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Abstract: Previous studies agree on the benefits of improving the relevant competences in students
by applying globalized learning methodologies and projects in the STEM fields (Science, Technology,
Engineering and Mathematics). However, few studies have focused on whether including other
subjects in Humanities, Arts and Social Sciences (HASS) in these projects improves high school
students’ perceptions on improvement in these skills. The objective of this work was to study
the effect of participation in interdisciplinary teaching projects (STEM and HASS), which promote
globalized and project-based learning, on the perception of self-efficacy of secondary school students
in basic competences for learning. It also analyzes the modulating role of gender on said perception.
High school students from Galicia participated in this study. Both before and after participating in
teaching projects according to the MODEL of the ATS-STEM project, they completed a questionnaire
on self-efficacy in the eight key competences for STEM learning defined in the model: disciplinary
STEM competences, problem solving, innovation and creativity, communication, critical thinking,
metacognitive skills, collaboration and self-regulation. The results showed an improvement in all the
competences evaluated (although only the men showed an increase in collaboration). Nevertheless,
there was a lower perception of competence in women than in men in discipline competences,
problem solving and metacognitive skills. Therefore, the benefits of interdisciplinary ATS-STEM
learning experiences on the self-efficacy perceived by high school students were confirmed, although
the results continue to show a gender gap.
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1. Introduction

The scientific field and the organizations responsible for educational and employment
policies highlight the need to train new generations of secondary school students. It is espe-
cially vital for women due to the existing gender gap in the specific competences associated
with the subjects of Science, Technology, Engineering and Mathematics (STEM). This need
is supported by a variety of factors such as the demands of the working environment [1-3],
in which the relationship between the promotion of jobs in the field of technology and eco-
nomic development has been verified both in developed [4] and developing countries [1].
Likewise, the integration of Information and Communication Technologies (ICT) in all
areas of personal and professional life requires specific training within formal education [5].

1.1. STEM Learning in Secondary School

Despite this socio-economic relevance, several studies found a worrying drop in the
vocational interest of secondary school students in STEM subjects [6]. A number of aspects
have been identified as contributing to this decline in interest. On the one hand, STEM
subjects have dense syllabuses that are difficult to assimilate when they are taught in a
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generic way, using traditional methodologies to impart the basic foundations compared to
more innovative methodologies from the didactic point of view [6,7]. On the other hand,
studies have found a clear gender gap, with women underrepresented in university careers
linked to STEM, which already manifests itself early on [5,8-11]. Notwithstanding, it has
been shown that a high percentage of pre-university students considered men and women
as equally good professionals in STEM jobs [12]. Among other factors, stereotypes about
gender roles have been identified both in the family and at school. This influences their
personal choices and proof of this is found in the fact that women choose areas not related
to STEM due to concerns about their future family reconciliation [8]. This lack of interest is
of special relevance considering that the niche of potential workers in the STEM field is
greatly reduced [5,8,9].

Therefore, strategies have been put in place to promote interest in STEM subjects in
secondary education. A widely implemented strategy has been to integrate the education
of the different STEM contents in the same subject, sponsored by different educational
policies [2]. However, this strategy is not without criticism [2]. In addition, the suitability
of integrating content and strategies of subjects related to Art and Humanities has recently
been pointed out, giving rise to the STEAM concept [13,14]. This integration contributes
not only to reinforcing competences associated with these disciplines, but also to improving
understanding and increasing interest in STEM content [14].

1.2. Project-Based Learning and STEM Learning

Nevertheless, the main revolution has been to link this strategy to didactic innovation
procedures in STEM/STEAM disciplines, namely globalized learning and project-based
learning (PBL). PBL is based on constructivist principles, learning through real, specific
contexts and involving the students in their own learning [15]. These approaches pursue
the involvement of students in solving real-life problems, which allows the application of
interdisciplinary concepts and procedures and encourages the generalization of knowledge
and motivation towards these disciplines [7]. Since these are the mechanisms for the
construction of scientific knowledge, in some cases agents external to secondary education
have been involved. Such is the case of the involvement of university institutions in the
education of secondary school students through agreements and collaborations [16].

It has been demonstrated that the application of PBL to STEM/STEAM training has
numerous advantages over classical teaching methodologies [7]. From a didactic point
of view, the degree of understanding of the concepts beyond the realization of specific
tests for each subject stands out. This allows students to connect and generalize the
knowledge of the different disciplines [17], as well as to develop the capacity to apply said
knowledge [18,19]. From a motivational point of view, an increase in curiosity towards
the disciplines [20] as well as interest and participation in these activities [3,6,21] is of
great relevance to promoting the vocational interest of students towards STEM professions.
Furthermore, many studies report the benefits of PBL in reducing the gender gap as they
increase women'’s interest in STEM disciplines [8,9,11].

The application of PBL to STEM content also brings the advantage of facilitating the
acquisition of transversal competences for learning [22] which are of great relevance for all
curricular disciplines. Nevertheless, for reasons previously mentioned as being associated
with STEM disciplines (density of syllabuses, application of traditional methodologies),
they are closely related to the success of these disciplines; therefore, we will consider them
basic competences for STEM learning. In this sense, previous research has highlighted
that these projects have facilitated the acquisition of problem-solving skills, understood
as the ability to find solutions to specific problems or demands of tasks [23-26]. Studies
have also revealed a hike in critical thinking [27,28], that is, the ability to analyze and
synthesize information and make judgments based on evidence. Creativity, generating
new ideas and applying them when facing the demands of the environment [14,29,30]
have also seen an upsurge, in this case especially when integrated with art and humanities
(thus, STEAM projects [14,31-33]). Other outstanding competences are communication
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and collaboration, largely fostered by the involvement of students in group work while
participating in these projects [34]. Other competences favored by this methodology are
self-regulation or autonomous learning [35,36], intrinsically linked to the curiosity to learn
and managing time for learning [20]. Finally, other studies have indicated the advantage of
PBL to improve metacognitive skills, which are those that allow reflection on one’s own
ideas and allow one to regulate learning [37,38].

