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Mathematical education requires innovative didactic strategies to enhance the
understanding and application of mathematical concepts, as traditional teaching
methods often lack relevance. This methodology aims to develop a problem-solving
scientific approach called design thinking as a strategy for learning mathematics
functions. The study was applied to a sample of 138 students of biochemical,
biological, and industrial engineering careers attending the first academic cycle
at the Faculty of Natural and Exact Sciences of the Particular Technical University
of Loja-Ecuador. The methodology uses a quasi-experimental design with a
convenience sampling method. All participants were divided into a control group
(C, D, K) and an experimental group (P, Q, R). Knowledge, skills, perceptions, and
engagement were measured through pretest, posttest, workshop, rubric, project,
and survey instruments. The pretest results indicate that both groups had similar
knowledge of mathematical functions (pretest mean experimental group: 1.42/2
and mean control group: 1.55/2). Moreover, after applying design thinking strategy
to the experimental group, variables questionnaire, project, and workshop show
statistical differences (p <0.001) between groups related to the traditional learning
strategy, increasing the experimental group’s score in the project (posttest mean
experimental group: 1.62/2 points, and mean control group: 1.65/2). The survey
opinion indicates that 53.5% of the experimental group highlighted the project’s
development as positively impacting their academic training. In conclusion, problem-
solving design thinking using scientific projects as a mathematical function learning
strategy contributes to improving the comprehension of polynomial functions and
developing mathematical competencies, abilities, and skills to generate tangible
solutions for real problems.

KEYWORDS

mathematical education, teaching-learning strategies, scientific problem solving,
didactic strategies, practical application of mathematical
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1 Introduction

Mathematical education constantly demands new didactic
strategies that promote the understanding and practical application of
mathematical concepts, as various authors point out that mathematics
teaching often needs more relevance (Smith and Jones, 2023; Swan,
2020). Therefore, recent research highlights that university curriculum
design must develop generic competencies (Problem-Solving Skills,
Critical Thinking, and Communication Skills) and specific
competencies (Mathematical Reasoning and Numeracy) strengthened
by Mathematical Didactics, allowing students to creatively model
reality in their careers (Brown et al., 2024).

In this context, the evolution of educational models emphasizes
the importance of didactic strategies in teaching mathematics.
According to Vargas-Herndandez and Vergara (2022), they emphasize
the importance of didactic strategies for meaningful mathematics and
professional training learning. As defined by Hernandez et al. (2021),
didactic strategies are tools teachers use to facilitate the autonomous
construction of knowledge, considering that a student-centered
approach promotes dynamic learning based on developing learning
skills (Andrango Baculima, 2022).

Other studies (Ting et al., 2023; Johnson and Lee, 2021; Verganti
et al. 2021) highlight innovative approaches that promote students’
active participation and critical thinking. The didactic strategies
mentioned include collaborative and meaningful learning and active
methods such as the use of ICTs, Project-Based Learning (PBL),
Flipped Learning, Case Studies, Gamification, and Design Thinking
(DT), among others (Bhatt and Chakrabarti, 2022; Brown, 2009;
Prince, 2004), which are essential in enhancing mathematics education.

These methods actively engage students, fostering critical
thinking, problem-solving, and a more profound comprehension of
mathematical principles. Collaborative learning encourages students
to work together, discussing and solving problems, which deepens
their understanding through peer explanations and diverse
perspectives. Problem-Based Learning (PBL) involves students
addressing real-world issues, helping them apply mathematical
concepts in practical contexts, thus reinforcing their knowledge. DT
emphasizes creative problem-solving, where students prototype and
iterate on solutions, leading to innovative approaches to applying
mathematical concepts, promoting active learning that fosters
practical solutions, as stated by Patino et al. (2023) and Mduwile and
Goswami (2024). DT involves several stages (empathize, define,
ideate, prototype, and test) crucial for solving complex problems and
obtaining feedback (Balcaitis, 2019). These stages drive innovation
and the resolution of academic and real-world challenges, promoting
PBL and creative and systemic thinking in problem-solving. These
active learning methods immerse students in hands-on activities,
making the learning process more engaging and less abstract (Brown,
2009; Prince, 2004).

However, the problem of mathematical didactics in pedagogical
praxis, the disciplinary complexity of mathematics, and the
development of meaningful learning are interconnected issues in
mathematics education (Brown, 2009). Mathematical didactics deals
with how mathematical concepts and skills are effectively taught and
learned. In pedagogical praxis, this problem manifests in several ways:
(i) Curriculum Design balances between theoretical knowledge and
practical application (Artigue, 2009; Skovsmose, 2012). (ii) Innovative
Teaching Methods (Guo et al., 2020; Jiménez and Castillo, 2018). (iii)
Formative assessments that help in adjusting teaching methods and
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summative assessments that evaluate overall learning (Jiménez et al.,
2018). And (iv) Teachers must find ways to make mathematics
relevant and interesting to foster a positive attitude towards the subject
and to engage the student (Black and Wiliam, 1998).

Thus, mathematics is inherently complex, and this complexity is
reflected in its didactics, which involves abstract thinking and
concepts that can be difficult to grasp (Boaler, 2022). Effective
didactics must address these connections to help students build a
cohesive understanding of mathematics, involving a progressive
learning process from basic to more complex concepts (Sfard, 2017).
Didactics must ensure that each stage of learning builds on previous
knowledge, which can be challenging given the varying pace at which
students learn (Andrews and Hatch, 2019).

