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This proposal adds original approaches to the currently scarce body of practical 
evidence on the application of STEM innovations in the curriculum. A teaching-
learning program was designed in a real-world context such as the game of soccer 
with a STEM (Science, Technology, Engineering and Mathematics) approach through 
a cooperative problem-solving methodology. The objectives of the research focus 
on analyzing the effect of the use of this STEM unit on the academic performance 
of students, taking into account the gender variable; and their appreciation of 
the activities and methodology used, as well as the challenges encountered and 
their solutions. The intervention was implemented in the 4th year of Compulsory 
Secondary Education in a school in Spain with 36 students (24 girls and 12 boys). 
Academic performance was analyzed taking into account the gender variable, for 
which a quasi-experimental design was applied before and after with a control 
group. The appreciation and interest of the experimental group regarding the 
methodology used as well as the difficulties that arose were studied. As a result, 
there is an improvement in the academic performance, which is more evident 
in girls. The methodology has been valued positively and the greatest difficulties 
refer to the distribution of roles and understanding and carrying out the activities, 
however, these difficulties were resolved with the help of classmates and the 
teacher.
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1 Introduction

In Spain, Physics and Mathematics are among the scientific subjects in Compulsory 
Secondary Education (CSE) that exhibit the lowest academic performance index [Ministerio 
de Educación y Formación Profesional (MEFP), 2020]. The difficulties are apparently 
explained by the abstraction of the scientific contents involved and the previous acquisition 
by the students of erroneous concepts, which inhibit the correct construction of new 
knowledge (Suprapto, 2020). However, the use of digital and technological tools has the 
potential to improve teaching-learning procedures in these disciplines by promoting the 
construction of new concepts (Bicer and Lee, 2023; Queiruga-Dios et al., 2021a, 2021b). In 
order to produce meaningful learning (Ausubel et al., 1976/1983), students must see the 
information they receive as relevant to their daily lives in such a way that the modification of 
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previous knowledge leads to new learning (Gravemeijer et al., 2017). 
Problem-solving contributes to a conceptual change in learners, 
favored by the cognitive conflict it provokes (Jonassen et al., 2005). 
Cooperative learning, like “the instructional use of small groups so 
that students work together to maximize their own and each other’s 
learning” (Johnson and Johnson, 1999, p. 72), also plays an important 
role in meaningful learning, producing a favorable attitude toward 
learning in the pupils and increasing their performance among both 
the more gifted and those with difficulties (Bicer and Lee, 2023; 
Radulović et al., 2022). Thus, in this socialization context, the basic 
elements of cooperation are (Johnson and Johnson, 1999): (1) Positive 
interdependence among the team members, so that the achievements 
are obtained with the participation of all of them; (2) Individual 
accountability, each student is individually evaluated; (3) Face-to-face 
promotive interaction, so that students in each group support each 
other; (4) Social skills, that allow the success of learning in cooperative 
work; and (5) Group processing, through discussions and reflections 
among group members on what actions are most appropriate to obtain 
achievements. Likewise, Physics and Mathematics can be integrated 
with educational technologies and a suitable methodology in a STEM 
(Science, Technology, Engineering, and Mathematics) approach in a 
way, that is comprehensive and connected through real-world topics 
and real-world connections to what students are learning and in this 
way the links between scientific content and everyday life can 
be appreciated by students (Dare et al., 2021; King and Ritchie, 2012; 
Roehrig et al., 2021). The importance of such integration of disciplines 
by using real-world contexts is reflected in the PISA assessments. In 
Mathematics, the test focuses on measuring the capacity of students 
to use diverse contexts to describe, explain, and predict phenomena 
(OECD, 2018, 2019, 2023). The performance measured here is related 
to the students’ ability to extrapolate from their knowledge in different 
situations, thus involving more than just the ability to reproduce 
concepts and procedures acquired in the classroom. Thus, most 
Mathematics units in PISA refer to real-world contexts in which 
mathematical skills are needed to solve a specific problem, using the 
technological tools that are also available in the real-world (e.g., 
calculators, rulers, or spreadsheets). Likewise, Science units in PISA 
attempt to measure the students’ capacity to participate in matters 
relating to science. Consequently, according to Spanish legislation 
[Ministerio de Educación y Formación Profesional (MEFP), 2020; 
OECD, 2019] students are now required to have knowledge of 
standard scientific methodological procedures for problem-solving, 
such as comparatively assessing or research design, and scientific 
interpretation of the results obtained from experimentation.

There is a lack of curricular incorporation of integrated STEM 
approaches in secondary education, since it is necessary, at least, an 
additional investment of time and effort in integration, the use of new 
instructional practices and collaboration between subjects, which 
requires teacher training (Rennie et al., 2018; Shernoff et al., 2017; 
Thibaut et al., 2018). In this study, however, a way is presented for the 
application of an integrated STEM approach that does not require a 
large deployment of interdisciplinary or technological means, 
instruments and knowledge, but rather, through a simple and real-
world context, such as soccer, and using everyday tools, it generates a 
connection between STEM disciplines.

This article analyses the performance of pupils in 4th-grade 
Physics and Mathematics in CSE, considering the gender variable, 
after implementing a Teaching Unit, with Physics contents related 

with kinematics, force and energy, designed following a constructivist 
model based on the following five axes: (1) digital and technological 
tools, (2) make sense of the information received through connection 
with real situations, (3) problem solving, (4) cooperative learning, and 
(5) STEM integration. The scientific literature indicates that when 
educational problem-solving activities using technologies are 
designed, the learners’ performance improves (Bicer and Lee, 2023; 
Hochberg et al., 2018; Queiruga-Dios et al., 2021b) and so the research 
will be  broadened to incorporate a real-world context that is an 
everyday reality for the student. Thus, in activities designed in an 
integrated way, learners face everyday problem situations as if they 
were a scientific team that has solved them cooperatively with the help 
of digital and technological tools. These activities were created with 
the well-known game of soccer as the real-world context in which the 
contents of the subjects of Physics and Chemistry, and Mathematics 
(MECD, 2015, 2022), among others, are developed. At the same time, 
considering that soccer is a sport that is often related to a male 
stereotype in many countries, gender variable is also taken into 
consideration. Finally, the assessment and interest of the students in 
the proposed activities and the approach used are analysed, as well as 
the challenges that arose and how they were solved.

