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The use of technology in education has modified teaching and learning processes. New concepts such as science, technology,
engineering and mathematics (STEM) are changing traditional learning. The purpose of STEM education is to prepare students
for university engineering courses and higher technical education. The main aim of the study reported on here was to
understand the influence of a STEM-based teaching process in different socio-educational dimensions. This was done by
comparing the results achieved with a traditional expository teaching process with different groups of students. A quasi-
experimental design was applied. A sample of 231 Spanish students from the first year of secondary education (ESO) was
chosen. The results show that the STEM approach was significant in all the dimensions of study and, according to teachers,
was more influential for student motivation and grades. The results also show that the STEM teaching approach was significant
in all the dimensions of study. These dimensions are motivation; teacher-student, student-content and student-student
interactions; autonomy; collaboration; depth of content; resolution of problems; class time, student ratings; and teacher ratings.
According to teachers, the strongest influence was on the students” motivation and qualifications.
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Introduction

Society is constantly evolving; technology has gone from being an instrument that complements our daily lives
to being a part of our daily lives (Hernandez, 2017). The inclusion of technology in our lives is so important that
it has changed our way of relating to one another — a transformation process from which education has not been
exempt (Fernandez Batanero, Reyes Rebollo & Montenegro Rueda, 2019).

The inclusion of technology in the educational field has transformed teaching and learning processes from
many perspectives. One of the most studied phenomena is the effects of technology on student motivation
(Senkbeil & Ihme, 2017; Zhou & Teo, 2017). In recent years, it has been proven that its advantages go much
further, having a positive impact on both students and teachers (Baran, Canbazoglu Bilici, Albayrak Sari &
Tondeur, 2019; Baran, Canbazoglu Bilici, Mesutoglu & Ocak, 2019). Technologies have gone from being an
educational support to being an indispensable part of the current pedagogical curriculum (Enakrire, 2019).

Conceptual Framework

One new pedagogical perspective is the concept of STEM, an acronym for science, technology, engineering and
mathematics. The term and its associated methods are used in connection with educational policies and curriculum
choices to promote and support scientific and technological development (Sousa & Pilecki, 2018). It applies the
disciplines of science, engineering, technology and mathematics in the field of teaching, integrating certain
curricular elements and content in a practical way (Felder & Brent, 2016; Peters, Jandri¢ & Hayes, 2019). The
term “STEM” was not originally related to teaching or education, however, with changing economic and social
scenarios, it has been applied and introduced in the educational field (Siverling, Suazo-Flores, Mathis & Moore,
2019). One of the many advantages of STEM education is to prepare students for university engineering courses
and higher technical education (Kennedy & Odell, 2014).

The use of STEM in education is aimed towards the development of skills such as problem-solving,
teamwork, independent thinking in students and to improve critical thinking and decision-making (Barak & Assal,
2018). It also aims to provide a significant amount of knowledge to students to improve their reasoning skills and
develop a positive attitude towards mathematics and science (Toma & Greca, 2018). Teaching and learning
through STEM teaching methods require the development of experienced and skilled teachers (Scaradozzi,
Screpanti, Cesaretti, Storti & Mazzieri, 2019). Teachers teaching in STEM courses and subjects must have a
significant amount of expertise and knowledge in order to impart the required skill development and knowledge
in STEM disciplines (Chan, Yeh & Hsu, 2019). This also helps in the process of building a positive outlook toward
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STEM education. Liu, Lou and Shih (2014)
conclude in their study that learning self-efficacy
and professional commitment can be fostered
through project-based STEM.

The essence of STEM education is the use of
advanced technological media for teaching (Aladé,
Lauricella, Beaudoin-Ryan & Wartella, 2016). New
teaching tools, such as gamification, blended
learning, problem-based learning, game-based
learning, science education and augmented reality,
are examples of the use of advanced technological
media for teaching.

Despite the advantages of this type of
pedagogical perspective, many teachers only focus
on a classic expository methodology. Logically
structured, oral presentation of a specific topic is the
main characteristic of the expositive method
(Gotian, Kang & Safdieh, 2020). The main resource
for the exhibition is oral language, which must be
the object of the exhibitor’s maximum attention. The
expository method is one of the oldest in the field of
teaching, along with copying, dictation, and reading
(Leal Filho, Azul, Brandli, Gokgin Ozuyar & Wall,
2020). This methodology, which we can consider
classical, has already been compared with other
pedagogical strategies, such as project-based
learning (Lee, Capraro & Bicer, 2019).