Despite the abundant literature highlighting all the advantages of applying globalized
approaches to teaching and PBL in STEM/STEAM content, few studies have focused on
contrasting students’ perceptions of how these methodologies help in the acquisition of
STEM-specific competences, as well as other basic competences related to the development
of activity in these areas of study and work. This lack of information is shocking, given that
the main motivational component for the selection of a professional future is undoubtedly
mediated by the students” own perception of their abilities [39].

Consequently, the objective of this study is to contrast whether the implementation
of teaching projects based on the ATS-STEM model (interdisciplinary, globalized and
problem-oriented) improves the skills of secondary school students, both specific and key
to STEM learning. The specific objectives would consist of: (a) checking the level of self-
perceived competence on key competences for STEM learning (disciplinary competences,
problem solving, innovation and creativity, critical thinking, communication, collaboration,
self-regulation of learning and metacognitive competences) in secondary school students;
(b) studying the evolution of these competences in secondary school students following
the implementation of teaching projects based on the ATS-STEAM model; and (c) studying
the relevance of gender in secondary school students on the competences evaluated, both
before and after their participation in teaching projects based on the ATS-STEM model.

Depending on the advantages put forward in previous literature, we expect to find
an improvement in all or most of the competences assessed after the implementation of
ATS-STEM projects. We further expect that female secondary school students will perceive
a lower level of key competences for STEM learning than their male counterparts, although
we expect to see less of a difference after participating in the projects.

2. Materials and Methods
2.1. Design and Participants

The ATS-STEM project started with the design of an ad hoc conceptual framework
for STEM education, which is thoroughly explained in [22]. That framework defined and
conceptualized 8 key competences for STEM learning. Thus, we performed an evaluative
study using a mixed approach (qualitative and quantitative) with a complex architecture
of informants, instruments and fieldwork. In this article, we focus on the results of the
quantitative study carried out through a quasi-experimental design in students at sec-
ondary schools in Galicia (northwest Spain). Specifically, the schools were Compulsory
Secondary Education centers covering 12 to 16 years of age and structured in two cycles:
the first includes the first 3 years and the second the last year. The study was carried out
during the academic years 2019-2020 and 2020-2021. The data of the participants were
collected anonymously (with the help of the teachers involved in the ATS-STEAM projects
implemented in the educational centers) in two phases, before and after the implementation
of ATS-STEAM projects in their classrooms. Of the participating schools, 69% were “state
schools” and the remaining 31% were “private state-funded schools”.

In the initial phase, the total sample of the present study was composed of 868 stu-
dents: 419 students were women, 404 were men, 9 declared themselves as non-binary and
24 preferred not to provide information about their gender. In the final phase, 794 students
participated, of whom 381 were women, 364 were men, 21 were non-binary and 28 preferred
not to provide information about their gender. Given the small number of participants with
non-binary gender, data from these participants were not used in the statistical analyses,
nor were data from those who did not report their gender. Figure 1 shows the distribution
of men and women in the sample analyzed for the initial and final phases (N = 835 and
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N =745, respectively). Depending on the course, the students were distributed both at the
start and at the end as follows: 26.2% from the 1st year, 6% from the 2nd year, 36.1% from
the 3rd year and 31.5% from the 4th year, and at the end.

Figure 1. Distribution of the sample of students according to gender before and after participation in
ATS-STEAM projects.

2.2. Instrument

For the evaluation of the competences in this study, an ad hoc questionnaire was
designed (see Figure 2) to obtain direct information of the basic competences in STEM
learning that might not be assessed with more general self-efficacy questionnaires. In it,
8 items were presented (one per evaluated competence) in which a description of each
competence was provided with examples so that the participants could self-assess their
level of acquisition of these competences. To do this, participants had to score their level of
competence on a 5-point Likert scale (Very poor, Not good, All right, Good and Excellent).
It was created using the Forms application, included in the Microsoft Office 365 package
(Redmond, WA, USA).

INDICATE WHAT YOU THINK YOUR LEVEL IS IN THE FOLLOWING STEM
COMPETENCIES

B
v< )D\(\Q

DISCIPLINE SKILLS & COMPETENCES:
Disdiplinary competence involve your knowledge, skills and attitudes related to STEM (Science,
g g and ). If you have disciplinary competences, you would
have an opinion to explain and justify a situation (theoretical knowledge and skills) related to
Science, and You can also use what you know in your
everyday life and have hands-on experiences (practical knowledge and skills). Some of these
competences are (1) engineering design skills, (2) understanding and working with numbers
(numeracy and computational thinking), (3) solving mathematics problems, (4) testing ideas
about science (conducting scinece experiments), (5) using computers effectively, and (6)
programming and coding.

EXAMPLE: Our teacher showed us how to use a 3D software. We created some 3D shapes in
this software, for example, prisms, cylinders, pyramids, cones and spheres. We moved and
rotated the shapes and changed their dimensions. Then, with these shapes, we built a 3D
castle on the software. I used mathematics, technology and engineering competences in this
activity. Here, mathematics competences supported me to calculate the dimensions of the
shapes and engineering competences helped me to build a castle. I used technology
competences when I was using 3D software to build the castle there. All disciplinary
competences supported each other. *

Very poor Not good All right Good Excellent

DISCIPLINARY SKILLS &
COMPETENCES

Figure 2. Example of one of the competences assessed through the ATS-STEM questionnaire.