Finally, teaching mathematics involves developing students’
problem-solving and critical-thinking skills. Didactics must address
how to cultivate these skills alongside teaching specific mathematical
content (Schoenfeld, 2021). It can help students to explain their
reasoning, make connections between different topics, and apply their
knowledge to novel problems, and are actively involved in their
learning process through exploration, discussion, and reflection.

While active learning methods provide significant advantages for
teaching mathematics by fostering deeper understanding and
engagement, several gaps remain that must be addressed to fully
leverage their potential in strengthening disciplinary didactics. These
include better aligning these methods with the specific needs of
mathematics education, enhancing teacher training, and developing
more suitable assessment tools.

This gaps in the application of DT strategy are often generalized
and may not always align with the structured and sequential nature of
mathematics, sometimes neglecting the necessity for rigorous practice
and mastery of fundamental mathematical skills (Anderson and
Shattuck, 2020). Second, effectively implementing active learning
methods requires teachers to be proficient not only in these approaches
but also in how to apply them specifically within the context of
mathematics. However, there is often a gap in teacher training for
these specialized applications (Darling-Hammond et al., 2021).

Traditional assessment methods also fall short in capturing the
full range of skills and understanding developed through active
learning, especially in mathematics, where standardized tests tend to
emphasize rote memorization and procedural fluency (Brookhart,
2017). Additionally, active learning methods can be time-consuming,
and the pressure to cover a broad curriculum can limit the extent to
which these methods are utilized (Knight, 2022). Implementing
approaches like DT often requires additional resources, such as time
for planning, materials for prototyping, and flexible classroom
environments, which may not be readily available in all educational
settings (Brown, 2020). However, this methodology combines
analytical and creative thinking to solve problems effectively. It
surpasses traditional education by stimulating student participation
and developing skills such as group interaction, autonomous learning,
and time management (Liedtka, 2017).

This didactic research evaluates how the DT-based strategy
influences the learning of mathematical functions and their practical
application in developing scientific projects within different
professional contexts and considering that the DT strategy applied to
problem-solving using mathematical functions facilitates
understanding and motivates students to foster problem-solving skills,
contributing to a deeper appreciation of mathematics as a discipline,
and to the advancement of science by introducing and validating a
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novel approach to teaching mathematics, specifically polynomial
functions, through the application of DT.

The study’s findings have several key contributions and impacts
such as an innovative methodology, and offers empirical data
demonstrating the effectiveness of DT compared to traditional teaching
methods. The research aligns with emerging educational paradigms
that emphasize student-centered learning and problem-solving. By
integrating DT into mathematics instruction, the study supports the
shift towards more interactive and engaging teaching methods.

The significant improvement in the experimental group’s post-test
scores underscores the relevance of incorporating DT strategy into
educational practices. This approach not only improves academic
performance but also fosters critical thinking and problem-solving skills.
The direct beneficiaries of this research are the 100 university students
from biochemical and industrial engineering programs at the Particular
Technical University of Loja in Ecuador, and indirectly beneficiaries are
educators, and academic institutions to whom this study provides
evidence-based insights into effective teaching methodologies. This can
influence curriculum design and pedagogical strategies, ultimately
enhancing mathematics education on a broader scale.

Finally, the competencies and skills acquired by students to work
in teams and the ability to solve problems must also be assessed using
different techniques (logs and rubrics), which allow students to
visualize their progress. The evaluation of the DT strategy is an
integral process that must address all aspects of learning, and a variety
of methods and tools must be used to assess the process and
competencies of the students. This comprehensive evaluation,
supported by Jiménez-Gaona and Vivanco-Galvan (2024), addresses
the entire learning process, highlighting the development of
competencies in problem-solving and teamwork.

1.1 Related work

Jiménez-Gaona and Vivanco-Galvan (2024) proposed a PBL as a
promising approach to enhance mathematics learning concepts in
higher education. Here, teachers provide guidance and support to PBL
implementation, which results shows significant differences (p
<0.001) between the experimental and the control group. Concluding
that the teaching of mathematics should be oriented to the
development of competencies, abilities, and skills that allow students
to generate real solutions and broaden their vision of the applicability
of their knowledge using new learning strategies.

Also, Krajcik et al. (2023) and Miller and Krajcik (2019) describes
key characteristics of PBL in STEM education such as driving
questions, learning goals, and scientific practices. Their study explored
how these principles are implemented in real-world settings, focusing
on collaboration, technology use, and the creation of artifacts. Offering
a process for designing a curricular system that enhances how students
learn science as a progression toward sophisticated practice of usable
knowledge by focusing on coherence, depth, and motivation.

This aligns with the work presented by and Gomez-Pablos et al.
(2017) were the impact of PBL on Mathematics Learning was explored
by a literature review, highlights how PBL has been used to develop
mathematical thinking and problem-solving skills. For example,
Holmes and Hwang (2016) explored PBL in secondary mathematics
education and found that it positively impacts student performance
by making learning more engaging and meaningful, emphasizes the
connection between PBL and the application of mathematics and
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science, particularly in developing skills and fostering a deeper
understanding of mathematical concepts through hands-on, real-
world projects using mathematical knowledge to solve specific
problems and in practical situations.

Lazic et al. (2021) examines the influence of PBL on student
achievement in elementary mathematics education, revealing that
students engaged in PBL tend to show higher achievement levels
in mathematics.

According to the previous related work on innovative didactic
strategies that occur in the classroom and are part of the teaching
practice, it is possible to discover new ways, tools, and strategies that
allow us to achieve better student academic results and quality
education according to Sustainable Development Goals.

