), respectively. At
the same time, the “neutral” level decreased from 45% to 6%, and the “low” level disappeared in the
post-test.

During the planning of activities phase, a notable improvement is also evident. The “high” and
“very high” levels increased from 42% and 6% (pre-test) to 45% and 19% (post-test), while the
“neutral” level decreased from 47% to 33% and the “low” level dropped from 5% to 2%. These results
suggest that students were able to design activities with greater autonomy, logic, and relevance. It is
worth noting that low performance levels practically disappeared.

In the execution of activities phase, an increase in the “high” level is observed, rising from 35%
(pre-test) to 41% (post-test). However, there is a slight decrease in the “neutral” level, from 47% to
44%, and the “very high” level is not present in either measurement. These results indicate a gradual
consolidation of students’ ability to apply technological tools and to implement activities in a
structured and sequential manner.

Finally, in the reviewing the solution phase, the percentage of students at the “very high” level
increases from 31% to 44%, reflecting a strengthening of critical thinking and the ability to evaluate
and improve their own solutions. The “high” level remains constant at 42%, while the “neutral” level
drops from 27% to 14%.

Reviewingthe [~ IR as I
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implementing " |NNEGHENN s I s
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Desigring " g % as I -
activities 7

L 5% 47% 2% G e
Understandinghe [ [N s I >
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BVeryLow mLow mNeutral wHigh m VeryHigh

Figure 7. Development of research competences according to the phases of the problem-solving method.

5. Discussion

The findings of this study confirm that the application of the problem-solving method based on
Polya’s proposal, combined with the use of a STEM educational kit, had a positive effect on the
development of research competencies in nursing students from a recently established public
university. This methodological approach allowed the research process to be structured into four
well-defined phases: understanding the problem, designing activities, executing activities, and
reviewing the solution—thus providing a clear and guided didactic framework for students in the
early stages of their academic training [33,34].

Descriptive results showed a sustained increase in the “high” and “very high” levels across all
evaluated phases, with the most notable improvement in the execution and review phases. These
results were statistically supported by the non-parametric Wilcoxon test (p < 0.05), demonstrating
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that the proposed method effectively contributed to strengthening research skills related to
identifying problems, planning or designing activities, implementing solutions, and critically
evaluating outcomes [35-37].

A key aspect of the intervention’s success was the integration of the STEM educational kit, which
provided a tangible and practical experience for nursing students. Through interaction with sensors,
electronic boards, and the mBlock visual programming environment, students were able to
materialize technological solutions to real-world health problems, developing functional applications
and representative models. These activities bridged theoretical knowledge with the students” social
context and promoted meaningful learning through inquiry, design, and experimentation [11].

The problem-solving method based on Pdlya’s approach, by incorporating accessible
technologies and a logical sequence of activities, proved to be appropriate for the cognitive level of
first-year students. The tasks not only developed technical skills—such as programming, using
sensors, and designing prototypes—but also transversal competencies like collaboration, scientific
communication, and informed decision-making. This finding aligns with studies by Molina [38],
Fronza [26], and Ortega and Asensio [25], who highlight the effectiveness of combining problem-
solving strategies with visual educational technologies to enhance research attitudes and strengthen
skills in novice students [12,23].

Regarding the activity execution phase, there were noticeable improvements in performance
levels, although some students showed slight delays, possibly due to the learning curve associated
with new technologies. For this reason, future research might consider longer intervention periods
or more intensive technical support strategies to enhance the impact of this phase [39].

Overall, the obtained results support the conclusion that the problem-solving method based on
Polya’s approach and the STEM educational kit constitute an innovative and relevant pedagogical
strategy for fostering formative research in the health field. This experience demonstrated the
feasibility of integrating active methodologies with educational technology in nursing programs,
enabling not only the development of research competencies but also the training of professionals
capable of addressing real-world problems from a scientific, technological, and contextualized
perspective [40,41].

These findings not only reveal a strengthening of students” research competencies but also
contribute to achieving the Sustainable Development Goals (SDGs), particularly SDG 4 (Quality
Education) and SDG 10 (Reduced Inequalities) [7]. By implementing active pedagogical strategies
supported by technology, more equitable, inclusive, and context-sensitive education is promoted —
especially relevant for higher education institutions in vulnerable regions [15,42]. Furthermore, the
use of STEM educational kits and problem-solving-centered methodologies drives the formation of
critically thinking professionals capable of addressing social and environmental challenges in their
communities, aligning with a long-term vision of sustainable development [10].

6. Conclusions

The implementation of the problem-solving method based on Pdlya’s proposal —structured into
four phases (understanding the problem, designing activities, executing activities, and reviewing the
solution)—has proven to be an effective pedagogical strategy for strengthening research
competencies in nursing students at a recently established public university in Peru.

A key component of this approach was the integration of the STEM educational kit, which
enabled students to develop applied projects using sensors and visual programming with mBlock.
These projects were materialized in functional models that simulated technological solutions to real-
world problems related to public health, sanitation, and prevention.

Classroom experience showed that the use of the STEM kit not only facilitated active learning
and conceptual understanding, but also promoted autonomy, critical thinking, and the transfer of
knowledge to real-life contexts. This technological approach improved students” perception of their
own ability to investigate, analyze problems, and propose practical solutions.
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In addition to progress in research competencies, transversal skills such as collaborative work,
effective communication, and informed decision-making were also strengthened —key elements for
the comprehensive training of health professionals.

Overall, this experience suggests that the problem-solving method based on Pdlya’s proposal,
together with technological tools such as the STEM educational kit, represents a relevant and scalable
pedagogical alternative for promoting formative research in degree programs such as nursing, with
high potential for replication in other higher education disciplines.

In summary, the methodological approach employed in this study not only positively impacts
the development of research competencies, but also aligns with the principles of educational
sustainability. By promoting meaningful, technological, and contextualized learning, it contributes
to the construction of resilient educational systems capable of reducing structural gaps and fostering
a citizenry committed to addressing environmental and social challenges. This type of educational
intervention offers a replicable model for advancing toward a more equitable, ethical, and sustainable
professional education.
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