There are three instructional approaches in
STEM education — the silo approach, the embedded
approach and the integrated approach (Roberts &
Cantu, 2012). The first approach refers to the
acquisition of knowledge. In the second, the
emphasis is on real situations and solving problems
in a given context. The third approach refers to the
ideal situation in which the student obtains all the
competences needed (Roberts & Cantu, 2012).

Several things set the STEM approach apart
from traditional teaching methods. The traditional
methods of teaching focus on providing increasing
amounts of knowledge to the students (Flick &
Lederman, 2006), and theories and books are given
more importance than practical ways of learning.
The traditional methods give more importance to
teaching laws and facts, rather than questioning
those predefined concepts (Furié, Juan, Segui &
Vivé, 2015).

Modern STEM methods focus more on
teaching students how to think out of the box while
solving problems (Sarican & Akgunduz, 2018).
Moreover, lectures and examinations, which are
important components of the traditional education
system, are rather inefficient, and the students find
them boring as well (Zhuang & Xiao, 2018). STEM
education tends to push the limits and expand the
learning process beyond classrooms and lectures.

The different dimensions to be analysed in this
study were established according to Santiago and
Bergmann (2018):

e Motivation: Levels of motivation during the formative
action.

e Interactions: Students’ interactions, which may occur
in different ways (interactions with the teacher,
content, and other students).

e Autonomy: The level of autonomy developed during
the instructional process.

e Collaboration: The teamwork carried out by the
students during the teaching and learning phase.

e Depth of content: Related to the treatment and the
projection of the content.

e Resolution of issues: Students’ reactions to different
problems in the training practice.

e Class time: The time spent during the development of
different classes.

e Ratings: The ratings reached by the students regarding
the different tasks and assessment tests.

e Teacher ratings: The teacher’s ratings to be compared
with the ratings reported by students.

Study Objectives and Research Questions

As mentioned, the scientific literature reveals that
STEM practices pursue the development of skills
that promote reasoning, team problem-solving,
consensual decision-making among the different
components of the group, and critical thinking in the
face of any contingency (Barak & Assal, 2018).
Studies on STEM have focused on the early
educational stages, that is, on pre-university stages
(Sarican & Akgunduz, 2018; Toma & Greca, 2018;
Zhuang & Xiao, 2018). Therefore, the question
addressed in this study is whether the aims pursued
by the STEM approach are really acquired by
students after its implementation and development.

In this study we aimed to understand and
compare the scope of two training methodologies,
one based on STEM and the other, using a traditional
and expository approach. All of this was verified in
various dimensions — student motivation,
interactions with their environment, autonomy,
collaboration, depth of content, use of class time,
problem-solving, and ratings obtained.

The novelty of this study was to compare the
application of two training methodologies — one
traditional (expository) and the other innovative
(STEM) — in content related to the environment in
the secondary education stage of the Spanish
educational system. Likewise, various dimensions
of a social and educational nature were analysed to
bring new findings to the scientific community and
to establish new knowledge bases.

Based on the general objective of the research,
the following hypotheses were formulated:

Hi: The STEM methodology in content related
to the environment produces greater academic
improvements in secondary education students than
a traditional methodology.

H,: The STEM methodology in content related
to the environment does not produce major
academic improvements in secondary school
students, compared to a traditional methodology.
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Methodology

Research Design and Data Analysis

The study was developed with a quasi-experimental
research design through a quantitative methodology.
For its adequate execution, the methodological
considerations of the experts were followed
(Herndndez Sampieri, Fernandez Collado &
Baptista Lucio, 2014; Rodriguez Bravo & Mas
Manchon, 2011). Several impact studies that have
used this research design in other educational
experiences of methodological contrast were also
followed on a procedural basis (Fuentes Cabrera,
Parra-Gonzalez, Lépez Belmonte & Segura-Robles,
2020; Hinojo Lucena, Ldpez Belmonte, Fuentes
Cabrera, Trujillo Torres & Pozo Sanchez, 2020;
Moreno-Guerrero, Romero-Rodriguez, Lopez-
Belmonte & Alonso-Garcia, 2020).