2.3. ATS-STEM Interdisciplinary Teaching Projects

This study is part of a broader project, specifically the competitive European project
KA3 “Assessment of Transversal Skills in STEM (ATS-STEM)”. It is being carried out
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in 8 countries and includes a network of partners from 12 educational institutions. The
objective of this project is to provide teachers and students with the necessary and effective
formative digital assessment approaches for the development of key competences for STEM
learning. This model has been developed, applied and evaluated through a pilot test in the
classrooms of schools in 7 European countries.

The projects were designed following the principles of the ATS-STEM model de-
veloped (Problem Solving Design and Approaches, Disciplinary and Interdisciplinary
Knowledge, Engineering Design and Practices, Appropriate Use and Application of Tech-
nology, Real-world Contexts and Appropriate Pedagogical Practices) [22]. In this way,
the different learning cycles of the teaching projects that were related in all cases to a
United Nations Sustainable Development Goal (SDG) were designed. These projects were
launched with an interdisciplinary approach and involved all kinds of curriculum subjects
from STEM and HASS (Humanities, Arts and Social Sciences).

All students participated in the learning cycles implemented in the centers within the
framework of the ATS-STEM project. Different materials, examples and tools to help the
design of ATS-STEM teaching projects were developed so the participating teachers from
all European countries could work according to the same pedagogical model based on
6 pedagogical principles [22]:

1.  Problem Solving Design and Approaches;
Disciplinary and Interdisciplinary Knowledge;
Engineering Design and Practices;

Appropriate Use and Application of Technology;
Real-world Contexts;

Appropriate Pedagogical Practices.

oG LN

Training sessions were also held for the participating teachers and mentors who acted
as advisors to the teaching staff for the adaptation of the ATS-STEM model to the customs
and practices of each territory and each school. All teaching projects were carried out in a
progressive sequence of 5 steps (Figure 3).

—

Discussing Defining a real
solution(s) world problem
ATS-STEM
learning cycle
Assessing Finding
solution(s) solution(s)

& Trialing

solution(s)

Figure 3. Steps of the ATS-STEM learning cycle.

In the first phase (defining a real-world problem), the teachers involved introduced
the Sustainable Development Goals of the United Nations and all those involved defined
the most relevant problems to be addressed and their relationship with the SDGs. In
this way, the learning objectives were shared. In the second phase (finding solutions),
the teaching staff guided the students in understanding the problems raised and their
effects in their real and immediate context and in the search for and definition of solutions.
During the third phase (trialing solutions), the students designed, developed and tested
the previously defined solutions to the problem and the teaching staff guided them in the
experimentation. Throughout the fourth phase (assessing solutions implementation), the
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teaching staff guided the students in the evaluation of the effectiveness of the solutions
designed and tested by them. In the fifth and final phase (discussion), the students, guided
by the teaching staff, carried out a discussion and group analysis of the entire process and
the results obtained.

The methodology was active and participatory, and the autonomous work of the
students and the collaborative work with multiple strategies and types of groupings under
the supervision of the teacher(s) were enhanced. As a result, but as part of a formative
evaluation, the students created different artifacts or productions generally using a digital
medium and relying on digital tools of communication, collaboration and dissemination
of content. This is especially relevant in the framework of PBL, in comparison to other
collaborative pedagogical approaches, which requires concluding with an end product [15].

During the implementation of the STEM projects, the 8 key competences for STEM
learning defined in the model and considered instrumental for the execution of the teaching
projects were worked on. Said competences were directly linked to the “key competences
for lifelong learning” of the European framework of reference: learning to learn, commu-
nication in mother tongue and in foreign languages, mathematical competence and basic
competences in science and technology, initiative and entrepreneurship [40].

2.4. Data Analysis

To represent the results, descriptive statistics were obtained (means, standard devia-
tions, frequency in percentage of each type of response) for each item of the questionnaire
used, both before and after the participation of the students in the ATS-STEAM projects.

Furthermore, to contrast the effect of phase (initial vs. final) and gender on secondary
school students” perceptions of their competences, and since the data do not follow a
normal distribution, a robust ANOVA with two factors (Phase x Gender) was performed
using trimmed means [41]. The advantage of these contrasts with respect to classical
non-parametric tests is that they allow us to contrast if there is a significant effect of the
interaction between factors. No degrees of freedom are provided since an adjusted critical
value is used [41].

In all cases, the significance threshold () was set at 0.05. In case of significant effects
of the interaction between factors, multiple comparisons were made by pairs a posteriori
(Mann-Whitney U) adjusting the level of significance by Bonferroni correction. Descriptive
statistics were obtained using the SPSS v.25.0 statistical package for Mac (IBM Inc., Armonk,
NY, USA), while statistical contrasts were performed using the R statistical package [42],
using the foreign [43], base [42] and WRS?2 libraries [41].

3. Results
3.1. Descriptive Statistics

The results of the initial questionnaire showed that secondary school students mostly
perceived their level of competence at intermediate levels (see Table 1), with the most se-
lected option being “All right” for all competences except communication and collaboration,
in which the most selected option was “Good”.

Table 1. Initial self-assessment of key competences for STEM learning by students participating in
the ATS-STEAM project.

Very Poor Not Good All Right Good Excellent
Disciplinary STEM competences 4.67% 29.46% 37.37% 20.72% 7.78%
Problem-solving 1.32% 21.32% 43.35% 27.07% 6.95%
Innovation and creativity 2.99% 22.04% 39.64% 26.35% 8.98%
Communication 1.80% 16.53% 31.86% 34.61% 15.21%
Critical thinking 2.16% 22.63% 39.64% 26.59% 8.98%
Metacognitive skills 1.68% 23.35% 39.16% 24.07% 11.74%
Collaboration 1.92% 13.41% 32.22% 33.65% 18.80%
Self-regulation 7.54% 25.03% 35.33% 23.23% 8.86%




Sustainability 2022, 14, 6986

7 of 13

In line with this distribution, the mean scores (see Table 2) in each competence were around
3, with a range between 2.97 (disciplinary STEM competences) and 3.54 (collaboration).