In the educational community of our country, at the university
level, we are concerned about the lack of interest and attention in the
learning of mathematics of students, which is why there is an essential
factor in raising the quality of education at the national level, which is
the change in the pedagogical practice of educators, as demonstrated by
various institutions and organizations dedicated to educational research.

In our province, teaching at the primary and secondary level has
been somewhat affected in terms of teaching-learning strategies since
most teachers do not have knowledge of these strategies and, therefore,
do not implement them in the classroom, which represents a problem
in education, since students are not developing critical thinking,
problem-solving skills. There is a great diversity of factors at the local
level, specifically in our educational institution. For example,
university teachers must learn about using TICs based on Al
collaborative, and immersive learning simply because they focus more
on other aspects than implementing these strategies.

Thus, according to the previous mentioned the aims of this study
are: (i) Develop a problem-solving scientific approach using DT as a
strategy for teaching-learning mathematics functions during the first
academic cycle of “Fundamentals of Mathematics” subject in
Biochemistry, Biology, and Industrial Engineering UTPL careers from
October 2022-February 2023. (ii) Evaluate the knowledge of the
through
entrepreneurship projects before and after implementing the problem-

mathematical functions scientific proposals and
solving-based DT strategy. (iii) Analyze the statistical results obtained
from the evaluation instruments and demonstrate the influence of the

strategy on learning mathematical functions.

2 Materials and methods

In this deductive study, we hypothesized that problem-solving
learning based on design thinking is a good didactic strategy on
teaching mathematical functions and has a positive impact in
mathematical functions learning. The main steps for developing this
methodology are detailed in Figure 1.

2.1 Methodology approach

This study follows a positivist paradigmatic framework that is
based on the idea that reality is objective and can be measured,
quantified, and observed directly through the hypothetic-deductive
method with the formulation of hypotheses that can be tested and
refuted through empirical evidence (Ho: Mathematic Teaching based
on the DT strategy does not significantly influence in the learning of
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FIGURE 1

Steps in the implementation of the design thinking methodology. Created in Biorender.

mathematical functions. Ha: Mathematic Teaching based on DT
strategy significantly influences the learning of mathematical
functions), controlled experiments, and quantitative data collection.
It also presents a constructivist and quasi-experimental design
that asserts that individuals actively construct knowledge from their
interactions with others because they learn through interaction and

Frontiers in Education

collaboration with their environment. The quasi-experimental design
was selected especially because is relevant in real-world settings and
are commonly applied in education. The professor can control the
methodological treatment with scientific rigor using variables,
statistical analysis which can help isolate the effect of an independent
variable on a dependent variable, despite the absence of randomization.
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And becomes a valuable and methodologically sound way of drawing
inferences in educative settings, particularly when accompanied
by rigorous.

Finally, an interpretivist framework was applied using an
interview to understand how a group of students interpret their
experiences and emotions when developing projects. The aim was to
discover patterns of behavior and subjective meanings, which could
provide intriguing insights (Hernandez-Sampieri and Mendoza, 2020).

2.2 Population and sample

The project was developed at the Universidad Técnica Particular
de Loja (UTPL), with a population of 138 students of “Mathematical
fundamentals” Subject, which has pedagogical curriculum focus on
mathematical function such as polynomial, rational, and irrational
algebraic functions, and special functions such as exponential,
logarithmic, trigonometric, inverse and absolute value, studied during
the second semester.

Inclusion criteria: Student’s must be between 18 and 20 years old,
first-year enrollment at Faculty of Natural and Exact Sciences, and
belonging to Biochemistry-Pharmacy, Biology and Industrial
Engineering (selected by the professor and number of students lower
than 33) and who enrolled in the “Mathematical fundamentals”
subject, during the academic period from October 2022 to
February 2023.

Exclusion criteria: Student’s enrollment in other academic cycles
(from second to ten levels), other technical careers and enrolled in
non-mathematical subjects.

Profile 1: University students aged 18-20, enrolled in first
academic cycle enrollment at Faculty of Natural and Exact Sciences
and belonging to Biochemistry-Pharmacy, Biology and Industrial
Engineering, with varying levels of proficiency in mathematics.

Profile 2: Mathematic teachers with at least 15years of teaching
experience, who have used active learning methods in the past.

The sample used in the project consisted of 138 students (72
experimental and 66 control) of Biochemistry, Biology and Industrial
obtained from the total population, see Table 1. The sample size was
calculated using the Equation 1 (Cronbach, 1951)

2
n=— hdi QAZI 1)
E*(N-1)+2*%PQ
TABLE 1 The distribution of the sample.
Degree Classroom No. of Group
students

Biochemistry Q 16 Experimental
Biology P 23
Industrial Engineering R 33
Biochemistry C 22 Control

K 22

D 22
Total 138

Frontiers in Education

10.3389/feduc.2024.1364642

Where, n=Sample size, N=Population size (212 students),
Z=Confidence coeflicient, being 1.96; at 95% confidence level,
P=Probability of success (0.50), Q=Probability of failure (0.50),
Margin of error (0.05) (Jung, 2014).

2.3 Variables: dimension and
operationalization

The variables and their respective measures are described in
Table 2, where the independent variable is: Teaching strategies DT and
the dependent variable is: Influences on students’ learning of
mathematical functions.

