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Preface

This reprint of the Special Issue “Problem-Based Learning in Science Education: Achievements,
Pitfalls and Ways Forward” deals with problem-based learning (PBL) in science education.

Problem-based Learning (PBL) is a student-centered learning approach developed in the sixties
within the scope of medical schools. Since then, PBL has been used in an ever-increasing diversity
of areas, particularly in science education. The key feature of PBL is that it acknowledges problems
(that should be real or seem to be real) as starting points for learning.

In science education, PBL should focus on real-world problems, which are interdisciplinary
in nature. Hence, PBL may enable students to learn content and to develop their competencies
in learning, as well as individual and social abilities that are relevant for 21st century citizens.
Introducing PBL in science education requires teachers and students to change their own ways of
learning, teaching, and assessing.

Being the first printed volume on PBL in science education, this Special Issue reprint aims at
filling an existing gap in the specialized literature on science education and providing the reader
with a set of systematic reviews and empirical papers that cover two broad dimensions of the topic:
teaching and learning science through PBL, and educating teachers for promoting PBL in science
education. The latter topic is relevant because PBL is an innovative and somehow demanding
approach, and, therefore, it requires teachers to be trained to teach through PBL.

With science education researchers, post-graduate students, science teacher educators, and
schoolteachers as its target audience, this reprint offers 10 papers written by authors from a variety
of countries that adopted diverse research approaches and concentrated on different education levels
and diverse learning contexts.

Considering the focus of this research, the papers may be organized into two sets: a set of seven
papers that address teaching and learning, with three of them being heavily dependent on digital
learning environments, and a set of three papers that deal with teacher education.

In the first group of papers, Behiye Akcay and Ibrahim Benek’s paper presents a systematic
literature review of research that provides an overview of the key findings and trends in studies
on problem-based learning within the context of Turkish science education. They noted that the most
preferred research design was the quasi-experimental design, there was limited inclusion of final-year
students, and researchers mainly preferred physics subjects for their studies.

Robyn M. Gillies conducted a review of the literature on the role of inquiry-based learning (a
variation of PBL) when students work in cooperative groups. He concluded that the inquiry-based
learning process requires students to engage with others, share their ideas, acknowledge the
contributions others make, evaluate new information, and communicate logically their various
understandings. It also requires teachers to play an active role in structuring inquiry-based
experiences and engaging students in discussions that facilitate critical thinking and learning.

Joaquin Ayerbe-Lépez and Francisco Javier Perales-Palacios report on the evaluation of
a two-year-long environmental project designed under the PBL methodology to evaluate its
implementation and didactic implications. These authors highlight the high levels of motivation,
work, and participation among the students, as well as the didactic benefits of the enriching
socialization of the project. They also identified some difficulties related to time management and
cooperative group work, a lack of practice in the PBL methodology, and the use of ICT.

Jorge Pozuelo-Muiioz, Elena Calvo-Zueco, Ester Sdnchez-Sanchez, and Esther Cascarosa-Salillas

present a study involving 16-year-old students in Spain, using a problem-based learning approach as



a pedagogical mode to develop science skills, to analyze the development of science skills through an
inquiry process in class. They concluded that the PBL methodology followed facilitates the learning
of science and the acquisition of scientific skills.

Clara Vasconcelos and Tania Pinto report on a study that assessed whether teaching students
about reducing pollution through nature-based solutions (NBSs) and a PBL approach based on digital
tools could enhance their understanding and competencies in SDGs. These authors concluded that
the students developed their knowledge about NBSs to improve air quality and showed a positive
appreciation of PBL as an active methodology. Additionally, the study sheds light on the PBL
facilitator’s role and the challenges students face during PBL.

Stella A. Nicolaou and Ioanna Petrou analyzed how to redesign a face-to-face MSc centered
around PBL for online implementation. The authors concluded that CiscoWebex is a suitable and
user-friendly platform for synchronous online PBL; the students enjoyed both (face-to-face and
online) formats and stated that online PBL is an effective teaching approach for promoting student
learning. In regard to student interaction, the face-to-face mode was preferred, while online PBL was
perceived as being more organized.

Chrissa Papasarantou, Rene Alimisi, and Dimitris Alimisis’s paper introduces the virtual
galleries method as a scaffold for applying PBL approaches in both physical and distance learning
environments, within the field of STEM education. These authors argue that virtual galleries can
facilitate PBL by serving as a conceptual framework for scaffolding the learning process, thus enabling
the acquisition of new PBL-driven skills.

As far as the papers dealing with teacher education are concerned, Adewale Magaji, Michael
Adjani, and Samuel Coombes conducted a systematic review of the literature in the field of PBL, with
a focus on preservice science teachers’” education. The authors concluded that PBL is not fully used
in preservice science teachers’ education, even though it is an effective pedagogical approach that
enables preservice science teachers to engage in the process of learning by taking part in the PBL
design process and experiencing it in the classroom to learn from the process.

Jorge Martin-Garcia, Marfa Eugenia Dies Alvarez, and Ana Sofia Afonso tried to find out
whether teachers who coordinate science clubs in Portuguese schools promote activities that
incorporate aspects of problem-based learning and project-based learning methodologies. Their
results show that these teachers propose the implementation of projects and incorporate aspects of
these strategies in the activities they conduct in science clubs, which offers an opportunity to develop
PBL and PBL methodologies in a context free from the constraints of the classroom.

Finally, Benjamin Aidoo examined how the educators of teachers have integrated PBL in science
teacher education and how they feel about that. The teacher educators perceived that the PBL
approach enabled them to create collaborative learning activities to interact and communicate with
students, which can lead to the development of conceptual knowledge. Nevertheless, the study also
indicated challenges such as a lack of belief and competence, inadequate resources, and limited time
allocated for school inquiry-based lessons.

As a concluding remark, it can be stated that the papers included in this Special Issue reprint
indicate that PBL is a valuable approach to science teaching and learning, as well as being valuable
for science teacher education. However, the authors point out some difficulties that may vanish if
teacher education for PBL improves and the curricula of schools become more consistent with the
spirit of PBL.

The editors are grateful to the papers” authors for their meaningful contribution to this Special
Issue, to Kathy Zhao for providing the invitation and extending her trust to the editors, and to

the reviewers and MDPI staff for their cooperation during the submission, review, and publishing



processes. Finally, the editors would like to acknowledge the Research Centre on Education,
Institute of Education, University of Minho, the FCT/MCTES-PT R&D Unit funded through projects
UIDB/01661/2020 and UIDP/01661/2020, to which they belong.

Laurinda Leite and Luis Dourado
Editors
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Abstract: This study aimed to conduct a systematic literature review of research to provide an
overview of the key findings and trends in studies on problem-based learning within the context of
science education in Tiirkiye. To achieve this goal, descriptive content analysis was used in this study.
Articles and graduate theses conducted in Tiirkiye between 2000 and December 2023 were included
in this study. The Turkish Academic Network and Information Center (TR Dizin) and National Thesis
Center databases were used to access the articles and theses. The purposive sampling method known
as the criterion sampling method was employed in this study, resulting in the inclusion of 133 studies,
including 37 articles and 96 graduate theses. To facilitate data analysis, we developed a coding form.
The results of this study showed that PBL had a positive impact on 34 different skills, and it had no
impact on 11 different skills. Across all reviewed studies, the most preferred research design was
the quasi-experimental design. There was limited inclusion of final-year students in the samples at
various school levels, and researchers mainly preferred physics subjects for their studies.

Keywords: problem-based learning; science education; Tiirkiye

1. Introduction

Problem-based learning (PBL) is a widely recognized pedagogical approach that
has garnered substantial attention in education worldwide. Originating from medical
education in the late 1960s, PBL has since evolved and been implemented across various
educational contexts, including higher-education institutions [1]. According to Savery
and Duffy [2], PBL is grounded in several key principles that shape its implementation,
including using authentic, ill-structured problems as a starting point for learning, active
engagement of students in problem-solving activities, collaborative learning within small
groups, facilitator guidance rather than traditional teaching, and self-directed learning and
reflection [2].

PBL has gained significant recognition and relevance in science education due to
its effectiveness in promoting a deeper understanding of scientific concepts, enhancing
students” problem-solving abilities, and fostering students’ critical thinking skills as they
analyze, evaluate, and synthesize information to solve problems [3]. Additionally, it helps
prepare students for future careers in science-related fields by equipping them with skills,
such as critical thinking, problem solving, teamwork, and adaptability, which are highly
valued by employers. It is characterized by its student-centered, inquiry-driven, and
collaborative nature. Students engage in a dynamic and collaborative inquiry process to
explore and solve complex, authentic problems [4].

This approach emphasizes active learning, critical thinking, problem-solving skills,
and the application of knowledge in practical contexts [5]. PBL engages students actively
in the learning process, making science more interesting and relevant. They are motivated
to seek out information, conduct research, and interact with peers to find solutions [6]. This
hands-on approach encourages a deeper understanding of scientific concepts. PBL shifts
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the role of the teacher from a lecturer to a facilitator. Students take responsibility for their
own learning, fostering self-directed learning skills and a sense of ownership over their
education. The teacher guides and supports the learning process, providing resources and
feedback when needed [7].

PBL typically begins with the presentation of scientific concepts and principles within
the context of real-world problems or scenarios. It should be authentic, ill-structured, com-
plex, and relevant to the content being studied in order to facilitate students to reach their
own conclusions by doing open inquiry [8]. This serves as a trigger for learning. Students
take ownership of their learning: they decide what information they need to acquire, how
to acquire it, and how to apply it to solve the problem [6]. This contextualization helps
students see the relevance of what they are learning and how it can be applied in practical
situations. Students often work in groups, requiring effective teamwork, communication,
and collaboration skills, essential in scientific research and professional settings. PBL often
involves a cycle of research, discussion, and reflection. It encourages students to explore
and understand the problem; identify relevant concepts and principles; generate hypothe-
ses and solutions; and construct arguments to support their solutions [9]. Also, students
are encouraged to reflect on their learning process, their understanding of the problem, and
their solutions [10].

2. Theoretical Foundations

PBL is a pedagogical approach rooted in several well-established educational theories,
each contributing to its effectiveness in science education. The theoretical underpinnings
of PBL in science education, including constructivism, cognitive load theory, and situated
learning, provide a strong foundation for understanding its effectiveness [1,2,10-12].

Constructivist learning theory posits that learners actively build their own under-
standing and knowledge through a process of constructing mental models based on their
experiences and prior knowledge [13]. In the context of PBL in science education, this
theory aligns with the idea that students construct scientific knowledge by engaging with
authentic problems. In a PBL setting, students are presented with complex, real-world
scientific problems that require them to draw upon their existing knowledge, engage in
research, collaborate with peers, and synthesize information to generate solutions [2,12,14].
According to Leite, Dourado, and Morgado, teamwork and cooperative learning provide
very effective learning environments for PBL [15]. This active engagement allows students
to construct a deeper and more meaningful understanding of scientific concepts. By grap-
pling with problems, they refine their mental models of scientific phenomena and develop
problem-solving skills critical to scientific inquiry [2].

Cognitive load theory (CLT) explores how the cognitive load imposed on learners
can impact their ability to process information and learn effectively [11,12,16]. PBL, when
designed well, aligns with CLT principles by managing cognitive load in science education.
In a PBL environment, the cognitive load is distributed over time, allowing students to build
their understanding progressively. They start with a problem and incrementally acquire the
necessary knowledge and skills to solve it. This “scaffolding” approach minimizes cognitive
overload, ensuring that students can focus on meaningful learning experiences [17,18].

Situated learning theory [12,19,20] emphasizes the importance of learning in context. It
argues that learning is most effective when it occurs within authentic, real-world situations.
PBL in science education aligns with this theory by placing scientific knowledge and skills
in relevant contexts. In PBL scenarios, students are immersed in situations that resemble
the complexities and challenges faced by scientists in their research or practical work. This
contextualization not only enhances the relevance of scientific content but also fosters
the development of problem-solving skills that are transferable to real-world scientific
endeavors [10].

These theories support the idea that PBL promotes active engagement, aligns with the
cognitive processes of learners, and fosters the development of skills necessary for scientific
inquiry. By integrating these theories into the design and implementation of PBL, educators
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can create a rich learning environment that enhances both scientific knowledge acquisition
and problem-solving abilities among students [11].

3. Implementation of PBL in Tiirkiye

PBL was introduced to Turkish education by establishing medical faculties that
adopted the curriculum of Maastricht University in the early 2000s [21]. Since then, PBL
has gradually expanded to other disciplines and levels of education, including K-12, under-
graduate, and graduate programs. PBL’s implementation in Tiirkiye has been characterized
by adapting international models to suit the local context [22].

The introduction of PBL in Turkish education has faced several challenges. Although
the Turkish Ministry of National Education (MoNE) has restructured the curriculum accord-
ing to constructivism since 2004, one of the main significant challenges is the traditional
lecture-based teaching approach deeply ingrained in the educational system [23]. Re-
sistance to change among educators and students has been a barrier to the widespread
adoption of PBL. Language has also been challenging, particularly in disciplines with a
substantial theoretical component. PBL often requires students to work in groups and
communicate effectively in the target language, which may be a foreign language in some
cases [21]. Another challenge is the need for well-trained faculty members who can facili-
tate PBL effectively. Training faculty members to transition from a didactic teaching style to
a facilitative one that supports student-centered learning has been an ongoing process [23].

Despite these challenges, research in Tiirkiye has highlighted several benefits associ-
ated with PBL implementation. Studies have reported that PBL enhances students’ critical
thinking, problem-solving skills, and motivation for learning [24]. PBL has also been
found to promote teamwork, communication skills, and a deeper understanding of the
subject matter [21]. Furthermore, research suggests that PBL can contribute to develop-
ing lifelong learning skills and better prepare students for the demands of the modern
workforce, aligning with Tiirkiye’s goals of improving higher education and workforce
readiness [24,25].

In Tiirkiye, PBL has made significant strides in higher education, with its implementa-
tion expanding beyond medical faculties to various disciplines. While challenges related
to traditional teaching methods and faculty training persist, research indicates that PBL
offers many benefits to students, including improved critical thinking, problem-solving
skills, and subject matter comprehension [26]. As Ttirkiye continues to adapt and refine
its approach to PBL, the potential for this student-centered pedagogy to positively im-
pact Turkish education remains promising. Developing successful PBL should start with
aligning PBL activities with the curriculum standards and learning objectives specified by
the Turkish Ministry of National Education, ensuring that PBL projects address the key
science concepts and skills that students are expected to learn. In accordance with the 2018
Primary Education Science Program issued by the Ministry of National Education, it is
imperative to select science topics or problems that are both age-appropriate and relevant
to students’ daily lives. This approach is crucial for igniting curiosity, sustaining interest,
and establishing connections to their own experiences, thereby facilitating meaningful
learning [27].

In recent years, PBL has gained prominence in Tiirkiye as educators and policymakers
seek innovative and effective teaching methods to enhance students’ critical thinking,
problem-solving abilities, and overall learning experiences. Tiirkiye, situated at the cross-
roads of Europe and Asia, boasts a diverse educational landscape that spans from primary
schools to universities. As Turkish educators grapple with the challenges of preparing
students for an increasingly complex and dynamic global environment, the adoption and
implementation of PBL have emerged as a potential solution. This educational approach
aligns with the broader goals of fostering autonomous learners equipped to navigate
real-world challenges effectively [25].

The importance of conducting a descriptive content analysis of PBL studies in Tiirkiye
becomes evident when considering the need to map the current state of PBL research,
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identify trends, and understand the contextual factors influencing its implementation.
Such an analysis can offer valuable insights into the evolution of PBL within the Turkish
educational system and highlight areas where further research and development may be
necessary. This study aims to provide a comprehensive overview of the existing body of
literature on PBL in Tiirkiye. Within the scope of this study, answers were sought to the
following research questions:

What is the distribution of studies according to publication type?

What is the distribution of studies according to publication year?

What is the distribution of studies according to different research variables?
What is the distribution of studies according to the research methods used?
What is the distribution of studies according to level of education?

What is the sample distribution in the studies according to grade level?

What is the distribution of topics addressed in studies?

What is the distribution of studies according to the duration of the research?
What is the distribution of the results obtained from the studies related to PBL?
What is the distribution of studies according to science topics in the studies?

00NN

_
e

4. Materials and Methods
4.1. Research Design

In this study, the aim was to conduct a systematic literature review of research in
science education related to PBL in science disciplines in Tiirkiye. To achieve this objective,
a qualitative method known as descriptive content analysis was used in this study [28]. The
Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) protocol
was used as a guide to conduct this study [29].

In the literature, meta-analysis, meta-synthesis, and descriptive content analysis ap-
proaches are used for content analysis. In meta-synthesis studies, which are expressed as a
meta-analysis of quality [29,30], only the qualitative dimensions of qualitative or mixed
studies conducted in a certain field are evaluated [29]. Meta-synthesis research involves a
methodological approach that synthesizes the findings of each area of research included in
the study in terms of theory, methods, and data [30]. A meta-analysis, on the other hand, is
a method of determining the effect of an independent variable on a dependent variable by
calculating the effect size of studies conducted on a particular subject, combining the results
of the study and statistical analysis of the obtained research findings [31]. In descriptive
content analysis, qualitative and quantitative studies on a particular subject are evaluated
and analyzed [32]. Descriptive content analysis is a scientific method in which quantita-
tive and qualitative data are systematically coded, synthesized, and analyzed within the
framework of certain themes and patterns [20,32]. A flowchart illustrating the process of
identifying pertinent publications for this systematic review is shown in Figure 1.
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Screenings Conducted through the Database
Search terms:

Turkish: “Probleme-dayali 6grenme” and “Problem temelli 6grenme”

English: “Problem-based learning” and “Problem based learning”

l

Turkish Academic Network and Information Center (TR Dizin) (n=147):

-Articles: (n=144), projects: (n=3), open access: (n=139), closed access: (n=1)
-National Thesis Center (n=230):

-Open access: (n=220), closed access: (n=10)
1

|

Full-text articles assessed for eligibility: (n=144)

Full-text theses assessed for eligibility: (n=220)

PhD theses: (n=74), master’s theses: (n=145), theses in medicine: (n=1)

|

Records identified from database searching between 2000 and December 2023: (n=364)

|

Studies evaluated for suitability I:
¢ Studies that were not articles, master's theses,
(n=357)
or doctoral theses were excluded: (n=7)
Studies evaluated for eligibility II: Stimltes vl iet IFHL vre cimtact
< =18
(n=339) )

|

Meta-synthesis studies were

Studies evaluated for suitability I1I:
+—
excluded: (n=13)

(n=326)

|

Studies evaluated for suitability IV: Studies not related to science education
—

(n=133) were excluded: (n=193)

papnpuy

l

Studies included in the systematic review (n=133):

articles: (n=37), master’s theses: (n=66), PhD theses: (n=30)

Figure 1. Flowchart illustrating the process of identifying pertinent publications for the systematic

review.
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4.2. Sample

This study included a comprehensive search of The Turkish Academic Network and
Information Center (TR Dizin) and National Thesis Center databases focusing on PBL in
science education in Ttiirkiye between 2000 and 2023. The purposive sampling method
known as the criterion sampling method was employed in this study, resulting in the
inclusion of a total of 133 studies, including 37 articles, 66 master’s theses, and 30 doctoral
theses (Appendix A. To identify relevant studies, searches were conducted using keywords,
including problem-dayali 6grenme (problem-based learning), problem temelli 6grenme
(problem-based learning) in the search engines of TR Dizin and National Thesis Center
databases. These keywords were searched in the titles, abstracts, and keywords of the
articles and theses. During the search process, various combinations of these keywords in
both Turkish and English were utilized.

Several criteria were considered when selecting articles and graduate theses for inclu-
sion in the research. The selection criteria for the studies included:

The studies had to be related to the problem-based learning (PBL) approach;

The studies had to be related to science education;

The studies had to be published in both Turkish and English;

The studies had to have been conducted between 2000 and September 2023;

Articles had to be published in journals indexed in The Turkish Academic Network

and Information Center (TR Dizin);

Graduate theses had to be accessible through the National Thesis Center database;

o  The samples in the studies had to consist of pre-service and in-service teachers, in-
cluding kindergarten, elementary, special education, science, biology, chemistry, and
physics teachers;

e The samples in the studies had to consist of kindergarten, elementary, middle school,
high school, undergraduate, and graduate students;

e  The samples had to be located within the borders of Ttiirkiye;

e  The samples had to not be conference papers, projects, books, or reports.

Studies that did not meet the inclusion criteria were excluded from the research. As
a result, 133 studies meeting these criteria were identified. These studies were compiled
into a single-drive file, and each study was listed with the following information: sequence
number, author(s), and publication year to facilitate easy access.

4.3. Data Collection Tools and Data Analysis

To facilitate the data analysis in a more accessible and understandable manner, we
developed a coding form. Information regarding the articles and theses that met the
research criteria was added to this form. The developed form is presented in Table 1.

The Coding Form included information about the author(s)’ names, the year of the
study, the index of the journal where the study was published, the dependent and inde-
pendent variables of the study, the research design, the school level and grade level of the
study, the qualitative and quantitative data collection tools used in the study, the duration
of implementation, the unit/topic addressed in the study, and the results obtained from the
study. The Journal Index column was applicable to articles and does not appear in the form
of theses. To ensure coding reliability, two independent coders separately reviewed the
studies and recorded the results in the coding form. The codings were compared, and the
suitability of the codings was determined. The reliability between the coders was calculated
as 94%.
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Table 1. Article/thesis coding form.
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5. Results

5.1. Distribution of Studies According to Publication Type

When looking at the distribution of the studies related to PBL in science disciplines
between 2000 and 2023 according to the publication type, it was determined that the studies
were mostly conducted at the master’s level (49.6%), while the number of studies at the
article (27.8%) and doctoral (22.5%) levels was less (Figure 2).

70 66
60

50

40 37

30

20

Article Master Thesis PhD Thesis

Figure 2. Distribution of studies according to publication type.

5.2. Distribution of Studies According to Publication Year

When Figure 3 is examined, it can be observed that there were no article studies related
to PBL (presumably a specific subject or topic) between 2000 and 2004, or in 2006, 2007,
2011, 2016, and 2022. Similarly, no master’s theses were conducted in 2000-2003 or in 2005,
and no doctoral theses were conducted in 2000-2002, 2004-2007, and 2022-2023 about PBL.
It was also evident that no studies related to PBL were conducted from 2000 to 2003. The
first studies related to PBL in Tiirkiye appear to have started in 2003. It was found that
the highest number of articles was produced in 2020 (six articles), the highest number of
master’s theses appeared in 2019 (seven theses), and the highest number of doctoral theses
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appeared in 2012 (five theses) and 2017 (five theses). Additionally, it was observed that the
highest number of studies appeared in 2012 (14 studies) and 2017 (13 studies).
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Figure 3. Distribution of studies by years.

5.3. Distribution of Studies According to Different Research Variables

When we analyzed the studies according to different research variables, it was seen
that only two studies were conducted on PBL and these were theoretical /conceptual studies
and one measurement tool development study. The remaining 130 studies had all been
conducted in the context of examining the impact of PBL methods on different variables.
These variables included problem-solving skills, self-efficacy beliefs, academic achieve-
ment, misconceptions, opinions, motivation, attitudes, metacognitive awareness, learning
strategies, learning style, science process skills, cognitive processing skills, social skills, cre-
ative thinking skills, analytical thinking skills, persistence, conceptual understanding, scale
development, the development of computer-integrated PBL materials, critical thinking,
inquiry-based learning, pedagogical content knowledge (PCK), scientific reasoning ability,
module creation and implementation, environmental education, self-directed learning,
levels of conceptual structuring, the development and impact assessment of instructional
materials, academic risk-taking, scientific literacy, metacognition, energy literacy, career
interest, logical thinking, engineering and technology perception, reflective thinking skills
for problem solving, digital literacy, reasoning skills, cognitive flexibility, cognitive skill
level, the development of fundamental concepts related to heat and temperature, self-
regulatory learning skills, and decision-making skills. A total of 69 dependent variables
were examined in the studies. The 10 most studied dependent variables with the most
impact are presented in Figure 4.
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Figure 4. The most common dependent variables in the studies.

When Figure 4 is examined, it can be observed that the most frequently studied
depended variable in the conducted research was the effect of the method on academic
achievement (87). Following this, achievement, attitude (57), science process skills (21), and
problem-solving skills (19) were examined, listed in order of their prevalence. Furthermore,
when Figure 4 is examined, it is seen that there were fourteen studies on motivation,
thirteen studies on persistence, nine studies on conceptual understanding, nine studies on
creative thinking skills, six studies on misconceptions, and six studies on student opinions.
5.4. Distribution of Studies According to Research Methods Used

Findings regarding the distribution of studies according to the research methods used
showed that both quantitative and qualitative methods were used in studies related to
PBL. The methods used include “Full Experimental Design”, “Semi-Experimental Design”,
“Weak Experimental Design”, “Mixed method”, “Case Study”, “Action Research”, and
“Qualitative Research”. The methods used in the studies are presented in Figure 5.
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Figure 5. Methods used in the studies.
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When Figure 5 is examined, it is observed that the most preferred method in these
studies related to PBL was the semi-experimental design (60). This method was followed
by the full experimental design (38), mixed-method (17), weak experimental design (5),
case study (4), action research (3), and qualitative research (1) approaches. In two studies,
the method was not clearly specified.

It was determined that the methods used in the studies had changed over the years.
The evolution or clustering of the methods used in the studies over the years is presented
in Figure 6.
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Figure 6. Stacked area graph of methods used in the studies.

When examining Figure 5, it is observed that the first studies related to PBL in Tiirkiye
were full experimental studies. It was found that full experimental studies were most
common between 2008 and 2012 (24 studies) and that their numbers have gradually de-
creased in recent years. On the other hand, semi-experimental studies have been on the
rise since 2012. Approximately 85% (51) of the semi-experimental studies were conducted
between 2012 and 2023. It was determined that the highest number of full experimental
studies occurred in 2010 (eight studies), and the highest number of semi-experimental
studies appeared in 2015 (eight studies) and 2020 (eight studies). The first qualitative study
(action research) was conducted in 2008. It was observed that no mixed-method research
was conducted until 2010, four mixed-method studies were conducted between 2010 and
2012, no mixed-method research was conducted between 2013 and 2016, and thirteen
mixed-method studies were conducted after 2017. Based on this, it can be concluded that
76.47% (13) of the mixed-method research was conducted in recent years.

5.5. Distribution of Studies According to Level of Education

When the distribution of the studies was examined according to the level of education
that was studied, it was determined that studies were conducted across all school levels,
from kindergarten to university. It was seen that these studies were mostly conducted as
master’s theses studies (66 studies) (Figure 7).
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Figure 7. Clustered bar chart of research according to the studied level of education.

As shown in Figure 6, it can be observed that there was only 1 study related to PBL at
the preschool level, 3 studies at the primary school level, 75 studies at the middle school
level, 16 studies at the high school level, and 36 studies at the undergraduate level. Based
on this, it can be concluded that more than half of the studies related to PBL are conducted
at the middle school level.

5.6. Distribution of the Samples in the Studies According to Grade Levels

When the findings regarding the distribution of studies according to grade levels
were examined, it was observed that most studies related to PBL were conducted with
seventh-grade students. Following that, sixth-grade, fifth-grade, and junior students were
the next most commonly selected as samples. In studies conducted at the undergraduate
level, primarily junior students were chosen. Another noteworthy result observed when
analyzing Figure 7 is the limited or almost non-existent selection of final-year students
at the school levels as samples. It was seen that there were eleven studies related to 8th-
grade students, three studies related to 4th-grade students, and one study related to senior
students, but no studies related to 12th-grade students. Additionally, it is noted that three
(3) of the conducted studies were carried out with students diagnosed with special abilities,
two (2) undergraduate-level studies did not provide any information about the class level,
and in two (2) undergraduate-level studies, more than one class level was selected as the
sample. It was concluded that 80% of the studies investigating the effects of problem-based
learning were conducted with seventh-grade, sixth-grade, fifth-grade, junior, eighth-grade,
or freshman students (Figure 8).
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Figure 8. Pareto diagram of the samples according to the grade levels studied.

Findings regarding the discipline of the undergraduate samples (Figure 9) used in the
research showed that 26 of the studies were conducted with pre-service science teachers
(68.42%). Additionally, five studies were related to pre-service chemistry teachers, four
studies involved pre-service elementary teachers, two studies involved pre-service physics
teachers, and one study used pre-service mathematics teachers. These findings indicated
that there were no studies conducted with pre-service biology teachers.

Physics Teacher Mathematics
5% (2) Teacher Biology Teacher
0%

Elementary

Chemistry Teacher

13% (5)
Science Teacher
68% (26)
M Science Teacher M Chemistry Teacher  m Elementary Teacher
Physics Teacher B Mathematics Teacher W Biology Teacher

Figure 9. Pie chart of research based on the undergraduate samples.

5.7. Distribution of Topics Addressed in Studies by Subject

When we look at the distribution of the topics addressed in the studies in Figure 10,
we see that the studies primarily focused on physics topics (64). In addition, there were
31 studies related to chemistry topics, 23 studies related to biology topics, 10 studies
related to environmental topics, 2 studies related to laboratory science, and 1 study on
mathematics topics.

12
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Figure 10. Distribution of topics addressed in the studies by subject.

5.8. Findings Regarding the Duration of the Research

Upon examining Figure 11, it can be observed that some studies provided information
about the duration of their research in terms of weeks and class hours. In some studies,
only information on the amount of weeks was given; in others, only information on the
class hours was provided. In some studies, both week and class hour information was
included, while one study lacked any information about the duration of its research. After
the analysis, it was determined that 22 studies were conducted over five weeks, 21 studies
lasted eight weeks, 16 studies lasted four weeks, 13 studies lasted nine weeks, 11 studies
lasted six weeks, and 9 studies lasted three weeks. The study durations related to other
elements can be examined from the decreasing Pareto diagram. Based on Figure 11, it was
concluded that in 80% of the studies conducted to determine the effects of problem-based
learning, the research was carried out over periods of 5, 8,4, 9, 6, and 3 weeks.
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Figure 11. Pareto diagram of findings regarding the duration of the research.
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5.9. Findings Regarding the Results of Reviewed Studies

When Figure 12 is examined, it can be determined that the PBL method had a positive
effect on academic achievement (76), attitude (35), science process skills (17), students’
opinions (18), conceptual understanding (14), problem-solving skills (12), motivation (12),
creative thinking skills (9), knowledge retention (8), overcoming misconceptions (7), critical
thinking skills (4), self-efficacy beliefs (3), and developing environmental awareness (3). In
all of the conducted studies, PBL had a neutral effect, while in 47 studies conducted with
these variables, including attitude (18), academic achievement (10), problem-solving skills
(5), science process skills (4), motivation (3), knowledge retention (2), creative thinking
skills (1), self-efficacy beliefs (1), inquiry learning skills (1), metacognition (1) and reflective
thinking (1), it was found that it had no effect. In none of the examined studies was a

negative effect of problem-based learning method detected.
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Figure 12. The findings of the reviewed studies’ results.
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5.10. Findings Regarding the Science Topics in the Examined Studies

When Table 2 is examined, it can be determined that research was conducted on topics
related to physics, chemistry, biology, the environment, and astronomy. The effectiveness of
the PBL method was mainly studied in physics, while there was a limited number of studies
in the fields of the environment and astronomy. When all of the topics are considered,
the most researched topics appear to be “Matter and Heat” (15), “Force and Motion” (14),
“Electricity and Magnetism” (12), “Work-Energy” (9), “Acid-Base” (9), and “Systems in Our
Body” (8).

Table 2. Distribution of science topics in the examined studies.

Discipline

-

Subjects

Physics

—_
a1

Matter and Heat

Force and Motion

Electricity and Magnetism
Work-Energy

Light and Sound

Pressure

States of Matter and Heat Fuels
Light and Optics

[
A SRS

Chemistry

Acid-Base

Mixtures

Particulate Structure of Matter
Electrolysis and Batteries
Chemical Properties of Solutions
Physical and Chemical Changes
Atomic and Periodic System

Biology

Systems in Our Body

Heredity /Genetics

Reproduction, Growth, and Development in Plants and Animals
Matter Cycles

Basic Structure of the Cell

Natural Systems

Viruses and Bacteria

Bacteria and Archaea

Environment

Humans and the Environment
Environmental Science

Why do Ecosystems Change?
Environmental Problems
Energy Transformations
Domestic Waste and Recycling

Astronomy

Astronomy and Renewable Energy
Solar System and Eclipses
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6. Discussion and Conclusions

In this study, research focusing on PBL in science education in Tiirkiye was examined
using a descriptive content analysis method. The studies were scrutinized in detail, and by
conducting a critical review of the data from these studies, general trends were identified.
The studies conducted in Tiirkiye include meta-analyses, content analyses, descriptive
content analyses, and systematic literature reviews related to PBL [6,22,24,25,33,34]. In some
of these studies, “achievement” [33,35], “achievement and attitude” [36], and “achievement,
attitude, motivation, and group dynamics” [34] were examined, while in others, the general
outlines of PBL were explored [22,24,25]. In our study, we also examined the studies related
to PBL in science education in a broad context.

As per the objective of this study, a total of 133 works related to PBL in science in
Tiirkiye, comprising 96 graduate theses and 37 articles published between 2000 and 2023,
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have been examined. It was noted that there were three separate content analysis studies
conducted on previous PBL research in science in Tiirkiye [24,25,35]. Additionally, six
different content analysis studies were identified that examined PBL without limiting
the scope to a specific field of science [22,33,34,36,37]. In their respective works, Alper
et al. [22] examined 48 studies, Batdi [33] examined 26, Dagyar [37] examined 118, Ayaz [35]
examined 24, Temel et al. [24] examined 58, Tosun and Yasar [25] examined 40, Mutlu and
Aydogmus [6] examined 40, Ozgul [36] examined 107, and Bati [34] examined 20 different
studies. Therefore, it can be argued that our study is more comprehensive than previous
similar studies.

In our study, when the distribution of the types of studies is examined, it is determined
that 49.6% of the studies are master’s theses, 27.8% are articles, and 22.5% are doctoral
theses. When the studies are examined by publication year, it is observed that no studies
were conducted between 2000 and 2003. The first studies related to PBL in science in
Tiirkiye seem to have started in the year 2003. Additionally, it is noted that the highest
number of studies were conducted in 2012 and 2017. It is found that 75,18% of the studies
were conducted between 2010 and 2021. In 2022 and 2023, three studies were conducted
each year, leading to the conclusion that the number of studies related to PBL in science
has significantly decreased in recent years. Similarly, Mutlu and Aydogmus [6] reported
a significant decrease in studies related to PBL in Tiirkiye in recent years based on their
examination of 40 theses conducted between 2014 and 2018.

Our results show that, in the conducted studies, 69 different dependent variables were
examined. In studies related to PBL in science, the variable most frequently investigated
was the impact of the method on achievement (64.61%). Additionally, attitude, scientific
process skills, and problem-solving skills were the next most commonly examined variables,
in that order.

Dagyar [37] conducted a meta-analysis of 118 studies in his doctoral thesis and ex-
amined the impact of the PBL approach on academic achievement. Similarly, Ozgul [36]
conducted a meta-analysis study examining the effects of PBL on students” academic
achievement and attitudes in 107 studies. Ozgul [36] found that in the studies he reviewed,
the PBL approach had a positive impact on academic achievement in 73 cases and a nega-
tive impact in 4 cases. Furthermore, Batdi [33] in his study determined that online PBL had
a positive effect on students” achievements, attitudes, and motivation. Based on this, it can
be concluded that the use of PBL in classes has a positive impact on academic achievement.
Additionally, Temel et al. [24] reported in their study that academic risk-taking, metacog-
nitive awareness, logical thinking ability, learning strategies, the permanence of learned
knowledge, problem-solving skills, creativity, motivation, and scientific process skills were
also examined in research studies.

In this study, we also found that the PBL method had a positive impact on 34 different
skills, and it had no impact on 11 different skills. Additionally, there was no evidence of
the method having a negative impact on any skill. More than half of the studies (53.38%)
identified a positive impact of the method on achievement. Furthermore, in 35 studies,
the applied method had a positive effect on attitude, while in 18 studies, it had no effect
on attitude. In 17 studies, the applied method had a positive impact on scientific process
skills; in 18 studies, it had a positive impact on student opinions; in 14 studies, it had a
positive impact on conceptual understanding; and in 12 studies, it had a positive impact on
problem-solving skills.

Our results show that the most preferred research design was the quasi-experimental
design in studies related to PBL in science. This was followed, in order, by the full exper-
imental design, mixed-method design, weak experimental design, case study approach,
action research approach, and weak experimental design. The analysis revealed that quan-
titative methods were more commonly used, with qualitative methods being less preferred.
Additionally, it was observed that the earliest studies related to PBL in science in Tiirkiye
were full experimental studies. The highest number of full experimental studies appeared
in 2010, while the highest number of quasi-experimental studies occurred in 2017 and 2020.
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The first qualitative action research study in science education was conducted in 2008.
It was noted that no mixed-method research was conducted until 2010, but there have been
13 mixed-method research studies conducted since 2017. Consequently, it can be inferred
that 76.47% of the mixed-method research studies were conducted in recent years. In their
study, Mutlu and Aydogmus [6] reported that experimental designs were predominantly
preferred in the conducted studies.

When the studies related to PBL in science were examined according to the level of
education that was studied, the findings showed that more than half of the studies (56.39%)
were conducted at the middle school level. Following the middle school level, studies
conducted at the undergraduate level had the next highest number (27.06%). The analysis
revealed that there were sixteen studies conducted at the high school level, three studies
conducted at the primary school level, and one study conducted at the preschool level.
Furthermore, it was observed that the majority of the studies at the middle school level
were conducted with seventh-grade students, followed by sixth-grade and fifth-grade
students. When the studies conducted at the undergraduate level were examined, it was
found that the sample predominantly consisted of third-year students.

Another noteworthy result obtained from this descriptive content analysis is the
limited inclusion of final-year students in the samples at various school levels. This could
be attributed to examination attempts such as the High School Transition System exam
in the 8th grade, the Higher Education Institutions Examination in the 12th grade, and
the Public Personnel Entrance Exam held in the senior year of undergraduate studies for
students wishing to start a professional career. Mutlu and Aydogmus [6] reported that in
their examination of 40 theses related to PBL conducted between 2014 and 2018 in Tiirkiye,
middle school students were predominantly selected as samples, and they did not come
across any studies that included primary school students. Similarly, Tosun and Yasar [25]
noted in their study that primary school students were selected as samples in research
studies to a low extent, and there were no samples selected from preschool education.

As a result of this study, it was observed that 68.42% (26) of the studies conducted
at the undergraduate level were related to prospective science teachers. Furthermore, the
analysis revealed that in the research studies, 31 different topics from physics, chemistry,
biology, environmental science, and astronomy were addressed, with 8 of them being
related to physics, 7 to chemistry, 8 to biology, 6 to environmental science, and 2 to as-
tronomy. When considering all of the topics covered in the studies, it was determined
that the most frequently researched topics were, in order: “Matter and Heat”, “Force
and Motion”, “Electricity and Magnetism”, “Work-Energy”, and “Acid-Base”. In their
study, Temel et al. [24] reported that 20 studies were conducted within the scope of middle
school science courses, and 16 studies were conducted within the scope of undergraduate
chemistry courses. Additionally, consistent with the findings obtained in the present study,
Tosun and Yasar [25] found that the most preferred topic in their study was “force and
motion”, whereas in our study, the most preferred topics were “matter and heat” and “force
and motion”.

After the analysis, it was determined that 22 studies were conducted over five weeks,
21 studies lasted eight weeks, 16 studies lasted four weeks, 13 studies lasted nine weeks,
11 studies lasted six weeks, and 9 studies lasted three weeks.

This descriptive content analysis study underscores the growing interest in problem-
based learning (PBL) within the context of science education in Tiirkiye. Despite challenges
associated with resistance to change and faculty development, PBL in Tiirkiye has shown
promise in improving students’ critical thinking, problem-solving skills, and subject matter
comprehension. As Tiirkiye continues to explore PBL, further research should focus on
addressing these challenges and assessing the long-term effects of PBL on science education
in the country.

While the articles reviewed here reflected on the challenges of PBL, they also pointed
to future directions for PBL in science education in Tiirkiye. There was a consensus on the
importance of faculty development programs to prepare educators for the transition to PBL.
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Additionally, this research emphasized the need for further investigation into the long-term
impact of PBL on students’ learning outcomes and their preparedness for the workforce.
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Abstract: Much attention over the last two decades has been given to inquiry-based learning in
science as a way of capturing students’ interest and participation in learning. However, while the
research on inquiry-based learning consistently demonstrates that students do attain higher learning
outcomes than peers who are taught by traditional transmission approaches, little research has
been attached to researching the key elements of this approach that contribute to its success. This
review focuses on the role of inquiry-based learning where students work in cooperative groups
to investigate topics that challenge their curiosity, encouraging them to ask questions to clarify
their understandings, evaluate evidence that may help to explain phenomena, and predict potential
solutions to the problems at hand. The key role teachers play in inducting students into ways of
thinking and reasoning and providing opportunities for them to work with others in the context of
inquiry-based learning will also be discussed.

Keywords: inquiry-based science; cooperative learning; dialogic teaching and learning

1. Introduction

Over the past two decades there has been a concerted effort to teach science using
an inquiry-based approach as a way of galvanizing students’ curiosity and motivation to
actively participate in learning science. Learning through inquiry encourages students to
actively participate in learning science so they ask questions about the topics that challenge
their thinking, test out potential solutions to problems, and consider alternative possibilities
as they learn to reconcile their developing understandings with previous knowledge and
experience [1]. “Inquiry refers to a variety of processes and ways of thinking that support
the development of new knowledge in science” ([2], p. 19). Inquiry teaching requires
teachers to not only teach the content but also help students to understand the approaches
and processes scientists use as they conduct their investigations.

Understanding how science works is critically important to understanding the pro-
cesses involved in scientific inquiry. Science is a set of processes that are interconnected,
and students, like scientists, learn to ask questions about the world in which they live as
they investigate different phenomena [3]. In essence, students learn science by actively
engaging in the practices of science. These practices involve learning to ask and answer
questions and compare answers with what is currently known, collect and analyse data,
formulate and test their suppositions, and work collaboratively with others to resolve issues
with the intention of sharing the results of their investigations [4]. Being able to collaborate
with others often involves students working together on problem-based learning activities
involving real-world contexts that are topical and of interest to students; for example, issues
on climate change where the goal is to solve a challenging problem. In this sense, students
have opportunities to collaborate with others on topics that are of socio-scientific interest
and likely to generate student discussion, motivation, and learning [1].

However, many teachers appear to experience difficulties embedding inquiry-based
science approaches into their science curricula, possibly because enacting inquiry requires
teachers to situate learning in authentic problems that often require them to guide and
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scaffold students’ investigations in the context of classrooms where they are expected to not
only teach the content but also simultaneously manage a variety of roles. In fact, Duschl
and Duncan [5] reported that it takes approximately 20 days of professional learning across
a period of two to three years for elementary teachers to feel skilled and competent in
teaching using an inquiry-based approach. This, Crawford [3] maintains, is why this type
of teaching is often not evident.

This paper provides a review of the role of inquiry-based learning in science where
students work in cooperative groups to investigate topics that challenge their curiosity,
encouraging them to ask questions to clarify their understandings, and evaluate possible
solutions to the problems they are confronting. Implementing inquiry-based science in-
struction involves extensive changes in classroom management practices with learning
situated in authentic problems that often require teachers to guide and scaffold students’
investigations. In this respect, teachers have a key role in inducting students into different
ways of thinking and reasoning and providing opportunities for them to discuss their
ideas with others. This type of teaching is referred to as dialogic teaching, where students
learn to engage in talk to promote thinking by exchanging ideas, negotiating meaning, and
reconciling their understandings with previous knowledge and experience. Finally, this
paper discusses these developments in the context of current research.

2. Inquiry-Based Teaching in Science

Given the importance attached to teaching science using an inquiry-based approach,
this section reviews current meta-analyses that report on the effects of inquiry-based
teaching on students” academic outcomes in primary and secondary schools. It also reviews
the research on teachers actively guiding or structuring the learning tasks in contrast to
more open-inquiry situations where guidance is less evident or traditional transmission
approaches to teaching science.

Implementing and managing inquiry-based science instruction involves extensive
changes in classroom management practices [6]. The National Research Council [1], in a
report on teaching and learning science in K-8 classrooms, emphasise that if students are
to become proficient in science, they need to be able to: “know, use, and interpret scientific
explanations; generate and evaluate scientific evidence and explanations; understand the
nature and development of scientific evidence, and participate productively in scientific
practices and discourse” ([1], p. 36).