Table 2. Means and SDs obtained in the key competences for STEM learning of students at the start
and after participation in ATS-STEAM projects.

Initial Final
Mean SD Mean SD
Disciplinary STEM competences 297 1.00 3.25 1.02
Problem-solving 3.17 0.89 3.45 0.87
Innovation and creativity 3.15 0.96 3.40 0.97
Communication 3.45 1.00 3.61 1.01
Critical thinking 3.18 0.95 3.48 0.94
Metacognitive skills 3.21 0.98 3.46 0.95
Collaboration 3.54 1.01 3.62 0.96
Self-regulation 3.00 1.07 3.22 1.02

In the case of the final questionnaire, this same distribution is maintained (see Table 3)
with higher response frequencies at the intermediate level for all competences except
communication and collaboration. However, a higher frequency of responses can be seen
in the intermediate and high options than in the case of the final questionnaire, which is
reflected in the means (see Table 2), in which the self-perceived level of skills acquisition
ranged from 3.22 (self-regulation) to 3.62 (collaboration).

Table 3. Final self-assessment of key competences for STEM learning by students participating in the
ATS-STEAM project.

Very Poor  Not Good All Right Good Excellent
Disciplinary STEM competences 4.43% 17.32% 38.68% 28.05% 11.54%
Problem-solving 1.48% 10.74% 40.00% 37.32% 10.47%
Innovation and creativity 2.01% 16.24% 34.63% 34.09% 13.02%
Communication 1.74% 12.21% 30.74% 34.23% 21.07%
Critical thinking 0.94% 13.56% 37.72% 32.62% 15.17%
Metacognitive skills 1.61% 12.35% 40.40% 30.07% 15.57%
Collaboration 1.61% 10.74% 30.34% 38.93% 18.39%
Self-regulation 4.16% 19.46% 38.12% 26.58% 11.68%

3.2. Statistical Contrasts

Figure 4 shows the level of competences perceived by secondary school students in
the initial phase and in the final phase, while Figure 5 compares the level of competences
by gender.

The robust ANOVA (Phase x Gender) showed, for the item referring to specific
STEM competences, a significant effect of the Phase factor (F = 38.33, p < 0.001), and the
Gender factor (F = 33.89, p < 0.001), but no significant effect of the interaction was found
(F=0.12, p = 0.725). High school students reported having a higher level of disciplinary
STEM competences after participation in ATS-STEM projects (mean = 3.25; DT = 1.02) in
comparison to the phase prior to participation (mean = 2.97; DT = 1.00).

In addition, men reported having more disciplinary STEM competences (mean = 3.26;
SD = 1.03) than women (mean = 2.94; DT = 0.98).

The robust ANOVA (Phase x Gender) showed, for the problem-solving competence,
a significant effect of the Phase factor (F = 34.44, p < 0.001) and the Gender factor (F = 3.86,
p = 0.050), but no significant effect of the interaction was found (F = 0.46, p = 0.500). High
school students showed a higher level of problem-solving in the final phase (mean = 3.45;
SD = 0.87) in comparison to the initial phase (mean = 3.17; DT = 0.89). Moreover, men re-
ported having more disciplinary STEM competences (mean = 3.37; SD = 0.91) than women
(mean = 3.23; DT = 0.86).
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Figure 4. Students’ level of competences at the start and after their participation in the ATS-STEM projects.
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Figure 5. Level of competences at the start and after participation according to student gender.

The robust ANOVA (Phase x Gender) showed, for the innovation and creativity
competence, a significant effect of the Phase factor (F = 29.01, p < 0.001), but no significant
effect of the Gender factor (F = 0.44, p = 0.508), nor of the interaction between factors
(F=1.14, p = 0.286). High school students indicated that they had a higher level of this
competence in the final phase (average = 3.40; SD = 0.97) in comparison to the initial phase
(mean = 3.15; DT = 0.96).

The robust ANOVA (Phase x Gender) showed, for the communication competence,
a significant effect of the Phase factor (F = 4.12, p = 0.043), but no significant effect of the
Gender factor (F = 0.00, p = 0.997), nor was interaction between factors (F = 0.37, p = 0.543)
found. High school students indicated a higher level of communication in the final phase
(Average = 3.61; SD = 1.01) in comparison to the initial phase (mean = 3.45; DT = 1.00).
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The robust ANOVA (Phase x Gender) showed, for the critical thinking competence, a
significant effect of the Phase factor (F = 27.53, p < 0.001), but no significant effect of the
Gender factor (F = 0.00, p = 0.967), nor was interaction between factors (F = 2.05, p = 0.153)
found. High school students indicated that they had a higher level of this competence in
the final phase (average = 3.48; SD = 0.94) in comparison to the initial phase (mean = 3.18;
DT =0.95).

The robust ANOVA (Phase x Gender) showed, for metacognitive skills, a signifi-
cant effect of the Phase factor (F = 21. 69, p < 0.001), and the Gender factor (F = 7.97,
p = 0.005), but no significant effect of the interaction was found (F = 0.24, p = 0.621). High
school students reported having a higher level of metacognitive skills in the final phase
(mean = 3.46; DT = 0.95) with respect to the initial phase (mean = 3.21; DT = 0.98). In
addition, men reported having more metacognitive skills (mean = 3.40; SD = 0.98) than
women (mean = 3.25; DT = 0.96).

