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Abstract
Background Problem-based learning (PBL) provides an encouraging learning environment to develop
generic, research, and creative thinking skills, which have been identi�ed as essential for facing 21 st
century challenges. However, how PBL is implemented into a curriculum can be critical for achieving
these outcomes. This study explores the effects of shifting the implementation of PBL from a PBL-
module integrated into traditional subjects to full interdisciplinary PBL-courses in undergraduate health
sciences students.

Methods This study involved 651 participants, with 364 taking the PBL-module and 287 taking the PBL-
courses. Students’ and tutors’ perceptions about the acquisition of the skill set as well as their
satisfaction with the learning experience were collected through surveys and compared in both models.

Results Results showed that in interdisciplinary PBL-courses, both students and teachers had the
perception that both skills improvement and PBL usefulness were better, and overall were more satis�ed
with the course. A strong correlation was observed between the acquisition of generic and research skills
and the perception of PBL usefulness and overall satisfaction with the experience. The study also
showed how creative skills are developed during the different PBL phases.

Conclusions This study provides new evidence on PBL characteristics that favour the development of
these skills.

Introduction
Social constructivism de�nes learning as a constructive process in which students construct or
reconstruct their knowledge networks, building personal interpretations of the world based on prior ideas,
experiences, and social and collaborative interactions (1–4). The impact of social and cultural factors
and peer interactions on cognitive development has been recognised and suggests that learning takes
place through active participation in purposeful and collaborative activities (1,5,6).

Educational research states that activating prior knowledge helps students to relate new information to
existing knowledge, leading to richer knowledge structures. Thus, learners should be involved actively
during this learning process for activation of prior knowledge (2). In fact, social constructivism advocates
that individuals learn naturally when they are engaged in solving problems that concern them.
Pedagogical approaches include active learning strategies in which students engage in meaningful
activities as part of their learning process, which have been de�ned as “doing things and thinking about
what they are doing”, and these approaches are more effective than passive learning in the process of
knowledge construction (1,4,7).

Problem-based learning (PBL) has been used as a methodology in accordance with this learning
paradigm. PBL empowers learners to conduct research, integrate theory and practice, and apply
knowledge and skills to develop a viable solution to a de�ned problem (8). Researchers de�ne PBL as a
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focused and experiential learning organised around the investigation, explanation, and resolution of
meaningful problems, in which students work in small collaborative groups and learn what they need to
know to solve a problem (8,9). As the students understand the problem better, they generate hypotheses
about possible solutions. During this learning cycle, learners de�ne knowledge de�ciencies related to the
problem, known as learning issues that students should research during the self-directed learning part of
the process. Afterwards, students have to apply their new knowledge and evaluate their hypothesis on
what they have learned in collaboration by integrating a wide range of disciplines (8,9).

The PBL methodology promotes most of the skills that have been identi�ed as essential for addressing
21st century challenges. These are focused in cognitive skills (non-routine problem solving, critical
thinking, and creativity); intrapersonal skills (metacognitive skills such as self-management, time
management, self-development, self-regulation, and adaptability); interpersonal skills (complex
communication, and social skills such as collaboration, teamwork, cultural sensibility, and dealing with
diversity) and technical skills (research and information �uency skills, as well as entrepreneurial skills).
These have been highlighted as 21st century skills that must be built into curricula, taught, and assessed
in higher education (10).

As PBL promotes students to share their knowledge, experiences, and perspectives with other group
members, it facilitates the integration of multiple perspectives as part of the problem-solving process.
The PBL learning process addresses the effective development of research and problem-solving skills,
re�nes higher-order thinking skills, creative and critical thinking, leadership and team work skills, self-
regulated learning habits, and metacognition processes, and increases motivation and engagement for
learning (8,9,11). In fact, there appears to be a close connection between the opportunities provided by
PBL for developing communication (teamwork and interpersonal), research (problem-solving and self-
directing learning), and cognitive (critical thinking and inquiry) skills (12).

Although the PBL methodology fosters self-regulation of learning, this learning process needs guidance
to reach its goals and allow students to develop this set of skills and knowledge content, which must be
provided by a tutor. In PBL, tutors are expected to facilitate or activate student learning and effective
group functioning by encouraging participation of all members, monitoring the quality of learning, and
intervening when necessary. The facilitator also plays an active role in scaffolding the students’ learning
by providing a framework that can be used by students to construct knowledge on their own. Thus, the
role of the tutor is crucial for PBL to be effective (4,13).

The way in which PBL is implemented in the curricula and the educational settings can be critical for its
success in achieving the intended learning outcomes. A broad variety of PBL instructional designs have
been described, such as problem-solving activities inside a subject, PBL modules integrating learning
objectives from different subjects, PBL courses, and entire curriculums based on PBL. According to the
degree of self-directedness, learning processes, and problem structuredness, different PBL models have
also been used (14). Issues related to human factors, such as behaviours of students and tutors, small
group interactions, and resources and workload, might also affect students’ learning outcomes. Thus,
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when implementing PBL, it is important to consider which model will produce the desired effects by
taking into account the learners’ characteristics and instructional needs (15).