2.4 Research design

This study evaluates learning based on DT in the teaching-
learning of mathematical functions, using a positivist approach and a
quasi-experimental methodology. The empiricist, or positivist,
approach is based on observation and objectively measuring reality.
In this context, our educational research is relevant because it
promotes the collection of quantifiable data through surveys and
experiments. It is crucial to objectively evaluate the effectiveness of
pedagogical strategies such as DT in mathematics teaching.
Furthermore, this approach facilitates the control of external variables,
ensuring that any observed changes in outcomes (e.g., student
learning) can be attributed with greater certainty to the intervention
of the DT teaching strategy. And the results obtained from this
didactic research can be replicated and generalized to other contexts.

The quasi-experimental design is used to randomly assign subjects
to the control and experimental groups, following methodological
rigor to analyze the effect of an intervention.

In this case, when applying DT as a strategy in teaching
mathematics, the quasi-experimental design allowed us to use
pre-existing groups but apply techniques to minimize bias and
guarantee the study’s validity, working within the sample size
limitations. Furthermore, this design allows us to compare the
performance of students who have been exposed to the DT strategy
with those who have not (control group). Thus, it is possible to
measure the impact of the intervention objectively as this type of
design reflects more accurately the complexity of the actual
educational environment, making the results obtained more
applicable to everyday situations, promoting creative and student-
centered problem-solving.

Therefore, the use of an empiricist approach and a quasi-
experimental design is justified by its ability to provide objective and
valuable data on the effectiveness of DT in mathematics teaching,
within the practical constraints of the real educational environment,
ensuring its applicability.

2.4.1 Design thinking process mapping

The teacher gives the rules of the project, conforms to random
work teams, and provides direct instruction before starting a project
using DT strategy. The projects focus on resolving issues at both local
and national levels. Then teacher follows the academic plan contents
and explains the mathematical function concepts, emphasizing
developing practical exercises and workshops based on polynomial,
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TABLE 2 Description and measurement of variables in the operationalization study.

Variable

Specific objective

Operational

Dimension

10.3389/feduc.2024.1364642

Indicators

Instrument

Academic notes

Determine the level of prior
knowledge about mathematical
functions in first-semester
students of Biochemistry and
Industrial Engineering at UTPL
during the academic period

October 2022-February 2023.

concept

Designing and
implementing didactic
strategies focused on
meaningful learning and
aligned with the developed
context can generate better

results in professional

Understand the
mathematical thinking of
first-semester students at

UTPL.

Knows the concept and
properties of mathematical
functions. Represents
mathematical models with
linear, quadratic,
polynomial, exponential,

and logarithmic functions.

per variable

Pre-test, post-test,
rubric, workshops,

and questionaries.

about mathematical functions
after the application of the DT-
based PBL.

obtained from evaluation
instruments and the
application of the PBL
strategy in learning

mathematical functions.

center of the teaching and
learning process has a
profound impact on what,
how, why, and how much
our students learn and

study.

integration of learned
content and the viability of
projects to obtain
quantitative results. Evaluate
the knowledge acquired by
students on the topics of

mathematical functions.

training.
Projects DT is characterized by Develop design thinking Correctly apply linear, Student reports, Continuous | Rubric
evaluation encouraging them to develop through the following steps: | quadratic, polynomial, assessment rubrics,
their own solutions, apply empathize, define, ideate, exponential, and Academic notes from
concepts and theories in different | prototype, and test. logarithmic functions to project presentations and
situations, and involve both represent real-world evaluations, Academic notes
teachers and students in analysis mathematical models that | from post-learning
and discussion to achieve help find reliable solutions | evaluation.
concrete results. to complex problems.
Survey data Evaluate the knowledge acquired | Analyzing the results Placing assessment at the Use tools to evaluate the Satisfaction survey

FIGURE 2

DEFINE

EMPATHIZE

Tt

Stages of the DT strategy. Created in Biorender, https://app.biorender.com/

PROTOTYPE

Created in BioRender.com bio

rational, transcendent (exponential, logarithmic, trigonometry) and

special functions (inverse, absolute value, discontinue functions)

(Aguilar Marquez, 2015; Demana et al., 2007).

The DT strategy followed by students consists of several phases:

empathize, define, ideate, prototype, and testing (Chairil Hikayat et al.,

2020; Dym et

al., 2005), see Figure 2.

In education, DT serves as a bridge between theoretical knowledge

and practical application. It involves a process that encourages

students to engage deeply with content through the following stages:

1 Empathy: Multidisciplinary groups were formed to propose

scientific projects using creative thinking techniques. They

then conducted a bibliographic review to understand the needs
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and challenges faced by learners or the problems they are

trying to solve. The student list is used as a data

collection technique.
2 Define: This stage involves a collaborative effort to clarify the

problem or learning objective, often through group

brainstorming sessions. The academic report is used as a data

collection technique.
3 Ideate: Generating a wide range of ideas or solutions without

constraints, encouraging creativity, and applying mathematical

functions as part of the solution in designing projects and

prototypes. The proposed solutions focused on biotechnology

contributions to sustainable development goals. The academic

report is used as a data collection technique.
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4 Prototype: Building tangible representing possible solutions

demonstrating ~ mathematical ~ conceptual ~ models
understanding. These innovative proposals were evaluated
using a rubric with a scale (0-2) in different ranges: 1.70-2.00:
Excellent; 1.30-1.65: Good; 0.90-1.25: Fair; 0.50-0.85: Poor;
Less than 0.50: Very poor. Table 2 presents several projects and
innovative solutions to problems raised in phase 2 and 3, based
on clarity, foundation, feasibility criteria, and significant
contribution to sustainable solutions in the biochemical and
industry process, see Appendix E.