The robust ANOVA (Phase x Gender) showed, for the collaboration competence, a
significant effect of the Gender factor (F = 5.46, p = 0.020), and of the interaction between
Phase and Gender (F = 6.07, p = 0.014), but no significant effect of the Phase factor (F = 1.22,
p = 0.270) was found. Women reported having a higher level of competence in collaboration
(mean = 3.64; SD = 0.99) than men (mean = 3.51; DT = 0.97), although this effect was
modulated by the Phase factor, since multiple pairwise comparisons showed that the
significant effect of Gender took place in the initial phase (U = 74,434.00, p = 0.002), but not
in the final (U = 68,586.50, p = 0.787). In fact, multiple pairwise comparisons showed that
there was an effect of the Phase factor in the case of men (U = 71,639.00, p = 0.009) but not
in that of women (U = 72,544.50, p = 0.738).

Finally, the robust ANOVA (Phase x Gender) showed, for the self-regulation com-
petence, a significant effect of the Phase factor (F = 14.73, p < 0.001), but no significant
effect of the Gender factor (F = 2.77, p = 0.097), nor was interaction between factors found
(F=0.47, p = 0.496). High school students indicated that they had a higher level of this
competence in the final phase (average = 3.22; DT = 1.02) in comparison to the initial phase
(mean = 3.00; DT = 1.07).

4. Discussion

The main objective of this study was to verify the effect of participation in teaching
projects based on the ATS-STEM model on the perception of self-efficacy of secondary
school students in key competences for STEM learning, as well as the modulating role of
gender on said perception. The results reflected that the application of PBL methodologies
improved the self-perception of the acquisition of key competences for STEM learning,
although there was still a gender gap.

The results show that, in line with our hypotheses, the use of innovative ATS-STEAM
teaching strategies leads to an improvement in self-perception about the level of acquisition
of key competences for STEM learning in secondary school students. Classical theories
directly relate perceived self-efficacy to performance in tasks [44], and in a very relevant
way, to the creation of personal objectives [35]. Thus, the perception of one’s own ability in
STEM disciplines directly affects the academic performance of secondary school students
in these subjects [35,44]. Moreover, this perception of their own abilities has been closely
related to the choice of academic and professional careers [39], so this result is of great
relevance given the interest on behalf of educational and labor policies of different countries
to increase vocational interest in professions linked to sciences and technologies [1,4].

Improvements were observed in the key competences for STEM learning, problem
solving and critical thinking, which are competences of great relevance for educational
success in all disciplines of the curriculum. The increase in these skills is expected given
that all the projects launched in this study were designed with a constructivist and practical
approach and putting into practice interdisciplinary activities aimed at problem solving
and strategies of continuous and formative evaluation. As for problem solving, this con-
stitutes an essential competence of the curriculum of secondary school students [24], and
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constitutes an essential skill for the development of a scientific perspective of academic and
work activity [24,26]. It is reasonable that this was one of the most favored competences
in this study, given that in the ATS-STEM methodology adopted, the approach to real-life
problems of applying a globalized and interdisciplinary approach to obtain solutions,
guided experimentation and analysis of the process and its results clearly constitute the
central elements of the teaching process [7]. Critical thinking, that is, being able to distin-
guish between relevant and irrelevant information and understanding which information
is valid and which is speculative in order to reach appropriate conclusions [28], is equally
considered a competence of high relevance for academic and professional performance in
all disciplines of the curriculum [7].

Noteworthy and significant increases were also observed in the other competences
assessed (except for one, collaboration, as we will discuss later). Therefore, consistent
with the previous literature [7], project-based learning allowed for improvement of the
self-perception of the level of acquisition of key competences for STEM learning, such as
innovation and creativity, metacognitive skills and self-regulation. Previous studies have
shown that project-based learning improves competences related to innovation and creativ-
ity, especially when integrating not only STEM subjects but also providing the perspective
of the humanities [14,29-33], as in this study. Applying the concepts of different subjects
and perspectives to solve the problems proposed in the projects, as well as collaborative
work between peers, contributed to the improvement in the students’ perception about their
metacognitive skills, in line with previous studies [37]. Hence, it seems that participation
in ATS-STEAM projects has encouraged secondary school students to perform deep and
careful processing of their own knowledge and thoughts [45]. Finally, an increase in the
perception of self-regulation was also observed. Leon et al. [46], using structural equation
models, suggested that the processes of self-regulation of learning requires increasing
the efforts or commitment of students to perform a specific task and the assimilation of
concepts; strictly speaking, these are two highlights of the use of project-based learning
methodologies [7].

The only competence in which a significant effect was not obtained between the pre-
test and the post-test was collaboration. However, participation in ATS-STEAM projects
modulated this competence, as reflected in the interaction between the phase and the gender
of the students. Thus, although women showed a greater capacity for collaboration than
men prior to participation in the projects, these differences disappeared after participation.
It was then possible to verify that the participation of the students in the interdisciplinary
projects led to an increase in the collaboration of the male secondary students. The absence
of effect in the case of women could be motivated by high school students’ already high
perception of this competence prior to the completion of the study, which may have led to
a ceiling effect.

Despite the aforementioned positive aspects, the results found, once again, less positive
aspects, such as the continued existence of a certain gender gap in key competences for
STEM learning. Thus, female secondary school students valued, to a lesser extent than male
students, three of the competences evaluated, highlighting among them the disciplinary
STEM competences along with problem solving and metacognitive skills. The gender gap
in STEM fields has raised concern in the scientific community [8-11], where different factors
have been identified as generating this inequality [8,10]. In this case, however, contrary
to the initial hypotheses, the use of project-based learning methodologies did not make it
possible to reduce the differences between boys and girls in secondary schools, even though
this strategy has been suggested to favor women’s vocational interest in STEM careers
and professions [8,9]. There are two possible interpretations for this result. From a more
encouraging point of view, given that the experiences implemented in the present study
have made it possible to improve both genders (except for collaboration, in which only
men have improved), it is possible that this improvement also allows a greater vocational
orientation of secondary school students towards careers and professions related to STEM.
Nevertheless, to contrast this possibility would require longitudinal studies to assess the
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evolution of the students who participate in these learning experiences over a prolonged
period. Another interpretation is that the experiences designed were not inspiring enough
to mobilize girls in secondary schools more, and perhaps experiences that introduce the
gender perspective explicitly [47] or carry out the earliest experiences (primary education)
would be required to avoid consolidating stereotypes of gender roles [8].