These proficiencies, the NRC [1] argues, are interrelated and connected and represent
ways of thinking about scientific ideas where conceptual understandings of natural systems
are linked to the ability to develop explanations of different phenomena and conduct
empirical investigations to evaluate knowledge claims. However, if students are to engage
productively in science, they need to understand how to participate in scientific discussions
where they are able to listen to others, share their thinking, and be willing to ask questions
to clarify their understandings or challenge others’ perspectives. Such ways of thinking,
though, only develop when teachers actively induct students into these ways of thinking
and reasoning and provide opportunities for them to interact with others in the context of
inquiry-based learning.

Furtak, Seidel, Iverson, and Briggs [7], in a meta-analysis of 37 empirical studies
of inquiry-based science published between 1996 and 2006, reported that inquiry-based
teaching contributed to improved student achievements with an overall mean effect size of
0.50. Furthermore, this result was greater than previous meta-analyses reviewed by the
authors (see p. 303). Furtak, Seidel, Iverson, and Briggs [7] also found that studies that
contrasted epistemic (E) activities (e.g., nature of science, conclusions based on evidence, or
generating and revising new theoretical perspectives) and the combination of procedural,
epistemic, and social (PES) activities had the highest mean effect sizes, with mean effect
sizes of 0.75 (epistemic) and 0.72 (PES). Moreover, studies that involved activities that were
led by teachers had mean effect sizes that were about 0.40 larger than those which were led
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by students, indicating that students achieved higher learning outcomes when teachers
actively guided the learning tasks.

Firman, Ertikanto, and Abdurrahman [8] conducted a meta-analysis across 15 articles
that reported on the use of inquiry-based learning in science education in primary and
secondary schools. The results showed that 10 of the studies recorded median to large
effect sizes with the overall effect size being 0.45 (median effect). Of the five studies with
low effect sizes, none of them recorded negative effect sizes. The authors argued that
the results demonstrate that inquiry-based learning had a positive impact on students’
learning in science in comparison to students who learn via traditional teacher-centred
approaches. Interestingly, the effect sizes were higher when students were involved in
structured-inquiry or guided-inquiry where the teacher actively guided the activities in
contrast to more open-inquiry situations where guidance was less evident.

Similar results were reported by Heindl [9], who investigated the efficacy of inquiry-
based learning to improve students’ academic performance in comparison to students who
learn by traditional teaching approaches. Thirteen studies met the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA) criteria for inclusion in this
meta-analysis. Eight studies were conducted in secondary schools with an effect size of
0.81, and five were conducted in primary schools with an effect size of 0.67. The results
showed that inquiry-based learning is an effective teaching approach that can be used in
primary and secondary schools leading to higher academic outcomes for students learning
science. Moreover, Heindl [9] argued that inquiry-based learning is more effective when
teachers and students are well prepared for inquiry-learning through practice-coaching
or training.

In summary, meta-analyses by Furtak, Seidel, Iverson, and Briggs [7], Firman, Er-
tikanto, and Abdurrahman [8], and Heindl [9] demonstrate that inquiry-based learning in
science has a positive impact on students” academic learning in science in comparison to
peers who learn via traditional transmission approaches. Furthermore, inquiry-learning is
more likely to have a greater impact when teachers actively guide the inquiry process.

3. Promoting Scientific Thinking and Reasoning

Tt is critically important that teachers induct students into different ways of thinking
and reasoning by explicitly teaching and modelling how to express ideas, ask for assistance,
challenge alternative perspectives, and reason logically. It is well known that learning
occurs when students have opportunities to discuss ideas with others, and emphasis in
recent years has been on encouraging teachers to engage students in class discussions
where they are able to interact with their teachers and peers on problem-based topics that
challenge their curiosity and understandings [10]. This type of teaching is known as dialogic
teaching, and it is designed to encourage students to be more active in their learning by
expressing their thoughts and understandings and asking questions to clarify topics they
do not understand. Interactions between teachers and students not only enable students to
demonstrate what they know but they also enable teachers to gain an understanding of
any misconceptions that students may hold. This allows teachers to adjust their teaching
so any misunderstandings can be discussed and clarified.

Alexander [10] maintained that dialogic teaching is predicated on teachers and stu-
dents addressing learning tasks together; listening to each other, sharing ideas, and consid-
ering alternative perspectives; encouraging students to share their ideas without feeling
self-conscious or embarrassed; and building on each other’s ideas in order to develop
rational and logical solutions. During this process, the teacher needs to guide classroom
discussions with the purpose of achieving specific educational goals.

When this occurs, Alexander [10] maintained, a number of changes occur in how
talk is enacted in the classroom, with more talk occurring among students and between
students and teachers. Student and teacher exchanges tend to be longer, with teachers
building on student responses to prompt and facilitate students” thinking. Students, in
turn, begin to build on each other’s ideas as they seek to extend others” ideas or clarify
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misunderstandings. Their responses become more diverse as they learn to provide more
explanations, justifications, and suppositions on topics they are discussing. In short,
students are initiating more talk as they speculate, think aloud, and help each other as
they realise that they can be active in their own learning. There is also more participation
by children who are less academically able, as the chance to talk provides them with
the opportunity to express their opinions and demonstrate competence. This, in turn,
Alexander notes, leads to “the interactive culture in these classrooms is becoming more
inclusive” ([10], p. 108).

In a comprehensive account of the Dialogic Teaching Project, Alexander [11] discusses
the development and randomised control trial that was funded by the UK Education
Endowment Fund (EEF) between 2014 and 2017. The purpose of the intervention was to
invigorate classroom talk to promote student engagement, learning, and attainment in the
context of social and educational disadvantage. The intervention’s professional develop-
ment for teachers included a full day’s induction program where they were introduced to
dialogic teaching and the professional development program that would be implemented
across the following 20 school weeks. This included mentoring from experienced teachers
in the schools, guided planning and target setting with the mentees, reflections by teachers
on lesson video recordings of classroom talk, reading materials, and mentoring from the
Dialogic Project Team. Data were collected from 76 schools across three United Kingdom
cities that met the criteria of having at least 25% of their students eligible for free school
midday meals (a marker for social disadvantage).

Alexander [11] reported that the children in the Dialogic Teaching Schools gained
two additional months” progress in English and Science and one additional month’s
progress in mathematics in comparison to children in the non-intervention schools. Fur-
thermore, the children who were eligible for a free school lunch (marker of disadvantage)
made a further two months’ progress on standardised assessments in English, Science,
and Mathematics compared to their peers in the non-intervention schools. Interestingly,
independent analysis of the video-recorded lesson episodes showed that classroom talk
in the intervention classrooms began to become more dialogic early in the intervention,
with marked differences between the intervention and the non-intervention classrooms.
Differences in talk were evident in both teacher and student talk by week 19, with talk
becoming more dialogic as teachers and students spent more time listening to each other
and incorporating each other’s ideas into their discussions. Additionally, the principals,
mentors, and teachers reported that the Dialogic Teaching approach had a positive effect
on students’ self-confidence and participation in learning.

While meaningful gains were recorded in the children’s progress in the intervention
schools in comparison to their peers in the non-intervention schools, feedback from the
teachers in the intervention schools felt it would take longer than 20 weeks to fully embed
the Dialogic Teaching approach in their curricula and suggested that the study should
be scaled up to a longer period of time to see the full effects. The outcomes achieved
by the Dialogic Teaching Project led Alexander [12] to acclaim that “evidence shows that
well-founded classroom dialogue improves student engagement and learning” ([12], p. 1).

The results obtained from the Dialogic Teaching Project [11] led to Alexander [13]
developing a framework on eight dialogic teaching repertoires designed to help teachers
to engage with the different forms of classroom talk between and among teachers and
students including the key areas of: questioning, extending talk to open up students’
thinking, discussing, deliberating and arguing, and finally, argumentation, where students
learn to advance reasons and evidence and challenge and refute claims to solve a problem
or address an identified question. (NB: Repertoires 1 and 2, involving Interactive Culture
[how talk should be managed] and Interactive Settings [ways students are grouped], will
be discussed in the section on Cooperative Learning).

Dialogic teaching, Alexander [13] argues, is a talk pedagogy that utilises the influence
of talk to excite and extend students’ thinking and learning to enable them to discuss,
reason, and argue as they participate in discussions with their teachers and other students.
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This includes engaging in talk to promote thinking where students learn to talk and
exchange ideas with others, which promotes a better understanding of different issues
under discussion. It also includes recognising that talk is very much a social process,
and in classrooms, talk engages students’ attention and motivations as they interact to
communicate in everyday transactions where they exchange and negotiate meaning.

When teachers engage in dialogic teaching with their students, Alexander [13] notes,
there is more talk about how the participants will interact with each other as well as
the procedures they will follow. Teachers, in turn, often ask more open questions that
encourage students to participate in the discussion, enabling students to feel more welcome
and able to contribute in ways that are more mutually beneficial to the discussants. Boyd
and Markarian [14] also noted that dialogic teaching is apparent when teachers engage
in conversations with students where they actively listen to what students have to say,
encourage them to share their thinking, or they ask questions to clarify issues. In dialogic
classrooms, students are encouraged to consider alternative propositions, make their
thinking explicit, and support each other so both students and teachers build on each
other’s ideas as they develop “coherent lines of thinking and enquiry” ([15], p. 8). The
following section on Dialogic Teaching in Classrooms discusses the way dialogic teaching
is enacted in classrooms by teachers and students and the evidence that supports this
approach to teaching and learning.

4. Dialogic Teaching in Classrooms

Teaching and learning in the dialogic classroom, Reznitskaya [16] argues, is charac-
terized by authority over the content and form of discourse shared among participating
group members, where students accept responsibilities for turn taking, asking questions,
reflecting on each other’s answers, and suggesting new topics. Teachers challenge students’
answers, ask for justifications, and provide meaningful feedback to help students negotiate
and construct new meanings. These types of dialogic discussions promote meta-level
reflections that challenge students to seek clarification and connect ideas across contexts.
In so doing, they learn to elaborate on their thinking as they collaborate with others to
construct new understandings and mutually agreed-upon knowledge.

Garcia-Carrion, Aguileta, Padros, and Ramis-Salas [17], in a review of the social impact
of dialogic teaching and learning, noted that there is a large volume of evidence from small-
and large-scale studies that dialogic teaching contributes to academic achievement and
social cohesion, resulting in classrooms that are more inclusive as students are invited
to take an active and meaningful role in discussions. In effect, it transforms classroom
relationships as students realise their contributions are valued as they cooperate to reach a
common agreement, enabling them to complete tasks.

Others who have investigated the role of different types of talk in classrooms are
Scott and Mortimer [18], who developed a framework for analysing the different ways
discussions are undertaken in science classrooms in secondary schools and the functions
they serve. One type of interaction that they highlighted is the interactive and dialogic
approach. This involves the teacher listening to students’ ideas, probing their thinking on
a particular topic, and working together to explore different ideas and suggestions. This
type of interaction tends to be characterized by high levels of interaction as teachers and
students participate in animated discussions with each other.

A second form of interaction is the interactive and authoritative approach, where
the teacher focuses mainly on one specific point of view and leads students through a
series of questions with the aim of helping them to gain a clearer understanding of the
topic. In this type of interaction, the teacher is active in guiding the discussion with the
students to help them develop an understanding of the specific goals of the lesson [19].
Scott, Mortimer, and Aguiar [20] argued that changes between these styles of interaction
are an unavoidable part of teaching science as the interactive and authoritative approach
is often used to introduce new information and ideas while the dialogic and interactive
approach provides opportunities to investigate the information presented in more detail.
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There is no doubt that successful inquiry-based learning experiences are predicated
on teachers creating learning environments where students are not only amazed and
challenged by the experiences they have, but also are able to interact with their teacher
and peers to ask questions, seek clarification, offer explanations, justify their positions, and
build on the ideas of others: in short, dialogue with others [21]. This type of interaction,
Lehesvouri, Ramnarain, and Viiri [22] argue, improves students” willingness to engage
in dialogic exchanges during inquiry-based learning activities. Moreover, it is through
teacher interactions that students learn how to engage in appropriate ways of interacting in
different classroom settings [23].

Rojas-Drummond, Littleton, and Velez [24] report on a study that investigated dialogic
literacy, essentially the interplay between talking, reading, and writing, among 120 Grade
6 students in two primary schools as they collaborated in small groups on a literacy task
involving reading and writing. The study utilized an intervention program called Learning
Together which uses collaborative learning to enhance the development of children’s
oracy and literacy skills. One school implemented the intervention program (experimental
condition), while the other continued with its regular literacy program (control condition).

Collaborative learning is critically important for helping students to understand the
guidelines that they need to follow if they are to explore topics together. The ground rules
that were proposed to help students to understand how they were to collaborate as they
worked together were adopted from Mercer, Wegerif, and Dawes [25] and included:

(a) All relevant information needs to be shared.

(b) Group members need to reach agreement on all topics under discussion.

(c) Members need to accept responsibility for group decisions.

(d) Members need to provide reasons for positions adopted.

(e) Members need to accept challenges from others both within and outside the group.
(f)  Alternative propositions need to be considered before the group makes a decision.
(g) All group members are encouraged to participate in the discussion.

Concurrently to establishing the guidelines for collaborate discussions, Rojas-Drummond,
Littleton, and Velez [24] reported that the teachers played a key role in encouraging stu-
dents to share their thoughts, outline their reasons for adopting a particular position, and
explicitly state what they know about a topic and share this information with the class.
They also modelled ways of using language that children could adopt for themselves, in
peer group discussions and other settings, and they provided opportunities for students
to make extended contributions to the discussion, enabling them to express their current
understandings or communicate their difficulties [26].

The Learning Together program involved 18 sessions of 90 min each across a seven-
month period in which the students in the experimental condition worked together on
a variety of oral and written communication tasks [24]. Data on the written summaries
produced by the students in both conditions were analysed using the Test of Textual Inte-
gration (TTI). The results indicated that the students in the experimental condition scored
significantly higher on the quality of the text they produced and on each of the partial scores:
title (comprehensive, informative, and concise), main ideas (six main ideas), organization
of ideas (coherence of ideas), and level of expression (sophisticated expression).

Follow-up micro-analysis of the discussions and co-regulatory processes of four stu-
dent triads (two experimental and two control triads) in the Rojas-Drummond, Littleton,
and Velez [24] study while solving the group version of the Test of Textual Production (TTP)
is reported in Rojas-Drummond, Omedo, Cruz, and Espinosa [27]. The purpose was to
identify how the interactive, communicative, and co-regulatory processes emerged in each
group, as well as how these processes might give way to the utilization of these processes in
the written composition in the Learning Together groups (experimental groups). The results
showed that the experimental student triads (in comparison to their control peers) gradu-
ally learned to adopt a more collaborative, dialogic, and strategic way of working together.
The results highlighted the key role dialogic discussions and co-regulatory processes play
in facilitating the development of written text in primary students.
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Given that the knowledge-building practices of scientists are essentially social and
collaborative, cooperative small group learning provides opportunities for students to
investigate different observable trends, discuss potential solutions and research questions,
identify the data to be collected and analysed, and communicate their understandings to
others in ways that are seen as logical and well-thought through. However, many teachers
experience difficulties in establishing cooperative learning experiences where students have
opportunities to share, critique, and evaluate possible explanations for the phenomena
under investigation. The following section will discuss some of the perceived difficulties
teachers face.

5. Cooperative Learning: Creating an Interactive Culture and Setting

Inquiry-based science requires students to cooperate to investigate problems, ask
questions, challenge each other’s conceptions or misconceptions, and negotiate acceptable
solutions to the problem at hand. When students cooperate, they learn to listen to what oth-
ers have to say and reflect on their points of view, share their thinking on issues, challenge
and rebut misconceptions, and engage in the practices of building new understandings and
knowledge that promote learning. However, creating cooperative groups where students
are able to discuss tasks in a meaningful way can be quite challenging unless students have
a clear understanding of how they are expected to cooperate and what they are expected to
achieve [28].

Productive classroom talk, Alexander [12] argues, requires developing a shared un-
derstanding of the way talk should be managed, often requiring that some explicit ground
rules are established. These rules may eventually become part of the classroom routine, so
students understand that these are the accepted norms for communicating, as occurs when
an interactive culture is promoted. Alexander also maintained that talk is affected by the
way students are grouped. Interaction is facilitated when students work in small groups
(often three to four students) where they can see and hear each other as they work on a
designated task.

In a review of five studies where teachers explicitly structured cooperative small group
learning, Gillies [29] reported that students demonstrated higher levels of cooperation,
group interaction, and learning than peers who learnt in unstructured small groups. Fur-
thermore, “the benefits of cooperative learning are enhanced when groups do not exceed
four members, are gender-balanced and of mixed-ability, instruction is designed to meet
the groups’ needs, and teachers have been trained in how to implement this pedagogi-
cal strategy” ([29], p. 47). These results were consistent across both primary and high
school settings.

While cooperative learning is well established as a pedagogical approach that can be
implemented in science classrooms to promote students” engagement and learning [30],
establishing the conditions for it to be employed effectively can be a challenge both for the
teachers and the students involved. Teachers are often reluctant to embrace cooperative
learning possibly because of the challenge it poses to their control of the instructional
process, where teaching tends to be more teacher-centred rather than learner-centred.
Furthermore, the changes that teachers need to make to accommodate this organisational
change to how they teach and the personal commitment they need to make to sustain their
efforts are often regarded as further impositions on their role as teachers. It may also be
due to a lack understanding of how to embed cooperative learning pedagogy into their
classroom curricula to foster open communication and engagement between teachers and
students to create learning environments where students feel supported and emotionally
safe and secure.

6. Conditions Needed for Successful Cooperative Learning

Placing students in groups and expecting them to work together does not ensure that
they will cooperate, as some students will often defer to more able students who may
assume the important roles and tasks for themselves, leaving the less able students to
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undertake more diminished roles. One way to ensure that all students have opportunities
to participate in groups is to structure the group, so students understand that they are
linked interdependently around the task. When this structure is in place, students know
how they are expected to work together, what they are expected to achieve, and how they
are expected to behave [28, 29).

Research has identified five key components that need to be embedded in groups for

members to cooperate [30]. These components are:

1.

Positive interdependence exists when group members perceive that they are linked
together in such a way that in order to achieve their goals, they must assist others
to do so as well. Positive interdependence can be structured in a group so that
each member has to complete part of the group’s task, for example, a group project
where each member works on one part of the larger task. Members then share their
contributions with other group members so the larger task can be completed. Johnson
and Johnson [31] found that when positive interdependence is established in a group,
two important psychological processes occur. The first involves members allowing
one member’s actions to substitute for the actions of another. This occurs when
one member undertakes an action that other members of the group accept as an
action they see as important to the group. The second psychological process involves
being open to the influence of others and willing to accept their ideas as valuable.
When these two processes are evident, the group members become psychologically
interdependent, with members realising they need to work together, be open to
assisting others, and contribute their ideas to ensure the group completes its task or
achieves its goal/s.

Promotive interaction enables group members to discuss topics with others and think
about issues in ways that they may never have considered previously. In so doing, the
information and ideas exchanged are transformed so they become part of their new
ways of knowing and doing. In fact, when this occurs in science classrooms, Ford
and Forman [32] found that the interactions that the students had with each other
encouraged them to work together to collaboratively construct and critique different
ideas and points of view. This participation in talk where students learn to give and
take in their discussions, Ford and Forman believe, is essential if productive scientific
talk is to occur. Moreover, it is these dialogic interactions that, in turn, support changes
to students’ reasoning and ways of thinking in science.

Interpersonal and small-group social skills are critically important if students are to
work successfully together. However, these skills do not develop automatically, and
teachers need to ensure that students understand how to interact respectfully and ap-
propriately with others. Gillies [33] reported that when students were trained in how
to use these skills, they demonstrated more cooperative behaviour, provided more
help to each other, and used more inclusive language or language that invited others
to participate than peers who had not been taught these skills. This may have been
because when students learned to interact appropriately with other group members,
they felt more supported by their group and were more willing to reciprocate in kind.
There is no doubt that social support tends to increase group cohesion and sense of
purpose, which, in turn, affect pressure to be a productive group member.
Individual accountability is evident when students accept responsibility for com-
pleting their part of the group task. When individual accountability or personal
responsibility is evident, group members realise that they are also contributing to
the group’s goals. This responsibility, in turn, helps create a sense of group cohesion
and motivation to cooperate as members realise the importance of their contributions
to the group’s goals. Johnson and Johnson [30] found that that individual account-
ability or personal responsibility increases the effectiveness of a group and the work
each member completes. By supporting each other as they work together, students
learn that they can not only achieve the group’s goal, but their own performances
also improve.
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5. Group processing and reflecting are processes that are critically important for students’
learning, as they allow students to discuss how well the group is working to achieve its
goals and maintaining effective working relationships [30]. Johnson and Johnson [34]
argue that this includes making decisions about what behaviours to continue or
change; discussing how to streamline the learning process so all group members
understand what they need to do; reviewing the group’s progress as they complete
specific tasks; and evaluating how they are working together as a team.

7. Inquiry-Based Science and Cooperative Learning

Successful implementation of an inquiry-based science approach in classrooms is very
dependent on students working cooperatively together to investigate problems, search for
possible solutions, make observations, ask questions, consider different perspectives on
the issue, think innovatively, and use their intuition. Given the emphasis attached to the
importance of students being actively involved in their own learning, as inquiry-based
investigations enable them to do, questions naturally arise about the effectiveness of this
approach to learning in the context of cooperative learning. Howe et al. [35] reported on a
study of twenty-four classrooms across twelve schools where students worked in small
cooperative groups on inquiry-based science tasks (intervention condition), while the three
classrooms in the control schools participated in their regular classroom science program.
The results showed that the students in the intervention condition achieved significantly
higher scores on their inquiry-based science tasks than students in the control condition.
Furthermore, the students in the intervention condition obtained significantly higher scores
in their dialogic interactions (proposition, disagreement, explanations, and questions) than
students in the control condition. Howe et al. [35] attributed the success of the students’
progress in science to their cooperative group experiences.

Thurston et al. [36] reported on a two-year longitudinal study of the effects of coopera-
tive learning on science attainment, attitudes towards science, and the social connectedness
of 204 students involved in the Howe et al. study [35]. The study investigated whether
the gains recorded in the Howe et al. study in science understanding, attitudes, and social
relationships transferred and persisted even though the students were now in high school
in comparison to students in the control condition. The study found that attainment gains
that were recorded during the original study persisted over time and were maintained
in the intervention condition 18 months after the original cooperative learning project.
Furthermore, the social relationships that were developed by students before the transition
were significantly related to higher post-transition attainment. In short, the use of coopera-
tive learning during inquiry-based science may allow the transfer of knowledge and skills
acquired to new learning environments.

Gillies, Nichols, and Burgh [37] reported on a study that involved thirty-five groups of
sixth grade students in eighteen classrooms from nine elementary schools who worked on
two inquiry-based units of science in three conditions: the cognitive questioning condition,
the philosophy for children condition, and the regular classroom (comparison) condition.
Teachers from all three conditions participated in four professional development days
that provided them with background information on the inquiry-science units and the
cooperative learning strategies they were to implement. Each inquiry-science unit ran
for 6-10 weeks and required students to work together in small cooperative groups to
investigate topics, test out ideas, evaluate their conceptions, and build new working theories
or understandings in a continuous cycle of inquiry, the outcomes of which were shared
with the wider class.

While the children in the cognitive questioning condition and the philosophy for
children condition were taught specific ways of asking questions to prompt discussion
and think carefully about issues that emerged, the results showed that the children in all
conditions demonstrated more helpful discourses or discourses known to mediate learning.
This outcome was encouraging because it is the way the students were taught to help each
other by providing explanations, elaborating on points, and providing reasons for their
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thinking that promoted follow-up learning. In effect, it was the opportunities that the
students had to participate in the inquiry-based science units where they were taught how
to cooperate that promoted the dialogic interactions that occurred.

Ting et al. [38] reported on a meta-analysis of the effects of active learning (i.e., collab-
orative learning, discovery learning, experiential learning, group inquiry-based learning,
problem-based learning, and activity-based learning) on Asian students’ performance in
science, technology, engineering, and mathematics (STEM) subjects. A main criterion for
inclusion was Asian students” experience with an active learning experience in comparison
to traditional, didactic lecture-based pedagogy. All the active learning approaches were
defined as “any instructional method that engages learners in their own learning process
through their active involvement in class” ([38], p. 381). Forty-four studies met the criteria
for inclusion in the meta-analysis. The results showed that a moderately large effect of 0.66
was detected, indicating a positive effect of active learning on Asian students’ academic
performance. Moreover, the effect sizes for active learning pedagogies in the different
STEM disciplines were similar, and there were no significant differences between different
countries or regions in Asia.

Ting et. al. [38] concluded that by changing traditional learning to active, learner-
centred, inquiry-based, and collaborative approaches, Asian students became fully engaged
and found learning more relevant to their needs. “The deep learning process that results
from this active learning instructional approach as opposed to the passive and rote learning
approach, ultimately leads to higher order learning, meaningful learning outcomes and
enhanced academic performance” ([38], p. 389).

Nugroho, Suranto, and Masykuri [39] reported on a meta-analysis of the effectiveness
of inquiry learning in science on the development of argumentation skills: skills needed to
make claims, explain reasons, justify decisions, and provide evidence for decisions taken.
Seventeen inquiry learning studies that had focused on developing argumentation skills
met the criteria for inclusion in the meta-analysis. All studies investigated the effectiveness
of inquiry learning on the development of argument in biology, physics, chemistry, and
integrated natural science in secondary schools and colleges. The results showed that
argumentation skills had a positive impact on the quality of students” written and oral
arguments, with effect sizes ranging from 0.41 (moderate effect size) to 2.00 (very large effect
size). The authors concluded that “scientific activities in inquiry provide opportunities for
students to discuss and debate arguments, do their assignments to make valid conclusions,
and are supported by original evidence” ([39], p. 100011-4).

8. Conclusions

The research by Howe et al. [35], Thurston et al. [36], Gillies, Nichols, and Burgh [37],
Ting et al. [38], and Nugroho, Suranto, and Masykuri [39] highlight the academic and
dialogic benefits that students achieve when they have opportunities to participate in
inquiry-based tasks in science in comparison to peers who learn through traditional trans-
mission approaches.

Inquiry-based learning emphases the importance of students investigating problems,
making observations, asking questions, testing out ideas, challenging the ideas of others,
and thinking creatively as they work cooperatively on solutions to the problem at hand.
There is no doubt that the inquiry process is complex, as it requires students to be adept at
engaging with others, sharing their ideas, acknowledging the contributions others make,
evaluating new information, and communicating their various understandings in ways
that are logical and well-reasoned. In such situations, teachers need to play an active role
in not only structuring inquiry-based experiences that will help students to develop an
understanding of the content, but also the dialogic practices that will help them to engage
in well-reasoned discussions that facilitate critical thinking and learning.

When teachers dialogue with students, they not only model and scaffold different
ways of talking, but also provide feedback to help students develop clearer understandings
of their learning. These types of dialogic discussions promote meta-level reflections that
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help students to connect ideas across contexts, promoting higher order thinking that leads
to learning that is more meaningful and enhanced academic outcomes. In short, student
learning and engagement is promoted when they have opportunities to work cooperatively
together on inquiry-based science tasks that have been well-structured.

Limitations and Recommendations for Future Research

There are three limitations to the research reported in this paper. Firstly, the focus
is on inquiry-based teaching in science where students work in cooperative groups to
investigate challenging problems. This requirement automatically limits the number of
studies that have addressed these issues. Secondly, while meta-analyses are used to
describe the impact of inquiry-based learning on students” achievements, no information
is provided on how teachers can implement inquiry-based teaching in science in their
classrooms; this is a clear indication of the limitations of meta-analyses. Finally, the paper
focuses specifically on academic achievement and does not address student motivation to
learn during inquiry-based science activities. Future research will need to address these
limitations if inquiry-based teaching in science is to be fully embedded in science curricula.
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Abstract: As a reaction to the current situation of local and global environmental deterioration,
recent decades have seen the emergence of multiple educational strategies and methodologies
within Environmental Education (EE) with the aim of promoting pro-environmental attitudes among
young people. One of these strategies is Problem-Based Learning (PBL), and it is necessary to
analyze the didactic implications of this methodology in the field of EE in order to maximize its
effectiveness. This study evaluates the implementation and didactic implications of an environmental
project designed under the PBL methodology. The project was carried out over consecutive years
of compulsory secondary education (Grades 9 and 10) in two secondary schools in the province of
Granada, Spain. The data collection instruments used included the researcher’s diary, self-assessment
and reflection questionnaires for the participating students, and questionnaires and rubrics completed
by the audience during the presentation of the final product. The study employed a qualitative
interpretative approach, using response categorization and SWOT analyses, the results of which
revealed multiple conclusions, highlighting the high level of motivation, work and participation of
the students, as well as the didactic benefits of the enriching socialization of the project. Difficulties,
such as time management and cooperative group work, lack of practice in the methodology used
and challenges related to the use of information and communication technologies (ICT), were also
identified. Finally, recommendations are provided for the application of this methodology in other

educational contexts.

Keywords: problem-based learning; environmental education; environmental problems; cooperative
work; SWOT analysis; secondary education

1. Introduction

Well into the 21st century, we can confidently assert that we are facing unprecedented
anthropogenic environmental deterioration [1-3]. Some of the most important parameters
indicating the various current environmental issues include climate change, biodiversity
loss, disruptions in the global nitrogen and phosphorus cycles, ozone depletion, ocean
acidification, global freshwater consumption, land use changes, chemical pollution, and at-
mospheric aerosol concentration [4]. It is evident that the solution to this array of problems
is complex and multifactorial. However, as educators, we have an important role to play
through Environmental Education (EE) in trying to improve this situation to the best of our
abilities, particularly in terms of empowering individuals to take action [5]. In this sense,
Ref. [6] points out that effective environmental education goes beyond a unidirectional
transfer of information. Instead, it develops and enhances environmental attitudes, values,
and knowledge while building skills that prepare individuals and communities to collab-
oratively undertake positive environmental action. In fact, there is now a general social
consensus on the importance of EE as a key element for creating awareness in citizens of
the need to maintain the environmental conditions of our surroundings within acceptable
margins [7].
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In any case, the challenges are also numerous, with the feeling that we are always
trailing behind issues that surpass the objectives and possibilities of EE. Some of these
challenges are as follows:

o  The paradox that even though we have more environmental information available,
especially through the media, it has not resulted in a social transformation towards
more sustainable lifestyles. These lifestyles often clash with immediate beliefs and
interests that encourage consumerism and tend to overlook individual responsibility
in the global situation.

e  Formal EE is practically anecdotal despite recognizing certain advances in curriculum
designs and materials. However, the conditions of the teaching staff also do not
contribute to greater involvement.

e  Pure activism [8], or in other words, taking pro-environmental actions without un-
dertaking appropriate reflection on what we do, why we do it, and for what purpose,
prevents us from interpreting what is happening and being able to undertake future
actions based on well-founded reasons.

In recent years, alternative teaching and learning strategies have emerged in the field
of science education in general, and EE in particular, as a reaction to conventional methods
and in line with constructivist principles [9]. According to [10], there is already sufficient
evidence of the effectiveness of various inquiry-based methods of instruction, including
project-based learning, inquiry-based learning, guided discovery, and others, which have
all provide opportunities for developing explanations and seeking solutions of a different
nature. One such methodology is Problem-Based Learning (PBL). As Ref. [9] indicates,
PBL approaches develop students” abilities to tackle complex, unstructured problems that
resemble situations they are likely to encounter in the future. Therefore, PBL seems to align
with the educational needs of EE, which frequently involve finding solutions to diverse
environmental problems [11,12]. Moreover, this methodology offers noteworthy didactic
potential, manifested in the improvement of knowledge and skill integration, avoidance
of fragmented learning, development of creative and critical thinking, interdisciplinary
and autonomous learning, teamwork, and enhanced problem-solving [13-16]. Hence, the
aforementioned supports the presumed suitability of PBL in EE development. However,
few studies have analyzed the relationship between the two and the potential deficiencies
and challenges that may arise in their implementation.

The aim of this work is to describe in the form of a case study the functioning, per-
formance, problems addressed, and didactic implications of the methodology in question
when applied to the field of EE, as well as to specify recommendations for future imple-
mentations. In order to achieve this objective, a qualitative interpretative investigation
was carried out, consisting of a detailed analysis of the development of this methodology
in two Spanish secondary schools over two consecutive academic years with students in
the ninth and tenth grades of secondary education. For this purpose, an evaluation was
performed using three instruments to collect formative evidence in the development of the
PBL methodology, namely an analysis of Strengths, Weaknesses, Opportunities and Threats
(SWOT) of the diary of the researcher who applied the PBL methodology, self-evaluation
and reflection questionnaires of the participating students, and questionnaires and rubric
of the audience present on the day of the exposition of the final product obtained by the
students. Some of the conclusions following the analysis of the aforementioned instruments
and their subsequent triangulation, as well as the comparison between the two years of
intervention, were as follows: the high level of motivation, work and participation, the
positive didactic implications of the rich socialization of the project, the problems in time
management and cooperative group work, the lack of practice in the methodology under
study (PBL) and the problems with the use of ICT.

2. Theoretical Framework

In recent years, various didactic and methodological strategies have been used in EE,
such as service learning, problem-based learning, project-oriented learning, simulation
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games and case studies [17]. Project-based learning (PjBL), together with problem-based
learning (PBL), are teaching approaches that are emerging as authentic alternatives to
traditional methods. Through previous work using bibliographic analysis [9], we estab-
lished a comparison between both of them and also with Inquiry-Based Learning (IBL) and
Cooperative Learning (CL), establishing a spatial relationship through the conceptual map
shown in Figure 1.

PBL, PW, CPBL, IBL
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Figure 1. Conceptual map relating Problem-based Learning (PBL), Project Work (PW), Cooperative
Project-Based Learning (CPBL), and Inquiry-Based Learning (IBL).

One of the conclusions we reached was that the project, in terms of its denomination
and internal relationships, can be considered as the overarching concept, with PBL, CPBL,
and IBL as subconcepts, with the latter being seen as a consequence of Project-Based
Learning (PjBL). It was found to stimulate creativity, inquiry, communication, and diverse
learning.

Despite its adaptability to different types of knowledge, Environmental Problems
(EPs) are an ideal target on which to focus PBL due to the disciplines involved in their
resolution, their diversity and their magnitude, which is leading us to a state of “planetary
emergency”. The 2030 Agenda of the United Nations and the periodic meetings on Climate
Change (those of the IPPC, for example) are good proof of this.

Among other characteristics, EPs [18,19] possess the following features:

e Due to their complex and ever-changing nature, they do not have a single solution
(referred to as open-ended problems in educational jargon [20].

e  Their resolution requires reflection and creative investigation, drawing upon interdis-
ciplinary scientific knowledge as well as everyday and traditional knowledge.

e They should be useful and applicable to everyday life.

o  They can be used as a didactic end (learning problem-solving skills) or as a means
(learning environmental content).
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These same characteristics mean that there are also difficulties in dealing with them,
some of which are as follows:

e In the school curriculum, content is often not presented as problematic or integrated
across different subjects.

e They may not emerge from students’ interests and everyday experiences.

e  Their complexity is often overlooked, presenting them as simple and linear cause—
effect relationships.

e  The responsibility for solving environmental problems is often attributed to higher
authorities, neglecting individual and collective citizen responsibility.

Relationship between EE and PBL

Several studies have been carried out in recent years using PBL/PjBL as a strategy
for EE on various topics and research designs. These have focused on water manage-
ment [21], river dredging [22], ocean water [23,24], school projects [25,26], ecological
farming [27], ecological gardens [28], knowledge and attitudes [29-31], the development
of cross-domain and domain-specific components of experimental problem-solving abil-
ity [32], open problem-solving [33], use of smartphones and outdoor education [34]. The
research designs used by the mentioned authors vary from quasi-experimental to single-
group designs.

In an attempt to summarize the results from this diverse range of previous research,
the following accomplishments of PBL in EE for its users can be mentioned: a favorable
attitude to its use in the classroom is perceived, environmental awareness is increased,
improvement in skills and problem-solving abilities is observed, integrated use of knowl-
edge and knowledge sharing in collaborative group work occur, creativity and research are
enhanced, as well as evidence-based argumentation, critical thinking, global thinking, and
scientific competence. These findings have been corroborated by other studies [35-39].

On the other hand, in the literature review we conducted earlier, some difficulties
or weaknesses for students in the application of PBL have been identified, which seem
to contradict some of the previous results, at least partially. These include a lack of
improvement in learning outcomes or critical thinking compared to traditional methods, a
lack of practice in this methodology, inherent workload overload, challenges associated
with group work, a lack of autonomy in approaching the proposed activities, as well
as feelings of confusion, uncertainty, and insecurity, especially in the early stages of the
strategy [40].

From the teachers’ perspective, [41,42] include the difficulty of evaluation as a neg-
ative aspect, and [42] points out that the implementation of PBL in the classroom is less
comfortable for teachers, with increased noise and movement among students, as well as
uncertainty compared to more traditional methodologies.

These last disadvantages can surely be totally or partially overcome as this way of
working in the classroom is consolidated over time and the majority of the school where it
is carried out join in.

3. Methodology
3.1. Research Methodology and Design

The research methodology employed in this study was qualitative, with data process-
ing following a qualitative-interpretive approach [43]. To achieve the research objectives,
the same teacher implemented a project in two different secondary schools over consecutive
academic years. By replicating the interventions, the aim was to analyze the functioning of
the methodology in question in two different contexts, allowing for the comparison and tri-
angulation of the results obtained in both educational settings and enhancing their validity,
which was further increased by employing three data collection instruments focused on
the same instructional process (the methodology under study), which were triangulated
and compared for this purpose.
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3.2. Contextualisation and Description of the Sample

Both interventions were carried out in the province of Granada (Spain) in two public
secondary schools. The teaching researcher was the same in both courses and had no
experience in using PBL as a teaching methodology. The first year of the intervention
was carried out in a grade 10 group with 26 students (14 boys and 12 girls) in a school in
the provincial capital, which receives students from a medium socio-economic level and
with academic results above the average for the area. However, the second intervention
was carried out in a grade 9 group with 31 pupils (14 boys and 17 girls) from a secondary
school in a village near the capital with a medium-low socio-economic level and with
lower academic results than the former. This guaranteed the possibility of analyzing the
development of the methodology under study in two different educational scenarios.

3.3. Description of the Project and Problem Posed

The project, which is detailed in Ref. [40], began with a driving question: “Is Granada
a liveable city?”, generating, together with the analysis of news and evidence of the
situation of environmental parameters, a starting debate that laid the foundations for the
development of the project. Likewise, the problem situation the students were required to
face was: “How can we improve the urban environment of your city /town?”. In order to
answer these questions, the students were divided into cooperative groups (with specific
roles assigned). Each group focused their research on a specific environmental parameter
of the urban environment: noise pollution, air pollution by gases, the situation of rivers
passing through the city, the surface area of urban parks and their condition. The groups
analyzed the situation of each of the parameters and looked for possible solutions to the
problems found in each of them. To this end, the tasks carried out by the students were
diverse: preparation of a glossary of basic ecological and environmental terms; elaboration
of a portfolio (with all the information related to the study carried out); creation of a learning
diary on the project; diagnosis of the environmental situation in their locality (diversified in
the parameters mentioned above: measurement of noise levels, determination of pollutants
in river water, analysis of the diversity of parks and gardens, processing of information
and elaboration of graphs and tables), the design of a plan of action for the improvement of
the environment (this was the proposed solution to the problem posed) and preparation
of a presentation and exposition to an audience outside the school. The evaluation was
diversified, and rubrics were applied. The total duration of the intervention comprised
24 sessions (Table 1) in both academic years and was carried out within the subject of
biology and geology, although language, geography and history teachers also participated.

Table 1. Phases and duration of the interventions.

Phase Sessions
Beginning event and problem presentation 2
Learning of concepts 4

Chat with experts (Council) 1

Urban environment diagnosis 4

Urban environment trip 1 morning
Chat with experts (Ecologists) 1

Processing of information and determination of environmental state

Preparation of presentation for showing to audience

2
Solving the problem: Creation of urban environmental improvement plan. 5
4
1

Showing of presentation
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3.4. Data Collection Instruments

As mentioned above, three instruments were used to obtain the required information
to achieve the research objectives: the researcher’s diary, a self-assessment and reflection
questionnaire (completed by the participating students) and a questionnaire and evalu-
ation rubric on the presentation of the final product by the students (completed by the
audience present).

The researcher’s diary is an extremely useful tool for collecting and/or storing infor-
mation during the course of a research project [44]. At the end of each day, the diary was
filled out, in which the researcher (and teacher) systematically noted down (including the
title and date for each entry) reflections, points of view, preliminary conclusions, initial
hypotheses, doubts, etc. These notes were structured into five descriptors: observations
and description, problems or difficulties, positive aspects or progress, reflections or con-
clusions and possible improvements. The self-assessment and reflection questionnaire
(which was anonymous) had three objectives. Firstly, the students’ level of awareness of
the development and structure of the project developed was determined by asking them
what the key question of the project was and what the main steps or stages of the project
were. Secondly, the personal implications were uncovered by answering the following
questions: What was the most important thing you learned from this project? What would
you have liked to spend more time on or what would you have done differently? What part
did you work on best? Finally, we wanted to know what the strengths and weaknesses of
the project were from the students” point of view, as well as suggestions for improvement;
for this purpose, we asked the following questions: What was the most enjoyable part
of this project? What was the part you liked the least? How should your teacher modify
this project to make it better next time? The questionnaire was taken and adapted from
Larmer et al. and administered following the end of the educational intervention [45].
Finally, the audience questionnaire and rubric were used to collect data to obtain relevant
information after the students’ execution of the final product exposition. On the one hand,
a questionnaire, completed voluntarily and anonymously by the audience, asked five
questions about the content and execution of the final product presentation: What did you
learn from this presentation, or what did it make you think about? What were the strengths
of this presentation? How could this presentation be improved? Any other comments
about this presentation? The audience was also asked to fill in a rubric for the students’
presentation (overall). The sections of the rubric were as follows: clear speech, volume,
vocabulary, comprehension, content, body posture and eye contact. In both interventions,
the audience to whom the final product was presented comprised undergraduates from
the Faculty of Education Sciences of the University of Granada (Spain) in the first year of
the Social Education degree and the second year of the Teaching degree, respectively. Both
the questionnaire and the rubric were taken and adapted from Ref. [45].

4. Data Analysis
4.1. Researcher’s Diary

In this section of the investigation, a Strengths, Weaknesses, Opportunities and Threats
(SWOT) analysis was carried out on the researcher’s diary entries. As Mc Dermott points
out [46], it is not sufficient to assess the impressions included in the researcher’s diary;
rather, it is necessary to systematize, through the SWOT analysis, the evaluation of the
teaching-learning process that occurred, classifying and objectifying their assessments. To
do this, each of the entries in the diary was divided into the ideas, impressions or descrip-
tions of which it was composed, and each of them was assigned to one of the categories
(Weaknesses, Threats, Strengths and Opportunities). The process for the treatment of said
analysis was as follows [47—49]:

e  Comparison and graphic representation of the frequency of positive (strengths-opport-
unities, S-O) and negative (weaknesses-threats, W-T) statements in order to determine
the general perception (positive or negative) of the teaching-learning process.
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e  Comparison and graphic representation of the frequencies of the strengths against the
weaknesses of each diary entry.

e Inductive determination, from the entries in the researcher’s diary, of categories [43],
grouping by similarity the weaknesses, threats, strengths and opportunities, obtaining
the absolute frequencies in each one of them. A radial graph was subsequently
generated to present this result.

4.2. Self-Assessment and Reflection Questionnaire

Once the student responses to the questionnaire were obtained, they were transcribed
into a database and processed depending on the type of question. In the case of the first
example, the number of students who knew the key question or project guide was simply
counted, compared to those who did not (relative frequencies). For the second question, a
scale of gradation of knowledge of the steps followed in the project was made as follows,
obtaining the relative frequencies for each level of the scale: Excellent: details the steps
of the project precisely; Satisfactory: lists most of the steps; Unsatisfactory: only specifies
some disorderly steps; and Poor: does not specify the steps. For the remaining questions
in the questionnaire, categories were obtained emergently, grouping the responses of the
students to each question in the questionnaire by similarity [43]. The categories were
formed when there were two or more assumable answers in the same category; otherwise,
they were included in “others”. The number of responses per category was quantified, and
the relative frequencies of the responses were calculated (which were tabulated), allowing
for analysis in terms of satisfaction, deficiencies, improvements, etc.

4.3. Audience Opinion Questionnaire and Rubric

The responses were obtained and then transcribed into a database and processed
as in the previous section using a qualitative interpretative methodology for grouping
the open responses into emerging categories and with quantifiable elements. (relative
frequencies), subsequently producing an analysis of them for each of the questions in
the questionnaire [43]. Regarding the rubrics, the absolute and relative frequency of the
assessment of each of the sections considered was determined.

In all three cases, the software used to process the data and to prepare the frequency
tables and the generated graphs was Microsoft Excel 2016.

5. Results

In another study [44], we report other results obtained in the two educational interven-
tions in terms of environmental awareness, lexical richness and abundance, and perception
of the state of the environment.