2 Theoretical framework

The term integrative STEM education refers to the teaching of 
Science and Technology disciplines in an integrated and connected 
way in the context of technological designing/problem solving 
(Sanders, 2009, 2012). STEM education allows students to learn 
conceptual syllabus materials as they develop 21st-century skills such 
as communication, critical thinking, creativity, and collaboration 
(Gravemeijer et  al., 2017; MacDonald et  al., 2019). Then, it is 
presumed, that they will be able to join the social and employment 
world efficiently, prepared to solve problems in a changing global 
environment. This requires a non-fragmented knowledge of the 
disciplines that allows for the transfer of knowledge between subjects, 
enabling learners to understand how they are connected (Bybee, 2010; 
Radulović et al., 2022).

There are calls from various quarters for an integrative approach 
to STEM education that is applicable to the real-world to solve the 
global challenges and problems of the modern world (Bybee, 2010; 
Gravemeijer et al., 2017; Radulović et al., 2022). In this sense, it is often 
pointed out that science is fundamentally oriented toward solving 
problems and challenges (Morrison et al., 2020; Vorhölter and Krüger, 
2021). Therefore, the way that scientific teams face real-world problem 
situations with the same processes and strategies used in the lab can 
be included in the study of science in the classroom. The creation of a 
space in schools for research-based methods will have a positive effect 
on the decline in STEM vocations that society has been undergoing 
for several years (Bicer and Lee, 2023; Rocard et al., 2007). In the case 
of Physics, the gender gap existing in scientific-technological studies 
is more marked than in other disciplines at both the university and 
pre-university levels. That gap is reduced, while the performance of 
both girls and boys is enhanced, by using interactive teaching-learning 
methods that promote collaboration and place emphasis on conceptual 
understanding (Radulović et al., 2022).

Putting into practice how to approach everyday problem-solving, 
while at the same time allowing the acquisition of mathematical 
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knowledge stimulates the development of logical-mathematical 
thinking in pupils (Gravemeijer et al., 2017). It also favors a significant 
conceptual change in the students by carrying out the stages of 
analysis of the problem, hypothesis development, and analysis of the 
results. All this with metacognition strategies brought into play 
through verbalisation of processes, feedback, and discussion (Sáiz-
Manzanares et al., 2019; Vorhölter and Krüger, 2021). It is therefore 
necessary that when they design activities, teachers take into account 
the importance of all those stages, creating spaces and times for the 
pupils to explain and justify the processes followed to resolve the 
problems and analyse the solutions. Moreover, this should be done in 
such a way that the pupils understand what procedures have, or have 
not, led them to the correct answer. It can be said, regarding academic 
performance, that the didactic methodology used is a determining 
factor in the implementation of problem-solving in the classroom. The 
learners’ attitude will determine how their problem-solving abilities 
develop as a result of this (Gravemeijer et al., 2017).

At the same time, cooperative work is a vital strategy for a 
constructivist approach to learning. The use of cooperative learning 
in the field of experimental sciences offers advantages in terms of 
learner motivation and improved academic results. A fundamental 
process of this learning is the collaborative co-construction of ideas 
and meanings among group members. In this way, the students jointly 
produce new ideas by reviewing, discussing, and improving each 
other’s contributions. In this way, group performance and learning are 
greater than an individual student would achieve alone, so an 
individual’s learning and performance are improved. In this working 
context, ICT tools favor the exchange and analysis of information 
while improving students’ attitudes toward science (Bicer and Lee, 
2023; Radulović et al., 2022).

2.1 STEM from a gender perspective

The UNESCO report Cracking the code: Girls’ and women’s 
education in Science, Technology, Engineering and Mathematics 
(STEM) states that girls (72%) and boys (75%) are equally committed 
to STEM disciplines in the 10-11-year old age. However, at the age of 
18 these percentages decrease and differ dramatically (19% for girls 
and 33% for boys). As a result, women’s interest in STEM disciplines 
has declined. Subsequently, at university, the difference between 
enrolments in, for example, Engineering, Technology, Construction 
and Computer Science decreases for women and increases for men 
(28% vs. 72%) (Bokova, 2018). Several studies on the gender gap 
existing in STEM disciplines (Barone and Assirelli, 2020; Redmond 
and Gutke, 2020; Weeden et al., 2020) show a series of factors that 
favor this situation. One of the most common factors is the difference 
in academic performance between women and men in Science and 
Mathematics disciplines during the years leading up to university. In 
this case, the theory of rational choice (Stearns et al., 2020), which 
suggest that people tend to favor educational choices that boost their 
prospects of success, would justify women orienting their degree 
choice toward the arts and humanities, where they gain better grades. 
Additionally, the better grades obtained by women in social sciences 
would also represent a competitive advantage for them over men, 
which would lead to them selecting degrees in those fields rather than 
STEM (Vaarmets, 2018). However, this hypothesis is not conclusive 
and requires greater research (Barone et al., 2017). It should be noted 

that the differences in academic performance in STEM disciplines 
when considering the gender variable are not large enough to justify 
the gap that exist and explain it in terms of the male advantage in 
Mathematics and Science (Thébaud and Charles, 2018; Weeden et al., 
2020). Thus, other authors place greater relevance on the self-
assessment done by the individuals themselves regarding mathematical 
and scientific skills (Weeden et al., 2020). In this sense, women self-
assess their mathematical ability less positively than men do; regardless 
of the real grades they obtain (Thébaud and Charles, 2018). Positive 
self-assessment increases self-efficacy and maintains motivation. The 
notion of self-efficacy has been employed to propose that students 
who possess the belief that they can succeed will opt for science 
subjects and study them, even later on in their careers. Scientific 
success and perseverance in the field can be predicted by self-efficacy 
(Redmond and Gutke, 2020). This occurs in the years leading up to 
university entrance and causes boys to develop a higher level of self-
confidence and self-efficacy in Mathematics (Eccles, 2011), which 
would justify their greater inclination toward STEM degrees, whereas 
girls who think they are bad at Mathematics will not aspire to take 
degrees in that subject or the sciences.