5. Conclusions

In conclusion, the application of global approaches and learning methodologies based
on projects of the ATS-STEM model boosted self-perception and the acquisition of key
competences for STEM learning. This is a fundamental aspect to consider in educational
programs and policies focused on increasing the number of students, especially women,
heading towards STEM careers and professions. Future studies should nonetheless focus on
reducing differences in the perception of self-efficacy in key competences for STEM learning
between boys and girls. This can be achieved through more specific programs that explain
the gender perspective or by introducing learning experiences based on interdisciplinary
projects from earlier stages of formal education. In addition, in order to always safeguard
the anonymity of the participants, it was not possible to control the participants who
carried out the initial and final questionnaires. Therefore, it was not possible to perform
more specific analyses of repeated measures. Furthermore, although all participating
schools had specific guidelines on how to implement ATS-STEM teaching projects, the
theme of the specific projects, as well as the teachers in charge of implementing them, were
different in each center, so a source of heterogeneity was added that could have affected the
results. Future studies could try to implement the same projects with the same application
guidelines to favor greater homogeneity in multicenter studies.

Nevertheless, it should be noted that the results of this study provide empirical support
to affirm that interdisciplinary teaching using project-based learning strategies promotes
competence-based learning in line with the recommendations of the European Commission
on the key competences for lifelong learning [48].

Author Contributions: Conceptualization, C.E-M., J.-d.-C.E-d.-1.-I. and B.C.; methodology, C.F-M.,
J.-d.-C.F.-d.-1.-1. and B.C,; software, J.-d.-C.F.-d.-1.-I.; validation, C.F.-M,, J.-d.-C.E.-d.-1.-1., B.C. and
E.L-R.; formal analysis, J.-d.-C.F.-d.-L.-L; investigation, C.F.-M., J.-d.-C.F-d.-1.-L, B.C. and E.L.-R;
resources, B.C. and E.L.-R.; data curation, J.-d.-C.F.-d.-1.-I.; writing—original draft preparation,
C.E-M,, J.-d.-C.F-d.-1.-I. and B.C.; writing—review and editing, C.F-M., J.-d.-C.E-d.-1.-I., B.C. and
E.L.-R.; visualization, C.F.-M. and B.C.; supervision, B.C.; project administration, C.F.-M. and J.-d.-
C.F-d.-1-L; funding acquisition, C.F.-M. All authors have read and agreed to the published version of
the manuscript.

Funding: Assessment of Transversal Skills in STEM (ATS-STEM) is an Erasmus+ project (grant
number 606696-EPP-1-2018-2-1E- EPPKA3-PI-POLICY). Call reference: EACEA /28 /2017—European
policy experimentations in the fields of Education and Training, and Youth led by high-level public
authorities. https:/ /www.atsstem.eu/ (accessed on 29 April 2022).

Institutional Review Board Statement: The Bioethics Committee of the University of Compostela
informs that this research complies with the established ethical requirements.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Fernandez-de-la-Iglesia, Josefa-del-Carmen; Fernandez-Morante, Car-
men; Cebreiro, Beatriz (2022), “Database competences STEM secondary level”, Mendeley Data, V1,
doi:10.17632 /4jrc556v9y.1.

Conflicts of Interest: The authors declare no conflict of interest.

1. Gillet, D.; Tijani, B.; Beheton, S.; Farah, J.C.; Dikke, D.; Noutahi, A.; Doran, R.; Gomes, N.R.; Rich, S.; De Jong, T. Promoting and
Implementing Digital STEM Education at Secondary Schools in Africa. In Proceedings of the 2019 IEEE Global Engineering
Education Conference (EDUCON), Dubai, United Arab Emirates, 8-11 April 2019; pp. 698-705.

2. Williams, J. STEM Education: Proceed with Caution. Des. Technol. Educ. Int. ]. 2011, 16, 26-35.


https://www.atsstem.eu/

Sustainability 2022, 14, 6986 12 of 13

10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.
31.

32.

33.

Zakaria, E.; Iksan, Z. Promoting Cooperative Learning in Science and Mathematics Education: A Malaysian Perspective. Eurasia J.
Math. Sci. Technol. Educ. 2007, 3, 35-39. [CrossRef]

Deming, D.].; Noray, K.L. STEM Careers and the Changing Skill Requirements of Work; National Bureau of Economic Research:
Cambridge, MA, USA, 2018.

Freire, A.; Moreno Oliver, V. Digital Competences and Social Impact: Extracurricular Learning. In Proceedings of the ICERI2020
13th International Conference of Education, Research and Innovation, Online, 9-10 November 2020; Gémez Chova, L., Lépez
Martinez, A., Candel Torres, L., Eds.; IATED Academy: Valencia, Spain, 2020; pp. 7844-7852.

Hernandez-Serrano, M.].; Mufoz-Rodriguez, ].M. Interest in STEM Disciplines and Teaching Methodologies. Perception of
Secondary School Students and Preservice Teachers. Educar 2020, 56, 369-386. [CrossRef]

Asghar, A ; Ellington, R.; Rice, E.; Johnson, F.; Prime, G.M. Supporting STEM Education in Secondary Science Contexts. Interdiscip.
J. Probl.-Based Learn. 2012, 6, 4. [CrossRef]

Berra, M.; Cavaletto, G.M. Overcoming the STEM Gender Gap: From School to Work. Ital. J. Sociol. Educ. 2020, 12, 1-21.
Coccoli, M.; Ferrara, FF.; Maresca, P. Smart Learning Communities for Bridging the Gender Gap in STEM. In Proceedings of the
2021 IEEE 6th International Forum on Research and Technology for Society and Industry (RTSI), Naples, Italy, 6-9 September 2021;
pp- 63-68.