The choice of this design led to the
configuration of two types of study groups (control
and experimental). The control group (CG) carried
out an instructive action in a traditional way. The
explanations of the teacher were carried out in an
expository way without the use of techno-
pedagogical resources. On the other hand, the
experimental group (EG) developed a training

Table 1 Group composition

process based on the pillars of the STEM
educational model, focused on teaching through
science, technology, engineering and mathematics.

Two research variables were defined. In this
case, the independent variable was the teaching and
learning methodology used. The different socio-
educational factors analysed in this paper are
presented as dependent variables.

Participants

The study involved 231 Spanish students at the first
level of secondary education in an educational
centre in southern Spain. This sample was composed
of 63.2% boys and the remaining students were girls,
with an average age of 13 years (SD = 0.91). An
intentional sampling technique was used to select
participants. This sampling was justified based on
the ease with which we could access the educational
centre where the students were enrolled. Experts in
this type of study argue that the sample size in this
type of research design does not condition its
execution (Chou & Feng, 2019; Yilmaz & Soyer,
2018). The configuration of the student groups is
shown in Table 1.

Group n Composition Pre-test Treatment Post-test
1 - Control 115 Natural - TRAD-EXP 01
2 — Experimental 116 Natural - STEM 02

Note. TRAD-EXP, traditional expository methodology; STEM, science, technology, engineering and mathematics teaching

methodology.

Instrument

A questionnaire designed for the occasion was used
for data collection. The preparation of this tool was
based on other instruments reported in the literature
that have been used to analyse educational
experiences  with  methodological  contrasts
(Moreno-Guerrero, Rondén Garcia, Martinez
Heredia & Rodriguez-Garcia, 2020; Parra-
Gonzélez, Loépez Belmonte, Segura-Robles &
Fuentes Cabrera, 2020). The dimensions analysed in
the above-mentioned studies were taken as
reference: 1) motivation; 2) teacher and student
interaction; 3) student and content interaction;
4) student interaction; 5) autonomy;
6) collaboration; 7) depth of content; 8) problem
resolution; 9) class time; 10) ratings; 11) teacher
ratings. Furthermore, the questionnaire collected
sociodemographic information about the study
population. The questionnaire had a total of 40 items
in which a 4-value Likert scale response format was
used (from 1 — value plus negative to 4 — value plus
positive).

The validation of the instrument used is
presented qualitatively and quantitatively. The
questionnaire was subjected to the Delphi method to
comply with the qualitative validity procedure. A
total of six experts in active methodologies analysed
the questionnaire. These judges revealed a

favourable, adequate and concordant opinion
(Kappa by Fleiss = 0.84; W by Kendall = 0.86). In
addition, these specialists offered observations to
improve the design, presentation and wording of
certain items.

As for the quantitative validation, it was
produced by means of an exploratory factorial
analysis using the principal component method.
Dependence between variables was obtained with
Bartlett’s test of sphericity (2153.71; p < .001) and
the Kaiser-Meyer-Olkin test (KMO = 0.83) for
sample adequacy. Indications of the reliability of the
questionnaire were achieved by means of
Cronbach’s alpha (o) (0.83), compound reliability
(0.81) and average variance extracted (0.79).

Procedure

Eight groups were selected from the first level of
secondary education. The selection of the CG and
the EG was carried out randomly. By means of a
lottery of the eight groups from the first level of
secondary education, four were selected as a CG and
the other four as an EG. This was accomplished
through a raffle carried out by the researchers. Both
group typologies developed the same didactic unit
composed of 10 working sessions. Each of the
sessions lasted 1 hour. The didactic unit developed a
project with content related to the environment.
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Specifically, the content consisted of the following:
awareness and respect for the environment; harmful
actions of human beings; climate change; pollution;
waste recycling; and the responsible use of natural
resources. All these content categories were
developed in the different work sessions mentioned
above. The difference between the groups was
produced at the methodological level. The CG
carried out the training action by means of the
expository method and in a traditional way. The
teacher assumed the leading role and taught the
content in an unidirectional way without using
digital resources. The EG developed a teaching and
learning process by means of the STEM method.
This method involved a great amount of active
participation by the students and the use of different
techno-pedagogical resources of learning to
approach the process in terms of the potentialities of
science, technology, engineering and mathematics.