Other factors in the gender gap are related to girls’ beliefs that they 
will face greater discrimination in STEM degrees, traditionally 
pursued by men. In this sense, the influence of significant references 
(teachers, parents, and advisors) plays an important role, particularly 
toward the beginning of a student’s schooling, when they are the 
youngest (Barone and Assirelli, 2020; Weeden et al., 2020). These 
gender differences in treatment may occur in terms of monitoring, 
mentoring, or support for research activities. In these activities, men 
seem to benefit, which perpetuates male dominance in STEM 
(O’Connor et al., 2020). In short, there is a climate that favors and 
fosters boys rather than girls (Clark-Blickenstaff, 2005).

On the other hand, women in countries with greater 
empowerment are less inclined to make a choice related with 
Mathematics and Science professions (Chang and Chang Tzeng, 
2018). This is related to the different interests expressed by gender for 
the different topics or contexts in which the different disciplines are 
approached (Lavonen et al., 2010). This should be taken into account 
to create female-friendly disciplines (Naukkarinen and Bairoh, 2020), 
while the syllabus materials used in science education should 
be properly analysed and prepared to avoid gender bias and improve, 
in general, the educational pedagogy of STEM disciplines (Clark-
Blickenstaff, 2005). In addition, studies on integrative STEM 
experiences show an increase in the achievement of all students of 
different characteristics in Mathematics and Science (Becker and 
Park, 2011).

Considering the above, it is hypothesized for this research that the 
implementation of integrated activities related to the well-known 
game of soccer, as a real-world context, and connected to the subjects 
of Physics and Mathematics will lead to an increase in student 
performance, especially girls’ performance, in these subjects. 
Moreover, this will be accompanied by an improvement in interest in 
the disciplines and an appreciation for the methodological 
approach used.

3 Research objectives

The objectives proposed for this research were as follows:
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 • Investigate the effect of using the STEM unit created about the 
sport of soccer by employing cooperative learning on students’ 
academic performance, taking the gender variable 
into consideration.

 • Investigate the effect of the same unit on students’ appreciation 
and interest regarding the proposed activities and the 
methodology used, as well as the problems encountered and 
their solutions.

4 Methodology

This section describes the participants in the research, the 
instruments used, and the data analysis carried out. The students’ 
usual way of solving problems is cooperatively, for which they have 
the necessary tools, such as computers with internet access and office 
software. The difference between the control group and the 
experimental group is that the real soccer context was incorporated in 
the latter. This will allow us to answer the research question regarding 
how the soccer context and organizing the content under a STEM 
approach influences the academic performance of the students and 
what the students’ appreciation is.

4.1 Participants

A before-and-after quasi-experimental design with a control 
group was applied. The experimental group is made up of 36 
individuals (24 girls and 12 boys), and the control group is made up 
of 35 individuals (23 girls and 12 boys), all students in the 4th grade of 
CSE (15–16 years). Pupils were assigned to the sample by convenience 
sampling, as the students remained in their corresponding groups. 
While the control group, worked with the Physics and Mathematics 
syllabus by resolving cooperative problems and using Technology 
(Queiruga-Dios et  al., 2021b), the experimental group held class 
sessions with the same approach but contextualized within the game 
of soccer as a real-world context. The main difference in the work 
between the two groups was that the control group worked on a 
variety of problems without a defined context, while in the 
experimental group all activities were linked to the real context of the 
ball game and to situations that are usually found in soccer. In both 
cases, the didactic proposals were used exclusively to teach the 
contents, without the complementary use of other more traditional 
tools as it could be  exclusively the resolution of exercises within 
the classroom.

In the design of the Unit for the experimental group, the 
disciplines appear integrated under the integrative STEM approach 
(Sanders, 2009, 2012). The summary of the main contents studied is 
provided as complementary material (Supplementary material 1). 
These contents have been developed in such a way that the student can 
connect them with the prior knowledge of Physics and Mathematics 
(employed not only as a useful tool but also used conceptually) 
acquired in previous courses. Content management requires that 
involved students design and analyse their own experiments during 
the development of cooperative tasks (Bybee, 2010), using 
technological tools (Vieyra Software, 2020; Tracker, 2020) and with an 
engineering perspective, where the problems are solved by processes 
that provide innovative solutions, including the construction of 

instruments and the performance of necessary tests, as defined by the 
National Academy of Engineering and National Research Council 
(NRC) (2014). To carry out these activities, the pupils formed groups 
of four and assumed the following roles in each team: coordinator, 
secretary, reporter, and material supervisor. The roles were rotated and 
changed for each practical session. In that way, each pupil had to 
perform all the tasks.

The implementation in the classroom of the STEM Unit for the 
experimental group as well as the development of the class sessions 
can be  found in the Supplementary material 2. The design of the 
STEM Unit for the experimental group provides the integration of 
Mathematics and Physics, depending on the activities, at a 
multidisciplinary, interdisciplinary, or transdisciplinary level. 
However, Technology and Engineering appears at a level of 
transdisciplinary integration (Supplementary material 2).

4.2 Instruments

Consent was obtained from the Management of the School. 
Likewise, all the pupils and their families were informed of the 
objectives of the study, and their consent was acquired, which also 
covered the use of photos to document the experiments.

To develop the research and data collection, the following 
instruments were used:

 • Teaching Unit for the syllabus for Physics and Mathematics 
contextualized to the subject of soccer. As indicated, this was 
designed with a constructivist approach so that the pupils had to 
carry out a series of experiments or solve problems that permitted 
distinct approaches and different solutions (Queiruga-Dios 
et al., 2018).