Ikonen, K.; Hirvonen, A.; Leinonen, R.; Kesonen, M.H.; Hietala, J.; Hirvonen, P.; Asikainen, M. Gender and the STEM Fields in
Education-and Career-Related Discussions between Finnish Parents and Their Adolescent Children. J. Res. STEM Educ. 2020, 6,
115-137. [CrossRef]

Sainz, M.; Fabregues, S.; Solé, J. Parent and Teacher Depictions of Gender Gaps in Secondary Student Appraisals of Their
Academic Competences. Front. Psychol. 2020, 11, 2320. [CrossRef]

Fernandez-Cézar, R.; Garrido, D.; Garcia-Moya, M.; Gomezescobar, A.; Solano-Pinto, N. Equity or Stereotypes in Science
Education? Perspectives from Pre-University Students. Sustainability 2020, 12, 9354. [CrossRef]

Hee Kim, B.; Kim, J. Development and Validation of Evaluation Indicators for Teaching Competency in STEAM Education in
Korea. Eurasia ]. Math. Sci. Technol. Educ. 2016, 12, 1909-1924.

Harris, A.; de Bruin, L. STEAM Education: Fostering Creativity in and beyond Secondary Schools. Aust. Art Educ. 2017, 38, 54-75.
Kokotsaki, D.; Menzies, V.; Wiggins, A. Project-based learning: A review of the literature. Improv. Sch. 2016, 19, 267-277.
[CrossRef]

Vennix, J.; den Brok, P.; Taconis, R. Do Outreach Activities in Secondary STEM Education Motivate Students and Improve Their
Attitudes towards STEM? Int. J. Sci. Educ. 2018, 40, 1263-1283. [CrossRef]

Nikitina, S. Three Strategies for Interdisciplinary Teaching: Contextualizing, Conceptualizing, and Problem-Centring. J. Curric.
Stud. 2006, 38, 251-271. [CrossRef]

Yew, E.H.; Goh, K. Problem-Based Learning: An Overview of Its Process and Impact on Learning. Health Prof. Educ. 2016, 2,
75-79. [CrossRef]

Hmelo-Silver, C.E. Problem-Based Learning: What and How Do Students Learn? Educ. Psychol. Rev. 2004, 16, 235-266. [CrossRef]
Capon, N.; Kuhn, D. What’s so Good about Problem-Based Learning? Cogn. Instr. 2004, 22, 61-79. [CrossRef]

Van den Hurk, A.; Meelissen, M.; van Langen, A. Interventions in Education to Prevent STEM Pipeline Leakage. Int. J. Sci. Educ.
2019, 41, 150-164. [CrossRef]

Butler, D.; McLoughlin, E.; O’Leary, M.; Kaya, S.; Brown, M.; Costello, E. Towards the ATS STEM Conceptual Framework; Dublin
City University: Dublin, Ireland, 2020.

Amalia, E.; Surya, E.; Syahputra, E. The Effectiveness of Using Problem Based Learning (PBL) in Mathematics Problem Solving
Ability for Junior High School Students. Int. |. Adv. Res. Innov. Ideas Educ. 2017, 3, 3402-3406.

Ferreira, M.M.; Trudel, A.R. The Impact of Problem-Based Learning (PBL) on Student Attitudes toward Science, Problem-Solving
Skills, and Sense of Community in the Classroom. |. Classr. Interact. 2012, 47, 23-30.

Jonassen, D. Supporting Problem Solving in PBL. Interdiscip. ]. Probl.-Based Learn. 2011, 5, 95-119. [CrossRef]

Wahono, B.; Chang, C.-Y.; Retnowati, A. Exploring a Direct Relationship between Students” Problem-Solving Abilities and
Academic Achievement: A STEM Education at a Coffee Plantation Area. J. Turk. Sci. Educ. 2020, 17, 211-224.

Rose, M.A.; Geesa, R.L.; Stith, K. STEM Leader Excellence: A Modified Delphi Study of Critical Skills, Competencies, and
Qualities. J. Technol. Educ. 2019, 31, 42-62. [CrossRef]

Stein, B.; Haynes, A.; Redding, M.; Ennis, T.; Cecil, M. Assessing Critical Thinking in STEM and Beyond. In Innovations in
E-Learning, Instruction Technology, Assessment, and Engineering Education; Springer: Berlin/Heidelberg, Germany, 2007; pp. 79-82.
Hanif, S.; Wijaya, A.E.C.; Winarno, N. Enhancing Students’ Creativity through STEM Project-Based Learning. J. Sci. Learn. 2019, 2,
50-57. [CrossRef]

Sirajudin, N.; Suratno, J. Developing Creativity through STEM Education. Proc. . Phys. Conf. Ser. 2021, 1806, 12211. [CrossRef]
Aguilera, D.; Ortiz-Revilla, J]. STEM vs. STEAM Education and Student Creativity: A Systematic Literature Review. Educ. Sci.
2021, 11, 331. [CrossRef]

Boy, G.A. From STEM to STEAM: Toward a Human-Centred Education, Creativity & Learning Thinking. In Proceedings of the
31st European Conference on Cognitive Ergonomics, Toulouse, France, 26-28 August 2013; pp. 1-7.