5.1. Researcher’s Diary SWOT Analysis

Table 2 shows the absolute frequencies of each of the categories of the SWOT analysis
implemented for each entry that was made in both years of intervention. In the first year, the
number of strengths exceeded the number of weaknesses (37 versus 32); likewise, the oppor-
tunities and threats were balanced (8 in both cases). In the second year of the intervention, the
number of strengths was again higher than the number of weaknesses (40 versus 37), while
the opportunities presented a lower frequency (6) than the threats (10).

Table 2. Absolute frequencies of the SWOT analysis in both interventions.

First Intervention Second Intervention
Entries S W (o] T Entries S W (o] T
16 37 32 8 8 21 40 37 6 10

On the other hand, in Figures 2 and 3, a greater weight is observed in the number
of statements that are located in the upper part of the graph, which corresponds to the
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strengths, compared to the lower part, which corresponds to the weaknesses. This oc-
curs in both interventions, although with a more positive trend for the first year of the

implementation of the project.

First intervention

Strengths

3 entries >>> ‘

2 entries >> .

4 6 7

Weaknesses lentry> ()

Figure 2. Number of strengths and weaknesses per entry in the researcher’s diary in first intervention.

Second intervention

Strengths

3 entries >>> ‘
2 entries >> .

4 5 6
lentry> [ ]

3
Weaknesses

Figure 3. Number of strengths and weaknesses per entry in the researcher’s diary in second intervention.

The number of statements collected from the researcher’s diary with a positive con-
notation (strengths and opportunities) as opposed to those with a negative connotation
(weaknesses and threats) were 45 and 40, respectively, in the first intervention (Table 3),
with the sum of strengths and opportunities being slightly higher. In the second inter-
vention, there were 46 (statements with a positive connotation) compared to 45 (negative
connotation), giving a nearly balanced situation between the two (Figures 4 and 5).
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Table 3. Total positive and negative statements (absolute and relative frequency) and overall percep-
tion of the SWOT analysis in both interventions.

Intervention Negative Statements Positive Statements
Entries Weaknesses  Threats Total Strengths ~ Opportunities  Total Perception
1st year 16 32 8 40/0.47 37 8 45/0.53 Positive
2nd year 21 37 10 47/0.51 40 6 46/0.49 Balanced

Positive statements

3 entries >>> ‘

2 entries >> .

0 1 2 3 4 5 6
Negative statements lentry > [ ]

Figure 4. Set of positive versus negative statements collected in the researcher’s diary in first
intervention.

s
s
’
’

4
/s

Positive statements
w

3 entries >>> ‘
2 entries >> .

lentry> [ ]

e
4
/.

2 3 4 5
Negative statements

Figure 5. Set of positive versus negative statements collected in the researcher’s diary in second
intervention.

As for the process of categorizing the statements collected in the learning diary, Table 4
shows the different categories that emerged (12 in the first intervention and 10 in the second)
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and their frequency. The categories Information Search and Environmental Awareness
did not appear in the second year. In the first intervention, Motivation, Performance and
Attitude and Awareness stand out as strengths; weaknesses include Performance and Coop-
erative Groups; among the opportunities, rich socialization is noteworthy, whereas, among
the threats, Time Management was the most frequent category. In the second intervention,
the results are very similar except for the weaknesses, where Time Management stood out,
and the threats, where ICT was prominent. These results can be easily seen visually in the
radial graphs (Figures 6 and 7).

Table 4. Results of the categorization and frequency of the entries in the researcher’s diary in both
years of intervention.

First Intervention Second Intervention

w w

o
o]

Category

Motivation

PBL Knowledge
Performance

Work

Attitude

ICT

Presentation
Collaborative groups
Rich socialization
Time management
Environmental awareness
Information search

=R EONWRL VOO W»
O, NWUNNERWOR W=
mPROoOUOR OO0 OO
OR WRORNOCODODOO|
ORNNR, S O®~O|®»
OO ONW®R O
(=N NNl el
OR NOBRRRFRFPEOO| -

SAWSOOTH

PBL
Motivation Knowledge Performance -

e

Environmental

awareness Work

Information \
search ] 2
| Attitude/
Consciousness
Time icr
management

.Ri.‘?h . Collaborative Explanation/
Socialization groups Presentation

Figure 6. Radial graphs of frequency of appearance of the categories obtained in the SWOT analysis
in first intervention.
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Figure 7. Radial graphs of frequency of appearance of the categories obtained in the SWOT analysis
in second intervention.

5.2. Self-Assessment and Reflection Questionnaire

The total number of completed questionnaires was 26 in the first year and 31 in the
second. Regarding the percentage of students who knew the driving question (“Is Granada
a liveable city?”) of the project, in the first intervention it stood at 92% (24 of 26 students),
while in the second year, the percentage was 47% (15 of 31 students).

Regarding the question of what steps had been followed in the project, more than 80%
of the students in the first year of the intervention carried out an excellent or satisfactory
description of the different steps implemented, with this percentage dropping to slightly
over 30% in the second year (Table 5).

Table 5. Degree of precision (absolute and relative frequency) in the description by the students of
the different parts of the project in both interventions.

1st Intervention 2nd Intervention
Descriptor N % N %
Exc.ellent: dgtalls the steps of the 10 38 1 3
project precisely
Satisfactory: lists most of the steps 12 46 9 29
U.nsatlsfactory: only specifies some 4 15 14 45
disorderly steps
Poor: does not specify the steps 0 0 7 23

Table 6 shows the different categories obtained after processing the rest of the questions
in the questionnaire; in some cases, the same answer could be considered in more than
one category. These largely coincided in both intervention years, with slight adjustments.
Furthermore, the absolute and relative frequencies by category are presented. Of the two
most frequent categories of each issue, for all questions, at least one category coincides
between both interventions, with questions where the coincidence amounts to 2 or 3
categories. It is considered that there is a high degree of similarity in the answers in both
years of study.
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Table 6. Categories, absolute and relative frequencies obtained after processing the responses to the
questionnaire by the students in both interventions.

1st Inter- 2nd Inter-
vention vention
Question Category N % N %
Detect and be aware of environmental problems 20 64 20 53
What was the most important thing you Ecology > 16 12 32
learned from this project? Teamwork 3 10 4 10
Lose stage fright 2 6 2 5
Others 1 3 - -
Make more observations (in situ) 3 11 7 21
More time to take surveys 3 11 6 18

What would you have liked to spend more

. More time to complete all the tasks 14 50 11 32
time on or what would you have done In nothing. Tt ioht _ ) 5 15
differently? : ROMNE. "Lwas rght . .

nother way of making improvement and diagnosis 6 20 ) )
plans
Others 2 7 5 15
In data processing 2 6 6 16
In search of information 4 13 3 8
In the preparation of the presentation and/or 3 10 4 1
What part did you work on best? exposition
In conducting surveys 2 6 11 30
In carrying out tasks for final products 20 64 8 22
In the taking of samples and measurements - - 4 11
Others - - 1 3
Make people aware of environmental problems 2 6 - -
Team work 2 6 5 13
The excursion to the river - - 5 13
The exposition at the Faculty 9 26 10 26
What was the most enjoyable part of Preparing for the presentation 2 6 - -
this project? Carrying out the diagnosis 3 9 - -
Carrying out the improvement plan 2 6 - -
The measurement of environmental parameters 4 12 7 18
Surveys in the Street 9 26 10 26
Others 1 3 2 5
Team work 2 7 5 16
The apathy of the population with the survey 2 7 - -
Exposition at the Faculty 3 11 9 29
. Nothin 3 11 4 13
What was the part you liked the least? Make t}%e video for the exposition 4 14 - -
Carry out the tasks for the final product 11 40 6 19
Searching for information on the internet - - 2 6
Others 3 11 5 16
Spend more time 4 13 - -
Everything was correct 7 23 16 44
Explain the project better and guide the students more 5 16 3 8
How should your teacher modify this I];)/Iake groups smaller and more homogeneous 3 10 -
project to make it better next time? 0 more practices and excursions 2 7 2 6
Allow students to make groups - - 11 31
Do more practices for the presentations 2 7 - -
Give more value to individual effort 3 10 - -
Others 4 13 4 11

5.3. Audience Opinion Questionnaire and Rubric

In the first year, 28 questionnaires and rubrics were collected, while in the second,
there were 60. Table 7 shows both the categories obtained after processing the responses of
the audience to the questionnaire, as well as the absolute and relative frequencies of each
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one in both interventions. The percentages were calculated based on the total responses
obtained for each question (sometimes a response can be assimilated into more than one
category). With the exception of the fourth question, the categories obtained in both years
of study turn out to be quite similar. Of the two most frequent categories of each question,
for all the questions, at least one category coincides between both interventions, with
considerable agreement in the most frequent responses.

Table 7. Categories, absolute and relative frequencies obtained after processing the responses to the
questionnaire completed by the audience in both interventions.

1st Inter- 2nd Inter-
vention vention
Question Category N % N %
To be aware of' the pollution of the city of Granada and 14 38 % 37
Granada province
What did you learn from this presentation, To know the environmental situation of our province 9 24 27 38
or what did it make you think about? In which there is to collaborate actively, changing 5 13 5 7
attitude in my daily actions
That solutions and environmental improvement plans 4 1 9 13
must be provided
Others 5 13 3 4
Explanatory charts and slides 8 20 14 16
Everything 3 7 - -
The appropriate vocabulary for the topics presented 3 7 - -
Clear and well-structured messages 6 15 6 7
The various types and causes of pollution detected - - 28 32
What were the strengths of this The solutions and proposals for improvement 9 » 15 17
presentation? provided
The good organization - - 3 3
Preparatory work for the presentation 3 7 5 6
Confidence and completeness in the presentation 5 12 5 6
The message of environmental awareness transmitted - - 5 6
The end game with mobile - - 4 5
Others 3 7 1 1
Implementing more dynamics 5 14 3 4
Using more audiovisual media 9 25 - -
Management of nerves, appropriate tone of voice. 7 19 38 53
Preparing presentations better - 7 10
How could this presentation be improved?  Contributing more experiences and less memorization 2 5 6 8
Explaining more technical terminologies - - 4 6
It has been unbeatable 5 14 7 10
Using classrooms in better conditions 4 11 -
Others 4 11 6 8
Interesting. It’s been very good overall 19 70 36 60
They have known how to defend the issues exposed 5 18 5 8
very well
Any other comments about Good organization, coordination and involvement - - 2 3
this presentation? Sometimes they give an image of insecurity - - 3 5
Some students have not respected their classmates B ~ 3 5
while presenting
The errors due to the students’ age are understandable, 1 18
and their courage in presenting is highly valued.
Denotes good previous work - - 2 3
Others 3 11 9 15

Regarding the rubric completed by the audience, Table 8 shows the frequencies
(absolute and relative) per category in both interventions (percentages were calculated
based on the total number of responses obtained for each question). As we have already
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mentioned, other results can be seen in [44]. The overall evaluation by the audience was
significantly better in the first year of study compared to the second. This is evident in the
generated comparative graphs of relative frequencies (Figure 8).

Table 8. Absolute frequencies (N) and relative frequencies (percentages) per category and rating level

in both years of study.
Speak Properly Specific Vocabulary Presentation Content
1st Year 2nd Year 1st Year 2nd Year 1st Year 2nd Year 1st Year 2nd Year
Assessment N % N % N % N % N % N % N % N %
Exceptional 19 73.1 2 3.3 16 615 14 233 24 923 37 616 22 846 30 50
Notable 7 26.9 34 56.7 8 307 32 533 2 77 22 367 4 154 30 50
Acceptable 0 0 20 333 2 77 14 233 0 0 1 1.7 0 0 0 0
Pending 0 0 4 6.7 0 0 0 0 0 0 0 0 0 0 0 0
100
90
80
70
60
50
40
30
AL
: Ji |
0 = I i -

1st year

2nd year  1styear 2ndyear 1stYear 2ndyear 1styear 2ndyear

Speak properly Specific vocabulary Presentation Content

B Exceptional ® Notable m Acceptable Pending

Figure 8. Comparative graph, between both interventions, of the relative frequencies of the assess-
ments of each category of the rubric.

6. Discussion

If we go back to the objectives that led us to carry out the study, they sought to de-
scribe, as a case study, the functioning, performance, problems addressed, and didactic
implications of PBL applied to the field of EE. On the other hand, this section should serve
to provide recommendations for future implementations. After the analysis of the data
collected through the three measuring instruments used, multiple conclusions have been
drawn, reinforced by the triangulation of the data, by the replication in two interventions
across consecutive academic years and by the support of previous studies with key contri-
butions to the subject under study. In this sense, we can affirm that PBL was successfully
implemented in both years of intervention, functioning and performing reasonably well,
with numerous didactic implications, both positive and negative, detected. Likewise, there
was a significant increase in the students’ levels of environmental awareness [10,38], as
indicated in most of the studies previously quoted, thus demonstrating the effectiveness of
this methodology in the field of EE.
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Moreover, the results obtained show a better performance and functioning of PBL in
the first year of the study, which may be due to the older age and/or the differences in the
socio-cultural context of the two schools.

6.1. Researcher’s Diary SWOT Analysis

Although in the first year there was a slightly higher number of observations that
were classified as Strengths or Advantages, the final balance between Strengths and Op-
portunities and Weaknesses and Threats was not decisive in any of the intervention years.
Although many potentialities and positive effects were evident in its development, the
fact that the students had never taken part in a project of this nature meant that there
were also a considerable number of setbacks and difficulties in its implementation [21,28],
which also resulted in serious disadvantages from the point of view of teaching [40,50],
such as workload, noise level, management of cooperative groups and monitoring of
students’ progress in their work, among others. As for the Motivation category, it was a
very frequent strength in both years of intervention, and several studies suggest that PBL
increases it among students [29,34,40,51,52]. In our study, this idea was demonstrated from
the multiple comments made by the researcher in this regard in his diary, such as follows:

“[... ] However, I see that their motivation is adequate, they constantly ask me questions,
especially about the specific tasks to be carried out.”

“I must also comment that there are some students who during the first term were quite
apathetic and unmotivated (traditional methodology) but now they have changed their
attitude somewhat and their motivation has improved, which is evident in their active
participation in their group and in their direct questions to the teacher”.

With visible motivation among the participating students, it is a logical consequence
that there was good performance (Strength) in the development of the methodology under
study; in many cases, these signs of good performance were related to novel and more
stimulating tasks not usually carried out in the more conventional methodology [30]
(Processing data or photographs, layout of posters, preparation of surveys, etc.). With
regard to the Attitude/Participation category (Strength), it is clearly related to the previous
ones, understanding that if the students were sufficiently motivated during the project, this
facilitated an improvement in their attitude towards the tasks to be carried out and their
participation and focus on them to increase [28]. In terms of the most frequent opportunities
detected in the SWOT in both years of the intervention, the rich socialization category
stands out among the others, understanding as such all the interactions that the students
had with “actors” outside the educational center. This had a clear connection with the
increased motivation of the students. Some references in this sense are as follows:

“At the end of the day they tell me about their experiences, the interaction with people
when interviewing them has caught their attention.”

“Even at the end of it, some people from the audience went up to the stage to express their
opinion spontaneously, which was quite positive for the students.”

In reference to the weaknesses, “Performance” was a negative aspect in both years of
study, which is evident in some of the observations recorded in the researcher’s diary:

“In addition, I denote a lack of autonomy in many of the tasks that I entrust to them.
I sincerely believe that it is due to the immaturity of the students and their lack of
competence when it comes to facing real problems.”

“Performing the review of the portfolios, some students still have not done many of the
tasks, despite the fact that it has been repeated and discussed several times individually
and in groups.”

These references to situations in which low performance or lack of work is denoted
may be due, among other reasons, to the complexity that the development of an ambitious
project such as the one in this study can sometimes entail, such as a loss or lack of motivation
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on the part of students and work overload [21,40,53]. In addition, the category Cooperative
groups refers to those difficulties that prevented better functioning within the groups, this
fact being supported by previous studies [21,27] and evidenced in some of the researcher
reflections:

“Students tend not to know how to work in a group, especially in the sense of not knowing
how to distribute the work well.”

“Some students work considerably less within the group.”

One of the weaknesses in the second year of intervention was ICT, understood as a
lack of competence among students in the use of different digital tools necessary for the
project, materializing in the use of digital portfolios, spreadsheets or “the cloud”. This
is a relevant fact since the methodology in question frequently requires a high level of
competence in the use of ICT. Regarding threats, there were disparate results in the first
and second years of the intervention. In the first year, the category Time management was
especially prominent, which also turns out to be a recurring problem in PBL in other areas
different from EE [54,55]. In the second year, the most frequent threat was the ICT category.
In this case, it was due to the low quality and quantity of computing resources, such as
computers or Internet connection. This complicated the future of the environmental project.

6.2. Self-Assessment and Reflection Questionnaire

The responses were more varied and comprehensive in the first year of intervention
(grade 10), indicating a better functioning of the PBL. In fact, approximately 92% of the
students in the first year (compared to 50% in the second year) remembered and identified
the guiding question of the project, which is essential, especially when it is being initiated.
This guiding question, along with the posed problem, serves as a reference throughout
the project [45]. As mentioned earlier, this disparity may be due to the age differences
among the students and/or the socio-cultural context of the educational institutions. The
differences in the percentage of correctly indicating the main steps of the project (80% in
the first year compared to 30% in the second year) support the aforementioned, with the
level of awareness about the project’s development in the second year of study falling
below desirable levels. This is an indication that the students” performance within this
methodology did not turn out to be optimal or could at least have been better. Regarding the
third question in the questionnaire, particularly noteworthy was the More time to complete
all the tasks category. These tasks refer to the various activities completed throughout the
intervention. Many of the responses highlighted the need for tasks that involve interaction
with others outside the classroom (rich socialization). This aspect is considered essential
for the proper functioning of the PBL methodology [45,56], which aligns with the results of
the SWOT analysis of the researcher’s diary in this regard. Some of the responses that have
led us to think about this were:

“Perhaps we would need more days to go out and analyze the environmental situation
and carry out surveys.”

“Iwould have repeated the visit to Granada. It was very good to know our city better and
what happens to it.”

“In interacting with the population.”

Within the commented category, multiple references were also made to the lack of
time provided to carry out certain tasks:

“I would have preferred to have had a little more time when preparing the presentation

and to have done some improvement plan or diagnostic things in a different way, such

as graphs.”

“The truth is that the only thing I would change would be to give a little more time to do
the presentation.”
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These approaches suggest that the problems concerning time management were
already specified in the SWOT analysis and this fact is widely commented on in the
existing bibliography [57-60], which is ambivalent because it is precisely an opportunity
for students to learn to develop this competence [61]. Likewise, references in this third
question to group work are frequent:

“The groups. There are people who have done absolutely nothing.”
“Group work should be done with people you get along with to feel comfortable.”

These difficulties with collaborative group work are referred to in previous research
as problems to take into account in the development of the PBL methodology [62], thus
constituting it as ideal for improving the capacity for collaboration and teamwork [63].
With respect to the fourth of the questions in the questionnaire, the response category In
carrying out tasks for final products included all the mentions of the work phases leading
to the elaboration of the final product that were the core of the project. This fact indicates
that, despite the difficulties that the students might encounter in developing the project,
they liked the methodology used in the EE framework [21,30]. Another frequent category
of the fourth question was in conducting surveys, which once again confirms the didactic
potential that “rich socialization” presents in the methodology in question [45,56]. In the
fifth question, the categories Surveys in the street and The exposition at the Faculty stood
out. Regarding the surveys, the students indicated in their questionnaires how pleasant and
motivating this task was within the project. Furthermore, there were frequent references to
the exposition of the final product at the Faculty:

“Go to the Faculty to present; It was a good experience.”

“In general, all the parts that have involved contact with people from outside the school
environment and in which we have been able to report a little about our project.”

“The outings, especially for me, when we presented at the Faculty.”

On the other hand, the two commented categories suppose a development of the
communication abilities of the students; this is a facet that is greatly enhanced within
the PBL methodology [64,65]. In the sixth question, categories appear similar to those of
previous questions, such as Teamwork. The students again make references to the unequal
workload and effort of the different members [66]. Furthermore, the category Exposition at
the Faculty was also frequent. This precisely indicates the need for students to work more
on public presentations since it is a challenge for them. Some comments about it were:

“Having to present at the UGR. I was quite embarrassed.”
“The one to present, because I was scared to speak in front of so many people.”
“Time to make the exposition. It was a lot of fun, but I got really nervous.”

However, the most frequent category in this question was Carry out the tasks for
the final product, understanding these as the different tasks necessary to achieve the final
product. The students complained about the multiple activities they had to carry out,
such as PowerPoint presentations, information searches, presentations, learning diary,
etc. Finally, with respect to the seventh question, the Everything was correct category
evidently predominated, it being understood that the students presented an acceptable
level of satisfaction regarding the development of the project. Another of the categories
that turned out to be frequent in both years of intervention was Explain the project better
and guide the students more. Some of the responses were:

“He should have cared more about helping us with some things.”
“Guiding the students more, since there were times when I didn’t know what to do.”

“It could give us more indications of what would or would not be the right thing to do,
although I know that it’s a way to encourage our creativity.”

The above comments are in line with previous studies, indicating that one of the
problems with PBL is precisely that students sometimes feel lost or uncertain, which is
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inherent to active or “self-directed” methodologies. This fact implies that students learn to
control the pace of learning and self-direct their own learning [28,63,67].

6.3. Audience Opinion Questionnaire and Rubric

These two tools proved to be useful for obtaining feedback from people outside the
school on the outcome and presentation of the final product of the project in such a way
as to serve as a comparison when triangulating the results obtained with the other data
collection instruments of the study. In this sense, the evidence obtained shows considerable
differences in the performance and functioning of the PBL methodology, being notably
superior in the first year of intervention. The categories obtained after processing the
instrument were not so homogeneous between the two years of study if we compare them
with the researcher’s diary and the student questionnaires. With regard to the first question,
two categories were the most repeated: To be aware of the pollution of the city of Granada
and Granada province and to know the environmental situation of our province, making it
clear that in both years of the intervention, there was a strong environmental message from
the students to the audience, which is evidence of the good functioning of the methodology
applied in addition to the increase in the level of environmental awareness among the
participating students [25,26,29,31]. In the second question, the category The solutions and
proposals for improvement provided stood out, again highlighting the success achieved
with the project. The category Explanatory charts and slides was also noteworthy. PBL
aims for students to develop higher-order cognitive processes, such as data collection, data
processing, the production of graphs and the drawing of conclusions and proposals based
thereon. This was evident in some of the audience’s comments in their questionnaires:

“The actual graphs that have been presented on noise, gas levels, etc.”
“Population surveys and data presentation.”

“The structure of the presentations has been very interesting in which, first, a problem has
been raised, a topic to be investigated, they have analyzed it through surveys, samples, data
collection and, finally, they have analyzed said data and have proposed improvements.”

As for the third of the questions in the questionnaire, in the first year of the study,
the most frequent comments were ambivalent; on the one hand, the category Using more
audiovisual media stood out, which is a criticism of the exposition, in contrast, It has been
unbeatable, highlighting the work of the students, with comments such as:

“I think the cooperation between them is unbeatable; coordination and communication
have been excellent.”

“Very interesting. Having little time and being in a pretty bad space, I think you have
nothing to improve. Very good presentation.”

In the second year of the intervention, most of the responses from the audience were
included in the category Management of nerves and appropriate tone of voice. There were
many comments in this regard:

“Overall, the presentations have been very good, but in some cases, the students expe-
rienced lapses due to nerves. It could be improved by ensuring that the students are
calmer.”

“In some cases, a bit more preparation for when the time to present comes and nerves come
into play, using the appropriate tone of voice, and knowing how to search for strategies to
avoid getting lost while presenting (reading from the slides).”

Finally, in question 4, the “Interesting. It's been very good overall” category was
reiterated, especially in the first year of study:

“All the groups have presented clearly, they have shown that they have a lot of manage-
ment and fluency with the issue of environmental education. The tone has been correct
and the topics covered are very interesting. Congratulations!”
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“Organization, coordination, choosing the right aspects and points to present. It can be a
heavy subject, but you have defended it adequately.”

However, in the second year, many other categories appeared with negative conno-
tations regarding the presentation of the final product: Sometimes they give an image of
insecurity or the errors due to the students’ age are understandable, and their courage
in presenting is highly valued”. In any case, the fact that communicative competence is
strongly developed in this methodology is reiterated [68].

Finally, it is necessary to refer to the completed rubrics. The audience’s assessment
was positive in all aspects considered in the relevant rubric for both years. There is a similar
behaviour in both years of intervention since the Speak properly and Specific vocabulary
sections were less valued than the Presentation and Content sections. However, there were
nuances depending on the intervention since those evaluations considered as excellent in
all the sections of the rubric were much more frequent in the first year of intervention, this
being especially notable in the facet of They speak properly.

6.4. Improvement Proposals for the Implementation of PBL

Once the results obtained have been presented and assessed, and the difficulties in
the application of the PBL methodology by the participating students have materialized
(such as time management, the functioning of collaborative groups, presentations and/or
oral presentations, the lack of autonomy, work overload, loss of motivation or lack of
competence in ICT), we understand that it is necessary to carry out some proposals aimed
at solving these difficulties.

First of all, we believe that it is essential to provide students with clear guidelines
and expectations for their participation in the PBL process, including the delimitation of
their roles and responsibilities in cooperative groups. Likewise, it is favorable to design
and structure the tasks in such a way that they provide support to the students with the
necessary resources and gradually increase the complexity of the problems, laying the foun-
dations for more autonomous learning. Furthermore, it is positive to encourage, through
the use of learning diaries, students to reflect on their experiences during and after complet-
ing each task, evaluating their own learning process and facilitating their internalization.
These diaries should be available to teachers, making it easier to monitor the learning
process of students. In addition, it is convenient to ensure that the problems presented are
authentic and relevant to the lives of the students, thus increasing their participation and
motivation. To solve problems in cooperative groups, it is crucial to promote collaboration
and teamwork skills, designing tasks or situations in which students must develop effective
communication, problem-solving, and decision-making strategies. With regard to time
management, tools such as agendas and calendars should be provided so that they can set
goals, track tasks and allocate specific time to work on each one. Likewise, examples of
experiences with previous projects can be presented to them so that they have a realistic
idea of how much time they may need to complete all the tasks. Work overload, can be
managed by making task lists and through the equitable assignment of work (supervised
by a teacher). The problems with ICT can be mitigated, however, by adapting activities
so that they require fewer technological resources or by providing tutorials, workshops or
online learning resources that allow students to acquire the necessary skills to use ICT.

6.5. Limitations of the Study

The results of this study cannot be generalized due to the small sample size. Moreover,
despite having been replicated in two educational centers in different contexts, it would
be necessary to increase the number of contexts in which the study could be carried out
in order to extrapolate the results of the research. Another factor to take into account
is that a single teacher implemented the methodology in question in the two years of
intervention, which is a fact that could lead to a bias in the functioning and results obtained
(Rosenthal effect). Likewise, it is worth mentioning that the results of the study could
have been further triangulated with tools such as personal interviews with the students
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participating in the project or with the analysis of the learning diaries completed by them.
Such research efforts could not be undertaken within the scope of this investigation.

Nevertheless, and without detracting from the observations made in the previous
paragraph, we believe that this study has opened the way for future research in the field
of PBL and EE in the context of secondary education, yielding results and conclusions
of relevance to be taken into account in future studies in this field. This section is not
mandatory but may be added if there are patents resulting from the work reported in
this manuscript.
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Abstract: We present a study carried out with 16-year-old students in Spain using a problem-based
learning approach as a pedagogical mode to develop science skills. The main objective of this
work was to analyze the development of science skills through an inquiry process in class. The
data were collected through audio and video recordings. The students were given the freedom to
choose a problem to solve, and they decided on a near-environmental problem to research. They
suggested a research question, formulated a hypothesis, designed experiments, observed, collected
data, and searched for information. The teacher acted as a facilitator of resources. Finally, the students
communicated the results obtained in their inquiry process. They performed all the above while
asking themselves questions they had to answer during the course of the project, which increased in
depth as the work evolved. The results of this research present PBL as an optimal methodology to
develop scientific skills, such as inquiry practice, by means of asking questions.

Keywords: PBL; inquiry; science skills; science motivation; secondary education

1. Introduction

Over the years, some researchers have explored the low number of scientific vocations
among students, which results in poor scientific literacy in society [1]. This, in turn, leads
to a lack of critical thinking (necessary in daily life) and a strong vulnerability to fake news,
among other things [2]. Basic scientific education is necessary for many situations in daily
life, and, for that reason, there is a need for real scientific literacy that is increasingly rich in
scientific and technological content and educates the public in a social context.

Two of the most important factors determining scientific interest are self-confidence
and motivation [3], which also influence efficiency in school science. The authors in [4,5]
presented results of the low rates of self-confidence in science learning in young Euro-
peans, which leads to low interest in the subject. Moreover, ref. [6] demonstrated that the
methodologies used in the teaching of sciences influenced attitudes toward them, thereby
establishing the connection between students’ attitudes and their later scientific interests.
In conclusion, all of the above should be taken into account when designing the teaching of
sciences in school, and, according to Solbes et al. [7], this is not yet widely done. In view
of all this, it seems clear that science classes should be designed with the aim of helping
students investigate their scientific concerns while learning what teachers have to teach.
Prior studies reveal that students are interested in solving problems in their immediate
environment, that is, if the scientific problems are contextualized in the students’ envi-
ronment, their interest grows [8-11]. In this respect, knowing whether students develop
science process skills should be a topic that teachers assess. Therefore, an ideal teaching
methodology could consist of students themselves posing problems contextualized in their
own environments and based on their own interests [12].

Secondary school teachers should teach content, but also procedures [13]. In this
regard, authors like Bevins and Price [14], Jiménez-Aleixandre and Crujeiras [15] and

Educ. Sci. 2023, 13, 1096. https:/ /doi.org/10.3390/educsci13111096 61

https:/ /www.mdpi.com/journal/education



Educ. Sci. 2023, 13, 1096

Mosquera Bargiela et al. [16] believe that scientific practices (inquiry, argumentation and
modelling) are methods for teaching science using problem-based learning (PBL) [17],
which helps to promote research skills in students and the internalization of new knowledge.
For example, Gonzalez Rodriguez and Crujeiras Pérez [18], Navy et al. [19] and Osborne
and Dillon [20] believe in the usefulness of working through PBL to develop the inquiry
practice used in experimental activities.

PBL is an educational instruction method, created by Dewey [21]. Content knowl-
edge and problem-solving skills are the goals of this learning vehicle [22]. According to
authors such as Hmelo-Silver [23] and Merrit et al. [24], the goals of PBL are grouped
into: (a) content knowledge (construct an extensive and flexible knowledge base, academic
achievement, knowledge retention, conceptual development), (b) procedural knowledge
(develop effective problem-solving skills and self-directed, lifelong learning skills), (c) be-
come effective collaborators, and (d) attitudes (become intrinsically motivated to learn,
engaged). PBL is focused on learning through problem-solving and by the integration
and application of knowledge in a real-world setting [25], allowing, as a consequence,
the development of competencies and skills [26]. Drake and Long [27] investigated the
usual PBL design, addressing eight components: problem, small group, students-centered
iterative inquiry process, resources, technology, partnership with community, communica-
tion of findings, and teachers’ roles as facilitators. There are not many published studies
on the benefits of PBL in teaching science to secondary school students. Some of these
studies offer promising results, such as that PBL favors the development of students’ critical
thinking [28] and also helps teachers and students learn the practices of scientists [29].

It must be taken into account that the problem is the focus of the learning process,
acting as the stimulus for students” motivation and activity [30]. Thus, the problem should
be complex, relating to real life and ill-structured, in order to offer students free inquiry
and open-ended solutions in a wide range [24,31]. On the other hand, several authors
indicated that students should be given the autonomy to discover their own problems and
solve them [30,32]. Once the problem is defined, students work collaboratively in small
groups [22,29,31], centered in an iterative inquiry process that is greatly promoted by the
PBL instructional model [30].

Inquiry is an intentional process of diagnosing problems that requires identifying
assumptions, applying logical and critical thinking, and considering alternative expla-
nations [33], and it is also directly related to how scientists study the natural world and
propose explanations based on the evidence stemming from their work [34]. According to
Pedaste et al. [35] the phases of inquiry are: orientation, experiment design, investigation,
conclusion, communication of results and discussion. Inquiry is based on questions that
are asked (or self-asked) at the beginning and act as generators and organizers of knowl-
edge [36]. This questioning arouses the desire to find out new things and helps individuals
to reflect on their own knowledge and the learning process [15]. In 1994, Graesser and Per-
son [37] classified the type of questions that students could ask into shallow, intermediate
and deep. They related the type of question asked by students to the level of reasoning
required to ask said question. Consequently, questions with the lowest quality (shallow)
are related to verification, comparison, and completing a concept or definitions; reasoning,
with an intermediate quality, involves giving examples, interpreting, specifying concrete
aspects and quantifying; and finally, deep reasoning appears when questions establish a
causal antecedent or consequence, or the orientation towards a goal or expectation. It is
possible to conclude the problem-based learning process by analyzing the type of question
that the students formulate throughout the inquiry process [28,38].

According to Harlen [39], the most interesting questions students may ask in the learn-
ing process are searchable issues, namely, questions that can be answered through research.

Inquiry through experimentation is part of the process for preparing models in the
school context in the phases of preparing and testing mental models. It is aimed at solving
practical challenges, which is very useful for the procedural understanding of science—that
is, understanding the processes that characterize research [18]. In the same vein, according
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to Hodson [40], students like to know what they are doing because not knowing unset-
tles them, and they appreciate cognitive challenges as they are able to answer questions
for themselves. This means that the tasks that are designed should be suitable for help-
ing students to have enough control and independence, without this interfering in the
learning process.

Even today, the development of the PBL methodology based on the student’s interest,
as a method of teaching science through the practice of inquiry, is not common in Spanish
secondary education classrooms. On the other hand, there are real difficulties in teacher
training for evaluating student learning through this type of methodology.

Taking the above into account, this work proposes research to evaluate the develop-
ment of students’ science process skills in inquiry by asking questions in a PBL context.
That is, we evaluate the second objective of the PBL through the analysis of the type of
questions that the students ask themselves in the inquiry process.

Our research questions are: Does the PBL methodology facilitate the development
of science skills in class? What type of questions do students ask themselves in a science
inquiry practice through problem-based learning designed based on their own interests?

2. Materials and Methods
2.1. PBL Procedure

For the design of our PBL process, we attended to the components described by Merrit
et al. [24], which resulted in two interactions (phase 1 and phase 2), as described later in
the results section.

The problem: Over one academic year, the teachers used a problem-based model
of learning, using question-based inquiry as a vehicle tool. This year-long project was
developed within the context of the scientific culture subject, which focuses on educating
students to help them to understand the environment in which they live, by providing
them with tools to obtain answers to everyday questions. Considering the concerns that the
students showed regarding issues in their environment, specifically, they were interested
in discovering the process through which the manure from the farms close to the school
could be used as fertilizer for plants, given that the accumulation of this waste is a real
and imminent environmental problem. Therefore, they suggested researching the use of
said waste as fertilizer for vegetables, attempting to answer the following questions: Can
manure be used as a fertilizer? What is the best proportion for plant growth? Identifying
problems from their real context is considered important [41] as it acts as a motivation
source because students feel their work is useful in their nearby community. Starting from
this research question, the students had to design the research to find out whether manure
can be used and is effective as a fertilizer for plants. Subsequently, they had to conclude if
this use could be a viable solution to the environmental problem of manure waste.

The small group: The work was conducted with 10 students (50% girls) aged between
16 and 17 years old, working in a collaborative way. Working in collaborative groups allows
students to be engaged in building knowledge, which is shared among them [30].

The iterative inquiry process: The search for solutions to the problem implies the
development of an inquiry process based on the formulation of questions. These self-
formulated questions, not provided by the teacher, activate their desire for knowledge,
facilitate the understanding of new concepts, help them build sequenced knowledge, and
arouse their epistemic curiosity. The results section describes this student inquiry process
in detail.

Resources and technology: It is important to allow students to make their own deci-
sions during their investigation, including what information they need to locate or how to
analyze and evaluate the information to solve the problem [30]. Therefore, the students
had access to the laboratory to be able to carry out the experiments they designed to prove
or refute their hypotheses. The computers were freely accessible throughout this stage for
the free consultation of information.
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Partnership with the community: Since the problem that the students raised was
related to their immediate environment, the learning process was expanded so they could
have direct contact with farmers in the area, as well as other members of the community,
such as experts in the chemical industry (fertilizer industry).

Communication of findings: Once the process was finished, the students communi-
cated the results to their classmates, their teachers, and the university teachers who acted
as researchers in this work.

Teachers as facilitators: The teaching staff acted as teacher-researchers, collecting the
questions that students asked in each phase of the project and, as support, providing access
to what was required. As Mosquera Bargiela et al. [16] demonstrated, showing an attitude
of support and providing resources to students so that they can answer in the school context
encourages their scientific development.

2.2. Assessment/Evaluation

The knowledge the students acquired was assessed using several tools, as recom-
mended by Brenneman [42] and Garcia-Carmona et al. [43]. The project sessions were
audio- and video-recorded, as collecting audio and video data helps teachers to analyze the
comments pupils make when working in a group, the answers to their questions, and their
reactions to several situations; in other words, this tool should be used as much as possi-
ble [44]. The teachers kept an observation report in which they recorded the questions that
the students asked in each phase of the project. Photos were taken of both the procedures
followed and the results of the fertilization tests.

3. Results

The students started with a problem to solve (choose by themselves), and they had to
design the procedure in order to obtain results and draw conclusions about this problem.
Therefore, one of the most relevant results is the design that the students prepared in order
to reach a conclusion about the question—in other words, the development of the PBL
phases. As the students had decided the problem, this work relates to the fourth stage
presented by Arici and Yilmaz [45], that is, looking for a solution for the problem.

3.1. Phase 1

In the first phase of the project, the students wanted to find out if manure was viable as
a fertilizer and at what dose. To discover this, they suggested an experimental study where
the variable was the proportion of the fertilizer in an aqueous solution. They subsequently
developed their own analytical method based on the existing study “Impact of Artemisia
absinthium hydrolate extracts with nematicidal activity on non-target soil organisms of
different trophic levels” [46], which consists of measuring the elongation of the roots of an
onion bulb (Allium) in a test tube containing water and nutrients. When the onion bulb
was rehydrated, there was a stimulation in the growth of cells, which, in turn, enabled the
growth of the roots.

The students contacted cattle farmers in the area, who provided them with solid
manure (sun-dried pig manure). The first problem they had to solve was the change in the
form of the manure, as the test, as described in the procedure, was performed in a liquid
medium. After finding relevant information, they dissolved the manure by washing the
solid with water. Then, they filtered the water and repeated the washing process five times
to achieve greater concentration. This filtered liquid was considered to be at 100% fertilizer
concentration, and solutions in water were prepared from that 100% sample.

They prepared five different concentrations of manure in water: 100%, 75%, 50%, 25%,
and 0%. The students decided that, given that there could be statistical dispersion in the
results, they would perform eight repetitions for each test and would consider the mean
value of all repetitions as valid.

After filling all the test tubes with the appropriate concentrations, they prepared the
onion bulbs: they peeled 14/21-size onions and put them in the tube with the solution.
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When they finished preparing the test, they placed the tubes in an incubator (heater)
for 2 weeks at 25 °C to replicate the ideal atmosphere for the growth of this type of onion.

After this period had passed, the students measured the length of the onion roots
(Table 1).

Table 1. Growth (in cm) of the onion roots after the experimentation in phase 1.

% Fertilizer 0 25 50 75 100
Tube 1 2.6 2.8 Fail 1.9 14
Tube 2 0.6 1 14 0.5 1.2
Tube 3 3.2 0.7 0.5 1.3 1
Tube 4 1.5 Fail Fail Fail 0.6
Tube 5 3.5 3.6 Fail 1.8 0.5
Tube 6 Fail Fail 2.3 0.2 0.7
Tube 7 Fail Fail 0.6 2.6 0.8
Tube 8 Fail Fail 1 Fail Fail

Mean value 2.3 2.0 1.2 14 0.9

The students analyzed the results obtained: “After performing the experiment, we
observe that some onions have not grown. We call these experiments a fail. We attempt to
discover why these samples did not grow. To do this, we review the process of introducing
the samples in the tubes and realize that some of them were very small and did not make
contact with the manure solution. We believe that the roots did not grow because of poor
contact with a solution. At the same time, we also observe that some onions were poorly
peeled, and this could be another determining factor in their failure to grow.

We will now analyze the tests that did not fail and managed to grow. As we performed
8 tests with each percentage of manure, the final result (mean value) is more accurate. We
can see that the highest mean growth corresponds to 0% manure, while the lowest is the
one fertilized with 100% manure. We also observe that the highest growth has been with
0% of manure, which leads us to conclude that manure used without any other type of
fertilizer has a very low productive effect.

Before approving the results, the students questioned the data by reflecting on what
they had obtained and attempting to find an explanation: “When we analyzed the results
we were surprised that the best data were obtained with a 0% concentration of manure.
After reflecting on these data, we concluded that using too much manure causes the crop
not to grow. The cause could be that too much manure results in a large amount of nitrogen
in the soil/water and this prevents the crop from absorbing the nutrients correctly, thus
hindering its growth. However, we are aware that these results go against practice in the
field, because we asked around and rain-fed crops in the local area were only fertilized
with farm waste, that is, the manure used in our tests. Therefore, we put forward a new
hypothesis, that the conclusions were wrong.” The students considered how to check this
new premise. After discussing the possible alternatives, they decided to follow two paths.
Firstly, they consulted an agricultural fertilizer company. They arranged a meeting and
explained the results of the tests to the technical manager, who told them that the first root
of an onion is weak and contact with a fertilizer with a high proportion of nitrogen could
have damaged the roots in the samples. The students concluded: “before the following
batch of experiments, we will leave the bulbs at least one week in water, before putting
them in contact with the fertilizer”.

Secondly, and at the same time, the students sought an answer from professionals
from “We are Scientists”—a program financed by the Spanish Foundation for Science and
Technology (FECYT) that offers students the chance to talk to scientists from all fields.
In this context, the students summarized the information obtained as follows: “After
discussing the results with young scientists, they informed us that if the plant has access to
nearby nutrients its roots do not develop very much. In contrast, in treatments without
fertilizer, the plant explores in order to find nutrients and, therefore, develops longer roots.
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That is why root length is not the factor that determines greater development of the plant,
it is just an indicator of how hard it is for the plant to find nutrients. Consequently, we need
to observe the effect on the root mass and on the aerial part of the plant”.

Taking this information into account, the students reflected on the results obtained
once again and concluded that this argumentation explained what they had observed, as
the higher concentrations of nutrients produced the shortest roots (concentrations from 50%
to 100%), while the roots were longer with lower concentrations (0% and 25%). However,
they could not check the development of the bulbs because they had disposed of those
samples. Therefore, they decided to create a new design for experiments and established
that they would measure the growth of the plant by measuring the length and mass of the
stalk, bulb and root. They also introduced a new fertilizer (an industrial rooting agent) to
compare the results against those from the manure in the first design.

3.2. Phase 2

In this second phase of the project, taking into account the conclusions obtained in the
first phase, the students decided to analyze the growth of the onion bulbs by comparing a
commercial fertilizer (using the manufacturer’s recommended concentration) and a 25%
aqueous solution of the manure used in the first phase. They chose this proportion as it
was the most similar to the dilution of the commercial fertilizer.

Before the experiments, based on what they had learned in phase 1, the students let
the onion bulbs grow for two weeks using water as the only nutritional sustenance. In
these experiments, they started with bulbs without stalks or roots. Then, they performed
eight tests with each of the fertilizers and obtained two fails with each fertilizer. Therefore,
there were six valid results with each fertilizer. These data are shown in Table 2 and in
Figure 1.

Table 2. Results after the experimentation in phase 2, with fertilizer A (25% manure solution) and
fertilizer B (commercial rooting agent).

Fertilizer Stalk Bulb Root % Stalk % Bulb % Root Stalk Root
Type Mass (g) Mass (g)  Mass (g) Mass Mass Mass Length Length
1.480 1.027 0.603 47.6 33.02 19.4 25 9
Tube 1
B 2.001 0.400 2.00 45.47 9.09 45.44 30 11
A 1.610 1.013 0.640 49.34 31.05 19.61 30 10
Tube 2
B 1.330 1.330 0.600 40.80 40.80 18.40 31 9
Tube 3 A 2.400 2.070 1.461 40.47 34.90 24.63 25 15.5
ube
B 0.810 1.970 0.880 2213 53.83 24.04 15 10
A 1.900 1.600 0.560 46.80 39.41 13.79 18 9
Tube 4
B 1.250 2.130 1.580 25.20 42.94 31.86 7 9
Tube 5 A 1.800 1.400 0.720 45.92 35.71 18.37 22 10.2
ube
B 1.120 1.400 1.670 26.73 33.41 39.86 17 10.7
A 1.700 1.500 0.630 44.39 39.16 16.45 19 9.7
Tube 6
B 1.860 1.700 1.100 39.91 36.48 23.61 27 9.5
Mean A 1.815 1.435 0.769 45.75 35.54 18.71 23.2 10.6
Value B 1.395 1.488 1.305 33.37 36.09 30.54 21.2 9.9

The students reflected on the results they had obtained: “When we compared the
mean values of the tests performed with the two fertilizers, we did not observe significant
differences, except in the value of the root mass. With the commercial rooting agent, the
weight of the root as part of the whole plant represented a much higher percentage than
with the manure. In other words, in proportion to the plant as a whole, the mass of the root
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increased much more with the commercial fertilizer. We believe that the similar increase
observed in root and stalk length and in bulb mass in both tests means that the plant has
had sufficient nutrients for growth and did not have to use the bulb’s reserves.