5 Test: Experiment with these prototypes, receive feedback by
UTPL teachers and experts in the area, and persistently refine
ideas or solutions in an iterative process. The rubric is used as

a data collection technique.

2.5 Diagnostic and evaluation of
instruments

Qualitative and quantitative data were used to measure changes
to assess the impact of the intervention and are used as evidence of the
intervention’s effectiveness. These instruments were applied to control
and experimental groups, and are described as follows:

Expert’s Evaluation Rubric: The pretest and post-test instruments
were designed and validated by UTPL experts in mathematics
education using high-quality sources (Guba and Lincoln, 2018) (see
Appendix A). A pilot test was conducted, where mathematical
function questions and problems were identified, as well as the clarity
and functionality of the instrument. The instrument is administered
to a small representative sample of the target population. Feedback is
collected on the clarity of the questions, the time required to complete
the instrument, and difficulties encountered. Adjustments are made
to the instrument based on feedback to improve clarity, eliminate
ambiguity, and ensure that it is understandable and applicable to the
broader target population.

Pretest: A questionnaire of 20 multiple-choice including questions
related to functions definitions, domain and range, graphical
representations, types of functions, and practical applications. This
instrument allowed the assessment of prior mathematical function
knowledge as a reference to analyze the impact of the DT didactic
strategy in the posttest (see Appendix B) applied to both groups.

Posttest: A questionnaire of 20 multiple-choice applied to both
groups, which aimed to measure the knowledge about topics related
to mathematical functions after applying the DT strategy concerning
traditional learning (TL) (see Appendix B). The Quizz tool' and
UTPLs virtual learning environment (CANVAS platform?) were used
to answer the questionnaires and evaluate the teaching-learning
process, and to obtain quantitative and correlational approach to
obtain precise data (Guba and Lincoln, 2018).

Project Evaluation Rubric: The projects presented by the
experimental group are evaluated by a rubric. This rubric considers
aspects such as clarity, organization, visual resources, and
argumentation each criterion is assessed on a scale that ranges from

1 https://quizizz.com
2 https://eva2.utpl.edu.ec/loginutpl/index.php
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“Needs Improvement;” “Acceptable” and “Optimal” The final grade
for the project is based on these evaluations, with the Academic-
Scientific section contributing 70% (Definition and description of the
problem, solution design, solution development, results analysis,
discussion and conclusions, formal documentation) and the
Professional Development section contributing 30% (presentation,
clear explanation of the proposed solution design, oral expression
quality) of the total score (see Appendix C).

Survey: The opinion survey is applied to the experimental group
through Google Forms to identify students’ opinions about the DT
strategy applied in the classroom and consists of 16 Likert-type
questions. The reliability of the instrument was evaluated with
Cronbach’s Alpha coefficient (>0.7 suggests a high level of internal
consistency), as highlighted by Jiménez Gaona (2021), who
underscored the importance of this metric in measuring the internal
consistency of the data (see Appendix D). Finally, the reliability and
validity of the questionaries and survey instruments were evaluated
using Cronbach’s alpha coefficient (Cronbach, 1951).

2.5.1 Statistical data analysis

A descriptive statistical analysis was performed using the software
R version 4.1 (R Core Team, 2021) to tabulate and compare the data
collected from the instruments (pre test, workshop, questionnaire,
project or test and post test) between the experimental and control
groups. The nonparametric Kruskal-Wallis analysis was carried out to
test the statistical significance between the experimental and control
groups obtained from the questionnaire, workshop and project,
followed by the Mann-Whitney test. The descriptive analysis data
were expressed as mean + standard deviation (SD), standard error (SE).

3 Results

A total sample of 138 students of Biochemistry, Biology and
Industrial Engineering participated in the project (72 students below
to experimental group: DT and 66 students below to control group:
TL). The most relevant results from the DT strategy and its application
in mathematical functions learning are presented below.

3.1 Design thinking strategy

The DT strategy was applied to develop projects focused on
resolving issues at both local and national level. The experimental
group developed projects based on mathematical functions, applying
DT strategy for each proposed (Table 3).

3.2 Statistical data analysis

Descriptive statistics were obtained from the mean academic
scores corresponding to the strategy applied to each group.

The descriptive statistical method was used to evaluate the data
obtained from the experimental (DT) and control (TL) groups after
applying various instruments (pre-test, post-test, questionnaire, project,
test, workshop) to assess their knowledge of mathematical functions.
At the beginning of the research, both groups had similar levels of basic
knowledge in mathematical functions, as indicated by the pre-test
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TABLE 3 Application of mathematical functions in scientific projects of innovation and entrepreneurship.