In short, a methodological contrast was made
so that students experienced the different roles that
educational agents can assume today — from a more
passive perspective to a more active one, according
to new methods and educational paradigms. This is
influenced by the advancement of society, both in
technological and methodological matters, in the
teaching and learning processes. In the CG, the
students carried out individual activities after the
presentation of the content by the teacher. In the EG,
the students worked in a multidisciplinary way and
in groups, respecting security measures. In the CG,
the students simply carried out theoretical tasks with
little practical foundation. In the EG, inquiry and
problem-solving activities were carried out from a
more practical perspective.

The participants’ consent was obtained, and all
were informed of the research objectives. Once the
didactic unit was concluded, the questionnaire was
applied. The data were collected and analysed in
depth at the statistical level in order to answer the
research questions formulated and to achieve the
objectives presented in the study.

Data Analysis
Statistical Package for the Social Sciences
(SPSS) v25 program was used to perform required
data analysis. For the validation of the instrument,
statistics such as Fleiss’s Kappa and Kendall’s W
were used, as well as specific statistics for
exploratory factor analysis such as the Bartlett
sphericity test and the Kaiser-Meyer-Olkin test. To
verify the reliability of the instrument, statistics such
as Cronbach’s alpha, compound reliability and
average variance extracted were used.

For the analysis of the collected data, the mean
(M) and the standard deviation (SD) were used.
Distribution trends were calculated using skewness
(Skw) and kurtosis (Kme) tests. The means of both
groups were compared by means of student’s t-test
(th1+n2-2). The size of the effect caused was obtained
through Cohen’s d and the biserial correlation (ryy).
All data analysis was performed with p-
values < 0.05 considered to be statistically
significant differences.

Results

The presentation of the results begins with a
descriptive analysis. This descriptive analysis
presents the data concerning the first-year secondary
school students. In this descriptive analysis, the
results achieved by the two groups are presented.
One group was taught according to the traditional
method (CG) the other group was taught according
to the STEM-based method (EG). In the CG, the
measures of all dimensions were below 2 points. In
EG in which the STEM-based approach was used,
the means of the dimensions were around 3. Taking
into account the standard deviation, the responses
offered by the students were grouped, with no
dimension presenting scattered responses. In terms
of kurtosis, the distribution of results for all the
dimensions was platykurtic. In all cases, the
distribution of the sample was normal (Jéreskog &
Moustaki, 2001). This is because both kurtosis and
skewness were in the intermediate values between
+1.96 (cf. Table 2).
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Table 2 CG and EG dimensions results for first of ESO

Scale n (%) Parameters
Dimensions None Few Enough Completely M SD Skw Kme
S Motivation 51(44.3) 36(31.3) 23(20) 5(4.3) 1.84 0.894 0.690 —-0.550
% Teacher-student 52(45.2) 38(33) 19(16.5) 6(5.2) 1.82 0.894 0.819 -0.238
S interaction
‘g Student-content 44(38.3) 41(35.7) 24(20.9) 6(5.2) 1.93 0.896 0.586 -0.574
(&} interaction
Student-student 45(39.1) 41(35.7) 24(20.9) 5(4.3) 1.90 0.878 0.584 -0.577
interaction
Autonomy 48(41.7) 39(33.9) 23(20) 5(4.3) 1.87 0.884 0.648 -0.534
Collaboration 46(40) 39(33.9) 24(20.9) 6(5.2) 191 0.904 0.609 -0.597
Depth of learning 52(45.2) 34(29.6) 23(20) 6(5.2) 1.85 0.820 0.713 -0.563
Resolution of 47(40.9) 39(33.9) 24(20.9) 5(4.3) 1.89 0.886 0.610 —-0.598
problems
Class time 52(45.2) 32(27.8) 24(20.9) 7(6.1) 1.88 0.947 0.689 —-0.660
Student ratings? 54(47) 31(27) 22(19.1) 8(7) 1.86 0.963 0.764 —0.565
Teacher ratings? 55(47.8) 32(27.8) 20(17.4) 8(7) 1.83 0.954 0.832 -0.413
g' Motivation 10(8.6) 27(23.3) 32(27.6) 47(40.5) 3.00 0.996 -0.538 —-0.898
o  Teacher-student 9(7.8) 29(25) 43(37.1) 35(30.2) 2.90 0.927 -0.392 —-0.756
s interaction
E Student-content 13(11.2) 23(19.8) 40(34.5) 40(34.5) 2.92 0.997 —-0.539 -0.779
= interaction
£ Student-student 12(10.3) 29(25) 36(31) 39(33.6) 2.88 0.997 —-0.396 -0.961
Y interaction
Autonomy 9(7.8) 29(25) 34(29.3) 44(37.9) 2.97 0.973 —0.466 -0.920
Collaboration 10(8.6) 33(28.4) 36(31) 37(31.9) 2.86 0.968 -0.303 —-0.989
Depth of learning 8(6.9) 32(27.6) 43(37.1) 33(28.4) 2.87 0.909 —-0.305 —-0.800
Resolution of 9(7.8) 33(28.4) 36(31) 38(32.8) 2.89 0.958 -0.316 -0.981
problems
Class time 11(9.5) 23(19.8) 35(30.2) 47(40.5) 3.02 0.995 -0.627 —-0.742
Student ratings? 10(8.6) 29(25) 34(29.3) 43(37.1) 2.95 0.986 —-0.450 —-0.942
Teacher ratings® 9(7.8) 29(25) 30(25.9) 48(41.4) 3.01 0.991 —-0.508 —-0.965