Tl

Figure 1. Growth of the root of A. cepa bulbs after phase 2.

We can also see that the root length is very similar with both fertilizers. As we have
learnt, very long roots mean that the solution is not providing sufficient nutrients to the
plant and, consequently, the roots grow longer to reach farther and attempt to get more
nutrients. In contrast, when the solution contains sufficient nutrients, the roots are thicker
and shorter. Taking this into account, if we observe the root mass, we can see that the mean
value of the data obtained using the commercial fertilizer is higher; specifically, the bulbs
fertilized with B have 76% more mass. We also observe that the increase in the stalk mass is
greater in the bulbs that have been fertilized with manure, with approximately 30% more
mass. This could mean that the nutritional content of the manure is higher than that of the
rooting agent.

Figure 2 portrays the steps taken in the context of the PBL in each of the two phases.

Phase 1: Is the manure a viable fertilizer? To find out the ratio
of fertilizer in water, to optimize the growth of onion bulbs.
Phase 2: could the maner used in a proportion similar to
commercial one as fertilizer?

Phase 1 and 2: The teacher facilitates access to In both phases, the ten students work in the same

the laboratory and materials, as well as being collaborative group.
present in conversations with the sources Small group
consulted

P’hase 1

- Hypothesis: the manure is a viable fertilizer
- Process to demostrate hypothesis: develop of a
Y sistematic experimental protocol (adapted)
o - Questions: see Table 3
. ' . - Conclusion: measuring the root length cannot
zﬁzﬁg il:oi:fi‘:rn;ﬁ?‘: determine that mamug isagood (e;ﬂzer
comercial Company m Phase 2
- Hypothesis: with a proportion similar to a
comerdial fertilizar, the maner can be used
- Process to demostrate hypothesis: develop of a
sistematic experimental protocol (adapted)
- Questions: see Table 3
Conclusion: manure in a 25% in water offers

similar results as a commercial fertilizer
Phase 1 and 2 : Local farmers, agricultural fertilizer
Company, scientifics.
- pany,

Phase 1 and 2: computers and internet

L

Phase 1 and 2 : Local farmers, agricultural fertilizer|
Company, scientifics.

Figure 2. Steps of the PBL process.
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Summarizing the science skills identified during the two PBL phases developed, the
students identified a problem in their environment, established hypotheses, designed a
laboratory protocol in which they took measurements, compared, experimented, identified
researchable questions, sought guidance in different scientific sources, compiled results
and diffused conclusions.

On the other hand, the questions that the students asked themselves during the process
were analyzed and classified into categories according to [38]; these can be observed in
Table 3. The questions formulated in a way that they can be answered with “yes” or “no” are
shallow questions, usually about verification or comparison. When the questions, despite
having to be answered with “yes” or “no”, require a connection of ideas, or a detailed
analysis, such as previous experimentation, they are considered intermediate questions.
This includes questions about quantification and questions for which the students do not
expect to find a direct answer. These questions typically begin with “is it possible?”, “how
many” or “what is”. Finally, deep questions contain more than one aspect to be considered,
and complex relationships between these aspects, including solution-oriented questions
about environmental issues. Deep questions begin with “why” or “how”.

Table 3. Categories of questions asked by students during the process.

Before the Project Phase 1 Phase 2 End of the Project
1)
g
k=] g - Can we research an
g = environmental problem in
S & our environment? - Are our results correct?
E 5 - Can manure be used as
= > a fertilizer?
5
k) - Is it possible that each
g fertilizer boosts the growth
2 5 of one part of the plant?
% o A - Will it be useful for us to
g ‘LE) < compare the manure
g‘ 9 solution data with another
= @ commercial fertilizer?
E Ed - What is the best proportion for
b =N plant growth?
E = - How many repetitions should
g we do in order for the result of
o each test to be representative?
=
ER - Why have not all the
g bulbs grown?
ﬁ 5 - Why have the best results been
% % obtained with the 0%
& © manure solution?
@
5 " - Could all livestock
% < % waste be used as
2 = 2 agricultural fertilizer?
o g9 - Would there be
o] =g enough to replace
[a) s} . .
commercial fertilizer?
xE
ERE -How can we research into - How can we apply solid - How can we measure
= e the environmental problem manure to bulbs? which of the two is the
g § % of manure? - How can we check our results? best fertilizer?
g8

After completing the project, the students spent one week presenting their results to
the teaching staff of the school and to the university lecturers. In addition, in this final
phase, they asked new questions for future research: “Would all types of animal waste be
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suitable as fertilizers?”, “In a long term, is an animal fertilizer or a commercial one better?”,
“Could pruning waste be used as a natural fertilizer?”.

Despite not having been analyzed in detail, the results collected by the researchers can
conclude that the students maintained a high level of motivation throughout the course.
The students worked on issues related to the problem in classes for subjects other than the
one in which they developed this problem; they met to work after school hours, discussed
the issue with other students who were not part of the project; and asked the teacher
to dedicate more hours to this work. The students expressed their desire to continue
investigating the research question throughout the year, so this motivation maintained over
time led to intrinsic interest.

4. Discussion and Conclusions

In the present work, we have developed a PBL methodology to work on inquiry in
science classes in order to develop science process skills.

It is known that science teaching methodologies in secondary education do not favor
the development of scientific skills; in the best of cases, the students follow guided practice
in the laboratory without needing to formulate hypotheses or ask themselves researchable
questions. This type of science teaching does not develop critical thinking, nor does
it establish enduring scientific knowledge. If we want our students to develop these
skills, we have to design contexts that help them identify a problem to solve, from which
secondary questions arise that must be solved through the inquiry process to reach a final
conclusion. Therefore, in this work, we start from an initial problem to be solved and
analyze whether the PBL methodology, which contextualizes the work, encourages the
students to ask themselves researchable questions that expand their knowledge about
the initial problem posed. Throughout the process, the students raised the problem to
be solved, formulated hypotheses, and designed a laboratory procedure to respond to
their hypothesis. Throughout the development, several questions were formulated that
broadened the knowledge necessary to solve their initial problem.

A second aim was to analyze the kind of questions students ask in a context of inquiry
in order to assess if this methodology allows the students ask themselves relevant questions,
from the point of view of the development of scientific skills.

Summarizing our results, the PBL methodology followed facilitates the learning of
science, and in this specific case, the acquisition of scientific skills. In this method, the
problem is the focus of the learning process and the guide in the inquiry process and in
asking questions. In the section below, we comment on the development of the PBL process
and the type of questions that students have asked themselves in this process.

4.1. PBL Process and Science Skills Development

The students completed the phases of the PBL process, in this case by deciding on
their own problem to learn about—a real and ill-structured problem, contextualized in
their environment [41]. They also design the inquiry process in order to establish a protocol
to reach possible solutions to the problem. They were looking for solutions to the problem,
evaluating them on a laboratory scale, developing experimentation protocols, taking data,
repeating so results were reliable, etc. Finally, they presented the results of the inquiry to
experts on the topic. Throughout the PBL process, they encountered difficulties in knowing
where to turn in search of information, beyond what is usual for them (social networks).
So, they needed a little guide to learn about programs like “We Are Scientists”.

To verify whether this project has favored working inquiry in the classroom, we con-
sider both the stages of inquiry proposed by Pedaste et al. [35] and the operations included
in each stage, as described by Mosquera-Bargiela et al. [16]. The students asked a question
that could be researched by the class group and on the school premises. The research topic
stemmed from questions they asked through their observation of the environment. This
led them to make a hypothesis (manure waste could be used as fertilizer for plants) and to
create a complete design for experiments in order to test it. The students, after gathering
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the necessary materials, performed the proposed experimentation by exploring, collecting
data and interpreting the results they had obtained. They searched for an explanation
for the unexpected results (discussing among themselves and also looking outside) and
consulted experts on the matter. After interpreting the information collected, they were
able to redesign a new sequence of experiments and introduce a new variable (the use
of commercial fertilizer) as a control variable. This new variable enabled them to check
if the results obtained with the fertilizer that they had prepared using manure produced
similar results to the commercial fertilizer, as was the case. Once they had made this
connection, they compared which was the most effective by studying the root mass and
reaching conclusions based on all the information collected during the project. Finally,
the students presented the results and conclusions to the teaching staff of the school and
to the university lecturers that the school usually works with during the planning of this
type of project. The science skills the students developed include identifying problems;
formulating researchable questions; formulating hypotheses and predictions; designing
and carrying out experiments; observing; measuring and collecting data; interpreting
results; and preparing and communicating conclusions.

4.2. Questions

Analyzing the type of questions helps us to assess students” depth of learning. Most of
the questions that the students asked themselves were deep, according to the classification
scheme proposed by Graesser and Person [37]. These questions establish a causal link or
antecedent, for example: “Why have not all the bulbs grown?”, or “Why have the best
results been obtained with the 0% manure solution?”. They also asked questions concerning
the objective of the project with the same depth, which involved generalist and systemic
thinking. That means the students generalized the knowledge acquired throughout the
process and much broader questions were raised, including questions that suggest systemic
thinking, where the problem is part of a complex system, such as: “Could all livestock
waste be used as agricultural fertilizer?”, or “Would there be enough to replace commercial
fertilizer?”. These types of questions, which to be solved need to have a specific objective
and are therefore specific, are difficult to ask if it is not the students themselves who do
it [38]. Therefore, it can be concluded that the PBL context favors the posing of deep
questions that involve establishing relationships between different types of knowledge and
favor metacognition.

The students also ask intermediate questions in which they propose quantifying or
specifying aspects of the process, such as: “How can we measure which of the two is the
best fertilizer?” or “How many repetitions should we do to obtain representative results
in each test?” There are some verification or comparison questions, such as: “Can we do
research into an environmental problem in our environment?”, or “Can manure be used as
a fertilizer?”

We should state that, in general, questions with less depth were asked at the beginning
of the project and, as the work advanced, the students” questions became deeper.

The students seemed very motivated at the beginning of the project because they were
able to choose the research topic, which was an environmental problem in their immediate
environment. Therefore, the students understood their work not only as an academic
procedure to work on science but also as the search for a solution to a real and imminent
problem. This motivation remained throughout the academic year and became a real and
explicit interest in the work they were conducting. The fact that the students were free to
study their own interests [12] and that the problems were contextualized in their immediate
environment helped in turning this motivation into interest [8-11]. As De Pro [13] stated,
these types of project make it possible to study not only content but also procedures, and,
most importantly, they promote working with students on the asking of questions, which
is the starting point for science learning [14-16].
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5. Implications

In the present work, we have developed a PBL methodology to work on inquiry in
science classes. Currently, the secondary education curriculum in Spain recommends work-
ing on science through learning situations, in which students practice inquiry. However,
teachers sometimes lack the tools to design or implement learning situations. The PBL
methodology encourages science learning through inquiry, and the present study is a real
example of this.
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Abstract: The Sustainable Development Goals (SDGs) are important issues that should be learned
about in school, particularly those related to sustainable cities and communities. Target 6 of the 11th
Goal mentions the special attention that should be paid to air quality. Nature-based solutions are
a current theme that should be learned in school to empower students to contribute to planetary
sustainability. In this context, a pedagogical intervention was developed through problem-based
learning addressing air pollution. After two lessons of 50 min each, students presented a worksheet
answered in groups, a group snapshot reflection, and the results of filling out a digital mural before
and after the intervention. After a content analysis, the results of this evaluation study were reflected
in the 105 students’ increasing knowledge about nature-based solutions to improve air quality.
A positive appreciation of problem-based learning as an active methodology that motivates and
increases students’ participation was also referred to.

Keywords: sustainable development goals; nature-based solutions; problem-based learning; air pollution

1. Introduction

Nature-based solutions (NBS) provide an all-encompassing and sustainable approach
to resolving the most pressing societal and environmental problems by working harmo-
niously with nature. Given the ongoing research and/or innovation investments in this
field, the growing number of publications is apparent and is anticipated to rise over the
following ten years [1]. Over the past 50 years, there has been a noticeable increase in
the desire for the genuine involvement of citizens in creating public policies and making
decisions, particularly in sustainability. The extent to and various ways in which citizens
actively participate in nature-based solutions (NBS), and how their involvement influences
the paths these solutions take, are receiving growing interest [2]. However, the complexity
of NBS calls for more innovative and transdisciplinary practices, including collaborative
governance and genuine engagement with diverse local communities [3,4].

The Earth system integrates five adaptative subsystems (atmosphere, biosphere,
cryosphere, geosphere, and hydrosphere) with delicate dynamics that are essential to
promote sustainable development and guarantee humanity’s survival, as well as being
essential for the maintenance of the bio- and geodiversity of our planet [5,6]. As such, it
is not surprising that the need for cities worldwide to adopt NBS is growing significantly.
NBS can address various issues, including reducing the risk of natural disasters, improv-
ing human well-being in urban and rural settings, enhancing biodiversity, enhancing air
and water quality, and mitigating climate change. NBS initiatives include the creation of
urban green areas, the adoption of natural stormwater management techniques, and the
introduction of environmentally friendly transportation options. Their contribution to the
development of climate change resilience and ability to assist communities in adapting to
its effects is becoming more widely recognised. By preserving or restoring natural habitats,
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they can also significantly contribute to biodiversity conservation by promoting wildlife
and enhancing the general health of ecosystems.

NBS are becoming more globally well-known within agreements, which are frequently
seen as essential tools for accomplishing the sustainability goals of the entire planet. Never-
theless, although there are increasing calls for collaborative governance support of sustain-
ability transitions, there is little empirical evidence regarding the contribution of diverse
citizen participation to achieve sustainability objectives [3,4]. This is reflected in the teach-
ing and learning processes of NBS and Sustainable Development Goals (SDGs) at all levels
of schools and higher education institutions.

A systematic literature review [7] showed that working memory, cognitive flexibility,
and attentional control improve after exposure to the natural environment. Namely, outdoor
green spaces in the school context contribute to increased concentration and attention [8,9].
However, NBS is a cutting-edge strategy that has not yet been fully included in schools’
curricula and higher education programs. Developing a good curriculum can achieve
success in the learning and teaching processes in schools, since the curriculum is a set of
learning experiences that the students obtain during the teaching process [10]. To improve
teaching and learning experiences in NBS, academics and students from various disciplines
urgently require methodologies, strategies, and resources.

As sustainability gains ground as a crucial component of growth and economic ad-
vancement, there is an opportunity to incorporate environmental plans and policies into
economic and social agendas [11]. Research on NBS’s capacity to promote long-term socio-
ecological sustainability is of the utmost importance in academic and policy circles [4,12].
This implies that NBS can be incorporated into the curriculum alongside the Sustainable
Development Goals. The implementation of SDGs teaching is already well documented in
the literature [13-15].

Numerous teaching methodologies and strategies can be employed to teach students
in NBS and SDGs. The literature refers to some of these methodologies and strategies,
which encompass, for example, hands-on experiences [16], case-based teaching [17], field
trips [18,19], STEAM approaches [20,21], and the particularly active approach of Problem-
Based Learning (PBL) [22,23]. The latter methodology is active, making students the
protagonists of their learning rather than just passive information-receivers [24]. According
to some authors [24,25], in this modern approach, students are at the centre of the activity
and actively participate in the teaching process, encouraging students to learn about natural
and social phenomena.

PBL is acknowledged for its capacity to foster various competencies in students while
empowering them to control their learning process. In this approach, the teacher assumes
the role of a facilitator, although he or she might encounter challenges. Several PBL
implementations demonstrate those difficulties, such as the teacher’s inability to organise
and conduct lessons or the time it takes for students to become independent and solve
problems autonomously.

However, critics contend that Problem-Based Learning (PBL) can be time-consuming
and is frequently embarked upon by individuals who may not fully grasp its intricacies [26].
Some authors even state that some facilitators feel that their purpose is only to observe
the process and tutorial dynamics and lose the control and authority that they had as a
teacher. Nonetheless, its effectiveness in enhancing learning is widely acknowledged across
multiple academic disciplines [13,27-30].

Within this theoretical framework, this study aimed to assess whether teaching stu-
dents about reducing pollution through NBS and employing the PBL methodology could
enhance their understanding and competencies in SDGs. The two objectives are encom-
passed: (i) advocating for the adoption of the PBL methodology in SDGs education and
(ii) furthering the integration of NBS instruction, specifically through the application of
PBL. Additionally, the study shed light on the PBL facilitator’s role and the challenges
students faced in initiating questions during PBL.
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2. Materials and Methods
2.1. Method

The research methodology applied in this investigation was an evaluation study
supported by the qualitative method. An evaluation study is characterised by the gath-
ering of data that can be used to determine the relevance or need for improvement of
a resource (book, task, activity, lesson plan, etc.). We employed an evaluation research
methodology that aimed to examine if and how interventions, particularly those based
on PBL and NBS, can bring about changes in the world of education and, if so, why and
how. Given the absence of prior learning about the NBS topic in the participants’ curricu-
lum, no prerequisites were identified, and no comparative study was conducted between
existing findings and the findings after the intervention. The focus was on determining
whether Problem-Based Learning (PBL) and incorporating NBS could positively impact
students’ learning. Consequently, the study was conducted with qualitative data and some
descriptive statistics.

2.2. Sample

The sample comprised 105 students (n = 105) from an urban public school, which
integrated five 9th-grade Natural Sciences classes. Class 1 (C1) had 23 students, 12 boys
and an average age of 14.7. Class 1 (C2) had 20 students, 13 boys and an average age of
14.5. Class 3 (C3) had 22 students, of both genders (male and female), with eleven students
and an average age of 14.8. Class 4 (C4), with an average age of 15, had 12 girls, totalling
25 students. Finally, class 5 (C5) had 12 girls, a total of 20 students, and an average age of
14.7. The total sample had ages between 14 and 16, with an average age of 14.7. Most of
the students were males (53.34%), and the second author of this article, a Natural Science
Teacher, was the facilitator.

2.3. Research Techniques and Instruments

The techniques used during this evaluation study were registers, usually defined in the
literature as artefacts. The instruments were of three types: (i) a register in a digital visual
board using Padlet software (Version 207.0.6), (ii) a worksheet/monitoring sheet containing
the main problematic scenario, and (iii) a snapshot report. Only the monitoring sheet
containing the main problematic scenario underwent validation, as the other two resources
were developed by the students. The validation of this tool involved its being drafted by
the facilitator after conducting a literature review. The instrument was created following
the references of Ann Lambros [31]. After elaboration, it was analysed and discussed by a
panel of three experts in PBL and modified until a consensus was reached.

A pilot study determined the reliability of the three evaluation tools with 18 students
from another school’s 9th-grade Natural Sciences class. Students were presented with
the problematic scenario and followed the same procedure, which was designed to apply
to the present study group. They used three instruments, and the technique of spoken
reflection was employed to enhance the formulation of the tools, ensuring they were fully
comprehensible to participants of the same age group as the present evaluation study. After
gathering all the comments and suggestions from the students, the same panel of PBL
experts discussed and improved the instruments until a consensus was reached.

2.4. Procedure

This study was conducted during two consecutive lessons on Natural Sciences of
50 min each.

The students completed the three tasks in Table 1 during the two PBL lessons. The
application of the instruments was not timed, but the average response time is also shown
in Table 1.
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Table 1. Tasks and research instruments of the study.

Task Research Instrument Duration (Minutes)
1 Elaboration of a digital visual board. Padlet Board register 10
2 Raising questions and answers.
Part I: Raising questions. Worksheet 40
Part II: Answering in the digital visual board. Padlet Board register 35
3 Development of a group report. Snapshot Report 15

During the two lessons of the evaluation study, the students were invited to complete
the following tasks:

Task 1—Elaboration of a Digital Visual Board

In the first assignment, students were required to envision themselves as members of
their local town hall assembly. They were instructed to access a Padlet link using the Google
Classroom platform. On this platform, they were tasked with proposing actions to diminish
environmental air pollution within their municipality, aligning with target 6 of the 11th
SDG (particular attention should be paid to air quality). Due to urbanisation and related
mortality, air quality is becoming a more significant issue, and NBS solutions are utilised to
reduce pollution [32,33]. The solutions proposed by students were expected to minimise
their ecological footprint while embodying nature-centric solutions. The solutions were
written on the Padlet digital board.

Task 2—Raisin Questions and Answers

Task 2 (part [)—Answering a worksheet

The worksheet followed the PBL structure outlined in some published works [22,31].
It involved the students engaging with a problem scenario that, in this study, included a
dialogue between a father and his son regarding the quality of the air and a recent United
Nations report regarding the long-term impacts of air pollution in Europe and North
America. In this task, students were required to: (i) identify the facts presented in the
problem scenario, and (ii) compile essential driving questions to be answered with problem-
solving strategies. The facilitator was pivotal in guiding students towards extracting the
most pertinent facts from the scenario. Subsequently, students utilised digital resources,
such as websites recommended by the facilitator, to explore nature-based solutions. The
websites were mentioned in the worksheet and accessible to all participants via the Google
Classroom platform, streamlining the research process. Notably, the provided websites
were sourced from reliable and reputable outlets. Following this, students formulated
“driving questions”. In the end, students had to deliver the worksheet with the essential
questions they would like to be answered and write them in the worksheet. Afterwards, the
driving questions were gathered, submitted to a content analysis technique and analysed
regarding the cognitive order based on the work of various authors [34]. This task was
guided by recommendations registered in the literature [35].

Task 2 (part II)—Continuing the elaboration of the digital visual board (Padlet)

Following their analysis and discussion of the website information, students working
in small groups were tasked with selecting the most relevant questions. This collaborative
sharing of findings with other groups occurred in part II of task 2, and students utilised a
Padlet link available on the Google Classroom platform for their presentations. During this
process, the facilitator provided feedback to each group, empowering them to take greater
ownership of their learning compared to traditional classroom settings where teachers
primarily disseminate information [36]. Consequently, the online visual board, Padlet, was
employed in two distinct phases: (i) the first phase, undertaken before the application of
the problem scenario (Task 1); (ii) the second phase (Task 2—part II), conducted after the
discussion of the problem scenario and raising of questions.

Task 3—Development of a Group Snapshot Report

A snapshot report is considered a brief report to provide a “snap” of the work that has
been carried out. In this study, in a collaborative work, each group of students developed
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one over fifteen minutes. The snapshot report had three main topics: (i) a reflection on the
problematic scenario that was presented, (ii) what was learned during lessons, and (iii) a
self-assessment of the work carried out by the group. Creating these snapshot reports rep-
resents a metacognitive effort by the group members to synthesise information, collaborate,
enhance their critical thinking competencies, and improve their written communication.
Additionally, they assess students’ perceptions of the assigned task and gather constructive
feedback to help facilitators enhance their performance using Problem-based Learning and
digital tools.

2.5. Ethical Considerations

In the present study, ethical procedures implicit in the field of social sciences were
employed. Data protection for the participants was ensured in accordance with specific
legislation in the country in which the study took place. Initially, informed consent was
obtained from the director of the urban public school to guarantee access to the school
and the facilitator’s participation (the second author of this article). Subsequently, as
the students were minors, informed consent was sought from their legal guardians—the
parents or other legal persons. Lastly, their assent was obtained to ensure the participants’
voluntary and informed collaboration in the study. It was established from the outset that
the study would not influence the evaluation of the students, and those who chose not to
participate would face no form of retaliation. It should be noted that all students from the
five classes agreed to participate. Due to ethical reasons, such as maintaining anonymity
and confidentiality, an identifying code was assigned when processing the data from each
student and class.

3. Data Analysis

This qualitative study employed a content analysis technique to analyse data. Content
analysis is used for making replicable and valid inferences from the data to the study’s
context [37]. It is a well-suited technique for analysing qualitative data and provides valu-
able insights into the study’s results. This technique is suitable for condensing information,
transforming the extensive content of a text into a concise set of content categories follow-
ing coding rules. This study categorised and coded students’ records following a fluid
reading of the obtained results. The analysis was conducted by three PBL experts who came
together to discuss and reach a consensus after individually analysing the records filled out
by the students. The results will be presented separately for each task and instrument.

3.1. Results of Task 1: Elaboration of a Digital Visual Board

It should be recalled that the students completed this task before the presentation of
the problem-learning scenario. To determine which examples could be considered NBS,
answers given by students were classified as having reference to the work of some au-
thors [38]. Regarding the results from the Padlet digital board, students” proposed solutions
to diminish environmental air pollution within their municipality were inserted into two
categories: (i) Nature-based Solutions (NBS) and (ii) not Nature-Based Solutions (all other
types (Not NBS)) (Table 1). Unfortunately, the measures referred to by students were
mainly considered in the category “Not NBS”. After the authors’ reflection, the solutions
from both categories were divided into subcategories—"“arboreal”, “transportation”, “in-
dustry”, and “rules”—as their content was convergent in these matters. To enhance the
solutions that contributed most to reducing air pollution, the online tool “NBS performance
assessment” [39] expresses the top 15 measures for improving air quality by resorting to
NBS. Those top 15 measures are vertical-made gardens, (wet)retention ponds, creating
and preserving habitats and shelters to biodiversity green corridors, green facades, green
wall systems, heritage gardens, infiltration basins, intensive green roofs, large urban public
parks, pocket gardens/pocket parks, semi-intensive green roof, street trees, urban forest,
and the use of pre-existing vegetation. Examples of those solutions are presented in Table 2.
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Table 2. Results from categorising the five classes” answers in the Padlet digital board (quotes
translated from the original text).

Categories Subcategories Examples/Quotes of Solutions Presented by Students Classes

Reforestation
Municipal Day, where reforestation will occur in
the municipality.

Tree planting C1
Spatial arboreal The planting of trees of native or regional species and the Cc2
expansion of the municipal garden network. C5

More planting of trees to increase O, and decrease CO;,

NBS Vertical Gardens do not occupy horizontal space and help
reduce CO, in the atmosphere
Promote the cleaning of rivers:
River intervention Strategic planning of cities to make the most of river or C3
Not Arboreal lake areas.
Soil intervention Recycle househgld waste: ca
Composting
Decrease the price of /free public transportation: C1
Increased use of public and/or electric transportation. Cc2
Limit car use by increasing the use of public transport. C4
Transportation Sustainable transportation
Build more bike lanes. 2
More cycling or walking, as driving is more polluting for C3
the environment. C4
Not NBS Assign people electric scooters.
(Others) . . C1,C2,
Eco-friendly solution: C3. C4
Industry Use filters in factory chimneys. (’:5 !
Decrease of excessive production in factories Ca
To legislate:
Legislation Applicate fines for those who do not comply with the rules. C1
& Prohibit the use of fire in danger zones. C1,C5

Tax benefits for individuals who have solar panels.

Analysing the results allows for us to ascertain that students from all classes have
limited knowledge about Nature-Based Solutions. Furthermore, most solutions tend to
focus on pro-environmental behaviours for sustainability. These findings underscore the
necessity for school curricula to incorporate NBS as an integrated theme across various
disciplines. It is worth noting that NBS can be linked to Education for the SDGs, enhancing
urban citizens” well-being, and investing in circular cities. Integrating green initiatives into
urban areas represents an innovative and pressing issue at present. Consequently, teaching
NBS is also a way to teach the SDGs.

3.2. Results of Task 2: Raising and Answering Questions
3.2.1. Part I: Raising Questions

The student groups from the five classes answered the worksheet, and the main
questions that were raised are presented in Table 3. This task had a high level of supervision
from the facilitator as the literature reconises how difficult it is for students to know
how to write questions of a higher cognitive order. As such, driving questions raised by
students were classified according to [40] five categories: encyclopedic, meaning-oriented,
relational, value-oriented, and solution-oriented. Table 3. Questions raised in the worksheet
and categorisations of the cognitive level of the questions. The results reveal students’
uncertainty regarding NBS. Consequently, the question “What are nature-based solutions?”
was raised repeatedly in all five classes. Another joint inquiry was “What are nature-
based solutions for reducing air pollution?” This highlights the importance of the PBL
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methodology because problematisation encourages students to contemplate the most
crucial questions to solve the problem presented in the scenario. This approach ultimately
leads to a deeper understanding of the meaning and utility of NBS for society. Once
again, this activity underscores that students need guidance in learning to pose questions,
especially those of higher cognitive levels.

Table 3. NBS categorisation (categorisation based on the top 15 NBS for improving air quality).

Categories . Examples of Solutions Presented by the
of NBS Subcategories Students Classes
Planting of trees. C1
Spatial Arboreal units Planting of trees that allow for the native I
(street trees, urban forest) species’ expansion.
2 Planting trees of native species. C3,C4
=
2 Creation of green areas with specimens of c1
[ .
= . . . . tive plants.
E Spatial Mixed Vegetation Unit natve p
& patia’ Vixec hegetation YUts Municipal gardens with aquaponics techniques. ~ C2, C4
99 (large urban park, pocket garden,
¢ . - C3,C4,
heritage garden, green corridors) Increase the network of municipal gardens. cs5
12}
%‘ Construction of green spaces in urban areas. C3,C4
199] =
/g h2) . . .
Z = Technological vertical units C1,C2,
E (green wall system, green fagade, Creation of green walls C3, 4,
8 vertical mobile garden) C5
g
g Technological Horizontal Units
<
g (infiltration basin, wet retention ) C1, C2,
; pond, intensive green roof, Creation of green roofs C3,C4,
% semi-intensive green roof) G5
. C1,G3,
. Reforestation Ca
é Biodiversity .Using r}atural or erllviropmentally frienFlly 2
£ Interventions mtegratl(?n of buildings in the surroundings
% (create and preserve habitats and Restoration or management of natural and C3,C5
E shelters for biodiversity, use of sem}-natural ecosysterps.
0 preexisting vegetation) Creatlor} of natural habitats. C3
% Preservation of natural forests. C4

Avoid the use of pesticides, giving preference to
. . C4,C5
biological control.

3.2.2. Part II: Answering in the Digital Visual Board

As mentioned earlier, the responses provided by each class post application of the
digital visual board, completed after the problem-solving second lesson, were recorded
and are presented in Tables 4 and 5. A similar procedure was conducted to evaluate
the outcomes after implementation of the first digital visual board intervention during
the first lesson (Table 1). The NBS mentioned by students’ classifications was based on
the hierarchical classification scheme in previous work [38]. After some reflection, the
authors ended up setting two content categories: (1) Nature-Based Solution Units (NBS
Units) and (2) Nature-Based Solution Interventions (NBS Interventions). Again, the top
15 measures for improving air quality by resorting to NBS were essential to analyse the
solutions presented by students. This content analysis is expressed in Table 3.
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Table 4. NBS advantages (categorisation made after Watkin, 2019 [39]).

Examples of NBS Benefits Presented by Students.

Categories of NBS Benefits (Quotes) Classes
Improve air quality. C1,C3,C4
Mitigate some of the effects of climate change. C1
Moderate impacts of heat waves. C1,C3,C4
Nature Reduce global warming and heat islands. C1,C4
(environmental features of soil, air, Reduce air pollution. €2,C3,C4,C5
and vegetation) T Contribute to the promotion of biodiversity. C1,C3,C4,C5
Increase the existence of native trees and plants. C2,C3
Value soils. C3,C4,C5
Increase carbon storage capacity. C4
Mitigate the heat island effect. C5
Provide social and economic benefits and help to c1
build resilience.
Move economies and societies into a sustainable path. C1
People Improve citizens” quality of life. C1,C3,C5
(cultural, education, recreation Benefit mental and physical health. C1,C2,C4
and economics) Reduce health problems, especially respiratory problems. C2,C3,C5
Adopt solutions that contribute to the reduction of C2,C3,C4,C5
energy consumption.
Improve the energy efficiency of buildings. C2,C3
Make the city more pleasant and more comfortable. C4
Water Optimise rainwater management. C4
(flood mitigation, drought and flood Strategic planning of cities to take full advantage of river or c5
resilience, water storage and reuse, and lake areas.
groundwater and surface water quality) Enhancement of aquifer recharge. C5

Having other reference research in the field [40], the benefits of the NBS appointed by
the students’ classes were also divided into three topics—"nature”, “people”, or “water”
These were organised as follows: (i) “nature” benefits mentioned the soil, air, and vegetation
as environmental features; (ii) “people” benefits focused on cultural, education, recreation,
and economic benefits; (iii) the “water” benefits were all those answers related to water
storage and water reuse. This content analysis is displayed in Table 4.

Notably, after the problem scenario presentation, students referred to more NBS,
which were learned during the problem-solving lessons. However, Nature-Based Benefits
continued to focus on pro-environmental behaviours for sustainability, which is highly
positive since it is recommended that school curricula also align with Agenda 2030 for
SDGs. Once more, these findings emphasise the crucial need for educational curricula
to seamlessly integrate NBS into various disciplines. Incorporating environmentally sus-
tainable practices into urban environments is a forward-thinking and urgent challenge in
contemporary society. Therefore, it is imperative to introduce these concepts into middle
and secondary education.

3.3. Results of Task 3: Development of a Group Snapshot Report

At the end of the PBL methodology application, the students wrote a snapshot report
in 4-5 groups in each class. This snapshot report allowed for the researchers to gather
information regarding the PBL methodology. Table 5 presents a content analysis of the
snapshots based on relevant quotations provided in the snapshot reports.

The content analysis of the snapshot reports revealed that, in all classes, the problem
extracted from the scenario presentation was remarkably similar. Students consistently
addressed the issue of air pollution and potential NBS. Across all classes, students men-
tioned that they had learned that nature-based solutions are vital for ensuring planetary
sustainability and improving air quality. Group work proved beneficial for learning, mak-
ing classes more dynamic, although not all group members consistently contributed at a
high level. Consequently, the PBL methodology is seen as a positive approach, enhancing
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the teaching process and enabling students to develop the necessary content. It is important
to note that collaborative work competence, written communication, digital competencies,

and critical thinking were all developed through the proposed activities.

Table 5. Content analysis of the snapshots (quotes translated from the original text).

Classes The Problem Raised as What Students Say That They Self-Assessment of the PBL
Understood by the Students Have Learned Group Work
What are Nature-based Solutions To red}x ce atmospheric pollution, Not everyone collaborated
. . vertical gardens, green roofs, .. .
that reduce air pollution, and what ; ) similarly; however, all members did
. reforestation, and expansion of X Ly
are their advantages? . well in consolidating the matter.
Class 1 vegetable gardens should be built.
The problem was presented to us .
g . . We learned numerous solutions to .
digitally, which motivated us to . We were a rather talkative and
- . pollution and how to combat -
work more sustainably and with . . distracted group.
it sustainably.
less paper use.
The main problem is air pollution,
which decreases the amount of We learned that the air is polluted Everyone contributed to the
oxygen in the air, which causes and about nature-based solutions completion of the work. We share
more people to develop and their consequences. tasks with everyone.
) breathing problems.
Class 2 It was easy to understand and
conclude. It was presented inaway HoYv to prevent air pol!utlon and We enjoyed working together, and
that occurs in everyday life, the importance of solutions based .
oo : everyone learned something.
facilitating the understanding of the on nature.
subject matter.
The problem presented is “The air
that §urrounds ue Wu.e oy We learned that we must preserve We work better in a group, and
learning more about this issue,
. . our planet. these classes are better.
which motivates us to learn about
. Nature-based Solutions.
Class 3 In our opinion, the problem helped
us understand the mistakes that These nature-based solutions We find it interesting since we can
society makes and some of the helped us to understand the cooperate and combine ideas to
advantages of having a better problem in a more specific way. obtain the best possible result.
quality of life in the future
. . We learned measures to reduce We performed well as a group. The
Decreased air quality. . . .
. . atmospheric pollution and general group work was more dynamic,
Cardiorespiratory problems. . . .
. . advantages of solutions based and there was more interest in
Atmospheric pollution. .
on nature. doing the work.
Class 4 . With this experience, we learned
The presented problem motivates . . .
that we must adopt measures to This work was creative, different
us to learn about the problems that . . .
. reduce pollution to obtain better and more about learning how we
occur in the atmosphere caused .. o . :
living conditions and to have a look for information.
by humans.
better planet.
The problem was related to what
we can do in our daily lives, to We learned the importance of Our working group worked well,
reduce atmospheric pollution, Nature to save our planet and also  although some elements were more
presenting solutions based the consequences of our actions. participatory than others.
Class 5 on nature.

In this group work, the problem
presented was atmospheric
pollution, and through the theme,
we became aware of how human
beings affects the environment.

We learn and know new measures
for the implementation of a better
environment, such as, for example,
the creation of green roofs
and walls.

Our working group has a healthy
environment, and we work
well together.
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4. Discussion

The results from the first task, expressed in Table 2, show that almost all the measures
appointed in the five students’ classes had three main focuses: promote the use of trans-
portation with less environmental impact (such as building more bike lanes), act through
the implementation of legislation (particularly taxation) or limit pollution by industries
(mainly through the filtration of polluting gases). This observation is consistent with the
idea that industry is frequently appointed as bearing a responsibility for air pollution in
students’ minds [41]. Therefore, students, in general, were not familiar with the concept
of NBS.

Suggestions of NBS measures to reduce air pollution were scarce and focused on spatial
arboreal units, favouring “tree plantation” (although two more types of NBS measures
were appointed, these were not directly implicated in the decreasing of polluted air, but
in river management and soil conservation). This finding might be related to the fact that
the NBS concept is not officially mentioned in the Natural Sciences syllabus in Portuguese
schools from the 7th to 9th grades. Another reason is possibly related to the scientific
literature, in which NBS is a relatively recent issue [42,43]. For example, considering the
bibliometric analysis of some authors [43], the first articles mentioning NBS as an issue
are dated from 2012. It is also noted that discourse on NBS is not yet totally embedded in
the decision-making processes. In 2013, the European Commission tried to establish the
NBS concept within the range of ecosystem-based approaches, and the calls for projects in
this field were launched approximately seven years ago [42]. In this line of thought, it is
plausible to assume that this time frame did not allow for the effective empowerment of
citizens about this matter.

In employing the PBL, it is noteworthy that, following the intervention, students
demonstrated a relevant awareness of the NBS that aligned with what they had learned
during the problem-solving sessions. While there were some variations among classes,
it is striking that the questions raised by students exhibited similarities, possibly due
to the consistent scenario and the facilitator’s experience. This could also be due to the
nature of the exercise and the fact that it was uniformly applied, reflecting a thought-out
instructional design.

The consistent success of PBL as a methodology across all the classes to which it was
applied is a significant observation that is worth highlighting. Nonetheless, an extensive
body of literature attests to the efficacy of PBL as a constructive approach for facilitating
students’” comprehension of scientific concepts and nurturing the diverse competencies
essential for success in the 21st-century job market [44,45]. It is equally notable that the
literature frequently highlights students” challenges in formulating questions, particularly
those of moderate or advanced complexity [34]. This underscores the critical requirement
for a skilled facilitator who can actively stimulate and bolster the development of self-
confidence and autonomy within the student’s learning journey [46,47].

The digital board utilised within the PBL methodology received positive feedback
from students, significantly contributing to the success of this methodology. Through
PBL, students engaged with the subject matter and integrated the acquisition of digital
competencies, which are increasingly relevant. This approach bridges the gap between the
teaching process and students’ real-world experiences, but can also aid them in becoming
proficient in using digital tools [48].

5. Conclusions

This study has provided valuable insights. It revealed that, when implementing the
PBL methodology, students significantly improved their understanding of NBS and their
role in reducing pollution. Equally important is the connection made between the study’s
objectives and the 2030 Agenda for SDGs. This highlights how the presented problem
aligns with global sustainability goals. The research underscores the pivotal role of the
facilitator in guiding students’ learning journeys, ultimately enhancing their performance
and helping them attain academic success. These findings support the existing literature
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on the development of diverse competencies fostered by this methodology and emphasise
the urgency of integrating PBL, the sustainable development objectives, and the theme
of nature-based solutions into educational curricula. While the positive impact of the
PBL methodology is evident, there is still room for further refinement and expansion of
its application across various disciplines. Moreover, it can be effectively integrated into
different approaches, such as the STEAM approach. This approach is particularly notewor-
thy as it fosters competency development and promotes greater inclusivity, especially for
underrepresented groups like girls, in fields where they are not yet adequately represented.
It can also assess success when applied to current scientific content, such as the SDGs and
NBS, as in this evaluation study. Being an active methodology, despite originating in the
1960s, it remains relevant in promoting the development of competencies necessary for
employability in the 21st century, such as cooperative work, problem-solving, and the
development of knowledge, digital competencies, and critical thinking.
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Abstract: PBL is a widely used teaching approach that is increasingly incorporating digital compo-
nents. Although, by its nature, a face-to-face approach is the preferred mode of delivery, its digital
counterpart is gaining ground. The current paper discusses the digital redesign of PBL in an MSc
in Biomedical Sciences. Face-to-face and online PBL followed the seven steps of the PBL process,
and each case was completed in three sessions. For the delivery of online PBL, collaborative tools
were utilized, including CiscoWebex, the online platform for synchronous meetings, and OneDrive,
shareable PPT, and Moodle for synchronous and asynchronous self-directed learning. Three cohorts
were followed, and students had both face-to-face and online PBL experiences. Student feedback was
obtained using focus groups, and data analysis utilized a deductive and inductive approach. Our
data indicate that CiscoWebex is a suitable and user-friendly platform for synchronous online PBL.
The students enjoyed both formats and stated that online PBL is an effective teaching approach for
promoting student learning. In regards to student interaction, the face-to-face mode was preferred,
while online PBL was perceived as more organized. The redesign allowed for effective student
learning and could pave the way forward for a fully online MSc program in Biomedical Sciences.

Keywords: online PBL; PBL in STEM; biomedical sciences; immunology; MSc students; student perceptions

1. Introduction

Problem-based learning is an educational approach commonly used in tertiary health
education programs. This is because it promotes the development of skills that are key
to health professions, including critical thinking, collaboration, problem-solving, and self-
directed learning [1]. Traditionally, PBL utilizes a real-case scenario, small-group work, and
student-centered learning. By its nature, a face-to-face approach is the preferred mode of
delivery. Currently, there is a trend to incorporate digital technology into PBL either fully
or in part [2].

This is not surprising as synchronous e-learning provides a flexible environment for
learning. This can be attributed to several factors, including the availability of a plethora of
resources such as virtual classrooms and shareable whiteboards (WB) and documents [3 4].
The fact that it may be synchronous still allows for teacher—student and student-student
interactions using electronic tools (such as the ‘raise hand’ feature) rather than reading body
language. Still, this may limit the ability of the student to read non-verbal cues and decrease
effective communication. Cost efficiency is another key advantage of e-learning, and the
savings are transferred to both the education institution (e.g., infrastructure, staffing) as
well as the learner (e.g., travel, time) [5,6].

The COVID-19 pandemic contributed to the push toward online education, providing
the opportunity for creative online teaching. [7]. As previously suggested, PBL is well-
suited for online teaching. To illustrate, PBL works best with a small number of participants
(8-12), and this does not overload the network. This allows for simultaneous work that
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facilitates effective synchronous communication. In addition, the online environment may
allow for the participation of individuals that are shy and do not participate in face-to-face
PBL [8]. It is also possible that shy students may hide behind technology, decreasing
participation. Furthermore, PBL relies on both synchronous and asynchronous teaching.
The latter is particularly important for self-directed learning, which is one of the key
characteristics of PBL. Students may continue interacting and sharing information through
platforms such as Moodle or Blackboard. By engaging with the digital world, students
become part of a learning community and may embrace life-long learning in the future [8].

Even if it is becoming more common to provide PBL components digitally, studies that
have already been conducted, albeit with a small sample size, have shown encouraging
results. There is no discernible performance difference between traditional and online PBL
formats, according to the research, despite ongoing difficulties with student involvement
and technological adaption [8,9]. Therefore, additional in-depth research is required to
fully comprehend the efficiency of PBL presented online.

Student communication is one of the key skills gained in PBL, and it is not yet clear
whether this skill is comparably achieved in online PBL. This may relate to student per-
ception as well as actual information shared. A study by Lajoie et al. (2014) indicated that
discussion was just as rich in the online setting, while the students noted that the flow was
disrupted as they had to use the ‘raise hand’ tool [6,10]. Notably, Leavy et al. (2022), that
transitioned from traditional to online PBL in an undergraduate health sciences unit in an
Australian university highlighted that as the process was refined, both students and tutors
became more comfortable with the technology, and collaboration improved [11].