Projects title Score (0—-2) Application Equation
Eco-friendly eyeglass frames made 2 Linear function in offer- | Offer equations.
L =T-p +
from recycled plastic. demand of products. 1 P.TP,
4,=24+p,~p,
Demand equations
q,=3+4p +2p,
q,==5-2p +4p,
Where A and B are the products, g, and g are the quantities produced and sold of A
and B respectively, p, and pj are their respective prices.
Extraction of collagen from tilapia 1,9 Production cost of p c=(3glng)+12
scales for wound healing in collagen units Where,
animals. q=100units
Hydraulics branch. 1,8 Pascal’s principle P=F-A
‘Where, F=Force; P=Pressure, A=Area
Bio-wood from recycled 1,7 Offer-demand Total, income equation
bioplastics. Yn=20.5{g+4-41
Total, cost equation
1,0 =0.02¢° +10.4
Where, q is the number of units produced as the number of units sold.
Bioremediation of polluted water 1,7 Water pollution Environmental supply equation describes the levy per ton, L (dollars) as a function
with cabuya leaves. of total pollution, p (in tons per km?) for p* 0.2295
Environmental demand equation describes the cost per ton of abatement as a
function of total pollution for p>0.
Biodegradable materials from 1,65 Biology application Where, the population of mushroom mycelium at instant ¢ is represented by
mushroom mycelium using logarithmic N =No (ZtT)
d functi
(ganoderma) unetions Where N, is the number of cells in =0 and k is a positive constant. The time
required to reach a total population is
t=klog 2ﬂ
N
Bio-degradable and 1,6 Function in parts to 1 11
. ) ) —T+— si30<T<36
environmentally friendly products evaluate bacterial growth t=f(T)= 24 4
from cassava starch. for biodegradable ﬂT s si36<T <39
3 4
product development.
Where ¢ is the time in hours taken for the number of bacteria to double as a function
of the culture’s temperature T (or centigrade).
Manufacture of toothbrush from 1,3 Compound interest nt
»
recycled plastic. using exponential A=P [1 + ;)
function Where, A is the total interest, P is initial value, r is the rate in decimals, n is the
number of periods and f is the time.
Production of a beverage through 1,3 Logarithmic functions The cost of producing q units of this beverage is given by the equation
the process of fruit distillation. Cost of producing q c=(3¢lng)+12
units of this beverage A manufacturer’s supply equation is
p=log| 10+ %
Where q is the number of units offered at the unit price p
Protein natural for lactose 1,5 Square function in ( )
. p . 40m —m )
intolerant people “NATURAL production. q=71(m)= 7

PROTEIN.

Where, q is the total number of production units per day, m is the function of the
number of employees.

The total revenue, r, which is received from the sale of g units, is given by the

function g, where r=g(q) =4
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FIGURE 3
Box plot of the statistically different variables (a) workshop, (b) questionaries, (c) test project data on. Experimental group (DT), white colour and control
group (TL), gray colour.

variable. The experimental group had a mean value of 1.42/2 points,
while the control group had a mean value of 1.55/2 points. However,
after applying the didactic strategy DT to the experimental group, the
post-test showed a significant improvement achieving a mean value of
1.62/2 points and a mean value of 1.65/2 points in a control group with
traditional learning. Despite this improvement, the final scores did not
show a statistical difference between the six classes of both groups, as
tested by the Kruskal-Wallis test, as shown in Table 4.

The variables questionnaire, test-project, and workshop show
statistical differences (p <0.001) that are related to the type of strategy

Frontiers in Education

analyzed (DT or TL). For the variable’s questionnaire and workshop,
the effect size was small, whereas for the variable test-project, the effect
size was medium, indicating that this academic activity represents an
improvement in the learning of mathematical functions (Table 4).

A non-parametric analysis was developed, the variable
questionnaire, test-project and workshop show statistical differences
that are related with the strategy type analyzed.

Thus, DT as a teaching-learning strategy for functions slightly
increases the experimental group’s score in the project. The application
of the project showed significant statistical differences to the variable
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TABLE 4 Descriptive statistical analysis of instruments used for evaluation in both groups: traditional learning (TL) and design thinking (DT).

Strategy Pre test/2 Post test/2 Questionnaire/2 Test-project/2 Workshop/2 Final score/10
N Biochemistry C TL 22 22 22 22 22 22
Biochemistry D TL 22 22 22 22 22 22
Biochemistry K TL 22 22 22 22 22 22
Biochemistry Q DT 16 16 16 16 16 16
Biology DT 23 23 23 23 23 23
I engineering DT 33 33 33 33 33 33
Mean Biochemistry C TL 1.60 1.77 1.44 1.55 1.34 8.54
Biochemistry D TL 1.39 1.47 1.50 1.43 1.87 7.67
Biochemistry K TL 1.65 1.71 1.76 1.23 1.07 8.57
Biochemistry Q DT 1.49 1.57 1.36 1.73 1.94 8.10
Biology DT 1.56 1.80 1.33 2.00 1.93 8.60
I engineering DT 1.28 1.52 1.38 1.63 1.68 7.49
EE Biochemistry C TL 0.04 0.04 0.05 0.04 0.04 0.15
Biochemistry D TL 0.06 0.09 0.08 0.02 0.07 0.19
Biochemistry K TL 0.04 0.03 0.05 0.04 0.03 0.16
Biochemistry Q DT 0.13 0.11 0.05 0.03 0.05 0.25
Biology DT 0.06 0.05 0.10 0.00 0.04 0.14
I engineering DT 0.07 0.07 0.06 0.05 0.08 0.21
SD Biochemistry C TL 0.18 0.18 0.25 0.19 0.16 0.73
Biochemistry D TL 0.28 0.43 0.39 0.10 0.32 0.90
Biochemistry K TL 0.19 0.15 0.24 0.17 0.15 0.74
Biochemistry Q DT 0.54 0.43 0.19 0.12 0.20 0.99
Biology DT 0.29 0.23 0.49 0.00 0.18 0.66
I engineering DT 0.40 0.42 0.37 0.26 0.48 1.22
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workshop, questionaries and test -project (Figures 3a—c) between the
experimental and control groups (Table 4). Also, this strategy resulted
in scenarios in which students generate solutions to different problems
in their professional environment, increasing their motivation to
study mathematics.