 • Questionnaire on the syllabus in order to measure the pupils’ 
academic performance. It is provided as Supplementary material 3. 
Comprising eight questions on the Physics and Mathematics 
syllabus, it measured the degree of conceptual comprehension of 
the pupils. The questionnaire was designed on the basis of known 
tools that measure whether the pupils master a specific set of 
concepts: Test of Understanding Graphs in Kinematics for High 
School (TUG-K2) (Beichner, 1994), Force Concept Inventory 
(FCI) (Halloun et  al., 1995), Force and Motion Conceptual 
Evaluation (FMCE) (Thornton and Sokoloff, 1998), and Energy 
Concept Assessment (ECA) (Ding et al., 2013). It was adapted to 
the age group of the pupils and later reviewed and validated by 
six teaching staff members, specialists in teaching secondary 
school Physics. The correspondence between the questions on 
this questionnaire and previous ones is shown in Table 1.

 • Questionnaire on students’ appreciation of the activity and the 
methodology used. This questionnaire comprised 9 multiple-
choice questions (1 to 9), which used a Likert-type scale with 
values ranging from 1 – totally disagree to 4 – totally agree, and 
four open questions (10, 11, 12 and 13).

4.3 Data analysis

This research is quasi-experimental, with a quantitative-qualitative 
approach and with a control group and an experimental group. Data 
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analysis was conducted using the SPSS v.24 statistics package for 
questions 1 to 9. The Alpha coefficient was 0.7325, a value that 
indicates acceptable internal consistency for the initial stages of 
research or exploratory studies (Nunnally, 1967). For the quantification 
10 to 13, the categorization was carried out after analysis of the 
answers. For this, two experts read the students’ answers and 
established the categories presented in Table 2. A procedure based on 
grouded theory (Trinidad et  al., 2006) was used to categorize the 
students’ responses. In this way, the students’ responses were collected, 
allowing for an initial classification according to similarity. Using this 
first categorization, a constant comparative method was used, 
establishing response–response, response-category, and category-
category comparisons until the responses did not add information to 
the categories generated, formulating a definition of each category. 
Finally, two independent judges are provided with the definitions of 
the categories and the literal transcription of the statements made for 
their classification.

Because the sample is less than 50 individuals in each group, the 
Shapiro–Wilk test was applied to determine if the data shows a normal 
distribution (de Souza et al., 2023). The Shapiro–Wilk test indicated 
that the difference between the data sample and the normal 
distribution is not statistically significant for both the control group 
(W (35) = 0.97, p = 0.474, Skewness = 0.49; Excess kurtosis = −0.16) 
as for the experimental group (W (36) = 0.95, p = 0.129; 
Skewness = −0.86; Excess kurtosis = 2.43). Levene’s test confirmed 
that the experimental group and the control group are equivalent in 
the pretest condition (F = 1.12, p = 0.33), so the requirement of 
homogeneity is met.

5 Results

Below are descriptions of the results corresponding to 
each objective:

Objective 1: Investigate the effect of using the STEM unit created 
about the sport of soccer by employing cooperative learning on students’ 
academic performance, taking the gender variable into consideration.

With respect to the experimental group, a comparison of the 
pre-and post-test results enables the analysis of the acquisition of 
competences using the STEM unit on the Physics and Mathematics 
syllabus. Table 3 shows the data for the experimental group.

It is evident that the starting situations based on gender in the 
pre-test exhibit a significant disparity of almost one point (0.96) in 

favor of the boys. However, significant differences for the girls can 
be detected in the post-test results (p = 0.0001 to a confidence level of 
99.9%) but not for the boys. Likewise, the effect value is high (Cohen, 
1992) for both girls and boys. Table  4 shows the data for the 
control group.

Also in this case, the starting situation in the pretest differs by 0.77 
points in favor of boys, and we see significant differences in girls’ 
performance, although smaller than in the previous case. In this case, 
the effect size is moderate, smaller than for the experimental group.

To complete the above-mentioned outcomes, the responses to the 
questionnaires given to pupils were examined. In order to determine 
whether pupil performance had improved, worsened, or remained the 
same after the educational intervention, a new classification for pupil 
performance was established based on the number of correct or 
incorrect answers in the pre-test and post-test: 86, 8 and 6%, 
respectively. If gender variable is considered a large improvement in 
the academic performance of the girls (95.8%) compared to the boys 
(66.7%) is observed.

An ANCOVA was performed to examine the effectiveness of the 
intervention while controlling for pre-test scores in both the 
experimental and control groups. The mean score for the pre-test was 
higher in the control group (M = 3.94; SD = 1.54) than in the 
intervention group (M = 2.61; SD = 1.10). However, following the 
STEM Unit, the experimental group outperformed their counterparts 
in the control group (p = 0.004), with a medium to large effect size as 
indicated by the partial eta squared of 0.118. The adjusted mean scores 
for the post-test were 5.83 (SE = 0.26) for the experimental group and 
4.47 (SE = 0.26) for the control group. Overall, it can be concluded 
that the intervention was effective in improving students’ performance. 
These results suggest that, before the intervention, the control group 
had a higher score. After the intervention, the opposite was true. The 
experimental group improved their score and the control group did 
not. And then it is the experimental group that has a higher score.

In both groups, normalized gain was calculated (Hake, 1998) from 
the mathematical expression 𝑔= (𝑝𝑜𝑠t-𝑡est − 𝑝𝑟𝑒-test)/(maximum score 
− 𝑝𝑟𝑒test), where post-test and pre-test are the average scores obtained 
by the pupils in the pre-and post-tests respectively, and maximum 
score is the maximum score that can be obtained in the tests. Table 5 
shows the results obtained.

While the gains for boy and girls in the control group are similar, 
it can be  seen that the gain for girls in the experimental group is 
greater (0.54) compared to that for boys (0.47). Table 6 shows the 
distribution of these gains according to Hake’s categorization.