The framework for this research is grounded on the constructivist theory upon which
PBL is built. The constructivist approach is based on the premise that knowledge is
constructed by the learners rather than passively taken in [12]. As such, in constructivist
teaching, students are actively involved and utilize existing knowledge to tackle real-
life problems. Online education runs the risk of a low-level learning experience. This
may occur when traditional teaching material is transferred directly to an online setting
without taking into consideration the online learning environment. As such, when moving
from the traditional face-to-face setting to the online mode, this basic premise of the PBL
teaching approach needs to be addressed. As such, the current study was also grounded
on the computer-supported collaborative learning (CSCL) pedagogical approach. The
constructivist approach discussed above is the basis for the CSCL environment, and it

‘provides a framework to bring individual learners together to achieve a shared learning

goal by managing their learning processes’ [13].
The current study had two research questions:

1.  Can a face-to-face traditional PBL curriculum be delivered digitally, and what are the
best tools?
2. How do students perceive PBL in the two delivery settings (face-to-face vs. online)?

2. Materials and Methods
2.1. Setting and Participants

The study was conducted from 2019 to 2023, and three cohorts of students participated
(2019-2021; n = 7, 2020-2022; n = 10 and 2021-2023; n = 13). All students enrolled in the
MSc in Biomedical Sciences (Immunology concentration) at the University of Nicosia in
Cyprus were invited to participate in the study following completion of the MSc and on a
voluntary basis to avoid bias. Informed consent was obtained from all participants. The
MSc requires three Semesters for completion. Students attended a course that incorporated
PBL each semester and attended PBL either face-to-face or online. In all courses of the
MSc in Biomedical Sciences, the case studies took the format of long-case PBL. Each case
took three sessions to be completed. The long cases follow the seven-step Maastricht
model. All classes were hybrid, including both PBL and lectures. The lecture component
comprised basic immunology information to bring students to the same level prior to PBL.
In Semester 1, students were given a lecture with an overview of PBL, and the course

88



Educ. Sci. 2023, 13, 850

had two case studies interspersed with lectures to introduce the teaching method. In the
subsequent semesters, PBL was the predominant mode of teaching. The three cohorts
were exposed to different combinations of face-to-face and online PBL delivery. Details
are provided in Table 1. All students received training on how to use the online tools
through the Distance Learning unit of the University of Nicosia. Students also attended an
‘Introduction to PBL’ session by the tutor the week prior to PBL delivery in Semester 1.

Table 1. Courses and mode of teaching in three cohorts.

Number of PBL Cases Cohort 1 Cohort 2 Cohort 3
(n = # of Weeks of the 2019-2021 2020-2022 2021-2023
Course) n=7) (n =10) (n=13)
Semester 1: Cellular and 2 Face-to-face Online Face-to-face
Molecular Immunology (6)
Semester 2: Autoimmunity and 4 . . .
Inflammatory Disorders (12) Online Online Online
Semester 3: Inmunodeficiency 4 .
Disorders and Control (12) Online Face-to-face Face-to-face

2.2. Face-to-Face and Online PBL Delivery

One course from each semester was designed for both face-to-face and online delivery.
Tools were chosen to ensure close adherence to the PBL delivery. Face-to-face delivery was
the normal mode of delivery and included the use of a physical classroom that included
a round table and a whiteboard (WB). In this case, all case material was handed out and
printed sequentially.

Face-to-face PBL was redesigned for online delivery following a careful selection
of online tools. The selection relied on (a) ability of the tool to promote PBL principles
and (b) availability of the tools (either free or through university licenses). CiscoWebex
was used as the online platform for synchronous teaching. This platform incorporates
several features that support effective synchronous communication, including real-time
visual/audio communication, screen-sharing, live chat, ‘raise hand’ and ‘emotion icons’, as
well as recording and archiving of sessions. Some of the features are shown in Figure 1.
To encourage student participation, the following steps were taken: (a) students were
instructed to leave their cameras ON at all times and microphones OFF if they did not
speak, (b) the ‘raise hand’ tool was used to ensure everyone had a voice, and importantly,
(c) the facilitators were experienced PBL tutors.

Hypothesis Questions

Figure 1. A screenshot from CiscoWebex during a PBL session. (A) participants leave their cam-
eras ON, (B) the shareable PPT allows for live interaction, and (C) the case study is presented to
the students.
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2.3. Focus Groups

To obtain the student opinion on PBL and answer our research question, all students
from the three cohorts who trained using both face-to-face and online PBL were invited
to participate. The participation rate was 73% (Table 2). Prior to the focus group, we
constructed a semi-structured guide and organized questions around two areas (a) PBL
in general and (b) different modes of teaching PBL (face-to-face vs. online). Open-ended
questions designed to stimulate discussion included, among others, prompting to discuss
PBL in general, comparison of different modes of delivery, the virtual environment and
tools, and adherence to PBL principles. The focus groups were conducted online using the
CiscoWebex platform by two researchers that acted as a moderator or note-taker in each
focus group. One of the researchers taught one of the three courses, whilst the other was
not involved. Focus groups lasted for about one hour and were recorded and transcribed
verbatim.

Table 2. Student enrolment number and focus group participation.

Cohort 1 Cohort 2 Cohort 3 Total
2019-2021 2020-2022 2021-2023
Number of Students # 7 10 13 30
Focus Group 7 7 8 22
% participation 100% 70% 62% 73%

2.4. Qualitative Data Analysis

A thematic analysis of the three focus groups was conducted by the two researchers
who had experience with PBL and thematic analysis. Specifically, the two researchers
performed the following steps independently: familiarized themselves with the data and
then summarized the data to identify meaning units, condensed meaning units, and codes
that were subsequently refined into categories and themes. The coding relied both on a
deductive (pre-determined areas of inquiry) and an inductive approach (generated codes
directly from the data). Once these steps were completed, the two researchers discussed
and agreed on a final list of categories and themes [14].

3. Results
3.1. Redesigning Long Case PBL from Face-to-Face to Online

As with most traditional PBL programs, the one discussed here followed the seven
steps of PBL and was delivered face-to-face (Figure 2).

PBL1

* Case begins
e Clarify terms
* Define LOBs

PBL3

* Summarize case Self-Directed
« Report-back Learning
 Case epilogue

PBL 2

Self-Directed * Summarize case
Learning * Report-back
* Case continues

* New LOBs

Figure 2. Overview of long-case PBL.
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During the redesign process, all steps of the PBL process were defined in detail, and
online tools that could facilitate each step were identified (Table 3). Specifically, for syn-
chronous collaboration, the classroom was substituted with the CiscoWebex platform; the
WB and markers were substituted with a shareable PowerPoint (PPT) (shared through
Microsoft OneDrive). Knowledge was shared through the open-source learning manage-
ment system, Moodle, to facilitate asynchronous collaboration. The structure of the three
sessions is shown in detail in Supplementary Table S1.

Table 3. Face-to-face and Online PBL process tools used.

Face-to-Face PBL Online PBL

Printed handout

Whiteboard (WB) and markers Webex meetings (Share screen)

PBL1 Take a photo/copy of the information (?)rlfr]?rlve—share the PowerPoint
on the WB
Self-D.lrected Personal notes on Upload LOBs on Moodle
Learning paper/computer/any other mode
PBL 2 Student notes or photos of the WB Moodle and shareable PPT
WB and markers Shareable PPT
Self—l?lrected Personal notes on Upload LOBs on Moodle
Learning paper/computer/any other mode
PBL 3 Student notes or photos of the WB Moodle and shareable PPT
WB and markers Shareable PPT

WB: Whiteboard; PPT: PowerPoint.

3.2. Student Perceptions

Initially, cohort-specific analysis was performed to identify themes, categories, and
codes. Our analysis did not show any major differences between the three cohorts, and as
such, the data were pooled together. The two themes and most categories were identical
for all three cohorts. Some differences in codes were observed, but all codes were seen in
at least two of the three cohorts. The thematic analysis of the data generated two broad
themes that included 5-6 categories and 21-22 codes per theme. The first theme identified
was ‘PBL as a teaching approach’, which included ideas that students expressed about PBL
as a teaching method in general. The second theme was ‘Online PBL’, containing opinions
about their experience from the online setting. These are described below by Theme and
corresponding categories and are summarized in Table 4.

Table 4. Summary of qualitative analysis of focus groups.

Theme Category Code

PBL as a teaching approach  Core Characteristics Student-centered /Interactive

Small Group/Collaboration

Authentic problem

Self-directed learning

Concentration

Tutor Group dynamics

Facilitates learning

Knowledge/Learning Knowledge retention

Learning Objectives
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Table 4. Cont.

Theme Category

Code

Pre-existing knowledge

Holistic approach

Material covered/learn how to
learn

Confidence In knowledge gained

Learning Curve

Skills

Communication skills

Organization

Teamwork

Critical evaluation of the
literature

Time management

Experience

Fun/interesting

Energy in class

PBL and other modes of
teaching

Lectures

Online PBL Core characteristics

Student-Centered

Small Group/Collaboration

Self-directed learning

Report-back

Knowledge/Learning

Knowledge retention

Skills

Communication skills

Teamwork/Collaboration

Contribution

Experience

Adjustment/transition

Comparable

Prefer face-to-face

Prefer online

Convenient

Technology

Cameras

Organization

Technical issues

Computer

Shareable PPT

Recording

Platform

3.3. Theme 1: PBL as a Teaching Approach
3.3.1. Category 1: Core Characteristics

One important aspect of this project was to ensure that the main characteristics of
PBL were identifiable in both delivery modes. This was to make sure that the redesigned
online mode did not take away from the PBL process. All three cohorts identified the key
characteristics of PBL, including that it is student-centered, that it relies on small groups
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and collaboration, that it is case-based and realistic, that it is facilitated by a tutor, and
that learning is also driven outside of the session using self-directed learning. Specifically,
students stated that the process is interactive and that it develops around the learner,
recognizing the difference between one-way teachings. A student said:

"...it's not just learning stuff through the tutor, but we say our opinions’

In regards to collaboration, students noted they could cooperate and share their
opinions within the group. A student mentioned:

"...and also it was interesting to see the different opinions between the students and how
each perceived the case study.”

Students also appreciated that PBL is case-based, exposing the learner to authentic
problems, making this more applicable and realistic. A student said:

“....because we would see it step by step how an actual scientist, an actual doctor would
come to a conclusion about a diagnosis, it was actually a lot more representative of how
laboratory work goes on and it was a lot more representative of real life.”

In addition, being part of the process and contributing to learning in practice engaged
learners to be more attentive and concentrated.

‘...it was easier for me to be focused during PBL. ..

Students also commented on self-directed learning, one of the most important elements
of PBL. By definition, here, students have to perform private research on their learning
outcomes using valid scientific sources and report back. Students commented on the
importance of self-directed learning and added that although time-consuming, it allowed
them to increase their database literacy. A student explained:

‘.. .time-wise, we didn’t have a lot of time to go through all the diseases in a PBL case
but besides that, we did get some directions (through self-directed learning) on how to
approach every disease and research it. .. and learn about it and actually not have to
memorize everything by heart, but actually going in depth about it and learn a lot more
as we would in the PBL on our own.”

3.3.2. Category 2: Tutor

According to the students, the tutor plays a crucial role in PBL, as this is the person
that organizes and plans the sessions. Further, the students noted that the tutor handles
group dynamics, ensuring everyone participates. As one student said:

‘[ think because (the tutor) wanted us all to participate. . . (he/she) asked us questions
directly and we answered.

Another role identified by the students was that tutors guided and prompted students
to use and share their knowledge so they came up with a conclusion as a team. The tutor
did not provide answers but instead put learners in a place where they could find the
solution. A student explained:

".. .when we were at a dead end. . ., not giving us the answer and by (asking the) right
question it helped figure out (the answer) and sometimes the question made us think more
and more deeply.”

3.3.3. Category 3: Knowledge and Learning

Students discussed the concept of knowledge from four different perspectives:
(a) pre-existing knowledge, (b) acquired knowledge through learning outcomes gener-
ated and report-back, (c) learning curve, and (d) knowledge retention. On pre-existing
knowledge, a student noted:

“...(we had to) put in force all our knowledge in order to solve an issue. ..’

On learning outcomes and report-back, students appreciated the contribution of the
group. For example, a student mentioned:
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“You have an assignment that you have to think about when you come back (to PBL). . .
everybody says what they think, so we may come to a general conclusion. ..’

One area where student opinions varied was confidence in the knowledge gained. The
majority felt confident about the answers and commented that they had prepared them for
exams. As one student said:

‘I never felt that the level was low because my classmates prepared and it was supervised,
so we got the correct points at the end and we improved our answers at the level the tutor
wanted. I believe they were appropriate for the exam.”

On the other hand, a minority revealed that they felt insecure about their answers and
the information provided by other students. A student stated:

‘it would be nice if we had pointers on which information is important and should be
included in the answer.”

Students strongly declared that in terms of knowledge retention, PBL is an effective
way for learners to understand and remember things better. Specifically, they mentioned
that they felt more prepared for their assessment/exams. A student stated:

".. .when it's time for the exams we are more prepared (with) PBL. .."
While another one explained:

‘With PBL, it was more effective remembering the information about a specific topic
because it gives you the motive to contribute to problem- solving in contrast to a
traditional class.”

For almost all students, the PBL method was something they had never experienced
before, and the learning curve between cohorts varied. The predominant view was that
their confidence increased with each PBL. A student noted:

".. .the first time, the first session it was stressful, but later it worked. ..

Finally, students felt that through PBL, they obtained holistic knowledge. As one
student said:

"...We had a more holistic approach to a disease or a disorder and because we didn’t
focus only on the immunological mechanism, but also in symptoms and treatment, it
was very helpful.”

3.3.4. Category 4: Skills

Students highlighted the numerous skills gained during PBL. They mentioned com-
munication skills in the context of presenting and explaining to peers. Students realized
that they had to make every effort to find, rephrase, and present information to their peers.
As a student described:

‘I had to do my research and write it down in my own words in a way that I could
understand and present to my colleagues in a way that they would understand.’

Another skill students reported was the critical evaluation of the literature. They
admitted that during the initial sessions, they reported back any information found on a
topic, irrespective of whether it was relevant or irrelevant. After a few meetings, they were
able to report back exactly what they needed to. For instance, a student noted:

"...it helped me a lot to be very direct of what we have to say..."

All groups identified teamwork and working towards a common goal as important
skills gained in PBL. Through the PBL sessions, they learned to coexist and cooperate with
different personalities and people coming from different fields. As students expressed:

‘we come from different backgrounds, so we worked as a team better because we got to
know each other so we used our strengths separately and as a group.”
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Students were also able to critically evaluate the literature while working with time
constraints. Especially for those who have a job and are performing it in parallel, a student
said:

"...you learn how to manage your time’
while another student stated:

‘it was extremely helpful for me because you obviously study before you attend a
PBL session”

3.3.5. Category 5: Experience

Students found the PBL sessions enjoyable, interesting, and a fun break from lectures.
They also obtained positive energy from class, which left them with a nice impression. A
student said:

‘...Ido feel like PBL was a lot more fun and a lot more interesting.”
While another said:

‘...it was a friendly team. ..’

3.3.6. Category 6: PBL and Other Modes of Teaching

Students also compared their PBL experience with lectures. Specifically, they believed
that lectures support PBL because they lay the groundwork for the PBL sessions. For
instance, a student said:

‘I think they complete each other because when you do the lectures you get information
and when we did the PBL, we use that information and through the cases we understood
it better.”

Overall, students were very positive about PBL as a teaching approach.

3.4. Theme 2: Online PBL

In the second theme, students explored their experience with online PBL. Here, they
shared their opinions on PBL sessions in the online setting and reported differences and
similarities identified between online and traditional face-to-face delivery. Some of the
categories identified were similar to Theme 1, but the codes varied. The student perceptions
are discussed below.

3.4.1. Category 1: Core Characteristics

Once again, students highlighted the core characteristics of PBL and acknowledged
their presence in the online setting, albeit with some variations. According to students,
online PBL remains student-centered, but they felt that it was more ‘guided’ as compared
to face-to-face PBL. In this context, ‘guided” did not mean tutor-led; instead, it referred to
the flow of the information and how the discussion was orchestrated. A student explained:

“...we had to raise our hands and wait and sometimes (the tutor) had to directly ask one
of us to answer the question, it was a lot more guided. .."

As a result, students contributed to the process one by one. This actually worked well
for some students as it gave them time to think about their answers, so they were able to
make significant contributions. As one student said:

*...online we had to think about our answer more. We had to wait for everyone else to
finish and raise hands. We had to form the answer in our head better than face-to-face. ..’

In regards to self-directed learning and report-back, they were comparable in face-to-
face and online environments. One student said:

‘Searching information for the questions and reporting them back was identical face-to-
face and online.”
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3.4.2. Category 2: Knowledge and Learning

The matters of knowledge retention or assessment preparation were perceived by
students to be similar in both modes of delivery. This was due to the fact that they felt that
the online setting did not affect knowledge acquisition in any way. As two students said:

‘It was the same actually, I didn’t expect this (but) it was the same like you are in the
class.”

‘I didn’t prepare more in one method or the other. It was pretty much the same’

3.4.3. Category 3: Skills

One area that students focused on was skill acquisition. Those included communica-
tion skills, teamwork/collaboration, and contribution. Some students expressed the view
that the learning environment was conducive to learning and that they communicated
effectively. One student noted:

"Even if we didn’t meet at all it worked very well. It was as if we knew each other. We
were feeling comfortable I believe.”

Still, other students felt that their collaboration and student interaction were hindered
by the online delivery. Specifically, they noted a lack of ‘teamwork spirit’. For example, one
student said:

“... face to- face was more of a group work than online because we were all together. . . we
could have a conversation without interrupting. . . mute, unmute etc...."

On the other hand, for some students, the ‘guided conversations’ they had online were
perceived as an advantage as their participation increased in the online setting. As one
student mentioned:

"...we all participate in [the] online setting, everyone can say even a word, even a
small opinion.”

3.4.4. Category 4: Experience

This was another area that generated a lot of discussion among the students as their
experiences varied. In one form or another, they all (a) experienced PBL for the first time
(this was discussed above) and (b) transitioned from face-to-face to online or vice versa. The
discussion focused mainly on the transition from face-to-face to online. The vast majority
of the students found the transition manageable with no problems. One student said:

‘It wasn't a big deal. . .the transition wasn’t bad for me.”

Still, for a few students, an adaptation period was necessary before they settled into
the online mode. As one student said:

“The first time was terrible but now I'm used to it and you should turn all courses
into online.”

In regards to their overall impression of both settings, they found the experience
comparable but still expressed a preference for one over the other. Specifically, students
were split into those who prefer the face-to-face and those who prefer the online setting. To
illustrate, students that preferred the face-to-face mode of delivery mentioned that they
enjoyed the interaction with their classmates, the university setting, and their ability to
have a face-to-face conversation. One student said:

‘.. I like the fun of going to the University, in class, we see each other we get together
face-to-face. I prefer face-to-face, I don’t prefer online but I didn’t find any difficulties
with online. ..’

While students that preferred online PBL said:

‘Personally, I prefer the online because I was in my place, in my environment, it was
much easier.”
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In addition, for some students who live far away, the preference was also linked to
convenience as it saved them the travel and time. As a student explained:

‘Online was more convenient as students stayed at home’.

3.4.5. Category 5: Technology

This category is specific to this theme since it concerns tools used in this mode of
delivery. Students highlighted several tools that they found useful or even better than
their face-to-face counterparts. They all agreed that the use of computers and cameras was
useful for synchronous collaboration. Beyond that, they found the PPT file was an effective
tool to collate and organize information. As one student stated:

"PPT was easier to collect information because it was more organized vs. the white board’

The second reason is that it was shareable. That is, while one person was occupied
serving as the scribe, all others focused on the case study, and at the end of the day, they all
had the same information in one file. As one student described:

‘.. .with the online, because we didn’t have to copy the WB and because we have everything
on the PPT, we didn’t have to worry about that, and we were just worried about answering
the questions and participating in the conversation.’

In addition, students found the university platform very accessible and user-friendly.
They did not face any difficulties in the transition from paper to digital documents and
submissions. A student comment:

‘I'm not very familiar with technology. . . but as for the online PBL, with the shared PPT
and Moodle that we could upload our answers et cetera, it was very accessible and easy to
use with a common computer and some basic knowledge.”

Despite the conveniences offered by the online tools, some students faced some
technical issues during online PBL meetings. Specifically, they had connection issues that
prevented them from listening to what was said. As one student explained:

‘.. (I had) trouble hearing that question, so I couldn’t answer it or I had to listen to what
everyone else was saying to understand’

For most students, this was easily fixed as they could watch/listen to the recordings
later on. This gave them a chance to catch up even if they had some gaps or missed a
session. A student noted:

‘Unfortunately, I had technical issues. However, it’s good that in this way (online) we
have the recordings and this is very useful because we can listen again to things that we
didn’t have the opportunity (to listen to) when we were in class.”

Overall, as noted by the students, online PBL delivery was inherently different from
face-to-face delivery in regard to the tools used. However, as far as learning, understand-
ing, and preparation for the exams were concerned, the students noted that they were
comparable.

3.5. Student Recommendations

Upon conclusion of the focus groups, students were asked to describe their ideal
PBL session and provide recommendations. The most common recommendation was to
promote blended learning in the sense that some sessions would be online while others
would be face-to-face. In all cases, they suggested that synchronous PBL was best. Others
indicated that online PBL might allow people from different locations to participate. They
also suggested the implementation of some online tools into the face-to-face delivery setting.
That included the replacement of the WB with the interactive PPT in an attempt to increase
organization and clarity, as they found some writing illegible. Also, they suggested that all
sessions be recorded to allow for a review of the material.
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4. Discussion

The current study discusses the digital transformation of three MSc immunology
PBL courses from face-to-face to online delivery. Online tools were carefully selected,
and student perceptions were investigated using focus groups. Our findings suggest that
most students are familiar with technology and did not have major problems transitioning
from the face-to-face to the online environment. Further, they stated that learning in both
environments was the same and that the PBL core characteristics were maintained. Still,
although students believed that their participation was the same or even increased, the
quality and quantity of the comments varied. Specifically, in the online environment, they
commented less, but their comments were more substantial as they were unable to just add
a word here and there.

4.1. Student Interaction

Digital PBL allows for student interaction, collaboration, exploration, and knowledge
construction [2]. Our students indicated that although they felt able to participate, the
flow of the discussion in the online environment was disruptive as they had to ‘ask for
permission” before they were able to comment. This happened because when they were
online, they had to follow a process where they raised their hands (digitally), unmuted,
talked, muted again, and then the next student followed. The tutor supervised this process.
As a result, students felt that they could only contribute information if it was perceived as
‘significant’ while minor contributions were bypassed. Others have also noted that online
delivery limits the ability of the student to read nonverbal communication and make a de-
cision when it is a good time to add to the discussion [6,15,16]. This is especially important
when no cameras are used in an attempt to decrease connectivity issues [15]. The litera-
ture suggests that other students found this disruptive as well, while others viewed these
features as a way to increase organization as well as maintain student engagement [6,17].
Interestingly, Lajoie et al. (2014) also found that technology slowed down the interaction;
however, the discussions were just as rich [10].

Interestingly, the majority of the students felt more confident about participating in
the online environment as they were less inhibited, while students believed that their
contribution was equal in both settings. This is not surprising as the use of a computer may
benefit shy individuals and actively decrease anxiety [8,15].

Student interactions are often facilitated and monitored by the tutor. In the online
setting, in addition to these roles, the tutors also needed to manage other cognitive de-
mands imposed by online platforms as well as different collaboration strategies that are
used [11,15]. As such, tutors would benefit from training on how to deliver PBL online.
According to some of the students in this study, the online session was more dependent on
the tutor in the sense that they had to control the flow through the raise hand tool, and so
it felt ‘guided’. This was not observed in other studies where the tutors noted a decrease
in their intervention in the online environment, and the tutors stated that the sessions ran
more efficiently [8,10]. Interestingly, our students did not identify any significant disruptors
in face-to-face PBL, probably because they were focusing on the online mode of delivery.

4.2. Learning and Assessment

Regarding learning and assessment, our students and others reported that they were
equally satisfied with the knowledge gained [8,15]. Still, other students indicated that their
learning was disrupted by online delivery [6]. In studies where knowledge was evaluated,
and with the exception of one study that showed lower performance of online PBL on
learning outcomes [14], they either found no difference in the performance of students
in online PBL or a moderate improvement [2,5,8,18,19]. In regards to skills, in a study by
Foo et al. (2021), tutors assessed student PBL performance (participation, communication,
preparation, critical thinking, and group skills) and found that the distance learning group
performed statistically lower, although the difference was small (by 0.21-0.42 points on a
scale from 0-10) [20]. The differences observed in these studies may be attributed to the use
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of different online tools and variations in fields of study and culture. Notably, these data
are important to consider when designing or revising courses, and as such more research is
warranted in the field.

4.3. Technology

The 21st century has seen unprecedented growth in technology. Current students are
familiar with digital tools in general and are able to adapt to new tools provided. As such, it
was not surprising that the students in the current study were either familiar with or were
able to use the online tools and adapt to the online version of PBL in a short amount of time.
A number of effective online tools have been incorporated into digital PBL in a variety of
online courses, including Blackboard Collaborate, AdobeConnect, and Zoom. The current
study used CiscoWebex [6,10,15,16]. The current study used an interactive PPT, which
seemed to be very effective, while other studies incorporated a virtual WB [6]. The students
noted that it helped them organize their learning and suggested including it in traditional
PBL as well. Technology allows students to perform several tasks simultaneously, for
example, using the chat box, writing on the WB, and searching the internet. This may
be helpful as interaction may continue regardless of whether a student is speaking [6,15].
However, care should be taken as these can also act as distractors and may prevent PBL
from being delivered effectively.

The use of new technologies may present additional challenges, including confidence
in the process and the technology, and additional support may be needed to promote
key PBL skills such as teamwork and digital literacy [11]. Technical issues are expected
in online education, and thus, the selection of tools and the ability to use them from
any computer and most internet capabilities is very important. Students may become
distracted, frustrated and perceive online education negatively if they face technical issues
frequently [6,15]. Indeed, some students indicated that they faced technical issues, but with
the use of recordings and asynchronous learning, they were able to learn effectively.

4.4. Preferred Approach

While in the present study, there was a split decision regarding their preferred mode of
delivery, others have reported that the majority of students showed increased satisfaction
online [2,8,18]. Some students indicated that one of the reasons for preferring online PBL
is that it saves travel time and cuts down on cost. This was reported in other studies as
well [5,6]. Students also indicated that a combination of traditional PBL and online tools or
blended learning would also be effective.

4.5. Study Limitations and Future Research

The current study had some limitations. The first one is that it was conducted with
students in an MSc curriculum at one university. As such, the results may not be general-
izable to students of other disciplines. Still, most of our findings are supported by other
researchers. Further, our students were diverse in regard to age, educational background,
and country of origin, which may contribute to transferability as well. Another limitation
of the study was that one of the researchers was involved in teaching some of the courses,
and this may result in bias. Notably, measures were taken to limit student bias. Those
included (a) focus groups were run at the end of the MSc and after all grades had been
submitted, (b) participation of the students was voluntary, and (c) no incentive for their
contribution was given. As such, we believe that student bias was limited and effectively
managed.

Digital PBL is gaining ground, and the literature is promising as to its effectiveness.
Future studies may focus on other factors that may affect the PBL process. This includes
the PBL tutors and how their role changes as well as longitudinal studies to investigate
student outcomes (learning and skills). The student experience is also important, and the
current paper contributes to this as well.
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5. Conclusions

The current study suggested a method for the digital redesign of traditional PBL in
Biomedical Science courses. The students adapted to the new setting successfully and noted
that their learning was comparable to the face-to-face format. Students also commented that
although the online environment delayed collaboration, it still allowed for participation and
discussion. The students also noted that the redesign allowed for skill development such
as communication skills, teamwork, collaboration, digital literacy, self-directed learning,
and effective student learning. Based on our data and taking into consideration the growth
in distance learning education, we propose that synchronous online PBL is an effective
alternative to face-to-face PBL.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/educsci13080850/s1, Table S1: The detailed breakdown of the face-
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Abstract: Extensive research into the effectiveness of problem-based learning (PBL) in primary and
secondary education has been carried out over the past few years. PBL is an appealing, promising, but
also challenging educational approach for both students and teachers. To overcome challenges, one
of the most popular proposed strategies is to build learning scaffolds that gradually help students to
effectively resolve the emerging sub-problems and tasks. Moreover, the massive impact of technology
on students’ lives, and the transition from in-person to distance teaching (especially during the
COVID-19 pandemic) highlights the necessity of using virtual worlds and digital tools to facilitate
and amplify collaboration and communication, both synchronously and asynchronously. This paper
introduces the virtual galleries method as a scaffold for applying PBL approaches in both physical and
distance learning environments, within the field of STEM education. Virtual galleries are perceived as
a practice that motivates learners to collaborate, express their ideas on solving a problem, and present
them as interactive and immersive experiences, while allowing others (peer-learners and educators)
to evaluate the produced solutions. In this context, it is argued that virtual galleries can facilitate
PBL by serving as a conceptual framework for scaffolding the learning process, thus enabling the
acquisition of new PBL-driven skills.

Keywords: virtual galleries; learning scaffold; problem-solving; collaborative learning; distance
learning; STEM education

1. Introduction

During the past few years, several educational attempts and a lot of research has been
conducted to effectively adopt PBL in primary and secondary education [1-4]. Even though
PBL is a rather appealing and quite promising approach in education [1,5,6], researchers and
educators [1,5,7-9] stress that the entire process is quite challenging, not only for students
(especially the younger ones) but also for teachers, since both of them are unfamiliar with
the new roles that they have to adopt (i.e., constructing knowledge and progressively
becoming self-driven learners for the former, and acting as facilitators for the latter). To
tackle challenges and to avoid pitfalls and misconceptions, one popular strategy is to build
learning scaffolds that progressively aid students in efficiently addressing the emerging sub-
problems and tasks, without discouragement and loss of interest [1,5]. Therefore, this paper
begins by reviewing several theories and research that have been conducted in the field of
PBL in recent years. Section 2.1 aims to briefly explain what PBL is, underline parameters
that characterize this concept, and highlight several suggested and applied methods and
strategies toward the successful implementation of this approach in education.

Given the massive impact that technology has on students’ lives, as well as the shift
from face-to-face to e-learning teaching due to the COVID-19 pandemic, other suggested
strategies revolve around the use of virtual worlds and digital tools that can efficiently
support and enhance collaboration and communication, in synchronous and asynchronous
ways [10-13]. In this regard, research on the type of learning environments and tools that
can sustain and promote PBL is performed (and presented in Section 2.2), with a particular
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emphasis on the culture of virtual and distance learning, which was significantly boosted in
recent years due to the COVID-19 pandemic. The findings of this brief research, combined
with PBL theories, reveal a gap in the current literature. Despite the availability of various
tools and services that can foster and boost PBL practices in both physical and distance
learning environments, there is a lack of a conceptual framework to scaffold this learning
process using a PBL approach.

In this context, the virtual gallery concept is introduced and suggested as a scaffold
for promoting and implementing PBL approaches in both physical and distance learning
environments. Section 3 begins with a brief definition of the virtual gallery approach and
cites previous examples of its application. In this paper, a virtual gallery is not solely a
digital space for exhibiting several items. It is perceived as a wider method that inspires
learners to collaborate using physical and digital tools both individually and as a team, to
effectively illustrate, organize, and present their ideas as an interactive 3D spatial narrative.
Through the cited examples, several findings and hypotheses are highlighted regarding the
utility of the virtual gallery approach in STEM education. Subsequently, Section 3.2 further
explores this argument by outlining a feasible implementation of this approach within the
framework of PBL. The stages involved in this process are presented through a diagram
illustrating the relationship between setting up a virtual gallery and ways of addressing
and proposing a possible solution to a given problem, leading to recommendations on how
virtual galleries can be used as a scaffold to promote PBL. It is suggested that the virtual
gallery approach can aid in a gradual and effective familiarization of students with the
PBL concept, while facilitating the acquisition of new PBL-driven skills. Furthermore, it is
argued that this methodology has the potential to introduce innovative approaches that
will inspire and encourage learners to perceive learning as an interactive and collaborative
journey of exploration, inquiry, creation, and sharing.

2. Researching PBL Theories and Types of Learning Environments That Can
Sustain PBL

2.1. Review of PBL Approaches

PBL was initially proposed and applied in higher education (and particularly in
medical schools in North America) as a more effective and alternative—in respect to
traditional—learning approach, while over the last 25 years there have been multiple efforts
to introduce this method to primary and secondary education [1-4]. Some of the aims of
PBL are to help students to understand and investigate a problem, to discover solutions
to emergent demands, to work collaboratively and to communicate their ideas during
this process, to evaluate the results (through self and peer assessment), and, ultimately, to
increase their critical and high-order thinking skills [1,5] (which are considered powerful
and crucial cognitive and meta-cognitive skills, also acknowledged as some of the so-called
21st century skills).

Ref. [5] defines PBL as an “instructional approach,” revolving around learners who
act as researchers, by trying to combine theory and practice and by applying the gained
knowledge and skills to find a possible solution to a defined and real-world problem. The
problem that is used in PBL does not have a single solution [6]. Therefore, more than
one interpretation and approach can meet the demands of the initial question, while the
field of research is not limited, meaning that more than one discipline or subject might
need to be studied and explored. Learners who are engaged in PBL do not necessarily
have prior or/and sufficient knowledge of the subject they are investigating, nor have they
been exposed to a similar example [2], so they need to delve into different fields—both
individually and as a team—to search for information and generate a solution. Due to
these facts, it is argued that students are more motivated since they are responsible not
only for discovering a reasonable solution for a rather multifaceted problem, but also for
identifying the different aspects of the problem and setting the right parameters to resolve
it [5]. These actions are among the four stages that [14] highlight as typical in a PBL case:
the need to clarify the problem, to identify the underlying needs to properly address this
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problem, to study and learn at an individual level to acquire new skills and knowledge,
and then to apply the skills and knowledge to solve the initial problem. At its core, PBL is
a self-directed learning process, but with the need for constant evaluation of and reflection
on the emerging ideas, both at the individual and team level. The ultimate goal is a viable
solution that can be meaningfully applied in the real world.

Even though PBL is an appealing concept, it is not a simple or/and straightforward
learning method. In fact, it is quite challenging for both teachers and students [1,5,7].
Contrary to traditional learning approaches, in PBL learners are responsible for directing
and regulating the learning process as well as monitoring “their own understanding” [8],
while teachers have to act as facilitators, by discreetly assisting them, mostly through
questions that will help learners focus on significant aspects of the problem [5,9]. This
process is difficult since both students and teachers are unfamiliar with these new roles.
The former may not have developed to a high level the cognitive skills (e.g., critical
thinking, problem solving) necessary to deal effectively with an ill-structured problem.
The latter should be properly trained to become facilitators and to assist students in
operating at a metacognitive level (i.e., perceiving and critically reflecting on the acquired
knowledge) [1,8].

To overcome these difficulties and successfully implement PBL in secondary education,
while avoiding pitfalls and misconceptions, a range of strategies must be adopted and em-
ployed. Toward this end, one of the essential parameters that several researchers highlight
is collaboration and interaction between learners, especially those who are working on the
same group [1,5,14]. Teachers/Facilitators need to inspire students to effectively work as
teams by suggesting methods such as setting goals and internal deadlines, discussing and
reflecting on others’ ideas, as well as allocating roles. Many researchers are also putting
emphasis on the significance of building learning scaffolds that will assist students to
progressively resolve the emerging tasks, without disappointment and loss of interest [1,5].
For instance, ref. [1] proposed the concept of “postholes”: a number of shorter problems
that can be used as examples for smoothly introducing students to the PBL method. Setting
checkpoints or having some kind of progress recording (such as a goal chart or a diary)
is another strategy for keeping students engaged. This strategy ensures that the steps
taken to solve the problem are consistent with its content. This approach will enhance
students” awareness of the correlation between the produced outcomes and the initial
inquiry, consequently leading to a better understanding of the acquired knowledge [5].
Ultimately, teachers should keep in mind that the designed tasks of PBL, as well as the
immanent demands, should be authentic, meaning relevant to real-world cases [15], and
compatible with learners’ cognitive skills [8] (p. 139). In this sense, it is also proposed that
some discussion and negotiation between learners and facilitators should take place before
establishing the final task. Moreover, it is argued that if learners are exposed to a problem
that activates prior knowledge, then the entire process is more engaging for learners [7],
and the new knowledge that is formed and gained is more meaningful [2].

In many cases, the educators blend PBL with other learner-centered strategies such
as project-, case-, and inquiry-based learning [3,5], which are also oriented toward self-
directed learning and promotion of skills such as collaboration, communication, critical
thinking, and problem-solving, but—in comparison to PBL—their final outcomes are more
concrete. Due to these similarities, these strategies are sometimes used by the facilitators as
scaffolds for PBL. Project-based learning, in particular, is considered by several researchers
as almost identical to a PBL approach, with rather minor differences [3,6,15]. One of
them is that, unlike PBL, in project-based learning, the facilitators may choose to give
direct instructions to the learners to help them find a viable solution [15]. Another one
is that it relies on the final outcome, which in PBL is defined as a solution, but in project-
based learning the terms “product” and “artifact” are used [3]. Other than that, both
methods are characterized by collaborative learning and knowledge construction resulting
from several interrelated stages, including brainstorming, researching, planning, testing,
evaluating, and reflecting on the results [16]. Focusing on the learning outcomes, and
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particularly on improving students’ engagement and critical thinking, ref. [17] suggest a
hybrid model, called “Constellation 3: project-led problem-based learning,” that combines
both approaches by using the project as a container and a space that fosters PBL practices,
toward knowledge acquisition. The notion of “constellations” reflects the existence of a
variety of PBL approaches, constituting patterns that are not “just within the types of PBL”
but extended to other fields of pedagogical practice [9] (p. 4). In this sense, ref. [9] suggests
that it would probably be more fruitful and meaningful “to explore components and
concepts that together can begin to build pedagogies for PBL,” leading to the production
of new ideas, the imagination of new futures, and the blurring of boundaries found in
particular practices.

Implementing such a practice could potentially aid in the development of PBL learning
techniques that are not merely trying to trace over or rely on some sort of “gold standard
PBL” [9] (p. 3), which may be misleading regarding the objectives of a given problem,
but that instead pave the way for innovative methods that emphasize motivating and
encouraging students to perceive learning as a dynamic process of exploring, questioning,
creating, sharing, and, ultimately, “as an opportunity to challenge, change and transform
the world” [9] (p. 7).

2.2. Learning Environments and PBL

The selection of the strategies and pedagogies (that can promote and scaffold PBL) is
also related to, and affected by, the type and the structure of the environment where the
learning process occurs [9]. According to socio-constructivist and cultural perspectives,
learning is inextricably bound to the interplay between learners and the environment
fostering learning practices [10]. Therefore, and in order to meaningfully promote learning,
it is crucial for educators/facilitators to select an environment that effectively serves the
objectives of the chosen educational methodology, as well as the tasks to be carried out [10].
As mentioned above, for PBL to be successful, it is essential to have an environment that
encourages collaboration and interaction not only between learners, but also between learn-
ers and facilitators. For instance, ref. [1] (p. 43) argued that learning environments fostering
PBL need to promote collaboration since it permits students “to draw on each other’s
perspectives and talents in order to more effectively devise solutions for the problem(s) at
hand.” Therefore, it is equally important that the learning environment gives opportunities
to students for expressing and practicing different ideas, as well as for sharing experiences.

According to [18], an “effective learning environment” is defined as an educational
setting (in physical or virtual mode) that fosters discussion and interaction among learners
and facilitators in such ways that leads to the construction of knowledge and problem
solving through collaborative learning. However, concerning in-person teaching, the time
in the classroom is often limited, and there is not enough for effective and fruitful col-
laboration between students [19]. Toward this end, new technologies and the available
educational digital tools can play a significant role [15]. By providing means that encour-
age discussion, argumentation and negotiation, brainstorming, planning, creation, and
experimentation, in synchronous, asynchronous, and remote modes, these technologies can
support distant interaction and productive collaboration, while extending learning prac-
tices beyond the time in class. The culture of distance learning through virtual classroom
settings was significantly boosted in the last few years due to the COVID-19 pandemic and
the emerging restrictions.

During the COVID-19 pandemic, there was a massive shift toward virtual and digital
environments, as substitutes for in-person communication and interaction, prompting the
exploration of alternative approaches (including PBL) through the lens of virtual tools and
environments. Consequently, the educators sought tools to counterbalance the “loss of
physical presence” and create more engaging online learning [11]. However, collaborative
learning in virtual spaces is considered an even more demanding process since learners
are exposed to “new ways of communication and collaboration” [10]. Moreover, the shift
to new technologies does not imply a better or more effective learning approach and,
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consequently, a better educational quality unless new forms of meaningful and interactive
learning are supported and encouraged [12]. As [13] pointed out a few years ago, the
use of virtual environments for educational purposes can be considered successful if the
promoted learning experience feels real to learners and engages them in the learning
process by creating a sense of presence in a cognitive and emotional way.

In this context, it has been argued by [11] that one obvious option for implementing
PBL online is to use virtual tools that do not support the linear and fixed narrative that
typically characterizes traditional and paper-based PBL, but instead emphasize immersion
and learner engagement by challenging them to collaborate online to solve different tasks.
Regarding online collaboration, ref. [10] believes that in order to meaningfully support
learning processes, collaborative virtual environments should provide three crucial af-
fordances, namely (1) technological, (2) social, and (3) educational affordances, which
concern, respectively, the technological means and tools, the properties boosting social
interaction, and the learning behaviors that are shaped. But as [10] argues, “it is unlikely
that a single platform can meet the interaction needs of this joint activity.” Therefore, he
highlights several tools that can promote these qualities, such as forums and social net-
works that boost the sense of community and presence as well as dimensions related to
cognition, tools that promote collaborative authoring and annotation, tools working as
digital repositories for information (blogs), as well as e-portfolios, functioning as personal
diaries where personal achievements in the form of artifacts and self-reflecting writing
items are collected. For e-portfolios in particular, ref. [10] argues that they have great
“potential for metacognitive activities such as planning and organizing, monitoring, and
regulating collaborative learning,” especially when they “are considered as collaborative
systems, providing opportunities for assessment, self-assessment, and co-evaluation.”

The aforementioned tools can support various aspects of teaching and learning, and
they appear to include practices cited by [9] for boosting PBL, such as providing communica-
tion channels, fostering team building, and promoting experimentation and co-production,
while enabling students to choose means that match their personal interests and abilities.
Nevertheless, they seem to lack one significant parameter. They do not suggest or establish
a concrete concept for the learning process to occur. It is argued that the concept of virtual
galleries can offer this framework, bringing forward strategies of collaboration, creation,
interaction, and sharing between learners.

3. The Virtual Galleries Concept as a Scaffold for Promoting PBL
3.1. Introducing the Concept of Virtual Galleries

In general, a virtual gallery is defined as any digital space that tries to promote some
kind of artwork through a more or less interactive environment. The level of interactivity
within the environment is closely linked to the approach and design of the virtual gallery
(i.e., whether as a webpage or a 3D model) and the navigation methods deployed to en-
gage users/visitors. However, in the context of this paper, virtual galleries are more than
just digital spaces for displaying artwork; they are alternative narrative mechanisms and
flexible spatial configurations in which the students can organize and reflect their ideas
and thoughts, in multimodal formats (i.e., as images, texts, videos, etc.) and in meaningful
and interactive ways. Additionally, virtual galleries are perceived as a means for building
communities (around specific topics/themes), enhancing communication (between com-
munity members), and facilitating the exchange of information and experiences. Moreover,
given that virtual environments are not trying to substitute reality but, rather, enhance
it with new potentialities, a virtual gallery is ultimately considered a tool for amplifying
and expanding physical learning experiences. To exemplify the concept and application
of virtual galleries for educational purposes, two use cases will be briefly presented in the
following subsections.
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3.1.1. Use Case 1: The BeReady Project

The idea of using a virtual gallery as a pedagogical method came up after research on
available tools that can support project-based methods for teaching online STEM-related
courses. This research was performed in the context of the BeReady project [20], an
Erasmus+ project revolving around the continuation of teaching STEM subjects during the
COVID-19 pandemic. In this project, a handbook [21] was produced, gathering several
digital /virtual tools with powerful features that can enable learners to collaborate online,
as well as create and illustrate their ideas in multimodal ways, while fostering actions such
as ideation, communication, planning, and sharing.

These tools were combined in light of several learning scenarios, including the pro-
duction of 3D virtual experiences, in the form of virtual galleries. Considering the space
of a virtual gallery as an infrastructure for better organizing and presenting content, thus
generating immersive narratives enhanced with spatial and embodied aspects, but also as a
space that can support collaboration, creativity, interaction, and sharing between learners, it
was argued that such an approach can be a rather powerful method for teaching STEM sub-
jects online [22,23]. This argument was reinforced after implementing the learning scenario
of virtual galleries with teachers from secondary schools during four webinars [22].