Note. 2Established grade group (None: 1-4.9; Few: 5-5.9; Enough: 6-8.9; Completely: 9-10).
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When comparing the averages of the students
from the CG with the averages of the students who
were taught through the STEM-based method, even
trends can be observed. In other words, the ratings
of the students in the CG show similar ratings in all
dimensions. The same is true for the students in the
EG. The difference is reflected when the dimensions

Lopez-Belmonte, Segura-Robles, Moreno-Guerrero, Parra-Gonzalez

of one group are compared with those of the other
research group. There is a difference of almost one
point, both in the overall mean and in the individual
measures of each of the dimensions. This difference
is in favour of the group taught through the STEM
pedagogical method (cf. Figure 1).
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Figure 1 Comparison between control group and experimental group

In order to identify whether there were
significant differences between the study groups,
student’s t-statistic for independent samples was
applied. In this case, the results obtained show the
degree of independence between the students in the
CG and the students in the EG. The results shown in
Table 3 indicate that there is significance in each of
the dimensions of the study. This significance is
mainly oriented towards the group of students taught
through the STEM pedagogical method. In other
words, the STEM method led to better averages in
each of the study dimensions. Moreover, this mean
is higher than the means obtained by the group in the
CG (expository method). The teacher ratings

dimension is the one that showed the greatest
difference between the EG and the CG. On the other
hand, the dimension with the smallest mean
difference between the EG and the CG was student-
student interactions. If the strength of association of
all dimensions is taken into account, a medium
strength of association is observed. This was
obtained by performing the statistical test of biserial
correlation. Finally, it is shown that the effect size is
low in the dimensions of depth of learning, teacher—
student interaction, teacher ratings and student
ratings. In all other dimensions, the effect size is
very low.
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Table 3 Value of independence between the traditional pedagogical method group and the STEM method group

Dimensions U(X1-X2) th1+n2-2 df d I'xy
Motivation —1.157(1.84-3.00) —9.285* 229 0.095 0.523
Teacher-student —1.079(1.82-2.90) —-9.005* 229 0.102 0.511
interaction

Student-content interaction —0.992(1.93-2.92) —7.953* 229 0.038 0.465
Student-student interaction —0.975(1.90-2.88) —7.884* 229 0.063 0.462
Autonomy —1.105(1.87-2.97) —9.028* 229 0.086 0.512
Collaboration —0.949(1.91-2.86) —7.699* 229 0.090 0.453
Depth of content —0.1019(1.85-2.87) —8.463* 229 0.125 0.488
Resolution of problems —1.001(1.89-2.89) —8.242* 229 0.096 0.478
Class time —1.139(1.88-3.02) —8.907* 229 0.093 0.507
Student ratings? —1.087(1.86-2.95) —8.480* 229 0.124 0.489
Teacher ratings? -1.174(1.83-3.01) -9.167* 229 0.128 0.518

Note. *Correlation significant at 0.01. 2Established grade group (None: 1-4.9; Few: 5-5.9; Enough: 6-8.9; Completely: 9-10).