In the control group, it can be seen that both for girls and boys the 
greatest percentages of gains are equally distributed among the low 
and medium gain ranges. At the same time, in the experimental group, 
while most girls are in the medium gain range (70.8%), the gains for 
boys are uniformly spread over the three intervals. The findings of the 
experimental group’s students’ pre-and post-tests will next 
be carefully examined.

Figure  1 shows the post-test score versus the pre-test score, 
separated by gender and grouped by value. The straight lines, from 
bottom to top, represent specific gains respectively, zero, 0.3 and 0.7. 
The figure shows how, despite having more boys with the maximum 
scores in the post-test, girls are positioned in a larger proportion in 
the medium gain area.

A similar comparison, considering the gender variable, between 
the gain and the results of the pre-test and post-test shows the 

TABLE 1 Correspondence between the questions created for this 
experiment and the original ones.

Question Original test question

1 1 FCI

2 19–20 of FCI; 27–29 FMCE

3 2 TUG-K2

4 17 TUG-K2

5 1 ECA

6 8 TUG-K2

7 2 ECA

8 7 TUG-K2
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dispersion of the sample. Figure 2 shows a high dispersion for both 
genders together with a weak relationship between the gain and the 
results, being higher for the girls in this case, with a correlation 
coefficient for girls of r = 0.25 and for boys of r = 0.12.

In Figure 3, the gain increases linearly with the scores obtained, 
higher for boys, in consonance with what is initially observed in the 
initial higher average for boys. In this case, correlation coefficients of 
0.95 for girls and 0.98 for boys.

TABLE 2 Categorization of the answers to questions 10–13 of the questionnaire on appreciation and interest.

Question Categories Explanation

A1. What difficulties have you had 

carrying out the activities?

A1.1. Technical difficulties. The student had difficulties with the use of Technology to perform tasks or take 

measurements.

A1.2. Difficulties with the activities 

(comprehension).

Difficulties are related to the way of approaching the situation posed in the task.

A1.3. None. The student had no difficulty.

A1.4. Organizational in terms of fulfilling the roles. The student had difficulties in organizing himself/herself according to the 

assigned roles or small conflicts within the group.

A1.5. Lack of time. The student would have preferred more time for homework.

A2. How did you overcome the 

difficulties that arose?

A2.1. Were not overcome. The student did not manage to overcome the difficulties encountered.

A2.2. Were overcome with the help of teammates. The student asked his/her classmates for help.

A2.3. Were overcome by dialog. The student solved the difficulties by talking.

A2.4. Internet search. The student solved the difficulties by searching for information and 

documentation on the Internet.

A2.5. Asking the teacher. The student asked the teacher for advice.

A3. Thinking about what you have 

learned. Will you be able to apply it 

in your life in the future? If 

you answer ‘yes’, then how?

A3.1. Do not know. The student replied “I do not know”.

A3.2. He/she will be able to apply it in his/her daily 

life.

The student believes that he/she will be able to apply what he/she has learned to 

his/her daily life.

A3.3. He/she will be able to apply it in their 

academic life.

The student considers that what he/she has learned will be useful in his/her 

academic life.

A4. Final reflections and 

suggestions.

A4.1. The activity has been very appropriate and 

he/she has enjoyed it a lot.

The student has enjoyed the activities and homework.

A4.2. Team organization could be better The student states that the organization of his/her team could have been more 

appropriate.

A4.3. Include more feedback sessions. The student indicates that he/she would have liked more brainstorming and 

review sessions.

TABLE 3 Results of the pre-test and post-test on the Physics and Mathematics syllabus in the experimental group.

Pre-test Post-test Difference t-student p d Cohen

n M SD M SD M SD

Total 36 2.61 1.10 5.42 1.80 2.81 1.74 9.69 0.00001* 1.88

Girls 24 2.29 0.91 5.38 1.58 3.08 1.38 10.94 0.00001* 2.39

Boys 12 3.25 1.22 5.5 2.26 2.25 2.26 3.45 0.00546 1.24

*p < 0.001.
M = mean, SD = standard deviation. Interpretation: d = 0.2–0.3, small effect value; d = 0.5 medium effect value; and d ≥ 0.8, large effect value.

TABLE 4 Results of the pre-test and post-test on the Physics and Mathematics syllabus in the control group.

Pre-test Post-test Difference t-student p d Cohen

n M SD M SD M SD

Total 35 3.94 1.54 5.09 1.55 1.14 1.29 5.24 0.00001* 0.74

Girls 23 3.7 1.63 4.84 1.41 1.16 1.17 4.78 0.00004* 0.75

Boys 12 4.47 1.27 5.57 1.75 1.1 1.56 2.45 0.01611 0.72

*p < 0.01.
M = mean, SD = standard deviation. Interpretation: d = 0.2–0.3, small effect value; d = 0.5 medium effect value; and d ≥ 0.8, large effect value.
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Objective 2: Investigate the effect of the same unit on students’ 
appreciation and interest regarding the proposed activities and the 
methodology used, as well as the problems encountered and 
their solutions.

Table  7 shows the results for the appreciation 
questionnaire answers.

As can be seen, all the scores are high (except for question 8, 
which was formulated in a negative way), without any significant 
differences between the answers from girls and boys, according to the 
statistical analysis carried out by using a Wilcoxon non-parametric 
contrast (W = 18, z = −1.3337, p = 0.18352, for p < 0.05).

In particular, the items with the highest score are: 1. I think I have 
learned a lot (3.83), 2. I  found the classes interesting (3.78) and 4. 
I would like to work with this methodology for more of the syllabus 
(3.69). Regarding the open questions (questions 10, 11, 12 and 13), 
Table  8 shows the results obtained according to the 
categorization made.