The participant teachers (20 in total) formed four teams and were instructed to select a
topic of personal interest (e.g., science in ancient Greece, aspects of Al, etc.) and present
it through a virtual gallery, using the Artsteps application [24], a free-licensed tool that
permits the creation of virtual galleries from scratch. The teachers collaborated online
both individually and as teams to gather information, produce artifacts with various tools
proposed in the handbook, strategize the embedding of information into the virtual gallery,
place the artifacts, plan a guided tour, and exhibit the outcomes to others [22]. Although
they used multiple digital services and tools to collaborate and produce the content for
their gallery (such as [25-27], etc.), the virtual gallery served as the pivotal point around
which the entire learning process was coordinated. At the end of the webinars, the teachers
were asked to provide feedback on their experience by completing an online questionnaire.

According to their feedback, the teachers identified the process as a good example of
how a STEM project can be effectively carried out online [23]. They appreciated the balance
between theory and practice and the initiation of dialogue on a specific topic through the
virtual gallery concept. They also valued the autonomy to choose a topic relevant to their
personal interests and to gain expertise in new tools that promote interdisciplinarity. Some
teachers implemented the acquired knowledge in their classes. During webinar 4 [22], a
teacher reported that a student at their school used the concept of virtual galleries to deliver
a presentation on the subject of optics in physics. This immediate implementation provides
evidence that the concept of virtual galleries is both interesting and pertinent to the needs
of the school community. One weakness identified was the Artsteps tool’s inability to
facilitate simultaneous collaboration within the same environment. Even though team
members can access the 3D model of the virtual gallery by using the same registration
code, they cannot observe modifications made by one user instantaneously. To tackle this
problem, the teachers worked on the 3D model in a rotational manner. They also scheduled
online meetings to discuss the achieved outcomes and the next steps toward finalizing their
virtual gallery.

3.1.2. Use Case 2: The CULPEER Digital Project

The virtual gallery method was also employed during the CULPEER Digital
project [28,29]. In this project, a group of students (aged 18 years old) worked together using
the Artsteps application to create their own virtual gallery, thus promoting intercultural
exchange and cultural peer-to-peer learning in a digital format. The participating students
were encouraged to identify a contemporary cultural aspect of Greece with links to the
daily lives of Greek people. The students were inspired by their daily use of the Athens
metro and proposed promoting the presence of art within Greek public transportation,
since they noticed that the majority of the metro stations are embellished with artwork,
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such as painting, sculptures, and installations, created by Greek modern artists. Therefore,
initially they chose to gather data on the showcased artwork situated in different metro
stations in a shared Google document. They uploaded representative images of the artwork,
and for each one, they recorded the title and the artist’s name, accompanied by a brief
description. Then, they used the Artsteps application to produce an interactive virtual
gallery exhibiting the gathered data, allowing engagement with groups of learners from
around the world and making all these objects of Greek modern culture visible to a wider
audience. During this project, it was highlighted that the students enjoyed the entire pro-
cess. They encountered no difficulty in using a 3D modeling environment such as Artsteps,
and they felt creative and enthusiastic about producing their own content. To overcome
the limitation of Artsteps regarding online collaboration, the students were encouraged to
have a physical meeting to work jointly on the 3D model of the virtual gallery.

3.2. Toward a New Approach for Facilitating PBL

Although the number of participants was limited, the aforementioned experiences led
to some valuable insights and hypotheses. It was observed that a virtual gallery can serve
as a digital space that consolidates a variety of items and ideas, united by a common theme,
thus generating numerous and immersive narratives. It was also noted that the tools and
methods used to produce a virtual gallery can be easily implemented by both students
and teachers, (with the former needing less time to become acquainted with the new
digital skills). Furthermore, the whole procedure was perceived as a creative process that
fosters collaborative learning. Based on these observations, and considering the theories
of [9] regarding the integration of components and concepts from different pedagogical
practices, it is suggested that virtual galleries have the potential to facilitate different
learning approaches, including PBL, in both physical and distance learning environments.
Moreover, it is argued that virtual galleries can function as a concrete concept for scaffolding
collaborative learning and problem solving in light of PBL. In this respect, ref. [21] can
be a valuable source for discovering tools that can facilitate PBL practices. The following
paragraphs delve into the creation of a virtual gallery through the use of 3D modeling
software such as Artsteps, along with certain tools included in [21]. The stages involved in
this process are presented, together with recommendations on how virtual galleries can be
used as a scaffold to promote PBL.

3.3. The Virtual Gallery Scaffold

Figure 1 contains a diagram that illustrates the relationship between the steps involved
in setting up a virtual gallery (left sequence) and the process of addressing a problem and
proposing a possible solution (right sequence), and how the former can serve as a scaffold
for promoting the latter.

As shown in the left section of Figure 1, the process of developing a virtual gallery
can be divided into five main steps. The first step is to determine the main topic. Then, to
facilitate the process, the designer creates a preliminary 3D model of the virtual gallery to
serve as a basic infrastructure and a starting point for the following steps. This 3D model
is subject to change, according to the needs that arise after the production of the artifacts.
The next step involves the generation, production, design, and selection of artifacts. The
artifacts can be any item that reflects the central topic. An artifact can be perceived as an
image, a text, a 3D object, a video, or/and an audible item. The creator can choose any
means to produce their artifacts. Depending on her/his intended representation, s/he can
employ any physical or digital medium that will help her/him to produce it. Therefore, the
creator can use a wide range of tools, from sketch pads and notebooks to cameras, as well
as from image-generating software to 3D modeling software. If more than one creator is
involved in the process, they can allocate roles based on their individual skills and talents.
After producing the artifacts, the designer/creator must consider the order in which they
will be presented to another person/visitor, so as to reflect and spatialize the main theme in
the most effective way. Consequently, this process will enable the creator to determine the
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placement order of the artifacts in the virtual gallery, creating a flow of information that will
generate meaningful narratives, leading also to make some final decisions regarding the
spatial configuration of the virtual gallery (i.e., the number of the rooms in the 3D model,
how they are interconnected, etc.). Again, if there are multiple creators, they can discuss
and reflect on others’ creations to reach a unanimous agreement on how the artifacts will be
arranged. Toward this end, the creator(s) can consider incorporating mechanisms that will
allow visitors to become more immersed in the entire 3D spatial narrative and experience.
Potential mechanisms include providing titles for each section or item, additional texts and
directional signs, etc. After considering all these aspects, the artifacts are placed in the 3D
space of the virtual gallery by the creator, who may also choose to design a guided tour for
visitors to follow while present within the virtual gallery. Once the virtual gallery has been
prepared, the creator may invite other individuals/visitors to navigate the space, interact
with the artifacts, and provide feedback on their experience.

VIRTUAL GALLERY PBL APPROACH
APPROACH

Defining main problem
or part of it

!

Creating and selecting i s -
wmm| the artefacts (images, |=™=="="== e s
texts, videos etc.) mag
their exploration

l

Thinking in which order Combining the artifacts
they should be placed to |mmmmmmm and partial solutions to propose
reflect the main topic in a concrete solution of the

o L_the best possible way whole problem

N[ Piacing the artefacts Thinking ways of better -
in the virtual gallery and |mmmmme ‘bresenting the proposed solution

creating a specific route

thus creating a meaningful
that the visitors will follow i

narrative

Sharing the solution

with other learners or/and
facilitators and taking

*In this stage, the 3D model functions as a general infrastructure. Based on the produced artifacts,
the creators, or the learners, might decide to change the initial spatial configuration

Figure 1. Diagram depicting the relationship between setting up a virtual gallery (left sequence) and
addressing a problem and suggesting a feasible solution (right sequence).

It is argued that the implementation of the virtual gallery approach can act as a
scaffold in PBL, leading students to become familiar with the method and to gradually
learn to reach potential solutions to problems in STEM education. In this context, the
central topic of the gallery will be the main problem (or part of it), and the artifacts will be
all the possible approaches toward the solution. Breaking down a problem into distinct
tasks or sub-problems and transforming ideas into tangible artifacts may assist learners in
comprehending and addressing the initial inquiry, facilitating the identification of emergent
demands and underpinning needs. For instance, consider that the initial problem is to
“Design a sustainable water purification system”: to supply a community with clean and
safe drinking water (Figure 2). To address this problem, students should work as a team and
consider various factors, such as the sources of contamination, the methods of purification,
and the environmental impact, through the lens of different disciplines, including chemistry,
engineering, and environmental science. This real-world issue can be deconstructed into
sub-problems by encouraging each group member to select one of the aforementioned
factors and to analyze it through a discipline that aligns with her/his interests. This
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allocation of roles can inspire students to use different methods of representation and
allow them to choose techniques that correspond to their individual skills (such as creating
diagrams, producing images, composing brief written pieces, etc.). This approach could
help them in drawing on each other’s talents and perspectives (by expressing their ideas
in a more or less verbal way), leading to a better collaboration. Before starting their
independent research, the teacher can advise the students to create a preliminary 3D model
of their virtual gallery in order to give them inspiration for the design and presentation of

their artifacts.

TEAM 8 STUDENT A ‘ STUDENT B ‘ STUDENT C

STEP 1

DEFINING THE TOPIC AND DIVIDING IT INTO SUB-TASKS:
Main Topic: Design a sustainable water purification system
Sub-tasks: sources of contamination, purification methods, environmental impact

STEP 2

- the teacher advises students to create a preliminary
shared 3D model of their virtual gallery to help them
RoOM 1 think about how to structure and design their artefacts.
- the teacher has also access to the 3D model to discreetly
‘monitor their progress
- the teacher also suggests to students to create smaller
rooms, and assign a room to each sub-task of the problem.
For example, artefacts for sources of contamination will be
presented in Room 1, artefacts for environmental impact in
Room 2, and artefacts for purification methods in Room 3.

(Floar plan of the preliminary 3D model)

STEP 3

Allocating roles based on subtasks and students’ personal interest and skills

& & &

Student A feels confident on Student C is interested in
exploring the sources of purification methods. Sihe
contamination. Sihe is also is aldo good on design and
good on dala representation also good on research and writing illustration. So, sihe will focus
Sihe will focus on repesenting So, sthe will focus on producing on producing sketches
herhis ideas through diagrams texts and find some images and some 30 models
and some posters

Student B feels confident on
searching information on the
environmental impact. S/he is

- Students can also create a shared document to gather data, thus reflecting on others idea during the creation of the artefacts

STEP 4

4848

- Each student places the artefacts s/he created to the
shared 3D model
- Students collaborate to examine and evaluate all the
produced ideas
- They decide which artefacts produce a more concrete
solution. They also exchange ideas on how to improve
each other's work. For example, Student A proposes to
Student B to create some diagrams to enhance the

p { on envir impact,
and Student C offers to make some sketches for
the other two sub-tasks

Images Diagrams
Texts Posters

(Floor plan of the preliminary 3D model)

STEP 5

- The team places all the selected artefacts to the shared 3D
model to create a 3D narrative experience reflecting their
proposed solution to the given problem

- Based on the produced artefacts, the team decides to
redefine the contents of the Rooms. For instance, in Room 1,
the students decided to merge artefacts related to sources of
contamination and environmental impact

- They revise the 3D model according to the new requirements..
They design 5 interconnected rooms. The “Intro” presents the
initial problem. Sections 1 to 3 present the artefacts that form
the steps towards the solution. Finally, the “Results” presents.
a summary of students' proposed solution.

= They design a guided route (red line)

- They invite other peer-learners and the teacher to walk

(Floor plan of the final 30 model)  through the gallery and provide their faedback

Figure 2. Image depicting the steps to address the problem of the “Designing a water purification
system” scenario, by implementing the concept of virtual gallery.
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To facilitate this process, the teachers can encourage learners to come up with a
title that describes the artifact they are creating, which will help them approach the task.
As the 3D space of the virtual gallery can be divided into smaller rooms, teachers can
suggest students assign a room to each sub-task of the problem. This method could aid
students in dividing problem solving into tasks more easily, as each one can select a specific
gallery room to work in. For instance, in the “water purification system” scenario, each
student could be assigned a room where they would present the results of their independent
research. Additionally, this process (including role allocation) can be advantageous not only
for learners but also for teachers as it offers them methods for checking the intermediate
steps toward solving a problem and the coherence of the produced approaches with the
initial inquiry. It also facilitates them to discreetly monitor the students’ cognitive abilities
and provide appropriate guidance for successfully developing PBL-relevant skills.

During the production of the artifacts, the learners should work both collaboratively
and individually. After generating several possible approaches (in the form of artifacts),
students can examine and evaluate their own and others’ ideas, deciding which artifacts
can be combined to produce a more concrete solution for the problem. With the aim
of arranging their ideas in a spatial configuration and incorporating interactivity and
navigation parameters, they are increasing their awareness of how to integrate all the
proposed approaches, so as to generate a meaningful solution. The last step is to place
all the selected artifacts in the virtual gallery, design a guided tour that fully reflects the
proposed solution as a 3D narrative experience, and share the outcome with teachers
(and other peer-learners) by inviting them to walk through the gallery, interact with the
proposed approach, and provide their evaluation and feedback.

In summary, it is argued that the concept of the virtual gallery can serve as a scaffold
for promoting PBL, particularly in secondary education. It is a concept that aids in dividing
a specific problem into smaller tasks, enabling students to recognize emerging needs more
effectively. It is also a method that supports collaboration and teamwork, and it allows
the allocation of roles based on specific skills and talents. Furthermore, it is a strategy
that tries to draw on prior knowledge and experience through means and tools that are
familiar to students or that are easy to be taught (i.e., virtual environment, sketchpads,
3D modeling, etc.). By adding the spatial parameter to problem-solving, thus turning
the entire process into a more tangible procedure that brings into play embodied aspects
(i.e., locomotion/navigation and interactivity), it is postulated that students might feel more
confident finding ways to materialize their ideas and experiment with different narrative
mechanisms toward feasible solutions.

4. Discussion

This paper argues that the virtual galleries approach can serve as a learning scaffold
for promoting PBL in physical and digital educational environments. A virtual gallery is
perceived as a wider method that motivates learners to employ several physical and digital
tools toward organizing, rendering, and presenting their ideas as spatial and interactive
3D narratives. Previous implementation of virtual galleries [20,22,23,28] as a method for
teaching STEM subjects online suggested that it is a promising educational approach. This
is because it encourages collaborative learning and creativity in an easily accessible and
user-friendly environment for both teachers and students. These findings align with recom-
mendations from researchers such as [9,17] who have proposed blurring the boundaries
found in specific practices by exploring and combining components and concepts from var-
ious approaches to build pedagogies for PBL. It is also in line with suggested strategies [1,5]
for constructing learning scaffolds in the form of short tasks to gradually introduce students
to different steps of PBL. Consequently, it can be assumed that the approach of the virtual
gallery may serve as a learning scaffold toward introducing PBL. This assumption is sup-
ported by the fact that the virtual gallery environment enables the subdivision of a problem
into distinct tasks and the transformation of ideas into tangible artifacts, thus making easier
for learners to comprehend a given problem and identify the immanent needs. It is also
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sustained by the fact that a virtual gallery promotes collaboration, interactivity, and the
exchange of ideas among students, and it does that by encouraging the use of a variety of
tools that match students’ personal interests and abilities. Furthermore, both educators and
learners can provide feedback by evaluating and commenting on the results. Therefore,
this environment exhibits the three affordances outlined by [10], namely technological,
social, and educational, and it does not rely on a single platform or service, which is in
accordance with [10]’s assertion that “it is unlikely that a single platform can meet the
interaction needs of this joint activity.” Instead, it serves as a concept for scaffolding PBL
approaches, suggesting a framework that integrates several practices and learning qualities
such as collaboration, interaction, and sharing. Additionally, it proposes an innovative
approach to facilitate the process of PBL learning, which does not rely on a “gold standard
PBL” practice (as stated by [9]), but aims to pave the way for methods that motivate and
stimulate students to learn through exploration, questioning, creation, and sharing.

The initial assumption was further investigated by showcasing how the methods
inherent in PBL can be implemented through the steps of producing a virtual gallery. To
present these steps, a diagram (illustrated in Figure 1) was created. In this context, it is
suggested that the main problem (or parts of it) can serve as the central topic of the gallery,
while the sub-tasks aimed at solving the problem can be seen as the artifacts of the gallery.
In this way, students gain an understanding of the specific tasks that must be solved, which
facilitates the identification of emerging requirements and underpinning needs. This is also
in line with [11]’s suggestions regarding the online implementation of PBL and the use of
virtual tools that encourage learners to immerse themselves and engage in collaborative
problem-solving tasks. Tools included in [21] can support various activities toward the
production of the virtual gallery and its contained artifacts.

Some proposed strategies include the integration of mechanisms typically used for
organizing galleries. These are the addition of section titles, short texts, and directional
signs, as well as dividing the gallery space into several rooms (encouraging segmentation
and categorization by topic). Teachers may propose these mechanisms to help students
more effectively identify the needs that must be addressed through the created artifacts.
The spatial segmentation, along with the freedom for students to use tools and techniques
that match their skills and talents, can facilitate role allocation. In addition, by encouraging
students to use familiar tools and techniques, the virtual gallery method brings forward
the application of existing knowledge and skills to the acquisition and development of
new ones.

Some virtual galley creation tools, such as Artsteps, have limitations regarding collab-
orating on a 3D model and monitoring real-time changes made by another team member.
These drawbacks can be overcome by implementing strategies such as virtual or in-person
meetings of the team, or by using the same account to work on a shared 3D model in a
rotational manner. Another aspect that has emerged is the opportunity for social interaction
not only between students, but also among those who are invited to visit and explore the
gallery. This may lead to the development of new forms of meaningful and interactive
learning. The addition of the spatial dimension to problem-solving is another interesting
aspect that is stressed, which brings into play embodied parameters such as interaction and
navigation. It is argued that this factor may increase the students’ confidence in finding
ways to represent their ideas and experiment with different narrative mechanisms for
proposing potential solutions, since they are engaged in learning processes that create
among others a sense of presence.

5. Conclusions and Future Directions

This paper has identified a gap in the current literature concerning the absence of a
conceptual framework that can facilitate and scaffold the learning process through the lens
of PBL, in both physical and distance educational environments. In this context, it is argued
that the concept of virtual galleries can provide this framework by serving as a learning
scaffold for promoting PBL. It is a strategy that helps learners to better comprehend a given
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problem and identify its emerging needs. This is achieved through the segmentation of the
problem into discrete tasks and transforming them into tangible artifacts. In addition, it is
a method that enables the exchange of ideas and collaboration in both physical and online
settings, while offering straightforward and progressive steps toward problem solving at
both individual and team levels. Thus, it is perceived as an effective approach that gradually
familiarizes learners with the PBL concept. Furthermore, it is a method that makes use of
existing knowledge and skills to acquire and enhance new ones, by motivating students
to employ tools and techniques that align with their individual interests and capabilities.
This parameter, along with the integration of spatial dimensions, can also facilitate role
allocation. Integrating spatial dimensions into problem solving transforms the entire
process into a tangible and interactive procedure that incorporates embodied parameters
such as navigation and interaction, thereby potentially heightening the learner’s sense of
presence. This may also enhance their understanding of how to deploy their proposed
solution, so as to generate a meaningful narrative experience. Moreover, virtual galleries
have the potential to enhance the learning experience and facilitate collaborative problem-
solving, as they provide educators and other peer-learners the opportunity to explore and
evaluate the presented content within the virtual environment.

Overall, it is argued that the concept of virtual galleries represents a promising ap-
proach for facilitating the implementation of PBL in both physical and distance learning
environments, and it can foster methods that inspire and encourage students’ self-driven
learning. To verify this assertion, forthcoming research will concentrate on experimentally
deploying this concept within the context of science education, in order to evaluate and
assess the impact of this approach. Limitations regarding software features for online
collaboration should be further investigated, while also considering alternative solutions
and emerging software. The incorporation of the spatial dimension, along with certain
embodied parameters, is promising and opens prospects for future research in this direc-
tion (including the role of embodied experience in the acquisition of knowledge within 3D
virtual learning environments).
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Abstract: This study investigates whether problem-based learning (PBL) is used in preservice science
teachers” education, how it develops their pedagogical approach, and what they understand about
PBL and its implementation in the classroom. The study utilized a systematic review of the related
literature in the field of PBL, with a focus on preservice science teachers” education. It used a specific
search strategy to identify the literature following the inclusion and exclusion criteria, adhering to
the PRISMA guidance and generating a flow diagram. In addition, the Mixed-Methods Appraisal
Tool was used to appraise the quality of the articles. The results show that PBL is not fully utilized
in preservice science teachers’ training and just a few relevant articles have been published in this
area. The study reveals that PBL is an effective pedagogical approach in teaching and learning and
preservice science teachers should be engaged in the process of learning by taking part in the PBL
design process and experiencing it in the classroom as students of their instructors to learn from the
process. Continuing professional development would help preservice science teachers to develop the
knowledge and skills to design and implement PBL in their classrooms.

Keywords: problem-based learning; preservice science teachers; STEM education; critical-thinking
skills; pedagogy

1. Introduction

Problem-based learning (PBL) is a pedagogical tool that originated from McMaster
University medical school in 1969 [1,2] and has since been embraced in educating med-
ical students through problem solving. It has been used predominantly in the medical
field [1,3,4] and other disciplines are embracing it due to its impact on teaching and learning
and promoting critical-thinking skills. PBL is a student-centered constructivist approach
to learning [5,6] that allows students to create knowledge through social interactions with
their peers and working collaboratively towards understanding problems and finding
solutions to them [7,8]. PBL is based on solving real-life problems using scenarios, and all
participants actively find solutions through researching, discussing, and sharing knowl-
edge [8-10]. Essentially, PBL facilitates a self-directed approach to learning [1,5,11,12],
with students working collaboratively towards a common learning outcome, promoting
deeper learning and the application of knowledge. It is not about collecting facts, but
helping students to engage in inquiry processes, building and applying knowledge through
collaborative learning, eliciting feedback, and promoting critical- and creative-thinking
skills [13,14]. Due to its emphasis on active learning, McPhee [15] and Kuvac and Koc [16]
argue for its inclusion in teacher-training programs to help preservice teachers understand
the PBL pedagogy and how to implement it in their classrooms.

PBL enables teachers to promote inquiry skills, creativity, and collaboration among
students [17] and should form a core aspect of teachers’ training. Vasconcelos [18] (p. 229)
argues that “PBL is a process with learning and peer coaching potential that defines the
challenge of learning and solving a problem as a feature of the proximal zone development”.
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Meanwhile, Sutton and Knuth [19] conclude that it can promote students’ social, emotional,
and civic development. De Witte and Rogge [20] suggest that student achievements
and a positive effect on motivation and class atmosphere are the key benefits of PBL. To
some extent, these purported benefits contrast the opinions of Lonergan, Cummin, and
O'Neill [21], who conclude that PBL may appear to be effective in developing students’
knowledge, especially students who are considered to be high-ability, but may be less
effective in promoting their problem-solving skills; they also conclude that it may not be
effective for other groups of students. The other groups of students referred to may be low-
ability and may possibly be those with special educational needs and disabilities (SEND),
who require further support to experience the benefits of PBL. This could include using
differentiated tasks that focus more on the creative aspects of PBL to create opportunities
for all students to learn. In this regard, there needs to be a more inclusive approach to
learning which would rely on the expertise of the teacher to promote the learning process.

The same benefits that are realized by students engaged in PBL may also apply to
preservice science teachers. For example, Wang [22] concludes that PBL develops preservice
teachers’ professional knowledge, learning engagement, reflective abilities, teamwork, and
practical applications. Preservice teachers also develop a deeper understanding of the
principles of instruction courses and how to apply PBL in their teaching methods. This
improved the quality of their teaching and the ability to create a positive atmosphere for
discussion and use multiple evaluation formats. In the same vein, Blackbourn et al. [23]
suggest that PBL in preservice teachers’ training can promote instructional methods em-
ployed by the teacher, inclusive learning, and student outcomes. PBL instruction can also
increase preservice teachers’ science content knowledge and critical-thinking skills, their
attitudes toward science, and their capacity for collaboration [24]. It can also improve
the integration of science and mathematics [25]; STEM belongs to this category, thereby
promoting an interdisciplinary approach to teaching and learning. For example, Altunisik,
Uzun, and Ekici [26] suggested that problem-based STEM practices can enhance conceptual
understandings among preservice science teachers. Syring et al. [27] concluded that PBL
allowed students to benefit from interventions regarding cognitive load and motivation.
This can improve working and long-term memory, and the ability to understand PBL
pedagogy to promote learning. Contrastingly, Caukin, Dillard, and Goodin [28] conclude
that efficacy scores increase during teacher preparation and student teaching and then
decline after the first year of teaching. This may be a result of the lack of continuity in the
PBL pedagogy and the lack of experienced teachers to support the preservice teachers in
continuing to embed PBL in their teaching.

In a study involving experts in the field of PBL, Smith et al. [29] identified four effective
principles of a PBL model of school-based STEM education. They included problems em-
bedded in rich and relevant learning contexts: flexible knowledge, skills, and capabilities;
active and strategic metacognitive reasoning; collaboration based on intrinsic motivation.
This provided evidence-informed support for experienced and preservice teachers want-
ing to adopt PBL as a pedagogy. Barrows [4] proposed ten steps for PBL: encounter an
ill-defined problem; have students ask questions about what is interesting, puzzling, or
important to find out; pursue problem finding; map problem finding and prioritize a
problem; investigate the problem; analyze results; reiterate learning; generate solutions
and recommendations; communicate the results; conduct self-assessments. Hung’s [30]
(p. 123) 3C3R model, a systematic conceptual framework, builds upon the nine-step PBL
problem design processes and includes the following: “setting goals and objectives; con-
ducting content/task analysis; analyzing context specification; selecting and generating
PBL problem; conducting PBL problem affordance analysis; conducting correspondence
analysis; conducting calibration processes; constructing reflection component and exam-
ining inter-supporting relationships of 3C3R components”. There are other frameworks
for carrying out PBL, but the effectiveness of PBL relies on choosing the right approach.
This implies that, for teachers to adopt PBL in their classrooms, they must go beyond what
individual teachers have to offer, redesigning the curriculum to embrace PBL strategies;
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importantly, they must utilize established frameworks to become familiar with the process
of designing and implementing PBL. However, teachers can adapt it to the needs of their
students to maximize learning.

2. The Challenges of Implementing PBL in the Classroom

The benefits of PBL have been discussed here; however, there are discrepancies in its
adoption in the classroom, especially in the processes involved. Loyens et al. [31] blame a
lack of conceptual clarity in the PBL environment, where essential components of PBL were
not always articulated or addressed in studies claiming to implement these approaches.
This can affect the type of assessments and the validity of the PBL process. This confusion
may have arisen because PBL is a constructivist approach to learning, as the literature
explored in this systematic review shows; educators promoting constructivist learning
in their classrooms may simply present it as a PBL process without due attention to the
problem design and implementation processes of PBL, which can be complex and time-
consuming. Tapilouw et al. [32] concluded in their study that preservice science teachers
have difficulties in implementing problem-based learning and suggested that problem-
based learning materials should be incorporated into the science-teacher-training program
to reduce the obstacle. This aligns with the views of DeSimone [14], who suggests that
teachers must engage in effective self-regulatory thinking and actions to address problems
by selecting and evaluating critical and relevant resources to meet the needs of students as
well as working collaboratively with other teachers in a PBL environment.

Connolly, Logue, and Calderon [33] conclude that adopting a PBL approach increases
preservice teachers’ research skills but limits the transferability of learning to teaching. They
propose a cross-institutional professional collaboration between teachers and educators to
improve the use of PBL; this concurs with the views of Navy and Kaya [34], who suggest
that it will also aid an integrated form of assessment, enhancing the further benefits of PBL.
Ruiz-Gallardo et al. [35] (p. 52) suggest that the drawbacks of PBL may include students
“experiencing uncertainty about the breadth and depth of the knowledge required, the time
needed for self-directed study, time overload and working in groups, a misunderstanding
of PBL and a lack of confidence in their ability to be successful”. Goodnough [36] echoed
working in larger groups as part of the challenges of PBL. Others assert that the success of
PBL depends on the following factors: the context of the problem, purposeful learning, and
personal habits [37]; time spent on tasks and the learning sequence [12,35,38]; the creation
of a culture of collaboration and interdependence to scaffolding students’ learning [39];
a shift from teachers being the knowledge transmitters to the facilitators of learning by
supporting students” independence [40]. These inconsistencies in terms of designing PBL
call for a greater understanding and implementation of this pedagogy in preservice science
teachers’ training.

Studies have shown that teachers” pedagogical knowledge is a limiting factor in
promoting problem-based learning in the classroom [38,41,42]; therefore, it is sparingly
implemented by secondary school teachers [43], especially in science lessons. Peterson and
Treagust [44] contend that PBL has not been extensively used in science teacher education,
and little work has been carried out to study how PBL can be used in preparing preservice
science teachers to teach science in their classrooms [45]. Navy and Kaya [34] reported that
PBL has received increasing attention, but the literature lacks a sufficient base of studies
exploring how prospective teachers perceive PBL and integrated STEM instruction. This
also includes the question of how to design and implement PBL in classrooms. Peterson
and Treagust [44] suggest that science involves the integration of knowledge of the subject
contents, the curriculum, learners, and the pedagogy of teaching and self-directed learning.
Therefore, it places preservice science teacher education in the position of being suitable
for a PBL program. However, this has not been the case due to a lack of knowledge and
skills to design and implement it in the classroom. Contrastingly, studies have shown that
PBL has been utilized in developing experienced science teachers’ pedagogy [18,46,47],
enabling them to promote problem-solving skills such as collaboration, applying prior
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knowledge, and eliciting feedback processes among students [38]. However, very little is
known about how PBL is promoted among preservice science teachers, their understanding,
and how to design and implement it in the classroom, let alone how it would improve their
pedagogical approach.

Preservice science teachers can benefit from PBL, but they should have the relevant
knowledge and skills to design problems and activities that may promote this learning
among students. There seems to be less evidence pointing to supporting preservice science
teachers’” planning and implementing PBL in the classrooms. Consequently, preservice
science teachers may not be aligned with this type of constructive pedagogy and would
require support. PBL is a pedagogical tool that would enable science educators to provide
opportunities for preservice science teachers to experience situations that they may face in
their classrooms and where this is not promoted in teachers’ training, it becomes a limiting
pedagogy. Therefore, our interests lie in how PBL has been utilized in preservice science
teachers’ training; additionally, we consider how teachers can be supported in understand-
ing this pedagogy. This involves designing and implementing it in their classrooms and
continuing to develop the skills even after qualifying as teachers.

3. Research Questions and Aims

This systematic review aims to summarize and synthesize the empirical literature on
preservice science teachers” experience and understanding of PBL; explore the academic
literature around PBL that has been carried out in preservice science teachers’ training. To
achieve these aims, this study gathers the research aims, scopes, methodological approaches,
and the type of PBL frameworks used. We investigate whether there is evidence that
PBL has been utilized as a pedagogy in science-teacher-training provisions, and provide
direction for future investigation. Our research questions include the following:

How does PBL develop preservice science teachers’” pedagogical approaches?

What do preservice science teachers understand about PBL and its implementation in
the classroom?

4. Methods
4.1. Design

A systematic review was utilized. We presumed that there would be varying studies
in the field and were interested in the breadth of the literature and the types of studies that
have been conducted on PBL about preservice science teachers’ experiences, the benefits of
PBL, and addressing the question of how PBL can be implemented in the classroom. We
extended our search to cover science education to give us a whole array of studies in the
field rather than being limited to a single outcome of interest. Given our focus, we employed
a systematic review combined with a systematic search. This is achieved following the steps
suggested by Arksey and O’Malley [48], that is: (1) identifying the research question; (2)
identifying relevant studies; (3) study selection; (4) data extraction; (5) data summary and
synthesis. We used the textual narrative synthesis approach [49,50] to incorporate diverse
forms of evidence from qualitative, quantitative, mixed-methods, and quasi-experimental
designs to inform our discussions and synthesis of findings as they relate to our study.
The nature of this systematic review surrounds educational intervention; thus, we found
it appropriate in both instances to follow the latest PRISMA guidance [51]. This included
adhering to The PRISMA statement’s 27-item checklist followed by generating a revised
flow diagram (see Figure 1) detailing our reporting approach for the items included within
the review.
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o (n=1299)
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(n=3)
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Studies to be included
within synthesis.

(n=10)

Figure 1. PRISMA flow diagram.

4.2. Search Strategy

A systematic search was undertaken on the 19th of August 2023 using Scopus, Ed-
ucation Research Complete, Academic Search Premier, Teacher Reference Centre, Web
of Science, Taylor and Francis Online, and Scholar. Due to discrepancies between search
engine results and data extraction, the researchers decided to repeat the search on 2 October
2023. In addition, the resulting papers were hand-searched for specific references, which
may have been missing. The last search was carried out on 3 January 2024 to check for any
further studies that relate to our inclusion criteria (See Table 1).

Search terms were developed to reflect the concept in question. The final terms were:
TITLE (problem-based learning OR problem-centered teaching*) AND TITLE-ABS-KEY
(biology* OR science) AND TITLE-ABS-KEY (chemistry* OR science) AND TITLE-ABS-
KEY (physics* OR science) AND TITLE-ABS-KEY (science* OR STEM) AND TITLE-ABS-
KEY (“high school” OR “secondary school” OR “public school” OR “university”) AND
TITLE-ABS-KEY (“Trainee science teachers” OR “Pre-service science teachers”) AND NOT
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TITLE-ABS-KEY (health* OR mathematics OR medicine*). The search was limited to
publications from 1969 onwards as PBL began to gain prominence during this time [2].

Table 1. Inclusion and exclusion criteria.

Inclusion Exclusion
The study evaluated or explored PBL approaches as they The study did not report how PBL is related to student skill or
related to some type of student skill or knowledge and knowledge and preservice science teachers’ pedagogy but
preservice science teachers’ pedagogy. acknowledged that it can be useful.
The study was identified explicitly as a PBL study, where ~ The study was a report or evaluation of the outcomes of PBL, with
steps in carrying it out can be identified by the user. no definite way /steps for carrying it out.
The study mentioned the type of PBL No mention of the PBL framework used but simply acknowledges
framework/instructions used. that PBL is effective in promoting learning.

The PBL was primarily focused on preservice science
teachers and can include science subjects, technology,
and engineering.

The PBL was primarily focused on preservice teachers in other
subject areas, including education, mathematics, and medicine.

The PBL was primarily focused on preservice science The PBL focused on other subject areas outside of science, for
teachers or science trainee teachers. example, education.
The study was carried out in a secondary school, university, ~ Studies were carried out in primary schools or other educational
or college/teachers’ training institutions. settings or than those in the inclusion criteria.

The study was peer-reviewed and had extractable data.

Book chapters, conference papers, or other papers without
extractable data (such as opinions, editorials, magazines) or theses.

The study was published in 1969 or later, and available The study was published before 1969 or in a language other

in English. than English.

4.3. Inclusion and Exclusion Criteria

The search returned 1349 results; these were reduced to 1200 after duplicates were
removed (see Figure 1 PRISMA diagram). After an initial screening, 50 articles were
identified. The reference lists of these articles were searched, with 3 further papers included
and assessed against the inclusion and exclusion criteria (See Figure 1).

A total of 43 papers containing PBL, however, did not carry enough significance to be
included in the study. These papers may have aspects of the inclusion criteria but did not
discuss PBL or its effects in sufficient detail or relevance to be included in our study: for
example, a study addressing problem-based vs. project-based learning, but with a focus
on project-based learning. After applying these criteria and screening the full text of the
remaining articles, 10 articles were left that met our inclusion criteria (Table 1). All authors
participated in the first, second, and final screenings. These were overseen by the lead
researcher who checked the screening of other authors and resolved any conflicts.

4.4. Data Extraction and Synthesis

Data from the included studies were extracted by all the authors and categorized
according to the source, authors, year, title of the research, the country where the research
took place, the study aims and objectives, research methods and design, sample size, type
of PBL framework used, study outcomes, and quality appraisal scores (See Table 2). We
synthesized our findings based on what studies revealed about utilizing PBL in preservice
science teachers’ education and how it develops their pedagogical approach, along with
what preservice science teachers understand about PBL and its implementation in the
classroom. This fulfills the textual narrative synthesis approach [50] and helps us to arrange
our studies into homogenous groups with our research questions. This meant that we
could compare similarities and differences across the various studies reported.
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5. Results
5.1. Descriptive Results

Ten papers were included in this review. One used a mixed-method approach [16],
four used quasi-experimental research techniques [52-55], four employed a qualitative
study [36,56-58], while one utilized a quantitative research approach [59]. Most studies
were from Canada (n = 3), Indonesia (n = 3), and Turkey (n = 3); only one was from the
USA (n = 1). The sample sizes varied, with the combined number of participants in the
qualitative studies being 80. Aryulina and Riyanto [57] did not state their sample size. The
total number for the quasi-experimental study was 253, and the total sample population
for the mixed-method study was 51; meanwhile, that of the study employing a quantitative
research approach was 29. The earliest study was published in 2003, while the later studies
were published from 2008 onwards. There were several approaches to implementing PBL,
with three of the studies using a PBL model and instruction, two employing a constructivist
approach, two utilizing a combined approach of PBL with another model, and three
utilizing an established PBL framework.

5.2. Quality Appraisal Results

Two researchers assessed 10 articles using the Mixed-Methods Appraisal Tool (MMAT)
version 2018 by Hong et al. [60]. The articles were appraised based on the criteria for each
research method: qualitative, quantitative, and mixed methods (see Appendix A). To make
our decisions, we considered the methodologies in each article and how they fitted the
criteria for their category (Appendix A). For example, if the paper was qualitative, we rated
it against the five criteria in the qualitative category [60] (see Appendix A). We used the
following scoring: “Yes’ if it met all five of the criteria; ‘No” if it did not meet all five criteria
(but fulfilled between 1 and 4 criteria); ‘Cannot tell” if it did not meet any of the criteria.
The quantitative and quasi-experimental studies were appraised using the same criteria.

Overall, the quality of the studies in this review varied as seen in Table 2. The
quantitative/quasi-experimental studies had the highest quality, with the mixed-methods
study having the lowest quality. Drawbacks faced by qualitative studies range from a lack
of coherence between the data source and interpretation to not clearly explaining how an
open-ended part of a survey was used in the data-collection processes. For the mixed-
methods study, the shortcomings included a lack of quotes from the surveys to justify some
of the outcomes. Despite the quantitative/quasi-experimental studies having the highest
quality, two of the studies had shortcomings ranging from a lack of a representative sample
of preservice teachers across different institutions in one of the studies to justifying how
the instrument for data collection was utilized in the PBL process.

5.3. PBL in Preservice Teachers’ Training

Sumarni et al. [54] utilized a STEM-PBL-local culture learning approach that discusses
three concepts: colloids, redox, and solubility. The experimental group was given STEM-
PBL-local culture learning, while the control group was given problem-based learning
only. The results show that the students in the experimental group who received STEM-
PBL-local culture learning experienced an improvement in creative thinking and problem-
solving skills in the medium category; meanwhile, the control group experienced an
improvement in the low category. They concluded that an increase in students’ creative
thinking abilities contributed to their problem-solving abilities. This is consistent with the
findings of Wahyudiati [55], that the PBL model contributed to the critical-thinking skills
and scientific attitudes of students, leading to an increase in analytical skills and attitudes
towards scientific investigations. However, Surmani et al.’s [54] study proposed that a
combined PBL approach is more effective than PBL alone; we argue that this may not be
conclusive, as other studies utilizing only the PBL approach have reported positive impacts
on students’ learning and preservice teachers’ pedagogy.

Thomas et al. [59] adopt a different dimension to PBL, allowing preservice teachers to
immerse themselves in the process by using the Science Teaching Efficacy Belief Instrument
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to evaluate their self-efficacy toward teaching science. This essentially provides a baseline
for any learning comparability and is based on Bandura’s social learning theory. Initially, the
preservice teachers were undecided whether they could perform PBL but the training they
received improved their understanding of PBL, their confidence, and their science teaching
efficacy. Others include developing preservice teachers’ pedagogical content knowledge,
approaching PBL from various disciplines in science, and suggesting making links between
PBL and other constructivist successful pedagogies. It concludes that preservice teachers
should be provided with an opportunity to observe master teachers modeling PBL and be
students of PBL to experience the impact of learning science in that way. This corresponds
to the findings of Akben [61], who suggests that preservice teachers” understanding of PBL
through experience can better support them in implementing it in their professional lives.

The study by De Simone [52] concluded that preservice teachers who are engaged
in PBL became better at constructing the central problem, elaborating on the problem,
relating their solutions to the problem, and using multiple resources to develop their
pedagogical approach. The most important element of this process is that it improved
preservice teachers” pedagogical problem-solving skills. This aligns with Pepper’s [5]
concept of an increase in preservice teachers’ perceptions and confidence in teaching science
investigation skills and the realization that PBL is a potential learning and teaching strategy
to engage their future students in science investigations. On the other hand, promoting
inquiry learning can be deduced from the findings suggested here; this is corroborated
by Goodnough [36], who posits that PBL promotes an inquiry learning experience, with
students exploring problems, examining their complexity, and finding practical ways to
address the problems in the context of a classroom. However, Goodnough also identified
challenges with carrying out PBL, such as dealing with larger class sizes that pose difficulty
in facilitating collaborative working opportunities when working in groups.

In a study on preservice science teachers” environmental attitudes, Kuvac and Koc [16]
(p. 78) delivered a PBL training program to the preservice science teachers based on the
“Seven Jump” model by Schmidt [62]. This involved the following: “reading out the prob-
lem scenario to the preservice teachers and unknown terms and concepts were flagged;
generating definitions of the problem; analyzing the problem through brainstorming and
group members creating possible explanations for the problem using their prior learning;
discussing the explanations; clarifying learning issues according to the information the
group members thought should be known about the problem for self-directed learning;
determining the task distribution and work plan and finally, investigating the task distribu-
tion and work plan”. The outcome of using an established PBL framework was an increase
in preservice teachers’” environmental attitudes and confidence in science and technology
as a means of solving environmental problems. This may also help them in developing
relevant knowledge and skills to plan PBL and support learning in their classrooms.

Selcuk [53] carried out a study to promote PBL in preservice teachers” achievement,
approaches and attitudes toward learning physics; they used a PBL learning scenario
teaching material called the “TV Box”. The PBL steps involved defining the problem,
summarizing the problem, producing hypotheses related to the problem, determining
the learning goals, gaining new information by researching, and undertaking numerical
analyses of the problem if necessary. The outcome shows that the PBL method encouraged
a deep approach to learning, and improved interest in and attitudes of the physics course
and students’ achievements. An interesting aspect of this study is not only that the PBL
steps were explained but that the scenario was included as an appendix to guide novice
teachers who may want to design and implement similar PBL approaches in their class-
rooms. In contrast, in a study of preservice science teachers’ conceptual understanding
of the colligative properties in a chemistry course, Turk and Seyhan [56] used the Walton-
argument-model-supported PBL approach; the findings show an improvement in their
ability to address misconceptions in the subject. However, their conceptual understanding
of colligative properties did not increase to the desired level. Therefore, they concluded
that the inability to fully understand the concept of the particulate nature of matter will
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lead to misconceptions in other chemistry topics. The authors claimed that argumentation
was used to close the missing information learning gap produced by the PBL method.

Aryulina and Riyanto [57] produced a PBL model design with the following five
steps: problem identification, problem-solving planning, problem-solving implementation,
problem-solving result presentation, and problem-solving reflection. Expert evaluation of
the model showed that it has the characteristics of problem-based teaching and is appropri-
ate for use in developing the inquiry teaching competency of preservice teachers. In essence,
this seems to be an evaluation of existing models; however, this led to the identification of
areas for development in the PBL model. These included the syntax, social system, and the
instructor role, the formulation of instructional effects in the syllabus, the course activity,
and the assessment instruments of the preservice teachers” competency in inquiry biology
teaching. We suggest that other researchers and educators of PBL should take a cue from
this process by evaluating the PBL approaches in their classrooms and looking at areas
that can be developed to further strengthen this pedagogy. This aligns with the views of
Navy and Kaya [34] who contend that, to unify assessments and teaching in PBL, those
involved in developing and implementing PBL (such as teacher educators, content experts,
curriculum specialists, and teachers) should work collaboratively. However, some kind of
framework [1,21] can be provided for teachers to use, because not all teachers and schools
have experience with PBL or the privilege of being part of such an endeavor. This will
enable them to model collaborative mindsets to ensure that the integration of content is
effective for students’ learning. Consequently, prospective and practicing teachers can
experience integrated classes and professional development to learn more about how this
approach can be implemented in schools.

Overall, the studies suggest that PBL has benefits in teaching and learning and should
be considered in preparing preservice science teachers’ training. Goodnough [58] con-
cluded that PBL and other active learning strategies should be used in teacher-preparation
programs. Eliciting ongoing feedback from preservice science teachers” experience is seen
to be essential if PBL is to be refined and adapted for varying groups of students. This
includes working collaboratively with colleagues to share, discuss, and analyze feedback.