Henriksen, D. Full STEAM Ahead: Creativity in Excellent STEM Teaching Practices. STEAM . 2014, 1, 15. [CrossRef]


http://doi.org/10.12973/ejmste/75372
http://doi.org/10.5565/rev/educar.1065
http://doi.org/10.7771/1541-5015.1349
http://doi.org/10.51355/jstem.2020.93
http://doi.org/10.3389/fpsyg.2020.573752
http://doi.org/10.3390/su12229354
http://doi.org/10.1177/1365480216659733
http://doi.org/10.1080/09500693.2018.1473659
http://doi.org/10.1080/00220270500422632
http://doi.org/10.1016/j.hpe.2016.01.004
http://doi.org/10.1023/B:EDPR.0000034022.16470.f3
http://doi.org/10.1207/s1532690Xci2201_3
http://doi.org/10.1080/09500693.2018.1540897
http://doi.org/10.7771/1541-5015.1256
http://doi.org/10.21061/jte.v31i1.a.3
http://doi.org/10.17509/jsl.v2i2.13271
http://doi.org/10.1088/1742-6596/1806/1/012211
http://doi.org/10.3390/educsci11070331
http://doi.org/10.5642/steam.20140102.15

Sustainability 2022, 14, 6986 13 of 13

34.

35.

36.

37.

38.

39.
40.

41.
42.

43.

44.
45.

46.

47.

48.

Boucher, K.L.; Fuesting, M.A.; Diekman, A.B.; Murphy, M.C. Can I Work with and Help Others in This Field? How Communal
Goals Influence Interest and Participation in STEM Fields. Front. Psychol. 2017, 8, 901. [CrossRef] [PubMed]

Rittmayer, A.D.; Beier, M.E. Overview: Self-Efficacy in STEM. SWE-AWE CASEE Overv. 2008, 1, 12.

Wu, M.-C.; Marsono, M.; Khasanah, F. Advancing Vocational Student’s Self-Efficacy through Integration STEM (Science Technol-
ogy Engineering and Mathematics) Education. In Proceedings of the 2nd International Conference on Vocational Education and
Training (ICOVET 2018), Malang, Indonesia, 26-28 October 2018; Atlantis Press: Dordrecht, The Netherlands, 2019.

Choy, S.C.; Yim, ].S.-C.; Tan, PL. A Metacognitive Knowledge, Metacognitive Experience, and Its Effects on Learning Outcomes
for STEM and Non-STEM Malaysian Students. Int. . Adv. Res. Educ. Soc. 2020, 2, 1-14.

Dori, Y.J.; Mevarech, Z.R.; Baker, D.R. Cognition, Metacognition, and Culture in STEM Education; Springer: Berlin/Heidelberg,
Germany, 2018.

Betz, N.E. Self-Efficacy Theory as a Basis for Career Assessment. J. Career Assess. 2000, 8, 205-222. [CrossRef]

European Council. Council Recommendation of 22 May 2018 on Key Competences for Lifelong Learning (Text with EEA
Relevance) (2018/C 189/01). Off. J. Eur. Union 2018, 61, 1-13.

Mair, P.; Wilcox, R. Robust Statistical Methods in R Using the WRS2 Package. Behav. Res. Methods 2020, 52, 464—488. [CrossRef]
R Core Team. R: A Language and Environment for Statistical Computing. Available online: http://www.R-project.org/ (accessed
on 28 April 2022).

R Core Team. Foreign: Read Data Stored by ‘Minitab’,’S’,'SAS’,'SPSS’,'Stata’, Systat’,'Weka’,’dBase’, . . . . 2018. Available online:
https:/ /CRAN.R-project.org/package=foreign (accessed on 28 April 2022).

Zimmerman, B.J. Self-Efficacy: An Essential Motive to Learn. Contemp. Educ. Psychol. 2000, 25, 82-91. [CrossRef] [PubMed]
Huvard, H.; Talbot, R.M.; Mason, H.; Thompson, A.N.; Ferrara, M.; Wee, B. Science Identity and Metacognitive Development in
Undergraduate Mentor-Teachers. Int. |. STEM Educ. 2020, 7, 31. [CrossRef]

Leon, J.; Nufiez, ].L.; Liew, J. Self-Determination and STEM Education: Effects of Autonomy, Motivation, and Self-Regulated
Learning on High School Math Achievement. Learn. Individ. Differ. 2015, 43, 156-163. [CrossRef]

Miralles-Cardona, C.; Kitta, I.; Cardona Molt6, M.C.; Gémez-Puerta, M.; Chiner, E. STEM Students” Perceptions of Self-Efficacy
for a Gender Equality Practice: A Cross-Cultural Study. In Nuevos Retos Educativos en la Ensefianza Superior Frente al Desafio
COVID-19, 1st ed.; Satorre Cuerda, R., Ed.; Octaedro: Barcelona, Spain, 2021; pp. 363-371.

European Commission. Proposal for a Council Recommendation on Key Competences for Lifelong Learning. 2018. Available online:
https:/ /eur-lex.europa.eu/legal-content/EN/TXT/PDF / ?2uri=CELEX:520185C0014&from=EN (accessed on 28 April 2022).


http://doi.org/10.3389/fpsyg.2017.00901
http://www.ncbi.nlm.nih.gov/pubmed/28620330
http://doi.org/10.1177/106907270000800301
http://doi.org/10.3758/s13428-019-01246-w
http://www.R-project.org/
https://CRAN.R-project.org/package=foreign
http://doi.org/10.1006/ceps.1999.1016
http://www.ncbi.nlm.nih.gov/pubmed/10620383
http://doi.org/10.1186/s40594-020-00231-6
http://doi.org/10.1016/j.lindif.2015.08.017
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52018SC0014&from=EN

	Introduction 
	STEM Learning in Secondary School 
	Project-Based Learning and STEM Learning 

	Materials and Methods 
	Design and Participants 
	Instrument 
	ATS-STEM Interdisciplinary Teaching Projects 
	Data Analysis 

	Results 
	Descriptive Statistics 
	Statistical Contrasts 

	Discussion 
	Conclusions 
	References