Difficulties can be  appreciated in carrying out the proposal, 
particularly organizational ones regarding fulfilling roles (44.4%) and 
understanding and undertaking the activities (38.89%). However, most 
of these difficulties were overcome with the help of other pupils (50%) 
or by asking the teacher (27.78%). The difficulties arising from conflicts 
due to sharing and performing the tasks were mainly overcome by 
group dialog (11.11%) and a small number were not resolved (5.56%). 
At the same time, a large percentage of the group considers that what 
they learned could be  used in everyday life (44.44%) or in their 
academic lives (66.67%). Regarding the final questions that asked for 
suggestions and reflections (A4), the answers linked to liking and 
enjoying the activity (72.22%) stand out and were almost ten points 
higher among the girls (75.00%) than among the boys (66.67%). Here 
are some examples of student answers to this question:

A very interesting way to learn and to work in a group; I have liked 
it a lot, and it has been very interesting, although some reports have 
taken me a long time; I have liked this way of working because we do not 
just have to learn theory at school. It’s also good to learn by doing things; 
I have liked this type of project work, but some of the activities were long 
and some reports were difficult to do; I think these activities have been 
good and not very difficult either; This activity seemed very useful to me, 
and we should work like this more often; It has been a good way to 
organize ourselves in a cooperative way, but I think it is the most suitable 
for this subject; The work has been very good, the photocopies are very 
good for studying too.

6 Discussion

This proposal aims to address the scarcity of scientific literature 
on the incorporation of soccer into STEM education. This scarcity had 
already been detected in general with respect to sports in science 
education (Hammrich et al., 2003). Different educational programs 
focused on sport, such as Science in Sports or Science Through Sports, 
have been developed. These programs use sport as a real-world 
context to guide the passion it generates in high school students 
toward STEM disciplines, with results that indicate an improvement 
in attitudes toward science and scientific identity, as well as the 
development of skills such as critical thinking and collaborative 
problem solving. In particular, with an improvement in girls’ academic 
performance and in their attitudes toward science (Ali et al., 2021; 
Galoyan et  al., 2022; Hammrich et  al., 2003). In the proposal 
presented, which can be implemented in the classroom with a few 
sessions, cooperative learning is developed by adapting activities and 
roles to the exclusive context of football, where students participate 
sequentially in all roles (Supplementary material 2).

In the light of the results obtained, it should be noted that the 
initial hypothesis has been refuted: the integration of Mathematics and 
Physics in cooperative problem-solving with a contextualized STEM 
approach produces an increase in performance among pupils, 
particularly among girls.

As can be seen in the results, given the average scores obtained in 
the pre-test and the post-test, the pupils’ academic performance 
increased significantly after the educational intervention. In 
agreement with other studies undertaken (Madsen et al., 2013), the 
girls had initial scores that were significantly lower compared to the 
boys. However, after the intervention, they obtained performance 
levels that were equivalent to those of boys. This result agrees with 
other interventions in which science learning is developed by means 
of problem-solving, carried out using a diversity of activities with the 
support of technological tools, or using STEAM (Science, Technology, 
Engineering, Art and Mathematics) approaches. In those studies, the 
pupils worked cooperatively to solve problems using Technology and 
Art (Labudde et al., 2000; Queiruga-Dios et al., 2021a, 2021b; Tveita, 
1999). If the contextualisation of the problems in a real-world setting 
is added to those factors, student performance is greater. At the same 
time, considering the number of questions answered correctly, a large 
percentage of pupils improved their academic performance (86%), 
with this percentage being greater among the girls (95.8%) compared 

TABLE 5 Normalised gain values for the whole group and by gender in experimental and in control groups.

Experimental group Control group

Total gain Gain girls Gain boys Total gain Gain girls Gain boys

0.52 0.54 0.47 0.30 0.30 0.33

Low normalised gain (g < 0.3), medium (0.3≤𝑔<0.7) and high (g ≥ 0.7).

TABLE 6 Distribution of normalised gain according to ranges in Hake’s categorization in experimental and in control groups.

Experimental group Control group

Gain range Total Girls Boys Total Girls Boys

g < 0.3 16.7% 8.3% 33.3% 31.4% 47.8% 41.7%

0.3 ≤𝑔<0.7 58.3% 70.8% 33.3% 45.7% 47.8% 41.7%

g ≥ 0.7 25% 20.8% 33.3% 8.6% 4.4% 16.7%
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to the boys (66.7%). Many of the classroom experiences incorporating 
Physics and Mathematics activities and that require interactive student 
participation have gains distributed fairly evenly distributed between 
0.36 and 0.68. This gain distribution may be  due to differences 
between the methods or differences in how the activities are 
implemented (Hoellwarth and Moelter, 2011). Furthermore, as 
indicated, the average gain in the United  States populations for 
courses with traditional learning methodology was 0.23 and for 

courses with interactive learning methodology, it was 0.48 (Hake, 
1998). That gain value is exceeded in the approach given here by the 
boys (0.47) and, to a greater extent, by the girls (0.54). The gains 
obtained in other studies in which there was a change of approach in 
Physics teaching were also exceeded (Finkenberg and Trefzger, 2019). 
In this case, comparing traditional teaching (0.37) and a flipped 
classroom approach, gain values were obtained of 0.37 and 0.46, 
respectively.

FIGURE 1

Representation post-test against pre-test considering the gender variable in experimental group.

FIGURE 2

Representation of the gain against the pre-test scores and their corresponding regression line in experimental group.