5.4. Which PBL Frameworks Are Useful in Promoting Teachers’ Pedagogical Approaches?

This systematic review has revealed that more effort is required to adopt PBL in
preservice science teachers’ training to enable them to understand this pedagogy and
implement it in their classrooms. The complexity of the planning, variations in the PBL
approach, and a lack of pedagogical knowledge can be barriers to supporting preservice
science teachers, since only a few teachers may have had experience of this pedagogical
approach. PBL is a complex process and requires knowledge and skills to design and
implement in the classroom, especially among preservice science teachers. This view is
corroborated by several studies; for example, Jerzembek and Murphy [63] and Kwan [64]
suggest that PBL is difficult to implement due to the complex nature of its design; therefore,
they state, it requires the development of teachers’ pedagogical approaches to enable
students to become accustomed to it.

This systematic review has shown a lot of discrepancies in the adoption and imple-
mentation of PBL. Some authors adopt a constructivist approach to learning to demonstrate
PBL [20,65], while others use open-ended real-world problems [3,17,46]. Goodnough [36]
used an established PBL framework called the Barrows [1] model and Kuvac and Koc [16]
utilized the ‘Seven Jump’ model by Schmidt [62] (see Table 2); meanwhile, Lonergan, Cum-
min, and O’Neill [21] used an established PBL framework by Barrows and Tamblyn. Few
studies have used a combined framework to promote PBL [34,52,66]. For example, Sumarni
et al. [54] used a combined STEM-PBL-local culture learning approach; meanwhile, Turk
and Seyhan [56] used a Walton-argument-model-supported PBL approach to close the
missing information learning gap left by the PBL method (See Table 2).

PBL fulfills the learning requirements of constructivism; however, the discrepancies
associated with it may cause pedagogical dissonance [67], leading to confusion in the way it
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is designed and implemented. As mentioned earlier, PBL requires time to design problems
and implement them in the classroom, and teachers without prior knowledge of the process
may not fully plan for its benefits. Therefore, they may promote a learning environment
where students work in groups, researching information and finding answers to questions
posed by the teacher, but not necessarily engaging in PBL. Contrastingly, the variations in
PBL implementation gave rise to its dominance as an active learning pedagogy and one
that requires attention. De Simone [52] utilized a constructivist approach, comparing PBL
with a traditional form of teaching that is centered on causal-comparison design to address
the basic issues of the effectiveness of problem-based learning and the degree to which it is
effective. Steps to carry out PBL were itemized to guide the novice teacher in designing
and implementing PBL. Based on the outcomes, participants were scored on the following
abilities: “generate questions that they would like to ask the teacher; identify the problem;
state the problem definition; relate the solution to the problem; evaluate the solution;
provide a solution; use the literature to support that solution and use other resources to
support that solution” (p. 182). Navy and Kaya [34] utilized PBL with integrated instruction
to develop PBL units that integrated STEM subjects. The preservice teachers involved in the
study learned about PBL unit planning through Virginia Initiative for Science Teaching and
Achievement (VISTA) materials. It contained components such as problems, student roles,
scenarios, and culminating projects and assessments [45]. This allowed the integration of
PBL into content areas that are assessed separately, thereby promoting collaboration and
an active learning process.

6. Discussion

This study shows that PBL is not fully utilized in preservice science teachers’ training;
the outcome is consistent with the findings of Peterson and Treagust [44], who contend
that PBL has not been extensively used in science teachers’ education. Few relevant articles
have been published in this area. This gives an indication that more effort is required
if this pedagogy is to be adopted in preservice science teachers” education. This study
has shown that PBL is an effective pedagogy in teaching and learning; preservice science
teachers should be engaged in the process of learning by taking part in the PBL design
process and experiencing it in the classroom as students of instructors, to learn from
the process. The evidence given in the present study has shown that there are a lot of
benefits associated with PBL, such as the promotion of critical-thinking skills, creativity,
and problem-solving abilities [13,24], the development of pedagogical content knowledge
and scientific investigations, and an increase in the quality of preservice teachers’ research
skills and inquiry-based methodologies [33]. Others include the benefits of improvement
in interests and attitudes towards subjects, the formulation of problems and dealing with
real-life situations. Therefore, PBL training can be provided to preservice science teachers
through continuing professional development in their universities, as well as their school
placement experience (practicum).

In terms of approaches to develop preservice science teachers’ pedagogical approaches
in PBL, the studies included in this review had varying views. For example, McPhee [15]
suggests that PBL-centered courses in teachers’ initial education would require the issue of
specified competencies to be addressed and the assessment materials and their certification
to be critically examined. In the same vein, Thomas et al. [59] suggest that preservice science
teachers should be given a baseline assessment of their self-efficacy toward teaching science
to allow educators to assess their understanding of PBL and provide relevant training.
This includes allowing them to take part in the learning process, just like the students they
will eventually teach in their classrooms. Learning in this form can be a more promising
approach in helping preservice science teachers to understand PBL and its processes and
implement it in their classrooms. However, most of the studies we explored, except a
few, discuss how educators carry out the PBL process among preservice teachers without
considering how the preservice science teachers might take part in the PBL learning process
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as students. Therefore, engaging preservice science teachers as students of PBL would be
an area that may require further attention among PBL educators.

Only two of the studies reviewed here attempted to find out what preservice science
teachers understand about PBL and its implementation in the classroom. This involves
seeking their perceptions of delivering problem-based learning and determining how it is
integrated into content disciplines and how they differ in their science teaching efficacy
beliefs. One of the studies further described how the preservice teachers were undecided
on whether they could undertake PBL, given its complex nature and how it was introduced
to them. However, this changed when the preservice teachers were trained in PBL, as
it improved their understanding, confidence, and how they would implement it in their
classrooms. An important element in the move towards understanding and implementing
PBL involves preservice teachers observing experienced teachers and taking part in the
process. The literature reports that a lack of experience with PBL is a hindrance in carrying
it out, especially when planning the problems; going through the sequence of learning
could deter other teachers from implementing it in their classrooms, consequently limiting
them from being able to help the preservice science teachers.

As mentioned earlier, PBL is a complex process that involves a lot of planning, knowl-
edge, and skills to implement. We have pointed out several approaches to carrying out
PBL, with three of the studies explored using a PBL model and instruction, two employing
a constructivist approach, two utilizing a combined PBL approach with another model,
and three utilizing an established framework of PBL. One of the studies that utilized the
PBL model and instruction provided steps for carrying out PBL in the classroom to guide
preservice and novice teachers; meanwhile, others did not. Another study further provided
a guide for carrying out PBL, but this was in an effort to evaluate and improve the existing
model. However, comparing this to studies that have utilized established models of PBL,
such as the Barrows [1] model and the ‘Seven Jump” model by Schmidt [62], we realized that
adopting an established model can form a basis for helping preservice science teachers to
understand PBL and design and implement it in the classroom. Therefore, a consensus lies
in utilizing an established framework for carrying out PBL and helping preservice teachers
to learn from this process; this can create an opportunity to evaluate the model and improve
upon it. Furthermore, the combined framework also demonstrated potential; however,
several studies utilizing a PBL-only instruction model or an established PBL framework
have proven more effective and reliable in promoting the benefits associated with the
pedagogy. Presumably, a combined framework may address the specific intentions with
which the researcher wishes to add to the benefits associated with the PBL approach. One
of the studies suggests that, when introducing PBL in preservice science teacher training,
educators should endeavor to link PBL and other successful constructivist methodologies
in science education. However, this would involve a different level of knowledge and skills
in planning the PBL problem and implementing it.

7. Conclusions

This study has shown that PBL, an effective pedagogy in teaching and learning, has
not been extensively utilized in preservice science teachers training. We believe that some
of the studies explored need to go beyond what is presented as a PBL approach and
guide preservice science teachers and educators on the steps that they can use to promote
it in their classrooms. For example, we mentioned studies that have used established
PBL frameworks with examples and steps to signpost preservice science teachers and
educators on how to plan and implement PBL in the classrooms. McPhee [15] suggests
that PBL-centered courses in initial teacher education would require the issue of specified
competencies to be addressed and assessment materials and their certification to be critically
examined. Other studies have embraced a culture of identifying what preservice science
teachers know about PBL and carrying out a baseline assessment to provide the relevant
interventions; we envisage that this may be a welcome approach.
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The science curriculum promotes inquiry learning and it is content-driven; hence, it
requires relevant knowledge and skills development among students. Therefore, the PBL
approach becomes even more relevant to fulfilling the learning requirements of science
students, and teachers should embrace this pedagogy. In developing PBL approaches,
one of the studies suggests that teacher educators, content experts, curriculum specialists,
and teachers must model their mindsets of collaboration to ensure that the integration of
content is effective for students’ learning. The conclusion that prospective and practicing
teachers can experience integrated classes and professional development to learn how the
PBL approach can be implemented in schools is consistent with our findings; we suggest
that a framework be provided to guide teachers and schools who are novices to PBL to
develop the skills and knowledge required.

A limitation of this research is that not enough studies have been carried out in the
focus area; despite extending our search to cover science education to give us a whole
array of studies in the field, this has proven difficult. Therefore, our conclusion may not
be generalizable, but there is scope to reconsider how PBL is portrayed; we suggest that
educators utilize established PBL frameworks to evaluate the learning process and carry out
further research in this area, especially involving preservice science teachers in designing
and implementing PBL.
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Appendix A. Categories of Study Designs and Their Criteria
Qualitative

Is the qualitative approach appropriate to answer the research question?

Are the qualitative data collection methods adequate to address the research question?
Are the findings adequately derived from the data?

Is the interpretation of results sufficiently substantiated by data?

Is there coherence between qualitative data sources, collection, analysis and interpre-
tation?

AN R

Quantitative

Is the sampling strategy relevant to addressing the research question?
Is the sample representative of the target population?

Are the measurements appropriate?

Is the risk of nonresponse bias low?

Is the statistical analysis appropriate to answer the research question?

Ol L=

Mixed Methods

1. Is there an adequate rationale for using a mixed methods design to address the
research question?

2. Are the different components of the study effectively integrated to answer the research
question?

130



Educ. Sci. 2024, 14, 301

3. Are the outputs of the integration of qualitative and quantitative components ade-
quately interpreted?

4. Are divergences and inconsistencies between quantitative and qualitative results
adequately addressed?

5. Do the different components of the study adhere to the quality criteria of each tradition
of the methods involved?

Source: [60]
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Abstract: This study analyses if school science clubs may serve as a resource to facilitate the intro-
duction of active methodologies into science classrooms. Focusing on science clubs in Portuguese
schools, this study aims to determine whether the teachers who coordinate and direct these clubs
promote activities that incorporate aspects of problem-based learning and project-based learning
methodologies. In order to do so, a series of semi-structured interviews were conducted with
20 teachers, and their responses were analysed using content analysis strategies. The results show
that although they do not explicitly refer to the use of these methodologies, teachers do propose
the implementation of projects within clubs, and they incorporate aspects of these strategies in the
activities they conduct. In this sense, teachers appreciate the role of clubs in promoting these types of
strategies (PBL y PjBL) and the facilities they offer for their implementation. Additionally, teachers
believe that one can only learn how to do projects through practise, i.e., doing projects with their
students, and they think that clubs offer an opportunity to develop PBL and PjBL methodologies in a
context free from the responsibilities and constraints of the classroom.

Keywords: science clubs; active methodologies; project-based learning; problem-based learning;
qualitative research; interviews; teachers’ perspectives

1. Introduction

Adapting educational systems to the scientific and cultural changes that occur in
society, and improving their quality and effectiveness constitute two fundamental objectives
of modern communities.

In this context, one of the crucial tasks of education must be to provide students
with knowledge, as well as the competencies and attitudes they will need to navigate a
changing and complex world, where traditional solutions are becoming less useful each
day [1]. Therefore, over the last decade, numerous institutions have addressed the skills and
dispositions that are expected to be vital for schooling in the 21st century [2]. Some of these
skills are critical thinking, communication, autonomy, collaboration, and creativity, and
adaptability, flexibility, interdisciplinary communication, and complex problem-solving are
examples of competencies that will be required for the future [3].

Scientific education must also take responsibility for fostering the development of
these skills in future generations of citizens. In this regard, as stated by Domenech-Casal
et al. [4], science education advocates for a more contextualised and competency-based
approach to science education [5], where student participation promotes their ability to
apply, transfer, and create scientific knowledge.

This same perspective is also evident in works such as those of Lee et al. [6], and
it translates into an educational approach in which the essential focus is no longer on
having “specific knowledge” of mathematics, science, or technology, but on being able to
confront specific situations or problems in real contexts, thinking and acting as scientists,
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mathematicians, or engineers would [4]. Furthermore, some of these 21st-century skills,
such as critical thinking and problem solving, effective communication, collaboration and
team building, creativity, and innovation, have been identified as important skills that
enable students to improve their understanding of science [7].

In light of these circumstances, active methodologies such as inquiry [7], problem-
based learning (PbBL), and project-based learning (PjBL) are regarded as strategies that
facilitate learning and the development of 21st-century competencies and skills [2,8-11].
These methodologies support the cultivation of critical thinking [12] by encouraging prob-
lem solving and the integration and application of knowledge in authentic contexts and
tasks [13].

However, the inherent characteristics of these methodologies sometimes make it
challenging for teachers to introduce them into the classroom. As a result, a potential
alternative that arises is the use of non-formal spaces. The main objective of this study was
to examine whether teachers who coordinate science clubs proactively implement active
methodologies in these clubs.

This study aims to explore the voluntary adoption and integration of active instruc-
tional strategies by teachers within the club context. By investigating teachers’ practises and
approaches, this study seeks to gain insights into the extent to which active methodologies
are employed in club activities and the factors that influence their implementation.

2. Theoretical Framework
2.1. Shifting Gears: Introducing Active Methodologies in Science Education

As can be inferred, the response to contemporary educational and social demands
involves a revision of how science is taught in schools. This revision should lead to the
design of suitable strategies for today’s society and redefine the teaching model so that the
development of skills is linked to the acquisition of scientific, technical skills. According
to many experts, although traditional methods of direct instruction and recitation may
be effective for acquiring factual knowledge, 21st-century skills require new pedagogical
approaches [2].

Therefore, the history of education is filled with calls to make student learning more
active and shift the focus from the memorisation of information to the utilisation of informa-
tion [9]. The landscape of teaching and learning in schools is rapidly evolving, as educators
continue to seek innovative approaches that adapt to the characteristics of 21st-century
societies, life, and students [14]. This is evidenced by the paradigm shift observed over the
past decades, where education professionals have re-evaluated the approaches that should
be adopted in schools. In particular, there is now a recognition of the role that informal or
non-formal learning opportunities can play, and there is a transition from a teacher-centred
pedagogy, characteristic of traditional models of teaching and learning [15], which views
the process as a transmission of knowledge, to a student-centred pedagogy built upon the
constructivist principles of learning, where students “learn by doing and reflecting on what
they have done and what it means” [16].

These calls have attracted significant interest since the beginning of the 21st cen-
tury [17]. Initiatives developed throughout Europe actively pursue the renewal of science
education and the implementation of active learning methodologies. Examples of such ac-
tive methodologies include inquiry-based pedagogical strategies like project-based learning
(PjBL) [8,18-20].

Implementing active methodologies is a complex process that requires a paradigm
shift, necessitating schools to review their vision and mission, and teachers and students to
change their perspectives on science education [21]. For instance, in contrast to traditional
lecture-based education, active learning significantly reduces teacher-centred instruction,
and students are expected to actively seek knowledge from various sources [21].

Despite the challenges in implementing active methodologies, it is recognised that the
types of activities typically implemented when students engage in active methodologies
(e.g., students formulating their own questions following a reading assignment, students
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participating in peer discussion, or students working collaboratively/individually on
complex problems) are the most effective in promoting student learning and addressing
student affect (i.e., learning attitudes and motivation) in the subject domain [22].

Indeed, there is ample evidence that active learning is an effective way to improve
learning and student performance in subjects such as science and mathematics compared
to passive lectures. For example, the meta-analysis conducted by Freeman et al. [23],
in which the authors reviewed 225 different studies focused on various STEM subjects
(biology, chemistry, computer science, engineering, geology, maths, and physics), showed
the benefits of active learning approaches in outcomes such as exam performance, even
when the studies were conducted in different contexts, classes, educational levels, and so
on [24]. Furthermore, both these studies and others indicate that active methodologies
support the effectiveness of active learning for student engagement and performance in
STEM fields.

Freeman et al.’s [23] meta-analysis provides strong evidence supporting the adoption
of active learning strategies, as opposed to traditional lectures, in order to enhance the
academic performance of undergraduate STEM students [22]. However, for these benefits
to occur, it is essential to make students aware of their role in active learning as opposed to
the teacher’s role, because students, who may be new to this way of learning, might not
even perceive such learning as normal [25].

In general, most methodologies grouped under the umbrella term “active method-
ologies” are based on a conceptual framework developed around concepts such as con-
structivism, which proposes that knowledge is actively constructed by the learner. For
example, constructivism considers that learning is deeper and easier to transfer to new
situations when it is contextualised [4]. Similarly, Beier et al. [24] proposed that students
“learn and apply important ideas in a discipline” while engaged in a driving question
(p- 318). The most common and prevalent active methodologies in science education are
problem-based learning (PbBL) and project-based learning (PjBL). These methodologies,
frequently situated within the framework of inquiry-based teaching strategies (IBL), offer
valuable opportunities for students to actively engage in their learning processes. PbBL
and PjBL foster a student-centred approach, allowing learners to delve into real-world
problems and projects, encouraging critical thinking, collaboration, and the integration of
knowledge across disciplines. By embracing these active methodologies, educators can
cultivate a deeper understanding of scientific concepts and nurture the development of the
essential skills needed for success in the modern world.

2.2. Problem-Based Learning (PbBL): An Overview

The concept of PbBL has gained international recognition and evolved to a point
where there is no single consistent and universally agreed definition [8]. Instead, multiple,
and sometimes contradictory, conceptualisations exist [26]. Merritt et al. [9] conducted
a systematic literature review and concluded that there are multiple theoretical sources
for researchers’ definitions of PbBL. Nevertheless, following these authors, PbBL can be
defined as the art of problem solving, a learning approach that challenges students with ill-
structured problems that serve as stimuli for learning [12]. Therefore, it is an instructional
approach that places students at the centre of the learning process by presenting them
with real-world, complex problems or scenarios that reflect authentic challenges within the
subject domain, but also require going beyond disciplinary knowledge to integrate and
apply it in the resolution of specific problems [12].

In brief, PbBL is a student-centred pedagogy that stimulates students with authentic,
ill-structured problems through which they can acquire new knowledge, while teachers
act as facilitators. However, when the literature is reviewed, it has been found that PbBL
is not perfectly characterised and structured. Specifically, as stated by Sukackeé et al. [21],
depending on the sources consulted, it can be concluded that the implementation includes
six stages [27], five stages, or sometimes three stages [12]. The complete process can
be summarised as follows: (1) identifying and understanding the problem, (2) collect-
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ing potentially useful information to solve it, (3) agreeing on a possible solution, and
(4) reviewing the proposed solution. Once again, following Sukacke et al. [21], this general
framework is reflected in a series of specific characteristics, including:

1. Ill-structured, open, real, and unstructured problems are drivers, motivations, and
frameworks for learning.

2. Problem identification and resolution serve as a vehicle to acquire knowledge, develop
different types of skills, and consequently achieve (learning) goals. Thus, the learning
process is self-directed and collaborative, but also exemplary, contextual, experiential,
and reflective.

3. Teachers become facilitators and “scaffolders”.

Therefore, the distinct essence of an effective problem-based learning process lies in
its reiterative and reflective characteristics, which allow for the creation of a knowledge-
building environment. Reiteration enables students to review their prior thought processes
about a problem and discuss how they would modify their ideas and possible solutions
based on the new knowledge they obtained through self-directed learning [11]. In summary,
an effective PbBL process is composed of a sequence of learning activities that are reiterative
and reflective, involving far more than acquiring the facts and concepts to be recalled.

These distinctive characteristics translate into a series of benefits for students when
introduced into the classroom. For instance, PbBL is often associated with positive student
learning experiences [28]. Specifically, by using real-world applications, students tend to
have a higher level of motivation to participate and engage with the material [29]. A critical
point highlighted in the literature is that students engaged in PbBL sequences are motivated
by finding a solution rather than gaining a clear understanding of the task, and they tend
to adhere to relatively rigid structures and minimise effort when facing unfamiliar and
ill-defined problems [21].

Furthermore, when working with methodologies such as PbBL, students show similar
or better conceptual gains compared to traditional lecture courses [28]. In this regard, stud-
ies indicate that PbBL also increases knowledge retention, conceptual development, and
academic achievement [9], and facilitates interdisciplinary thinking towards an integrative
perspective and a holistic approach to scientific and practical solutions [30].

Finally, students learn to work in professional teams, with each member bringing
different skills to solve the problem [28]. Additionally, PbBL can support the development
of “soft” skills [30], such as research skills, negotiation, teamwork, reading, and writing,
and contributes to the improvement of communication skills [31]. In conclusion, the
problem-based learning approach facilitates the teaching of both essential knowledge and
transferable skills beyond the classroom [12].

2.3. Project-Based Learning (PjBL): Definition and Overview

As with PbBL, there are also multiple definitions of project-based learning (PjBL),
as researchers have defined it in various ways over the years [24]. However, most of
these definitions agree that it is a student-centred teaching methodology that organises
learning around the development of projects contextualised in real-world problems that
are meaningful to students. The most notable characteristic of project-based learning is the
requirement for the development of a product intended for an audience [20,32].

In this regard, PjBL is an inquiry-based [33], active, and experiential learning ap-
proach [23], in which the central element of the process is the development of a project.
Thus, PjBL engages students in activities such as design, problem-solving, decision-making,
and research [34], enabling them to integrate, apply, and construct knowledge as they work
together [8,20]. Furthermore, it is described as a teaching method that is open-ended and
provides limited guidance from the teacher, offering ample opportunities for acquiring
higher-order thinking skills [2].

PjBL finds its pedagogical foundation and starting point in constructivist premises,
based on the transformation and construction of knowledge. Specifically, projects focus
on issues that lead students to confront and deal with the key concepts and principles
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of a certain discipline [34], mobilising their theoretical and technical knowledge to find
solutions [21].

As previously indicated, PjBL is a learner-centred learning process in which students
investigate a question through enquiry, with benchmark lessons and milestones along the
way [35]. Project-based learning is a system developed to encourage students to take more
responsibility for their education and learning, as they need to solve problems by defining
them, discussing ideas, designing enquiries, collecting and analysing data, and sharing
findings with their peers [32]. Therefore, students have a high degree of responsibility,
autonomy, and unsupervised work time when engaging in projects [33].

However, ambiguity remains among researchers regarding the exact key characteristics
or core features of PjBL [8]. The essential elements of PjBL may vary, but there are sub-
stantial overlaps among several of those elements [8,11,20,24,36], which normally include
the following;:

1.  PjBL projects are authentic in terms of topics and contextualised in such a way that
the learner is working on authentic or real-world problems. As Daddysman et al. [28]
indicate, “a key tenet of PjBL is that the project must be real and important and
something that a professional would actually do or consider”.

2. Everything begins with challenging scientific problems and questions, which act as
driving questions that anchor student learning. Thus, as Aksela and Haatainen [13]
pointed out, the distinctive feature of project-based learning is problem orientation,
that is, the idea that a problem or question drives learning activities.

3. Learners control the learning process, which allows decisions regarding pacing, sequenc-
ing, and the actual learning content. In other words, they have voices and choices.

4. Students are engaged in scientific and disciplinary practises, such as investigations
in which they can conduct sustained enquiries. They also participate in benchmark
lessons and activities.

5. Thereis a focus on defining appropriate learning goals that lead to deep understanding [9].

6.  There are ample opportunities for student reflection, critiques, and revisions. Addi-
tionally, it is common to provide feedback and various types of scaffolding to the
students throughout the process.

7. Social structures are developed that promote participation and collaboration among students.

8. The project results in the students developing a final product or artefact.

Of these characteristics, the two most distinctive are (1) the fact that projects require a
driving question or problem that serves to organise the project activities [32], and (2) that
the activities should result in artefacts that culminate in a final product that addresses the
driving question [12].

Regarding the driving question, according to Krajcik and Czerniak [37] and Wilhelm
et al. [18], it should be feasible (i.e., an investigable question) and sufficiently open-ended
that the results are not predetermined and allow for student choice and variability [35] so
that they can develop their own approaches to develop the product or artefact.

On the other hand, the construction of the artefact is critical; through this process,
students construct their knowledge [13], as it helps learners integrate and reconstruct
their knowledge, discover and improve their professional skills, and increase their inter-
est in the discipline and their ability to work with others [20]. Thus, the final products
are concentrated expressions of various competencies that students may develop dur-
ing PjBL. These artefacts are representations of students’ solutions resulting from the
activities used to address the driving question [32], and can take the form of physical
objects, models, documents, such as reports, and multimedia, such as videotapes and
computer programmes.

Although this study did not intend to focus on the impact of PjBL on student learning,
a small number of studies have demonstrated that PjBL brings benefits in terms of students’
content knowledge, learning strategies, skills, and motivation (see, for example, Guo et al.’s
meta-analysis [20]). However, more evidence is needed regarding how and when PjBL is
the most suitable. In general, it is recognised that PjBL provides student-centred, cultur-
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ally relevant, and contextualised learning opportunities [19], enabling teachers to tailor
instruction to their students and promote students’ ability for self-directed learning [36].

Similarly, different studies [24,35,38] have indicated that the introduction of PjBL in
the classroom positively affects students’ interest, enthusiasm, and motivation. In this
regard, PjBL creates opportunities for students to take initiative in the learning process and
tackle relevant real-world problems independently and in teams, contributing to increased
student engagement, commitment, and self-efficacy.

The involvement in these projects offers a suitable occasion for building bridges
between phenomena studied in the classroom and experiences in the real world [12],
allowing students to employ their existing knowledge and combine it with the learning
acquired throughout project development [21]. Therefore, researchers agree that PjBL
contributes to a deeper understanding of key concepts and principles in disciplines, and an
increase in students” content knowledge [22,26,37,39].

Within this framework, other studies have detailed how the introduction of PjBL
methodologies can contribute to improving academic performance [8,32,39], specifically in
STEM subjects [2].

Regarding students’ skills, as mentioned, PjBL plays a relevant role in developing 21st-
century skills such as communication, negotiation, collaboration, and teamwork [13,31].
Studies have also highlighted the contribution of PjBL to the development of “soft skills”
and other skills, such as problem-solving [17], critical thinking [31], autonomy [4], and
self-efficacy [33]. Finally, PjBL enables the development of science process skills such as the
ability to organise work, plan, and manage time [34].

Entering the realm of affective aspects, the literature details how PjBL improves
students’ attitudes (see meta-analysis conducted by Guo et al. [19]) and their personal
involvement and commitment in the learning process [4,33]. However, the most common
results [32,36] focus on the effects of methodology on student motivation. In this regard,
PjBL allows students to make certain decisions throughout the process, and to focus on
aspects of the project that capture their attention and interest them most. Additionally, the
problems they face in PjBL are usually relevant to the real world, which further enhances
student motivation.

In summary, when thoughtfully designed and implemented, the evidence suggests that
project-based learning can be more effective than traditional educational approaches and
can provide various benefits for the students involved, both at cognitive, conceptual, and
procedural levels, as well as at affective, personal, social, emotional, and motivational levels.

2.4. PbBL versus PjBL: Exploring the Shared Grounds and Distinctive Aspects

PbBL and PjBL share a series of characteristics and similarities [2,28] that often make
it difficult to distinguish them from each other or clearly define their key characteristics [2].
As aresult, both terms are often confused [24] and even used interchangeably by researchers
and teachers [40].

However, it is true that there may be some overlap between the two strategies [21],
as they are closely related, share a central goal, and are designed around complex and
contextualised problems that allow students to operate relatively autonomously in order
to construct solutions [24]. In this framework, both are described as active and student-
centred educational methods that promote group work and knowledge construction, with
teachers acting as facilitators of the learning process [40]. Similarly, both PbBL and PjBL
employ open-ended problems that promote students’ critical thinking and facilitate their
understanding of scientific knowledge [28].

However, it is also true that PbBL and PjBL have some significant differences [2], such
as the implementation time. While PbBL uses semi-structured problems that can last only
a few class periods, projects in PjBL can last from a few weeks to a whole term or year,
depending on the course and programme structure [28]. Although studies [28,30] have
pointed out certain differences between the two methods, such as the different types of
tasks, the key lies in the way knowledge is used [20].
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The focus of PjBL is more on the mobilisation of knowledge to produce a final prod-
uct [26], whereas PbBL is more oriented towards knowledge acquisition [21], emphasising
the role of students in defining the problem and developing a solution [2]. Therefore, the
main difference between the two methods is that in PbBL, the solution to the problem is
merely suggested, whereas in PjBL, it must be executed. Thus, a significant difference lies in
the fact that PjBL focuses on creating a “product” or constructing a concrete artefact [13,36].

However, since both strategies resemble each other in the pedagogical foundations,
objectives, and rationale behind them, despite their differences in specific aspects of their
implementation, this work has chosen to follow the steps of authors like English and
Kitsantas [41], Merritt et al. [9], and Beier et al. [24], among others, and consider that PjBL
constitutes a specific type of PbBL focused on a problem that involves the development of
a product and culminates in the construction of an artefact.

2.5. Not a Walk in the Park: Challenges to Face When Introducing Active Methodologies

While active methodologies bring numerous benefits to the learning process, their
implementation is not without its challenges, despite the widely recognised advantages and
growing popularity they are gaining [12] and the enthusiasm shown by educators [11,42].
However, these challenges must also be considered:

1. First, active methodologies generally require more resources and can be costlier than
traditional teaching methods [30]. For instance, they may require access to specific
resources, spaces, or tools that are not readily available in all educational settings.

2. Second, a common criticism of these methodologies is that they require significant
effort and substantial time investment from both teachers and students [43]. In this
regard, the study by [32] illustrates how some teachers or parents might perceive
that project-based methodologies consume large amounts of instructional time, with
these extended time blocks covering only a small portion of curriculum content.
Methodologies such as PjBL and PbBL require more time for planning and imple-
menting activities than traditional methods. However, as demonstrated by previous
studies [21], it is crucial for students to have this dedicated time to ensure positive
learning outcomes.

3. Third, specific methodologies, such as PbBL and PjBL, require a deep understanding
of the pedagogical foundations on which they are based. This poses a challenge
for teachers, who may unintentionally use problem-based learning without realis-
ing that their teaching practises have essentially remained unchanged [12]. In fact,
arguments from Mentzer et al. [44], Hasni et al. [45], and Wieselmann et al. [11] em-
phasise that teachers often mistakenly equate PjBL with hands-on activities that lack
genuine purpose.

4.  Finally, active methodologies often involve increased student engagement and col-
laboration. As mentioned previously, their implementation requires students to take
responsibility for the learning process while receiving appropriate the support and
tools to develop their projects. Therefore, the learning environment and teaching
practises must be intentionally designed to support students’ self-regulated learn-
ing. These two factors determine that managing group dynamics may differ from
traditional classroom settings, which often require additional classroom management
strategies and skills.

Within this scenario, a space is created that can be leveraged by non-formal scientific
activities that, when appropriately integrated as a complement to the formal system, can
offer clear opportunities to address this issue. Non-formal scientific activities provide
valuable opportunities for the development of active methodologies, as they may not
be subject to some of the typical limitations encountered in formal education, such as
time constraints or curriculum restrictions. Therefore, by leveraging non-formal activities,
educators can provide students with more enriching experiences that are often difficult
to replicate within the confines of the classroom [46]. For that reason, the integration of
non-formal contexts in learning and teaching has gained recognition as a vital component in
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science education, as evidenced by a wide range of studies [47-51]. These studies emphasise
the significance of non-formal activities in fostering a holistic approach to science education
and promoting deeper engagement with the subject matter. By acknowledging the role
of non-formal contexts, educators can effectively leverage these opportunities in order to
provide students with a well-rounded and impactful science education [47,48].

Building on these ideas, this study seeks to examine whether science club coordinators
encounter the conducive conditions necessary for implementing active methodologies in
science education.

3. The Study: Research Methods and Data Collection Procedures

This study is part of a larger research project focused on exploring the educational
possibilities offered by the “Clubes de Ciéncia Viva na Escola” (The Alive Science Club at
School) programme in contributing to science education from the perspectives of coordi-
nating teachers. In this regard, the project aims to gather teachers’ evaluations of the clubs
themselves, their experiences participating in them, the benefits they provide to students,
and, ultimately, their role in the teaching and learning processes of science.

Consequently, a qualitative approach was employed because it seeks to give voice
to the participants and understand how they interpret their experiences [52]. Thus, this
article reports a descriptive qualitative study in line with its intention to present, analyse,
and provide a rich description of science teachers’ subjective perceptions and experiences
regarding school science clubs. The focus was on capturing the lived experiences of science
teachers within the specific context of running a science club in their school.

This study emerged within the context of the broader project. In this regard, the
findings described represent specific aspects that arose during the project’s development
and data analysis, and were not initially considered in the original design. Therefore, this
study has an exploratory nature and it aims to investigate whether teachers overseeing
science clubs proactively incorporate active methodologies in club activities.

3.1. Exploring the Context: Setting the Stage for the Study

This study involved science teachers and was conducted in the context of school science
clubs. These clubs are part of the “Rede Nacional de Clubes Ciéncia Viva na Escola” (The
Alive Science Club at School Network (https:/ /clubes.cienciaviva.pt/, (accessed on 7 January
2024)). The primary objective of this network is to promote science literacy among students,
integrate and connect different learning spaces in school (namely the classroom and the clubs),
and foster innovative approaches to teaching science that provide students with widespread
access to scientific practises through hands-on and minds-on methodologies.

The network encompasses a diverse range of schools across the country, with 897 clubs
in 718 schools collaborating with various institutions such as universities, museums, and
research centres. These partner institutions organise activities, present challenges, and offer
resources. School science clubs operate as extracurricular projects within schools and are
coordinated by science teachers affiliated with these institutions.

3.1.1. Participants

The participants were 20 teachers who are responsible for coordinating or running
science clubs in their schools. They were selected based on their availability and interest
in this study. This group of teachers was chosen because they were deemed best suited to
provide insights, experiences, and reflections [53] on their roles as coordinators of the club.
All participants were experienced science teachers with teaching experience ranging from
21 to 40 years and had at least one year of experience in running a science club. They were
informed about this study’s conditions and objectives, and were asked to sign an informed
consent form.
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3.1.2. Data Collection and Analysis

The data collection process involved conducting semi-structured interviews with the
participants. The interview script was designed with open-ended questions to encourage
participants to express their thoughts and experiences freely, allowing for detailed and
comprehensive responses that would provide a deeper understanding of their perspectives
and experiences.

Following ethical approval from the Comissao de Etica para a Investigacao em Ciéncias
Sociais e Humanas da Universidade do Minho (n° 101/2022) and the Ministry of Education
(code 0843600001), the interviews were conducted face-to-face, enabling personal and inter-
active exchanges between the researcher and participants. Each interview was conducted
separately for each teacher in the school. With the participants’ consent, the interviews were
audio-recorded and transcribed verbatim, in order to ensure the accurate representation of
the data. The textual information collected from the transcriptions was then analysed using
the basic principles of Content Analysis [54], employing a combination of strategies from
Qualitative Content Analysis (QCA) [55,56] and Thematic Content Analysis (TCA) [57].
Content analysis was chosen to preserve the richness of the teachers’ responses and to gain
a deeper understanding of the diverse perspectives held by the participants.

The analysis was conducted inductively, with codes emerging directly from the data
rather than being pre-established. The responses provided by the interviewed teachers
were coded using semantic criteria based on the meanings of the participants’ statements.
Throughout the Results section, interview excerpts are presented to illustrate and exemplify
the types of responses provided by the teachers. A code was attributed to each teacher to
maintain anonymity.

For this reason, instead of sorting the teachers’ perspectives into fixed categories, we
opted for a storytelling approach. We aim to seamlessly blend various excerpts that gen-
uinely represent the diverse viewpoints of educators. This method allows us to thoroughly
explore the many aspects of teachers’ perspectives, offering a deeper and more nuanced
understanding of the challenges and successes in implementing active methodologies
within science club coordination, thus providing a deeper and more authentic portrayal of
the complex landscape surrounding teachers” experiences.

4. Results
Insights from Science Teachers in School Science Clubs

First, the interviews revealed how teachers value the role of active methodologies in
science learning. Specifically, while acknowledging the existence of various types of active
methodologies, the vast majority of teachers primarily associate them with project-based
learning. This preference stems from the belief that project-based learning aligns with the
ideal classroom approach (T15).

“In my point of view, the school should be like this. Students should learn through
projects, not by subjects. Because we could connect several disciplines, right? And they
would still learn the same content, but in a different way. However, there should be
fewer students, right? And therefore, I would be satisfied if by the end of their schooling,
students acquire the competencies outlined in the student profile, right?” (T15)

In this regard, when teachers reflect on their vision of an ideal school, a key aspect
that emerges from their responses is their ability to engage in interdisciplinary and cross-
curricular activities that address complex real-world problems in contemporary societies
(T1 and T7). The implementation of projects is seen by teachers as a fundamental element
in promoting interdisciplinarity in schools.

“The school increasingly needs to be... it can’t be just the classroom. In other words, in
my understanding, maybe in the near future, the student enters the school and becomes a
student at the school, and all of us teachers have to organize ourselves so that they are in
the school space and learn in an interdisciplinary manner. That is, the problems we need
to solve in our society regarding sustainability or whatever may be, they are complex
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problems. They can’t be solved through physics, chemistry, or mathematics alone; they
require an interdisciplinary approach. So, we need to work in a different way, breaking
down the walls of the classroom, and students become students at the school.” (T7)

“The school should close itself less and open itself more to the outside, and classes should
be less confined and more cross-curricular, encompassing more disciplines and having
more joint projects. Therefore, it doesn’t make sense that it does not exist. I think it should
be indispensable.” (T1)

However, teachers are also aware of the challenges they face when introducing active
methodologies into their classrooms. For instance, they point out that school culture
itself often reinforces a certain way of working, making it difficult to promote alternative
approaches among both students and teachers (T16). Additionally, challenges may arise
from the classroom context and circumstances that hinder the implementation of broader
activities such as projects (T15).

“Sometimes in the classroom, we can’t carry out these types of projects, right? And we
know that they are enriching for the students, and I think it’s a valuable opportunity for
us, right? [...] because we know that students develop other skills that are impossible
to develop in the classroom. [...]. Last year, I couldn’t do this experience [PjBL] when
there were thirty students in the classroom, only twenty-seven, right? But now, with this
small group of only twelve, we were able to do this project, right?” (T15)

“I think it’s a bit difficult to involve and engage the students because they are very
accustomed to traditional approaches, and they are also busy students, always with
an extreme concern to prepare their school subjects, and sometimes they are not very
available. It’s not only the students; it's also the parents of the students and, of course, the
teachers. But teachers, despite everything, despite being a class where making changes is
difficult, I think they are the easiest to convince because they are people used to deal with
the unexpected, with new situations.” (T16)

In this regard, teachers perceive science clubs as tools to engage in activities that are
often challenging to implement in a regular classroom setting (T7). In some cases, the
science club has provided a common framework to integrate various small-scale projects
and science-related activities initiated by teachers in the school (T2, T19).

“Of course, we always try to do projects that allow us to do different things with our
students, but sometimes there is not enough time in the classroom. Therefore, I end up
using the club’s time as a complement. That is, my students are also in the club, most of
them. It's almost inherent... and I complement the work in the classroom with the work
in the club, and vice versa. That’s the added value for me.” (T7)

“Our application was to take all the science projects developed in the school and compete
with all those projects in an agglutinating project that we called ‘Desafios”” (T2)

“We try to somehow articulate with existing projects in the school and provide support.
Therefore, the science club aims to give relevance to all the existing projects in the school
and help them articulate with each other and with various disciplines.” (T19)

Aligned with their vision of teaching in schools, one aspect highly valued by teachers
is the opportunity to design interdisciplinary projects that integrate different disciplines, in
order to provide students with a holistic understanding of scientific knowledge (T18). The
theme of interdisciplinary work consistently emerged in the interviews (e.g., T1, T2, T6, and
T11). Additionally, teachers appreciate the opportunities created by these interdisciplinary
projects to collaborate with colleagues from different fields of knowledge, allowing them
to learn from one another (T7), gain better insight into their colleagues” expertise, and
establish closer bonds (T14).

“Doing activities that can bring together various disciplines is difficult. We work in isolation
in our daily lives, and even with these projects, we try to create a different idea because
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today, society does not match compartmentalized knowledge. Everyone needs to have a little
knowledge of various aspects to be able to control their specific area, right?” (T18)

“I think that a large part of my preparation as a teacher has come through this, through my
involvement in projects with other teachers, even from other schools (...), my participation
in these communities of practice.” (T7)

“Firstly, I believe that it greatly helps the relationship within the school because what I
say to the students also reflects on us. There is a close relationship between the teachers.
[...] Having these colleagues collaborating helps us in other areas within the school. I
quickly know that I have someone who is good at this or that, and I ask them for their
help. And since I recently joined the school, if it weren't for the club, I wouldn’t have
discovered t my colleagues’ skills so easily.” (T14)

Throughout the interviews, the teachers provided various examples of projects un-
dertaken with students within the science club context. These projects typically arise from
different sources; however, three main origins can be identified.

(1) Teachers themselves decide to propose a project as a means to address specific cur-
riculum content for a particular course (T1).

“A couple of years ago, we conducted a survey of the trees in the school park, and then
we proposed it to the seventh-grade students. They saw the trees, where they came from,
whether they were native or not. [...] This activity also emerged from the ideas of the
seventh-class council. [...] Therefore, we have focused on this issue” (T1)

(2) Students who demonstrate curiosity and a desire to work on or delve deeper into
a specific topic of interest (T2 and T7). In this sense, the club, through its projects,
allows students to work according to their interests.

“So, if they want to learn how to make a bioplastic because they saw it on the Internet and
we have the materials, then let’s make a bioplastic. If they want to make conductive clay or
a science challenge, they usually bring their own challenges because they watch YouTube
or TikTok and come with their own interests. Through their own interests, they become
involved. Therefore, we do not focus solely on teachers [proposals]. We also focused on
the students’ [suggestions]. What do they want to do? They actively participate in the
activities.” (T2)

“For example, they have a lot of interest in things related to astronomy at the moment,
and maybe there is a competition in Portugal called CanSat. It exists in Portugal and
in other countries. [In this competition] they [are challenged to] make a satellite of the
size of a can and then we take temperature measurements, for example, using sensors.
They are interested in doing something in the space field, so I engage in a brainstorm with
them to explore what they want to do.” (T7)

(3) The context in which projects may spontaneously emerge owing to diverse circum-
stances, such as commemorative dates of science landmarks or other events, providing
the necessary context for project development (T1).

“Three years ago, we did a... It was a celebration of the first landing on the Moon. At that
time, we organized an activity that involved the entire seventh grade. The kids created
an exhibition and had a rocket competition that they launched at school. That was three
years ago.” (T1)

Furthermore, teachers view these projects as opportunities for students to engage in
more comprehensive scientific research (T1, T7), resembling the actual practises employed
in scientific fields, including aspects such as the communication of information and results
through tools such as posters or videos (T2, T9, and T15). In these cases, as highlighted by
T6, the benefits for students go beyond the specific content they learn but rather focus on
the process of acquiring that knowledge, which is considered the most significant aspect.

“When it comes to secondary school, we try to implement a research project, a mini
project, a small activity within the project, two years ago.” (T1)
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“At the beginning of 2018, we worked extensively on the topic of nutrition. Coinciden-
tally, it was also the International Year of the Periodic Table. We conducted a research
project focused on bread, in which the students incorporated different flours rich in
various chemical elements, such as chromium and iron. They used alternative flours
and conducted the study with the help of Science Alive. This collaboration allowed us to
establish a partnership with an university, specifically a Faculty of Sciences, where the
students had the opportunity to visit the laboratory, analyse the bread, and compare it
with regular bread—experiences that we couldn’t have provided at school.” (T7)

“We also try to participate in other projects where students are required to work on more
scientific tasks, such as creating posters, making videos, or giving presentations. It varies
depending on the level of education we are working with.” (T2)

“In the first cycle, throughout the school year, students work on projects and create posters
to showcase the work they have been doing. They present and communicate their projects
at the end of the school year during the Science Fair, where we gather all the projects
completed by the students.” (T9)

“For example, last year we worked on a project that connected science with art. We
focused on cyanotype photography throughout the year, and the students created several
cyanotype artworks. At the end of the year, we exhibited their works. It was displayed at
the entrance of the school, and parents came to see it.” (T15)

“No, I don’t see a project as having specific contents. I believe that a project should
be interdisciplinary, with the goal of exposing students to different areas and allowing
them to learn in different ways. It’s not like a traditional classroom setting; otherwise, it
would just be a regular classroom. Instead, it's about engaging with the content, whether
through emotions or cognitive aspects.” (T6)

Conversely, in other cases, the final outcome of the project is not a presentation, poster,
or video, but a tangible artefact that can be manipulated and utilised, as indicated by
teachers T9, T15, T16, and T17. In the latter case, teacher T17 further noted that the artefacts
constructed in club projects can also be employed in regular classroom settings to illustrate
specific content.