Discussion

According to the results obtained, there are clear
differences between students who experienced
traditional teaching and those who followed a STEM
methodology. The advantages of STEM teaching
over traditional learning demonstrates its
advantages, as discussed in the scientific literature
(Meyrick, 2011; Xie, Fang & Shauman, 2015).

Student-student interaction was the dimension
with the highest mean in the CG. However, the one
with the lowest mean was teacher-student
interaction, although the detected differences were
low. On the other hand, the dimension with the
highest average was found in the EG — teacher
ratings — whereas the one with the lowest mean was
the student-student dimension, although the
differences were also small.

There were differences of almost one point in
all study dimensions in favour of the EG. The means
found in each of the dimensions in the CG were
similar to each other. The analysed means of each of
the dimensions of the EG were similar to each other;
therefore, no great differences were found.

There was a relationship of significance in all
the dimensions of the study. This means that when
compared to the expository method, the STEM
method led to improvements in motivation, as other
studies have also highlighted (Senkbeil & lhme,
2017; Zhou & Teo, 2017). In addition, in line with
other contributions, there was an improvement in the
dimension of teacher-student interaction (Baran,
Canbazoglu Bilici, Albayrak Sari, et al., 2019;
Baran, Canbazoglu Bilici, Mesutoglu, et al., 2019).

Regarding autonomy, the results show an
improvement when the STEM methodology was
used. Although this methodology has shown its
effectiveness in improving autonomy, there may be
secondary factors such as gender that influence the
results (Sobieraj & Kramer, 2019).

The development of collaborative aspects was
also shown to be a significant factor, including
student-content and student-student interactions.
The STEM methodology has already shown positive
effects on collaborative work among equals and
others (Bartels, Rupe & Lederman, 2019).

The ratings obtained by the students and those
awarded by the teacher also improved significantly.
Different studies have shown the positive effects of
the STEM teaching methodology on academic self-
regulation (Abun & Magallanes, 2018) and
academic performance (Solanki & Xu, 2018).
Problem-solving skills were also developed more in
the STEM group than in the CG group. It should be
noted that STEM methodology intrinsically involves
the use of problem-solving strategies and skills
(Becker & Park, 2011).

In terms of the level of significance reached,
the greatest incidence was in the dimension of
teacher ratings, whereas the one with the least
incidence was student-student interaction.

The comparison between methodologies is
usually done in pairs. Studies are needed to compare
a group of methodologies in a specific natural
context.

The use of a STEM methodology has many
advantages in real practice (interaction, autonomy,
collaboration ...), most of which are known from
current  scientific literature.  Although these
advantages are known, as some of them have been
highlighted in this work, there are still studies that
compare this methodology with other types such as
gamification or flipped classroom.

Conclusion

It can be concluded that the STEM teaching method
applied to students in the first year of compulsory
secondary education in the scientific/technological
field is effective in all the study dimensions, which
is crucial for the current pedagogical curriculum
(Enakrire, 2019). This outcome was observed in
comparison with the expository method, with a great
impact on the dimension of teacher ratings. It has
been confirmed that using methodologies other than
the traditional one shows a positive effect on student
learning (Ogbonna, Ibezim & Obi, 2019; Penn &
Ramnarain, 2019).

In this study we tried to offer a specific
teaching method using STEM as a pedagogical
resource. This allows those teachers who have such
resources to make use of them. Furthermore, it
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demonstrates the benefits that this method of
teaching and learning can provide to students. In
particular, in the African context, this teaching and
learning process can offer new perspectives to
African teachers. It also allows the promotion of
careers in engineering, which are emerging in the
South African context (Cloete, Maasen & Bailey,
2015) and the promotion of new pedagogical models
in addition to the traditional teaching that
predominates in that continent (Marfo & Biersteker,
2010).

As a limitation of this study, it should be borne
in mind that research of this type in a natural
environment allows for the intervention of many
variables over which it is probably not possible to
exercise control. This fact is to be expected in quasi-
experimental designs (Fernandez-Garcia, Vallejo-
Seco, Livacic-Rojas & Tuero-Herrero, 2014), so we
must try to control all possible variables.

As a future line of research and due to the
advantages that STEM has demonstrated in
education, comparative studies with other active
methodologies, such as gamification and flipped
learning could be considered in order to measure the
influence that each of them has on education.
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