FIGURE 3

Representation of the gain against the post-test scores and their corresponding regression line in experimental group.
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In the international PISA tests, the scores have a significant 
difference for girls and boys in the averages for OECD countries and 
for Spain, in which the girls have an average performance significantly 
lower in Mathematics than that for boys (OECD, 2019). Although the 
evolution of the results over the last decade has produced a narrowing, 
the gap persists, and, furthermore, the proportion of boys with the 
highest levels (5 and 6) of the Mathematics scores is greater. In Spain, 
8% of boys reach that level in Mathematics, whereas only 5.5% of girls 
do so. That trend is repeated in the OECD average. Regarding sciences, 
the gender gap in average performance for 2018 is smaller than that 
seen in Mathematics, with girls beating the boys by a significant 
difference in the OECD average, which is not the case in Spain, 
although a trend downwards in the average scores for both groups is 
perceptible, particularly for boys. At the same time, the proportion of 
boys in the highest levels of science is greater than that of girls. The 
boys are a percentage majority in the high and low levels, whereas the 

girls are clearly the majority in the intermediate levels (Ministerio de 
Educación y Formación Profesional (MEFP), 2020; OECD, 2019). On 
the other hand, in the contextualized comprehensive STEM approach 
used for this research, girls obtain, on average, scores similar to those 
for boys. Furthermore, looking at the gains, almost all the girls obtain 
medium to high values, whereas the gains for boys are uniformly 
distributed over the three ranges according to Hake’s defined 
categories (1998). These values are better than the results from the 
control group, where both girls and boys had greater percentages in 
the medium and high gain ranges.

Regarding pupil appreciation, their evaluation of the experience 
is very positive. The classes were interesting for the pupils, who feel 
that they have learned a lot from the syllabus and, furthermore, would 
like to continue working with the approach that they developed for 
the problem-solving activities. With the methodology used in the real 
context of the sport of soccer, it has been possible to introduce 

TABLE 7 Student’s answers of the experimental group to the questionnaire on appreciations and interest of the pupils’ regarding the activity and the 
methodology used.

Item Total Girls Boys

M SD M SD M SD

1. I think I have learned a lot 3.83 0.37 3.83 0.38 3.83 0.39

2. I found the classes interesting 3.78 0.42 3.67 0.48 4.00 0.00

3. I found the way of working to be appropriate to the subject 3.64 0.48 3.58 0.50 3.75 0.45

4. I would like to work with this methodology for more of the syllabus 3.69 0.46 3.75 0.44 3.58 0.51

5. I would like to work with this methodology for whole syllabus 3.17 0.37 3.04 0.20 3.42 0.51

6. The explanations of the worksheets were adequate 3.28 0.45 3.33 0.48 3.17 0.39

7. The cooperative work was efficient 3.50 0.50 3.38 0.49 3.75 0.45

8. I have had difficulties organizing myself 1.72 0.45 1.88 0.34 1.42 0.51

9. I have carried out the activities without being distracted 3.25 0.43 3.38 0.49 3.00 0.00

M = mean, SD = standard deviation.

TABLE 8 Results of the open questions by the experimental group according to the categorization made.

Question Categories Total Girls Boys

A1. A1.1. Technical difficulties 16.67% 16.67% 16.67%

A1.2. Difficulties with the activities (comprehension) 38.89% 41.67% 33.33%

A1.3. None 11.11% 8.33% 16.67%

A1.4. Organizational in terms of fulfilling the roles 44.44% 41.67% 50.00%

A1.5. Time 22.22% 25.00% 16.67%

A2. A2.1. They were not overcome 5.56% 8.33% 0%

A2.2. They were overcome with help of teammates 50.00% 50.00% 50.00%

A2.3. They were overcome by dialog 11.11% 33.33% 50.00%

A2.4. Internet search 11.11% 8.33% 16.67%

A2.5. Asking the teacher 27.78% 16.67% 50.00%

A3. A3.1. Do not know 11.11% 8.33% 16.67%

A3.2. I will be able to apply it in my daily life. 44.44% 33.33% 50.00%

A3.3. I will be able to apply it in my academic life 66.67% 66.67% 66.67%

A4. A4.1. The activity has been very appropriate and I have enjoyed it a lot. 72.22% 75.00% 66.67%

A4.2. Team organisation could be better 5.56% 8.33% 0.00%

A4.3. Include more feedback sessions 16.67% 8.33% 16.67%
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problem-solving activities to the pupils in an agreeable way and keep 
them interested in the subject (Gravemeijer et al., 2017). The pupils 
show a positive attitude toward learning and problem-solving in 
Mathematics and Physics. In this sense, it should be stressed that 
75.00% of girls have made observations in this category. The activity 
has been very appropriate and, I have enjoyed it a lot. That is, the girls 
have declared to a greater extent a positive evaluation of the didactic 
approach used in the classroom. This, presumably, could be due to the 
contextualized STEM approach, allowing them to work on the syllabus 
in a way that is more suitable to their interests by giving a sense of 
reality to the Mathematics and Physics. Although these feelings could 
condition future choices made by the pupils regarding scientific 
subjects (Dávila-Acedo, 2017), it is important to make STEM 
disciplines agreeable subjects so that all pupils study them, regardless 
of whether they intend to continue their studies in training that is 
directly linked to them. In particular, it is important that it is taught 
in classrooms in a way that encourages girls and enhances their 
learning and development (Labudde et al., 2000; Mujtaba and Reiss, 
2013); even more so considering that an understanding of Science and 
Technology is necessary not only for those whose higher educational 
studies depend directly on it; it is also necessary for any citizen who 
wants to make informed decisions on any of today’s many controversial 
issues (Ministerio de Educación y Formación Profesional (MEFP), 
2020; OECD, 2019, 2023). Extending this to STEM disciplines, the 
syllabus and pedagogical approaches used in these disciplines must 
be analysed with a view to improving pupil performance in general, 
and particularly decreasing the gender gap (Clark-Blickenstaff, 2005).

At the same time, a large percentage of pupils state they had 
organizational difficulties in terms of fulfilling their roles. However, 
these difficulties have not been serious, bearing in mind the score 
obtained for question 7. The cooperative work was efficient (3.50). The 
difficulties were overcome through dialog among peers. Thus, 
presumably, the context generated has an impact on the improvement 
of teamwork skills. It can be seen, therefore, that cooperative work, 
together with active methodologies such as problem-based learning, 
improves the efficacy of science subjects, and this performance is 
greater when the activity is developed in a way connected to the real-
world. A key stage in this methodology is feedback, with which the 
teacher guides the pupils in scientific problem-solving (Queiruga-
Dios et al., 2019). However, this teacher-student and teacher-team 
feedback also facilitates the resolution of other types of problems or 
conflicts that may arise between students.