“We don’t just want the students to create a solar collector. No way. They must
communicate all the steps involved in their research work, leading up to their proposed
solar collector. All the solar collectors will be tested for their efficiency. Additionally, they
will be required to create a poster where they report on all the steps and stages of their
investigation in developing the solar collector.” (T9)

“In our other workshops, we work on projects as well. For example, in the 'Science
Splashes” workshop, during the last term, we worked on creating carts powered by elastic
potential energy. The students used reusable materials to build the carts. Now, in this
term, they are transitioning to carts powered by solar energy. They are beginning to
think about the types of materials they need and what needs to be acquired. They are even
looking for old carts from which they can remove the motors and wheels for reuse.” (T15)

“Furthermore, the chemistry department will also collaborate with us by either hosting our
students or working with us to create a prototype of a water treatment station. This way, the
students can see and understand the processes involved in water treatment.” (T16)

“For example, we can create an interdisciplinary project involving physics from the ninth
grade. This involves engineering, technological education, design, and printing. We have
the printers here [so we can print small 3D cars that use a balloon as a ‘motor’] and we
can then [use them to] study Newton’s third law, which is about action and reaction,
from the ninth-grade physics curriculum. This can be connected to different subjects.
The objective is to develop activities that reinforce learning and that are not disconnected
from the curriculum. When I'm talking about sound, for example, when I'm discussing
sound, we have an ultrasonic sensor here [on the rover’s head]. Its function is to measure
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distance. These are things that I bring into the classroom. Sometimes, I bring these
gadgets to the classroom when we’re studying sound.” (T17)

In some instances, these projects address current complex issues, such as sustainability,
with microplastics being a recurring theme in several interviews (T1, T2, and T9). In other
cases, projects developed within the club aimed to connect the school with the community,
for example, by providing a service to the community (T19).

“Then, two years ago, we conducted an activity on microplastics. We performed statistical
analysis of the quantity and chemical composition of plastics and their effects on living
organisms. That was another project we worked on.” (T1)

“In 2018 and 2019, we had a major project in partnership with the Faculty of Chemistry
in Porto, focusing on microplastics. It was a well-structured project in which seventh-,
eighth-, and ninth-grade students participated. Water samples were collected from beaches
near their homes, analysed for microplastics, and observed under a microscope. It was a
year-long project centered around microplastics, but we always try to involve all students
in the school cluster.” (T2)

“In the case of the subject I teach, CSAV (Science, Society, and Environment), one of the
research topics is related to water, [namely] the presence of microplastics or water quality.
Landscape laboratories conduct research in this area. So, what we have planned is to have
the students monitor and observe the presence of microplastics in water and document it
through photography.” (T9)

“Many of the club projects are related to the daily life of the community... For example, a

few years ago, we had a project in which we cleaned a small stream that ran near a school.
It is often polluted by plastics and other debris. What did we do? We cleaned the river,
and the project focused on the ecosystem and importance of cleaning rivers. It was a very
interesting project, and the students actively participated in the cleanup.” (T19)

“For instance, electronics. Students have a community support centre for repairing
household appliances, computers, smartphones, and anything related to electronics.
During this week and the next, they will be available at the local council office with
specific hours for community assistance.” (T19)

Ultimately, as reflected in the response of T16, teachers demonstrate a genuine interest
in learning to work with these methodologies, to the extent that they actively seek specific
training opportunities to expand their knowledge and incorporate these methodologies
into their practises. Teachers like T7 acknowledge the indispensable role of training, since
the project-based approach differs from usual classroom practises.

“Actually, in this second semester, or rather in the first semester of 2023, we are going to
have a training session conducted by our partners from the University on active learning.
In particular, the twelfth-grade teachers will try to apply the project-based methodology
to involve more and more students... because it’s challenging to work with project-based
methodology, for example, right? Several other active methodologies have been proposed.
But it’s necessary to talk about how to teach or at least read, experiment, and apply it to
our students, and that’s what we’re going to do.” (T16)

“The role of the teacher, in the club, is that of a mediator, a privileged interlocutor, someone
who has quicker access to objects of knowledge. But who doesn’t possess knowledge about
everything because we are working in unknown territory... It's a bit about deconstructing
the traditional role of the teacher, right?... Not so much as a transmitter or someone who
is there just to teach. In the club, I don't feel like I'm teaching. In the club, I feel like I'm
creating opportunities, providing resources, and trying to facilitate their access to what
they neede.” (T7)

However, others, like T6, indicate that “You do not learn this [conducting projects with the
students] in university. You learn this day by day”, because, as T17 mentioned: “There are things
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that can only be acquired through experience” (T17). Therefore, they value the opportunity that
the club provides to develop these projects with students and to learn along the way.

“It's not necessary to spend a semester learning this. You don’t learn this at university.
You learn this daily. [...] I don’t think you can learn to do projects at university. You
learn by doing. It’s like that saying goes, ‘Learn by doing. Find someone who is willing
to teach and is truly willing to guide a new person. That’s when a person learns.” (T6)

5. Discussion
Exploring the Potential of Active Methodologies in Science Clubs

The analysis of the interviews revealed that teachers who coordinate school science clubs
are aware of the significant role that active methodologies can play in science education. In
this regard, their perceptions of education in the 21st century stem from the premise that
the traditional transmissive model of teaching should be drastically different, advocating for
student-centred approaches and more frequent interdisciplinary project-based learning.

However, educators also recognise the difficulties and challenges associated with this
transformation. Similar to findings in other studies [7,58], teachers acknowledged that the
implementation of methodologies such as projects is constrained by school-related factors,
including limited time, lack of suitable spaces, and insulfficient financial resources. They are
also aware that resistance to change may arise within the educational community, including
students, parents, schools, and even some members of the teaching staff. Furthermore, they
mentioned the lack of training as another challenge that needs to be addressed in order to
achieve the proper integration of active methodologies.

In this context, teachers are acutely aware of the need for professional development to
effectively employ these methodologies in their classrooms. They demonstrated a willing-
ness to actively seek and engage in training activities that focus on practical applications
involving both themselves and their students in project-based learning.

This is where the importance of science clubs lies, because they provide an envi-
ronment conducive to tackling these projects. Considering the results of studies such as
Martin-Garcia et al. [59-61], it appears that clubs can help mitigate the resistance and
issues often pointed out to the implementation of active methodologies in the classroom.
Clubs, namely those working in partnership with external institutions, offer more time and
resources to teachers, providing a safe space to carry out these activities with support from
other organisations, serving as a platform for ongoing learning and development through
experiential learning.

Thus, as highlighted in the preceding section, science clubs act as escape valves, enabling
the implementation of activities or projects that are typically challenging to conduct in the
classroom. Simultaneously, they serve as testing grounds where teachers can innovate and
introduce new methodologies (T3), allowing them to experiment, practise, and familiarise
themselves with these approaches in a more comfortable and less pressured environment.

“[...] we are trying different things and, therefore, we know that there are things that
already work and maybe it gives us some confidence, more than trying it for the first time,
because at the end of the day our experiences were in the club, isn't it?” (T3)

Another crucial aspect for understanding why teachers find opportunities to develop
projects in science clubs that they do not have in formal classes is funding. As highlighted
by T10, many projects often cannot be realised because of a lack of funding or equipment.
The integration of clubs into the Ciéncia Viva network addresses this issue by providing the
necessary financial support demanded by teachers, as well as additional equipment and
resources offered by the entities collaborating with the network and the clubs in each school
(T9, T15). The possibility of accessing additional funding through the club significantly
expands the possibilities and options available to educators.

“Many times, projects don’t happen because there is no funding. So, the first step was to
show colleagues the opportunity that existed when there was a budget. With the available
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funds, if possible, they can invite the speaker or organise the initiative. So, the club served
as a framework for what already existed.” (T10)

“Well, we have partners sometimes just for specific projects, right? We try to reconcile
and find partnerships to provide us with new materials. [...] This year, for example,
in the first semester, we had a partnership with Texas Instruments. They provided us
with the materials and kits to create an automatic irrigation system, right? So, we do
have partners sometimes just for specific projects, right? We try to reconcile and find
partnerships to provide us with some materials that we don’t have.” (T15)

“So, we have several partnerships with the company that provided us with the aquariums”
(T9)

One interesting aspect that stood out from the collected responses was that the teachers
seemed to associate the idea of active methodologies with the implementation of projects.
They did not mention other approaches such as problem-based learning, flipped classrooms,
or design thinking. Previous studies [61] have highlighted that teachers coordinating
science clubs value the opportunities they provide for the development of extensive and
long-term activities and projects beyond the school curriculum.

Specifically, teachers believe that these types of projects offer a highly enriching
experience for students, as they allow for interdisciplinary work across different areas of
knowledge and the development of competencies and skills that would be challenging or
nearly impossible to achieve solely in the classroom. This may explain why the teachers
primarily focused their responses on this type of active methodology.

These results reflect how teachers value interdisciplinary work and consider it one of
the major advantages of science clubs, aligning with their vision of how classroom work
should be conducted. In this sense, club projects also contribute to students’ learning
about wicked problems [62] and socioscientific issues [63], the complex challenges that
contemporary societies face at the social and scientific levels. These problems can only
be addressed from a holistic and integrated perspective, considering them from different
viewpoints and with the knowledge of various areas of expertise.

However, the development of projects within clubs also appeared to have beneficial
effects on teachers. The fact that the teacher’s role in these activities differs from what they
typically perform in the classroom makes the club a valuable learning tool. Moreover, it
provides realistic and practical training that takes place within the work environment [64].

Being in charge of a club requires teachers to step out of their comfort zones and
engage in tasks that are not typically performed in science classrooms. Teachers such as
T7 and T15 acknowledge that clubs promote professional development by encouraging
teachers to seek ways to expand their knowledge to bring new projects and topics to the
club. It seems that in order to work on a specific theme in the club, teachers have had to
research and learn about that topic and how to approach it. Evolution at the professional
level implies not only self-directed and autonomous learning [65]; teachers also mentioned
engaging in professional training courses to seek support, as shown in the extract from T16
at the beginning of the previous section:

“For example, there are certain activities where I want to participate with the students,
like the ones I mentioned earlier. If they really want to participate in CanSat this year, as
a teacher, I am obliged to guide them to undergo training, which also contributes to my
professional development. It’s a process of self-learning where, as I mentioned earlier, I
have the ability to work with the students as a facilitator of their learning.” (T7)

This personal development is expressed with positive feelings towards teaching, as
stated by teacher T7: “deep down, I started to adhere to this kind [of projects]... to motivate myself
because, sometimes, the work of the classroom alone is a little routine, demotivating”.

Nevertheless, the results described in the previous section indicate that teachers
consider different motivations when planning and developing projects in science clubs. For
example, in some cases, projects are designed to address a specific part of the curriculum
during a particular academic year. In other cases, the choice of theme stems directly from

148



Educ. Sci. 2024, 14, 106

students’ interests, providing them with the opportunity to learn and delve deeper into
topics that fascinate them.

The promotion of scientific culture and the connection between scientific development
and social well-being appear to be additional motivations for initiating projects in science
clubs. Some teachers emphasise the development of specific projects to commemorate
notable events (such as the Moon landing) or significant dates in the history of scientific
advancement. Lastly, the possibility of opening the school to the community and engaging
in social services is also present in some responses, particularly those provided by T19,
aligning with the goals set for the creation of the Rede de Clubes Ciéncia Viva [66].

However, there is an aspect of the results that requires further discussion. Teachers’
responses did not clearly indicate the extent to which the described activities fit within the
parameters or basic characteristics of PjBL. Specifically, the teachers refer to the “imple-
mentation of projects”, but there may be doubts as to whether the way these projects are
approached aligns with the described framework of PjBL. For instance, when examining
the different definitions of PjBL proposed by various authors [11,13], it becomes evident
that a fundamental element is absent from the interviews: the guiding question that drives
the project.

Indeed, the transcripts of the interviews did not show teachers referring to a question
that structured the project or presented a problem that required a solution. It is true that
in specific cases, such as T9 (efficient solar collector) or T7 (CanSat—building a satellite in
a can), the question or problem can be inferred from the responses, but it is not explicitly
stated. Based on the collected testimonies, it seems that the projects are driven more by the
chosen theme or the content to be promoted, rather than by a guiding question or problem
that needs to be addressed.

Moreover, another element of these definitions that did not fully emerge from the
respondents” answers was the notion of artefacts. Some teachers’ responses (for example,
T2, T9, and T15) suggest that they conceive of the project’s culmination as the presentation
of a poster or video documenting its development, which indicates that PjBL demands
the creation of an artefact that serves as the final product of the learning process. This
was evident in specific cases (e.g., T9, T7, and T17). Therefore, it is uncertain whether the
interviewed teachers truly comprehended the significance and implications of PjBL. This
highlights the need to emphasise teacher training as a driving force for promoting the
incorporation of active methodologies in the classroom.

In conclusion, the presented results allow us to conclude that while some of the
surveyed teachers may not have a clear understanding of what Project-Based Learning
entails as an active methodology, they recognise that school science clubs are a good option
for the development of extensive and enriching projects for students. These clubs are not
subject to the same limitations as formal education, thus providing better characteristics
and conditions for the implementation of these types of activities.

6. Conclusions

This study focuses on the voluntary adoption of active instructional strategies by
science teachers within the context of science clubs. The findings reveal that participants in
this study are aware of the need and importance of promoting educational changes towards
a student-centred approach in which students play a more active role.

Furthermore, it has been observed that teachers often associate active methodologies
with project-based learning (PjBL). However, it is important to note that the teachers’ inter-
pretation of “carrying out projects” does not necessarily encompass all the characteristics
described in the literature for PjBL.

Therefore, while teachers acknowledge the need for practical, real-world project-
based learning experiences for students to acquire project skills, this study emphasises the
importance of creating academically oriented training programmes for teachers. These
programmes should provide a solid conceptual foundation for understanding the principles
of PJBL, including the essential features of instructional sequences, the necessary condi-
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tions, and effective implementation strategies. Such programmes would enhance teachers’
understanding of what PjBL entails and bridge the gap between teachers’ perceptions and
theoretical conceptualisations.

Moreover, in line with teacher insights, the results highlight the need for more oppor-
tunities and situations that allow teachers to practise and implement active teaching and
learning strategies before introducing them into conventional classrooms. Science clubs, as
examples of long-term scientific activities, have been identified as suitable environments for
this purpose. The conditions provided by science clubs, including time, resources, funding,
and collaboration possibilities with peers and professionals from different fields (univer-
sity researchers and other research centres), allow projects to reach a new dimension and
overcome the limitations and constraints often encountered in traditional school settings.

The relaxed and informal atmosphere, the student-teacher relationship, the trust built
between teachers and students, fluid communication, and the distinct role of teachers
in science clubs all contribute to overcoming initial hesitations from both teachers and
students, facilitating the successful incorporation of PjBL in science clubs.

Finally, teachers express various reasons supporting the importance of carrying out
projects in science clubs and highlight the value they place on the opportunities created
by these clubs. Although they recognise the additional effort and work involved, they
experience personal satisfaction in making a positive and beneficial impact on their students’
development. Projects enable students to acquire knowledge and develop skills and
attitudes that may not be fully attainable in a regular classroom setting. This personal
satisfaction becomes the driving force that motivates teachers to continue improving and
striving for science education that aligns with their ideals and convictions.

This study provides a glimpse into the adoption of active methodologies by science
teachers in science clubs. The results emphasise the importance of providing science teach-
ers with professional development opportunities in active methodologies and combining
academically oriented training programmes with opportunities for practise and experimen-
tation in real-world situations. Within this framework, science clubs are identified as key
facilitators for the successful implementation of PjBL because of their characteristics and
non-formal nature.

In conclusion, this study has educational implications for the implementation of PjBL
and highlights the importance of further exploring and promoting active instructional
approaches such as PjBL in order to enhance science learning and to foster student engage-
ment in their own learning process. From the perspective of science education research,
this work provides a solid foundation for future research on the design and evaluation
of educational programmes that integrate the PjBL approach and the role of non-formal
contexts in improving science education. However, further investigation is essential to
promote greater integration and to better understand how to incorporate these contexts
into formal teaching.
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Abstract: Higher educational institutions have utilized problem-based learning (PBL) approaches
over the last two decades. The approach has been found to enable educators to adopt different teach-
ing and learning strategies. This study examined how teacher educators have adopted technology
integrated PBL in teacher education. The study aimed to understand teacher educators perceptions of
adopting the approach in their classrooms. Interviews were conducted with three teacher educators in
Ghana. A thematic analysis was used to analyse the data from the interviews. The teacher educators
believed integrating PBL into the curriculum emphasizes students learning roles to support their
independent and self-directed learning. They also perceived that the PBL approach enabled them to
create collaborative learning activities to interact and communicate with students, which can lead to
conceptual knowledge development. The educators also indicated challenges such as a lack of beliefs
and competence, inadequate resources, and limited time allocation for school inquiry-based lessons.

Keywords: problem-based learning; technology; teacher education; engagement; collaborative
learning; professional development

1. Introduction

Over the past two decades, educators in higher education have relied on different
teaching methods, including lectures and demonstrations. Many researchers have sug-
gested that educators should design their instructions to meet the needs, challenges, and
opportunities of 21st-century students learning [1-3]. New emerging insights and evidence
of science teaching suggest that learning sciences with traditional approaches emphasizing
students recall abilities of disconnected facts should be replaced with learning that enables
them to “critically think, solve a problem and transfer ideas, knowledge, and skills in new
situations” [4]. In this context, Perkins and Perkins [2] suggested providing opportunities
for students to “play the whole game” and experience how knowledge is constructed rather
than learning about facts and definitions or procedures and rules (p. 25). One approach
that has been found to foster students engagement to apply knowledge in new situations is
problem-based learning.

According to Barron and Darling-Hammond [5], “inquiry-based learning constitutes a
group of teaching approaches including problem-based learning, project-based learning,
designed-based learning which are classified under one umbrella due to their similarities
in characteristics” (p. 201). Problem-based learning (PBL) is a pedagogical and learning
approach in which students are actively engaged in learning activities that are facilitated
by an instructor [6], allowing them to make some level of decisions in the learning pro-
cess [7,8]. Other researchers define PBL as activities that guide students inquiries, generate
meaningful questions, and find answers to discovering new knowledge [9-11]. PBL is a
student-centred instructional approach that helps students working on real-case scenar-
ios to interpret data, construct models, and develop ideas through integrated scientific
knowledge activities [12-14]. In exploring PBL, seven indicators exist to follow in solv-
ing problems. These indicators include problem identification, formulating, analysing,
determining solutions, drawing conclusions, evaluating, and solving the problem [15].
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According to Pedaste et al. [16], PBL allows students to explore questions or problems by
experimenting, predicting, and drawing conclusions.

Recent curricula have emphasized the concept of inquiry as a teaching approach
and advocated for integrating technology into inquiry learning practices in science educa-
tion [14]. It has been established that technology-infused PBL helps educators to encourage
students to develop skills actively learning on their own [17-19], build learning com-
munities for students to collaborate and communicate [5], and foster creativity for their
understanding of conceptual knowledge [19,20]. Therefore, there is a need to emphasize
using PBL in science education. This study examines how chemistry teacher educators
have experienced integrating technology to adopt problem-based teaching in a college of
education in Ghana. The following research questions guided the study:

1. Inadopting the new curriculum, what are teacher educators perceptions on including
PBL in the curriculum?

2. What are the perceptions of teacher educators on the advantages and challenges of
PBL as an instructional approach?

Problem-Based Learning in Chemistry and Teacher Education

In the literature, several studies have investigated the effects of PBL on student teachers
learning attitudes, thinking skills, and academic performance. Studies on PBL have shown
that the approach positively affects students learning, especially student teachers. For
instance, researchers have contended that including a problem-based curriculum in teacher
education programs has supported student teachers in acquiring theoretical concepts for
future practice [20,21]. Research has shown that PBL activities improve student teachers
learning gains in attitudes and beliefs, helping them to develop knowledge for future
teaching [21-23]. For instance, Laursen et al. [21] concluded that PBL is an effective
instructional approach for supporting student teachers attitudes towards group work to
discover ideas for understanding mathematics concepts. Some studies have indicated that
PBL improves student teachers critical thinking skills [24-26]. For instance, Aidoo et al. [24]
showed that PBL enhances student teachers motivation to develop critical thinking skills to
understand and apply their knowledge into practice. In other research, many studies have
reported that PBL improves student teachers academic performance [24,27,28]. For instance,
Owusu [27] investigated the effects of PBL on student teachers academic performance in
trigonometry. The results showed that the post-test mean scores of students instructed with
problem-based learning were higher than those in the conventional instruction class.

Furthermore, PBL is an effective instructional approach in chemistry classrooms. For
instance, research has shown the approach improves students attitudes toward chemistry
concepts [29-31]. For instance, Ni‘'mah et al. [31] reported that PBL helps to improve
students attitudes towards learning solubility and buffer solution concepts. Other studies
have shown that PBL helps to improve students academic performance [32-34]. Similar
results have been found in other studies [34-36], which have examined the effect of PBL
activities on student critical thinking skills. These studies findings indicate that PBL is an
effective instructional approach that facilitates students attitudes, conceptual understand-
ing, thinking skills, and academic achievement, and could contribute to the development
of student teachers learning. Many studies have raised concerns about the use of PBL.
For instance, Settlage [37] argued that open inquiry is an impracticable mythology for
science education. Research has revealed that teachers are not adopting PBL due to their
low pedagogical content knowledge [38—40], lack of good resources [38,39,41], and lack
of time [42,43]. These issues have affected teachers adoption and implementation of PBL
in schools.

In Ghana, the current National Council for Curriculum and Assessment (NaCCA,
2019) statement focuses on using appropriate strategies, such as inquiry learning, to help
learners to develop knowledge construction skills to solve problems rather than memoriz-
ing knowledge. Adopting the appropriate pedagogical strategies is essential to developing
21st-century core skills such as creativity, critical thinking, innovation, problem solving,
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and communication skills. Students are then tested on scientific knowledge related to
remembering and understanding, the application of knowledge, and experimental and
process skills dimensions [44]. There are concerns about students knowledge ability at these
three organizational levels which affects their performance in national tests [44,45]. Regard-
less of the concerns, Ghanaian teachers are mandated to adopt PBL in their classrooms, as
done in the USA’s Next Generation Science Standards [46]. Some studies on PBL have been
conducted in the country targeting K-12 levels [39,40] and pre-service teachers [22,24,27,28].
Despite the mandatory utilization of PBL, limited studies have been conducted on teacher
educators views and experiences, especially at colleges of education. Meanwhile, in the
colleges of education, teachers are required to adopt pedagogical approaches that ensure
creativity, innovation, critical thinking skills, and problem-solving skills in student teachers.
Effective pedagogical approaches and classroom management practices in science educa-
tion have gained space in the current curricula to achieve instructional competence and
career readiness beyond teacher training.

Studies have shown that teachers usually practice how they are taught as students
because they lack experience of PBL [38,40]. Thus, as teachers are required to use PBL, they
need to experience and use it during their teacher training and practice the approach [47].
This suggests that effective instructional strategies during teacher training and professional
development are critical to students learning outcomes. Recommendations for teacher
professional development on using PBL are ongoing [48-50]. Researchers have indicated
that professional development helps to build teachers knowledge and dispositions. Given
this, policies have focused on changes towards the curriculum, assessment, and effective
pedagogies in science teacher education, including PBL [43,51], which is yet to come to
pass. This study explores teacher educators perceptions of the benefits and challenges of
implementing PBL in science education.

2. Materials and Methods

This study involves a longitudinal case study [52] to generate in-depth and rich infor-
mation on the studied phenomenon. This study aimed to complement the conception of
how teacher educators experience problem-based learning and the benefits and challenges
of adopting the approach in their classroom. For this reason, a case study was appropriate
for the researcher to understand the relations between contexts and practice and provide
a contextual understanding of the benefits of problem-based learning in teacher educa-
tion [53]. In case study designs, an inductive approach is used to generate theories to
hypothesize and build theory by drawing findings from the cases stated [52].

2.1. Participants and Data Collection

Three teacher educators from three colleges of education across southern Ghana
were identified to participate in the study. These educators were selected based on their
experience in implementing PBL and their availability to participate in the study during
the pandemic. A semi-structured online interview using the Zoom App and WhatsApp
was conducted, and questions were asked to explain their experiences of integrating the
approach in their classrooms.

Some studies have utilized multiple data sources to assess and evaluate the extent to
which problem-based instructions are used in classrooms to make informed decisions [54,55].
Brief teacher interviews are a unique source of classroom data that are easy to obtain and
do not consume instructional time. Although teacher interviews are typically lengthy
and analysed using complex qualitative methods, they are flexible and provide detailed
information from respondents [56], allowing a greater depth and rich information of
judgement, unlike questionnaires. Further, Oppong-Nuako et al. [57] noted that brief
teacher interviews with a straightforward coding system are effective in assessing the
extent of teachers inquiry experience. In this research, brief teacher interviews were used
to assess the teachers descriptions of their typical instruction, classroom practices, and
anticipated student learning outcomes.

156



Educ. Sci. 2023, 13,1113

Each interview lasted between 45 and 60 min and was recorded and stored on the
Microsoft stream App. The educators were asked their views on the rationale for including
PBL and their experiences using PBL. Similarly, the teacher educators were asked about any
benefits and challenges faced when integrating the approach into their chemistry classes.
The research took place between August 2020 and April 2021. The first set of interviews
was conducted in September 2020 to explore the teacher educators experiences integrating
student-centred strategies, including PBL. All colleges and universities were closed during
this period, and educators shifted to online learning. I was interested to know how the
teacher educators adopted the learning. After the first interview, we (the author and the
three participants) collaborated to design and develop teaching and learning materials that
followed the principles of PBL from the national teacher education curriculum. The second
set of interviews was conducted in December 2020, when full classroom sessions (i.e., no
restrictions with entire teaching and activities in place) existed. Examples of the questions
used to explore the teacher educators experiences with PBL are:

i.  What teaching styles do you use in your classroom, and how do you use them to
organize or prepare your class for teaching and learning?

ii. ~ What is your definition of a student-centred learning approach?

iii. What teaching method(s) do you consider as student-centred learning approaches?

iv.  Have you been using them in your classroom, and why do you use them?

v.  How do you describe your role, or what role do you play in the traditional face-to-face
classroom compared to the PBL classroom, can you summarize your roles?

vi.  What are your views on including PBL in the curriculum and whether it is necessary
to adopt it?

vii. Describe your experiences in using PBL in teaching.

viii. Describe how you use ICT and implement the PBL approach in your classroom.

ix.  Can you explain some advantages of using PBL as a teaching and learning approach?

x.  What challenges or barriers can limit the use of the PBL approach?

2.2. Data Analysis

The video and audio data files from the interviews were saved in Microsoft stream.
The data files were transcribed using Microsoft stream and approximately 10,529 words
and 730 sentences were identified from the transcripts. The transcripts were then printed
out and analysed using paper and pencil methods to categorise them into themes by
identifying patterns for analysis within the data. The patterns in the data were analysed
using a thematic analysis [58]. The teacher educators were identified using pseudonyms
such as Albert, Frank, and George.

2.3. Ethical Considerations

The teacher educators were reached through contacts in the various colleges. Prior
to the research, the purpose was explained to the teacher educator and an informed
consent form was sent to them for approval. On the consent form, information about their
voluntary participation, anonymity about themselves and their institutions, and voluntary
withdrawal at any point in time was clearly stated. In addition, a request for the recording
and transcribing of the interviews with hidden identities during a presentation of the results
was also included. The teachers welcomed the idea and responded that they understood
the purpose of the research and that the publication of the results, including anonymity and
other consent forms, was explained to them. The research was conducted in accordance
with the Constitution of the Ghana Association of Administrators of Research Ethics
Committees (GHAAREC, 2015). In ensuring the trustworthiness of the data collection,
the transcripts were sent to the participants for member checking and approval before the
final draft was drafted for publication. Three experts from both the University of Iceland
and University of Helsinki reviewed the interview protocol, transcriptions, and provided
feedback for review.
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3. Results

The data from the interviews with the teacher educators revealed that they perceived
the approach as a pedagogical approach aimed at transforming classroom practices to
impact their work and students learning. These benefits are elaborated in the next session.

3.1. Views on the Rationale for PBL Inclusion

The teacher educators were asked to explain their views and acceptance of including
PBL in the curriculum. The identified themes regarding the teacher educators perceived
views on the rationale for adopting PBL were categorized, students learning roles and
learning responsibilities, and independent and self-directed learning.

3.1.1. Students Learning Roles and Responsibilities

The recent curriculum has focused on transforming classroom practices to adopt
innovative teaching approaches. There is a focus on integrating learning approaches that
emphasize students learning roles and responsibilities. The PBL approach focuses on the
principle that students actively participate in their learning. The educators believed the
approach was introduced in the curriculum to change their roles to facilitators and for
students to take responsibility for their learning. According to Albert, the inclusion of
the PBL approach in the curriculum is geared towards changing their classroom practices
from a teacher-centred approach to a more student-centred learning approach. He believed
adopting PBL was meant to emphasize students active learning. He indicated that they
often use approaches allowing students to take on much more learning responsibilities than
in the traditional classroom. For instance, he narrated his teaching experiences and said,

“Integrating PBL is one of the many teaching strategies in my courses. I believe that
the PBL is an approach that emphasizes students active role in the learning process;
through PBL, students can explore learning materials, ask questions, and share ideas
when working on group tasks.”

In addition, Frank also expressed similar views as Albert on integrating PBL to focus
on students active participation in the learning process. To him, the approach enables
teachers to shift their instructions to place students as the lesson’s focus, with teachers
facilitating such a process. He added,

“The PBL creates a student-centred learning environment that allows students to take
ownership of their learning through experience because they do most of the activities,
unlike in the lecture-based method, in which students become passive learners.”

As stipulated in the new curriculum, teachers acceptance of PBL and ICT integration
is essential to innovative teaching. George also believed the intent of blending these two
key ideas was to strengthen and improve their pedagogical practices, which could lead to
improving students learning outcomes. He reflected on his views and experience in the
interview that,

“We are required to adopt PBL and integrate ICT in our classroom activities. These
practices are familiar, and I have experienced using ICT in my classroom activities.
In the past 5 years, I have incorporated their use to promote students interactions,
communication, innovation, and scaffolding toward creativity, critical thinking, and
problem-solving as essential curriculum components.”

3.1.2. Independent and Self-Directed Learning

Teaching with an inquiry is an independent strategy where students are engaged
in an active learning process that reflects scientific inquiry. The educators understood
the requirement for the transition to develop and integrate active learning strategies to
improve students learning outcomes. They believed that active learning approaches focus
on students independent learning and that students become active learners when they
learn independently. Frank further indicated the approach,
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“Allow students to explore information independently, discover, and develop new ideas.”

This indicates that the educators guided students to learn independently through their
facilitation. Other educators emphasized the need for students to learn by themselves. For
example, Albert also pointed out that,

“In PBL settings, it is required that students become independent learners so they can
find information by themselves.”

These findings showed that the educators were aware of the requirement for stu-
dents independent learning approaches, such as the PBL approach, as stipulated in the
curriculum document.

3.2. Benefits and Challenges of Implementing PBL
The teacher educators perceived that adopting PBL was beneficial to their classroom

i

practices. These benefits included “classroom interactions”, “collaborating learning", and
“conceptual knowledge.”

3.2.1. Classroom Interactions

Problem-based learning is an avenue for teachers to interact and communicate with
students. In this study, the teacher educators emphasized their facilitating role in helping
students to construct their ideas. George believed the approach created an opportunity to
interact with the students to motivate and provide feedback constantly. According to him,
these interactions enhanced students learning progress in performing tasks. He noted that,

“The approach creates opportunities for deeper interaction between teachers and students.”

Frank also highlighted the benefits of using ICT tools to create a social learning
channel where he could have weekly interaction and discussions with students. According
to him, regular interactions with students allowed his students to ask questions about
their misconceptions and other learning difficulties. He added that the interactions helped
to build confidence in some weaker students to participate in the discussion forum. For
example, Frank explained that,

“Engaging and interacting with students brings cordial relationships to the extent that
they don’t feel reluctant to answer and ask questions in class.”

3.2.2. Collaborative Learning

The use of technology contributes to the emergence of collaborative learning during
PBL lessons. PBL is a constructivist pedagogy focusing on active and collaborative learning
that helps students to solve real-life problems. Albert believed PBL can help instructors to
develop avenues to plan lessons that enhance students collaboration in the online learning
environment. He felt the integration of technology enabled him to create an enabling
environment for students to collaborate. He noted that,

“Through the online applications, creating a collaborative learning platform that al-
lows students to work with their peers and share their ideas and learning experiences
is possible.”

3.2.3. Conceptual Knowledge

Problem-based learning emphasizes skills and effective practices such as collaboration
and problem solving for knowledge acquisition. Active engagement in collaborative and
problem-solving activities challenges students to acquire more information for knowledge
construction. The teacher educators perceived that the PBL approach made it easy for the
students to actively participate in the lesson, as most students participated in the activities.
According to George, students used the instructional videos as a guide to engage and work
on challenging tasks. Active participation enables students to work on tasks that can enable
them to apply ideas learned in real-life situations. He mentioned that:
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“Students can make connections about what they are learning, which allows them to
understand the topic better.”

Apart from the benefits of using PBL, the educators perceived they faced challenges
adopting it. They felt that their beliefs and competencies were low. They also did not have
the adequate materials and resources, and there was limited time allocation for science
lessons. These issues were identified themes from the data.

3.2.4. Beliefs and Competences

Problem-based learning practices demands teacher knowledge, skills, and competence
including designing and managing the learning activities. Although educators chose rel-
evant and appropriate type of inquiry activities based on the available learning facilities.
However, the educators had difficulty to effectively manage the classroom activities. Some
of them could not create the online learning communities and monitor students activities
simultaneously. According to the teacher educators, planning activities, managing group
work, and assessing students were difficult, and it took more time to provide an effective
lesson on content. For instance, Albert indicated he lacked the understanding and com-
petence to manage students online group work. He commented in his reflection on the
teaching experience that:

“Managing the design, preparation, delivery, and assessment of students inquiry learning
group tasks is complex. Teachers should have adequate knowledge and competence to
adopt that approach.”

Frank also acknowledged the importance of his skills and competence in engaging
and monitoring students learning progress continuously. He added,

“Creating online learning groups monitoring students activities within the shortest time
available to provide immediate feedback to students is more challenging.”

3.2.5. Materials and Resources

Implementing PBL demands an adequate preparation and planning of the activities
and resources available. Due to the hands-on and practical nature of the learning activities,
more resources are required. The educators indicated that, due to the large class size,
the resources were inadequate for them, especially during group work and experiments.
According to Frank, one challenge he encountered adopting inquiry instructions was the
lack of adequate science equipment and apparatus for engaging the students during group
tasks and practical work. He pointed out that,

“I had a challenge with the classroom resources, like learning materials, that will enable
us to deliver instructions efficiently without any difficulties.”

George also added that there were inadequate concrete learning materials to explain
the models, such as the ball and sticks. He explained that,

“The lack of concrete chemistry materials, tools, and equipment for some practical works
to help facilitate instruction to the students was inadequate.”

3.2.6. Time Allocation

Implementing problem-based learning activities, planning activities, and designing
experiments require time. In guided inquiry, instructors must guide students to design their
activities, which requires a lengthy and well-planned process. George explained that PBL
implementation planning and implementing was lengthy and time-consuming; therefore,
adequate time is needed. He said he felt more time was required to plan and design the
activities and handle the materials. Due to the lack of time, he could not perform many
of the activities. He further complained about the demands of the curriculum, student
accountability, types of assessments, and the rigid nature of the timetable. To him, the
rigid timetable provided limited flexibility for conducting extra activities like experiments,
especially with large class sizes. He explained that,
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“Due to inadequate time allocation for practical activities, problem-based learning is
challenging, especially when many students are in the class.”

4. Discussion

This research examined teacher educators views and experiences of using PBL in their
classrooms during the pandemic. The findings highlighted the views held by the partici-
pants on the inclusion, advantages, and barriers of adopting PBL in teacher education.

Curriculum revision, adoption, and inclusion of student-centred approaches aim to
improve educators classroom practices. Inquiry learning is a student-centred approach that
allows for students to participate actively in their learning [12-14]. The teachers believed
that the inclusion of PBL reveals the relevance of the principles of students independent
learning, where the central focus is how learners can experience and gain knowledge.
According to the teacher educators, PBL can help students to understand how to acquire
knowledge through their desires and ways to initiate, manage, and perform tasks to gain
knowledge independently [2]. These suggest that the teacher educators role was to guide
students to enact a more significant part of the learning by themselves, where the instructor
becomes a facilitator. Slavich and Zimbardo [3] pointed out that inquiry-based learning
emphasizes teachers role of facilitating students active participation and responsibility for
discovering new knowledge. Through experience, students develop the skill of becoming
active learners as they engage in activities. Some researchers have pointed out that, with
technology, educators can support students to take on an active role and become responsible
for their learning [17-19,59,60]. Kuhn et al. [60] argued that inquiry learning can be effective
when integrated with technology and materials to support students’ learning experiences.
The educators believed that, when students are introduced to the concept by explaining,
they can find relevant information themselves. Such an opportunity can help students to
develop the relevant learning experiences related to synthesizing, analysing, and applying
knowledge [15]. This suggests that PBL, as a learning procedure, emphasizes students roles
and usually places them at the centre of learning and interacting with their colleagues on a
topic.

It has been established that technology infused PBL helps educators to encourage
students to develop skills in actively and independently learning [18,60] and be better
prepared to engage with other students during group learning. Through developing self-
confidence, students can collaborate and communicate with their peers to build a learning
community. Regular classroom interactions between teachers and students have an impact
on students learning. The participants in this study believed PBL promotes effective
classrooms among instructors and students to promote their communication skills. In this
study, the educators led the students to engage in group tasks, write reports, and make
presentations to the whole class. Such an opportunity improved the students confidence
to communicate and discuss their results. This finding confirms other results reported in
earlier studies [14,17,19] that integrating technology to implement PBL helps educators to
communicate with students and enhance students communication skills.

Research has indicated that the effective use of a technology-infused curriculum helps
students to move beyond relying on teachers information to develop deeper learning
efficacies [59,61]. In this study, the educators felt that allowing students to take on learning
responsibilities enabled them to become active learners to construct their knowledge that
boosted their understanding of the concepts. According to Panjaitan and Siagian [15], PBL
includes learning processes involving checking facts and observations through identifying
a problem and generating ideas to resolve the problem. In the online PBL environment,
teachers use different instructional strategies to provide students with opportunities for
open-inquiry learning activities that enhance their higher-order thinking experiences, lead-
ing to a better understanding of content knowledge and how to create their knowledge.
This finding aligns with other studies showing that PBL is a valuable technique that al-
lows students to relate classroom learning to the real world and understand concepts
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better [18-20,24,34]. These findings suggest that students can retain information that im-
proves their conceptual knowledge development when actively involved in learning.

According to Tondeur et al. [59], using technology can help educators to scaffold and
design inquiry learning activities that facilitate the development of cognitive tasks in the
classroom. This study found that the educators valued the PBL activities and provided an
understanding of integrating in-class and out-of-class activities. The educators perceived
that technology integration effectively supported students collaborative learning, enabling
them to develop deeper learning. The results indicate that teachers can use the approach to
engage students in a collaborative learning environment involving hands-on practices that
promote scientific concepts [5]. In this research, students were engaged in tasks that allowed
them to ask questions and explain their scientific knowledge through collaborative work
with peers. In the PBL environment, instructors guide and facilitate groups for collaborative
learning communities where students can learn how to design and generate new ideas and
solutions to problems under investigation [1,21]. This suggests that a technology-infused
learning environment effectively supports teachers professional growth in creating online
learning communities for students.

Educators competence is a critical factor in implementing PBL activities. Educators
must provide effective inquiry learning and opportunities to students to improve their
learning outcomes. However, this is not the case, as most educators lack the requisite skills
to design and implement problem-based instructions. Researchers have reported that edu-
cators lack of understanding of the inquiry instructional approach and their competencies
in using PBL make it challenging to work with it in their classrooms [36,38]. As argued by
McKeown et al. [62], many educators are narrow-minded about using inquiry instructions
in their classroom practices. Educators lack the desired background knowledge, pedagogy,
classroom management, and curriculum design to adopt PBL effectively [37]. Dai et al. [63]
pointed out that teachers always focus on using PBL to guide students to gain the skills
of measuring data recording as the essential requirement of the PBL curriculum. There is
less focus on the conceptual and epistemic aspects of inquiry design, and the data analysis
processes, evidence interpretation, explanations reasoning, relationships, and casual effects
for conclusion are often left out. As indicated by Sjoberg [64], teachers adopt a teaching
approach based on their experience during their teacher training. Therefore, it is essential
to include PBL in the teacher education curriculum. These findings suggest that educators
gain much confidence and experience in PBL when they develop an understanding of and
motivation to practice it.

Studies have shown that adequate resources facilitate educators adoption of PBL
activities. The educators recognized the benefit of teaching and learning materials such
as models and equipment. According to the educators, the teaching and learning materi-
als facilitated students understanding of conceptual knowledge because of the pictorial
representation of the concepts learned. However, the educators indicated they lacked the
excellent learning models and other resources that could bring about the needed change
in their teaching to adopt PBL [38,39,41,65]. The educators further indicated that the large
class made supporting individual or small groups of students impossible during experi-
mental lessons. Similar findings have been reported in previous works [34,63,66,67], that
implementing PBL in large classes makes it difficult for teachers to provide feedback and
support to individual or small groups of students. According to [68], the risk of performing
problem-based experiments makes it difficult to reduce the risk of accidents, particularly
in chemistry, where safety issues relating to the use of chemicals are involved. In such
situations, teachers fear controlling the huge class in performing actual experiments and
instead rely on YouTube videos.

Finally, the teachers believed time was an essential factor when implementing PBL.
Teacher educators classroom practices focus mainly on guiding students to learn facts,
concepts, and theories, without adequate opportunities to practice what is learned due
to the limited time available. They found it frustrating, and despite their zeal to adopt
PBL, stated it was challenging to adopt the approach due to the complexity of other school
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activities, limiting the time to design and develop inquiry learning activities effectively.
Similar findings have been reported in other studies, where educators felt they had limited
time to prepare and implement PBL [34,42,43,67]. According to Romero-Ariza et al. [42],
teachers are usually confronted with challenges relating to lack of time, a high demand in
the curriculum and assessments usually frustrate them from adopting PBL. This finding
indicates that inflexibility, inadequate time allocation, and curriculum demands limit
educators zeal to implement problem-based instructions.

5. Conclusions and Implications for Practice

This research examined teachers views and experiences using PBL in their classrooms.
The results showed that the educators had positive beliefs about including the PBL approach
in the curriculum. They believed the adoption of PBL is geared towards changing learning
roles to allow students to play actively and take responsibility for their learning. The
educators felt it would allow the student teachers to learn independently to construct
knowledge. The educators also perceived that implementing PBL would allow the student
teachers to collaborate with their peers and instructors to gain skills for communicating
and learning that can enhance their conceptual understanding. Despite the positive views,
the educators indicated that adopting PBL requires better understanding, attitudes, and
competence. The findings of this study address teacher educators’ concerns about the
adoption of PBL in the curriculum. Teachers in Ghana know the rationale of the integration
and benefits of using PBL. However, most teachers are not adopting the approach due
to misunderstandings, teacher competence, inadequate resources, and inadequate time
allocation. Most educators lack the skills to plan, design, and manage the learning activities,
leading to them developing negative attitudes towards the approach. They also face
challenges with large class sizes, affecting the available resources and limited time, making
it challenging to utilize the approach effectively. To harness educators classroom practices
to adopt PBL, it is therefore vital for institutions to make extra time available for science
lessons. It is also vital to consider continuous professional development activities for science
teachers to re-examine their teaching and how to use PBL to teach effectively. Addressing
these issues could enable teachers to build their professional learning and focus on the
need for continuous professional development to understand the ideas and strategies for
implementing PBL.

6. Limitations

In the study, some limitations were identified, which can lead to improvement in
future studies. For example, the research was limited to only three teacher educators
from three different colleges, and, since the sample size was small, the results cannot be
generalized. It is also vital to indicate that the advantages of the PBL approach for students
learning, as claimed by the educators, were not measured independently in terms of grades
or performance. This indicates a limitation of the method on teachers self-assessment and
reflection that does not always conform to actual performance. Despite this limitation,
the general information provided by the teacher educators could help them improve their
professional growth and practice. Therefore, I recommend further studies to include
more educators and measure students actual performances to complement the findings of
this study.
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