3.3 Survey Cronbach’s reliability and
analysis

The Cronbach’s analysis revealed a coefficient of 0.978 for the 16
elements, therefore, the instrument is considered reliable. According
to Taber (2018), DeVellis and Thorpe (2021), and Cho and Kim
(2015), they suggest that a Cronbach value >0.7 indicates high

TABLE 5 Kruskal-Wallis non-parametric analysis.

X2 df p g2
Pre test/2 3.61 1 0.057 0.03
Post test/2 0.06 1 0.806 0.00
Questionnaire/2 14.77 1 <0.001 0.11
Test-Project/2 55.17 1 <0.001 0.40
Workshop/2 29.67 1 <0.001 0.22
Final score/10 2.46 1 0.117 0.02

TABLE 6 Comparative analysis of the opinion survey.

10.3389/feduc.2024.1364642

reliability, however, this is subject to the context and objectives of
the research.

The results of the survey (see Appendix D) are present in Table 5.
The data reflected a positive perception of the students about the DT
strategy and the project in their academic training. More than 50%
agreed that it allowed them to apply mathematics practically,
facilitating the understanding of theoretical concepts. Similarly, they
perceived the relevance of mathematics in their careers, improving
their skills and mathematical logical reasoning in aligning the project
objectives with the competencies of their careers.

4 Discussion

The Design Thinking strategy has proven relevant in higher
education, achieving an effective fusion between theory and
practice, as mentioned (Tsakalides and Nikias, 1995; Pohan et al.,
2023), and has highlighted and stimulated innovation. The findings
of this study demonstrate that incorporating Design Thinking into
teaching methods improves student engagement and bridges the
gap between theoretical knowledge and practical application.
Previous research supports these conclusions, indicating that
Design Thinking fosters innovation and critical thinking in
students, as highlighted by Smith and Jones (2023), Urquhart
(2024), Pimental (2023), and Lee (2018).

Question Items (%)

\|
1. The guidelines on how to present the oral and written project given by the teacher were clear and allowed me to 5 0 20 55 20
develop the project.
2. Thave understood the objectives of the project. 0 0 30 30 40
3. The teacher’s explanations during the development of the project were clear. 0 5 25 45 25
4. The classes and tutorials helped me to visualize, devise, design, and materialize the project. 0 0 20 45 35
5. Ilearned to apply equations or functions as mathematical models for project development. 0 5 30 40 25
6. The development of the project helped me to understand the applicability of mathematics in everyday life. 5 0 20 55 20
7. 1learned how to set up a research project and write a scientific report based on the results obtained. 0 0 45 25 30
8. The feedback in the classroom from the teacher allowed me to improve it. 5 0 20 55 20
9. The master classes on mathematical equations and functions allowed me to understand how to apply them in 5 5 15 55 20
my project.
10. They consider that the objectives of the project are aligned with the competences of applying mathematics in 5 0 30 55 10
everyday life.
11. The development of the project has increased my interest in research and the study of mathematics. 0 5 40 35 20
12. The project encourages me to make critical analyses of the content of my research project. 0 5 45 35 15
13. The project encourages me to share ideas and knowledge with my colleagues. 0 15 15 45 25
14. The project encourages me to develop science, technology, entrepreneurship, and innovation projects for my 0 5 20 50 25
professional future?
15. I consider that I obtained a process of evolution during the process of learning mathematics through the 0 0 25 45 30
preparation and elaboration of the project.
16. As a general assessment, I would say that this project had a positive impact on my academic training. 5 0 15 35 45

SD, Strongly Disagree; D, Disagree; N, Neutral; A, Agree; SA, Strongly Agree.
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Moreover, the projects developed by the experimental group
in this study reflect the ability of students to apply mathematical
concepts to various scientific and biotechnological and Industrial
problems, further validating the effectiveness of the DT
methodology. Table 3 shows several proposals and projects
developed by based on essential

experimental groups

mathematical functions and models applied to several
biotechnological and industry areas. Tables 4, 6 demonstrated that
the mean final scores for assessment indicator did not show
significant differences exist between the mathematical functions
learning of experimental and control groups (pretest mean
experimental group: 1.42/2 and mean control group: 1.55/2) and
(posttest mean experimental group: 1.62/2 points, and mean
control group: 1.65/2) respectively.

Despite these promising results, the final scores did not reveal
statistically significant differences between the control and
experimental groups in the overall performance, in terms of final
scores, which is consistent with studies by Brown et al. (2024).
Nevertheless, the DT strategy positively impacted the experimental
groups perception of mathematics as applicable in their careers,
aligning with the perspectives of Hernandez et al. (2021). And these
groups showed notable improvements in engagement, creativity, and
problem-solving skills.

Likewise, Table 5 shows the survey results, which data in our study
reflect a positive perception and appreciation of the applicability of
mathematical functions in Biological and Industrial careers, further
reinforcing the relevance of DT in academic training. With the
valuable perspective provided (Bhatt and Chakrabarti, 2022), DT is a
powerful strategy that can enrich the teaching of Mathematics and
prepare students for a competitive future.

In comparison with traditional teaching-learning methods in
mathematics education have long been centered around direct
instruction, where the teacher plays a dominant role in delivering
content, and students engage through passive learning, focusing on
memorization and repetitive exercises (Prince, 2004). These methods
are effective for teaching procedural knowledge and ensuring mastery
of foundational mathematical skills through structured problem-
solving exercises and assessments. Traditional methods emphasize
clear instruction and practice, which can help students develop strong
computational fluency (Boaler, 2022).