As limitations in this study, the size of the sample used and its 
geographical limits should be  indicated, so the conclusions can 
be considered exploratory. However, the study could serve as a basis for 
future research. Furthermore, while some of the results were obtained 
from a test to assess academic performance, other results are based on 
the subjective responses provided by the students, assuming that these 
were given honestly and sincerely. This circumstance represents a 
possible limitation of the study, since the self-reported nature of the data 
could influence the reliability of the results. In this sense, it would 
be  appropriate to incorporate other types of observational records 
reported by a researcher outside the classroom, which would reduce 
possible bias, and the exchange of information between the teacher who 
is implementing the activities and the observing researcher. Furthermore, 
when replicating the experience and implementing learning contexts in 
real-world contexts, it is essential to consider the key role of the teacher 
in the involvement and commitment of the students. Guidance, 

continuous monitoring, systematic feedback and support in solving 
difficulties contribute significantly to strengthening students’ self-
confidence and improving their performance in the proposed tasks. In 
this sense, those students who perceive class activities as interesting and 
who trust in their ability to achieve success in a given educational context 
tend to develop greater commitment in their affective, behavioral, 
cognitive and emotional dimensions (Pedler et al., 2020; Tas et al., 2019).

In future research lines, it would be interesting to study how using 
active methodologies in problem-solving for Physics and Mathematics 
in a real-world context STEM approach can influence lifelong 
learning, considering the gender variable. In this sense, it would also 
be necessary to research whether the role of teachers as influential 
agents in attitudes related to working habits and curiosity is also 
influential in creating lifelong learning habits (Bicer and Lee, 2023; 
Radulović et al., 2022), and to study the difference between girls and 
boys. Additionally, it would be  interesting to analyse whether a 
relationship exists or not between these educational approaches and 
dropping out of education, also looking at how the gender variable has 
an influence. Another line of future research will be the evaluation of 
the metacognitive strategies developed by students in the study of 
solving problems in Physics and Mathematics in real-world contexts 
through Technology and Engineering.

7 Conclusion

This work presents a detailed description of a STEM integration 
experiment by means of cooperative problem-solving that gives 
meaning to the information used and employs digital and 
technological tools in an everyday context. This can help provide 
insight to schools and teachers who are increasingly interested in 
engaging students in STEM educational models (Morrison et  al., 
2020). Secondly, a detailed analysis was carried out on the performance 
and appreciation of pupils regarding the proposal for learning/
teaching. It provides, therefore, practical evidence of the 
implementation of STEM curriculum innovations that are currently 
scarce (Gale et al., 2020).

Integration of Physics and Mathematics with a STEM approach 
results in a significant enhancement in the academic performance 
of girls and boys, with a notable increase observed in the case of 
girls and pupils with lower academic levels. The gender variable 
tends to be a significant predictor of pupil scientific-technological 
performance, with girls usually obtaining a lower average (Madsen 
et al., 2013; Rodríguez-Mantilla et al., 2018), although even though 
there is no difference between girls and boys in terms of capability 
(Queiruga-Dios et al., 2019). Intervening in this improvement of 
academic performance are several factors that are involved in the 
increase of interest in the disciplines of Physics and Mathematics: 
the problem-solving methodology, the inclusion of technologies 
that improve analysis, and the alternate use of cooperative work and 
individual activities. This can improve the self-assessment of pupils 
with regard to their own mathematical and scientific abilities to 
improve their level of self-efficacy, which will have an effect, 
presumably, by increasing the number of scientific vocations for 
both girls and boys (Redmond and Gutke, 2020; Weeden 
et al., 2020).

With the described teaching approach, the pupils are encouraged, 
especially girls, to establish connections between the disciplines of 
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Physics and Mathematics, which makes it possible to transfer 
knowledge with a higher order of thought between them and also to 
understand how they are connected. The “real-world” context in this 
proposal was soccer, a sport that is often related to a male stereotype 
in many countries. However, the idea is that the pupils, regardless of 
their gender, see Mathematics and Physics as connected to each other, 
with Technology and Engineering, and to their setting. Without doubt, 
it is possible to find many contexts for classroom work in an integrated 
STEM approach. It is even possible to change and diversify these 
contexts on each occasion, adapting them to the features of the school, 
the pupils, and the teacher. Thus, the pupils will see everything they 
learn at school as connected to the real-world. This means that the idea 
underlying this STEM proposal can be extended to all pupils and all 
educational centers. Soccer was chosen as a real-world context because 
it is a sport with an increasingly large number of fans, and, although it 
is still considered a predominantly male sport and highly stereotyped, 
an evolution is taking place. Thus, at an international level, there is a 
very significant growth in the number of women who practice this 
sport, with numerous educational campaigns to break these 
stereotypes, some of them promoted by UEFA (Union of European 
Football Associations) and FIFA (Fédération Internationale de 
Football Association) (Harris, 2005; Vezzali et  al., 2023; 
Yiapanas, 2025).

Finally, the authors want to stress the importance of rethinking 
the pedagogical and methodological approaches for STEM 
disciplines. This makes them more friendly, avoiding gender bias, 
increasing interest, drop-out rates and, presumably increasing 
scientific vocations. The importance of the role of teachers in the 
scientific and technological vocations of pupils must be taken into 
account. The influence that teachers can wield should be nurtured, as 
this can have an effect on the decisions pupils take regarding the paths 
they choose in their learning from a very early age (Barone and 
Assirelli, 2020; Weeden et  al., 2020). Teachers must guide the 
teaching-learning process and support pupil self-efficacy (Morrison 
et  al., 2020), which is a strong predictor of achievements and 
persistence in the field of STEM disciplines (Redmond and 
Gutke, 2020).
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