In contrast, Design Thinking offers a more dynamic, student-
centered approach that focuses on creative problem-solving through
real-world applications. DT involves stages such as empathizing,
defining problems, ideating, prototyping, and testing solutions,
encouraging students to actively engage with content (Brown, 2009).
This process fosters innovation and critical thinking, allowing students
to explore multiple solutions and reflect on their learning through
iteration (Dym et al.,, 2005). Research shows that DT can increase
student motivation and engagement, as it allows learners to apply
theoretical knowledge to tangible problems, promoting a deeper
understanding of mathematical (Anderson and
Shattuck, 2020).

This study demonstrates that the DT strategy is valuable in

concepts

mathematics education, particularly in enhancing the understanding
of mathematical functions. By engaging students in real-world
problem-solving, DT promotes meaningful learning, critical thinking,
and the practical application of mathematical concepts. The positive
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feedback from students further reinforces the relevance of DT in
academic training, as observed in similar studies (Vargas-Hernandez
and Vergara, 2022).

Finally, a meta-analysis (Zulyusri et al, 2023) helps us to
determine the effectiveness of DT-based STEM learning in improving
students’ critical thinking skills in science learning. The results
indicate an effect size of 0.84 with extensive criteria, concluding that
the STEM learning model based on DT is perfect for science learning.
In Koh et al. (2015), Patel et al. (2024), and Pérez (2018), the authors
discuss future directions for incorporating DT educational settings. It
is intended for teachers, teacher educators, and university instructors
to provide them with the theoretical foundations needed to grasp DT
and to provide examples of how design thinking can be interpreted
and evaluated.

5 Conclusion

UTPL students demonstrated similar mathematical levels of
knowledge in basic functions at the beginning, which were evaluated
by a pretest. No significant differences were determined after the DT
strategy was applied and evaluated by a posttest. However, the media
value (questionnaire, workshop, and project) was higher in the
experimental group than in the control group. Thus, proving that the
experimental group strengthened their academic training, boosting
understanding, skills, and basic reasoning abilities to solve problems
in science and technology. Through the proposal of innovative
DT
mathematical functions. Finally, 53.5% of the survey applied to the

projects, significantly improved the understanding of
experimental group highlighted the project’s development of a positive
impact on their academic training, supporting the effectiveness of DT
in mathematical functions learning.

Educators and students can create more effective strategies for
developing mathematical and logical thinking by employing design
thinking. This approach not only resolves critical issues in education
but also fosters a culture of innovation and adaptability, preparing
learners for complex problem-solving in an ever-changing world.
Also, it facilitates project-based learning and collaborative learning,
applying mathematical and logical reasoning in context, encouraging
teamwork during the design process, and helping students articulate
their reasoning and logic, leading to deeper understanding and
retention of mathematical concepts.

6 Limitations and future work

Several limitations need to be acknowledged. First, the study
focused on a specific sample of students enrolled in mathematics-
related programs, which limits the generalizability of the findings.
Additionally, the quasi-experimental design, while effective in this
context, may not fully control all external variables, and future
research could benefit from a larger sample size and randomization.
Furthermore, traditional assessments might not fully capture the
creative and practical skills developed through DT, as noted by
Santos-Trigo (2024).

Future research should explore the long-term retention of
mathematical knowledge gained through DT-based strategies and its
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transferability to other subjects. Expanding the study to include
diverse educational levels and programs could provide a more
comprehensive understanding of the impact of DT on learning
outcomes. Additionally, further comparison of DT with other active
learning methodologies, such as Project-Based Learning (PBL) and
Flipped Learning, could reveal its relative advantages and limitations.
Implementing DT in virtual and distance learning environments
could also offer insights into its flexibility and adaptability, especially
in the context of education 4.0 (Jiménez and Castillo, 2018).

It is suggested that the sample be expanded to different programs
and educational levels to understand better the DT strategy’s impact
on mathematical function learning. A long-term follow-up would
evaluate the retention of knowledge and its application. Exploring the
mechanisms of effectiveness and their applicability in other subjects
is essential. Comparing DT with other methodologies would reveal its
advantages and disadvantages in different educational contexts. As a
future work, a DT problem-solving strategy will be implemented for
virtual environments in a distance modality.

7 Implications
7.1 Methodological implications

The findings of this study, which compared Design Thinking with
traditional methods for teaching mathematical functions, highlight
the significance of incorporating innovative didactic strategies in
mathematics education. Future research should consider using quasi-
experimental designs in diverse contexts, as this methodology
effectively captures the impact of active learning methods on student
engagement and knowledge retention. Researchers should also explore
the long-term effects of Design Thinking on learning outcomes in
more complex mathematical subjects and different educational
settings. This approach could guide methodological advancements in
educational research.

7.2 Managerial implications

For educators and academic managers, the study provides
valuable insights into implementing active learning strategies like
Design Thinking in curriculum design. The positive outcomes,
particularly in fostering problem-solving skills, suggest that DT
can be integrated into broader teaching frameworks to enhance
student engagement in STEM education. Educational institutions
should consider training programs that equip teachers with the
skills to effectively apply DT in classrooms, thereby promoting
critical thinking and of

practical application

mathematical concepts.

7.3 Policy implications

The results of this research suggest potential policy changes in
educational practices. The evidence supporting the use of DT for
improving mathematical comprehension and problem-solving
indicates that policy makers should advocate for active learning
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methods in national curricula. Additionally, funding should
be allocated to support teacher training in innovative methodologies
such as DT. This shift in policy could help align educational
practices with the demands of modern, technology-driven job
markets, ensuring students acquire the necessary skills for
future challenges.
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