In our university, we started the PBL implementation for Bachelor of Biology students using a model of
problems with contents and objectives from different subjects, which we called the PBL-module (Carrió et
al., 2016). The results of this experience showed us that students needed more feedback, more guidance
in metacognition processes by tutors, a better clari�cation of evaluation criteria, and tools for self-
assessment and for promoting creative thinking (Carrió et al., 2018). As a consequence, a new PBL
implementation strategy was introduced into the new Bachelors of Human Biology (which substituted the
Bachelor of Biology) and Medicine in 2008–2009, which intended to foster the development of generic
and research skills and creative thinking. The main changes implemented in the new model to improve
the identi�ed dysfunctions were: 1) interdisciplinary 10-week-long PBL courses in the curriculum, 2) each
group of students had the same tutor during all the course, 3) the evaluation process included
metacognitive activities, such as self- and peer-assessment through rubrics, or written re�ections about
their learning process. We termed this strategy the PBL-courses.

We hypothesized that interdisciplinary PBL-courses can directly in�uence the quality of student learning.
To address this, we explored whether changing the characteristics of the PBL implementation improved
the desired students learning outcomes. Speci�cally, we examined the perceptions of the students and
tutors about the acquisition of generic, research, and creative thinking skills through PBL-courses, as well
as assessing the satisfaction of students and tutors with this pedagogical approach.

Methods

Research Context
In 2004, our Faculty started a pilot study to explore the feasibility of creating a hybrid model of teaching
that included PBL with traditional lecture-based model, which consisted of introducing PBL activities into
the Bachelors of Biology curriculum. In the pilot study, 20% of the teaching time was devoted to PBL
tutorials, and the remaining time was used for activities such as lectures, lab courses, and seminars. An
integrated module, with interdisciplinary problems including learning outcomes from the different
subjects of the term, was designed. All faculty members participated in the problem design and
supervised PBL activities as tutors. In this model, each tutor participated in only one PBL case, and a new
tutor was assigned for the new case for each group (1,17). In the context of this article, we called this
pilot study the PBL-module.

With the implementation of the new Bachelors of Human Biology and of Medicine degrees, following the
Higher Education European Space in 2008–2009, the hybrid PBL model shifted to the implementation of
two PBL course subjects in Human Biology (Integrated Biomedicine I and II) and in Medicine (Integrated
Medicine I, II and IV), as well as the introduction of a project-based learning course in each Bachelors
(Integrated Biomedicine III/Integrated Medicine III). This new schema intended to foster the development
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of generic and research skills as well as critical thinking. Each course had four European Credit Transfer
and Accumulation Systems (ECTS), lasted ten weeks, had groups of 8–10 students, had the same tutor
acting as a learning facilitator during the whole course, and solved four interdisciplinary problems.
Different assessment tasks were planned, including self- and peer-assessment of students on their
participation in the PBL tutorials, written reports, oral presentations, and �nal exams. This newer strategy
is called PBL-courses in the context of this article.

Participants
This project was carried out during the academic years 2014–2015, 2015–2016, and 2016–2017. The
students enrolled in these academic years were asked to answer a survey; 277 students accepted (72%),
of which 133 were enrolled in the Bachelors of Human Biology (HB) and 144, in the Bachelors of
Medicine (M). All HB participants of this study carried out the courses Integrated Biomedicine I and II,
while all the medical participants carried out the courses Integrated Medicine I and II. Based the university
entrance examination scores, students had similar academic pro�les (Table 1). Tutors who participated in
these courses were also asked to participate in the survey, and 50% (10 out of 20) accepted. Some data
were obtained from a previous study based on the pilot experience (PBL module) in the academic years
2005–2006, 2006–2007, and 2007–2008. In this previous study, 330 students and 34 tutors participated.

Table 1. Academic characteristics of the students in the PBL-courses * Maximum score was 14. HB:
Human Biology; M: Medicine

Cohort Students (n) University entrance examinations scores*

HB M HB M

2014–2015 45 49 11.5 11.8

2015–2016 42 46 11.6 12.3

2016–2017 46 49 12.1 12.6

Data Collection
This study used descriptive–evaluative research based on the combination of quantitative statistical
techniques and qualitative content analysis research methods. Empirical data were collected through an
anonymous questionnaire and delivered to the students and tutors who participated in the PBL subjects
at the end of the courses. The questionnaire included several closed-ended questions and an open
section of general comments and opinions. Participants scored each item included in the closed-ended
questions from 0 (not at all) to 10 (very much). Its dimensions were:

Skills development:
Research skills: Identi�cation of a relevant research question, hypothesis foundation, data collection, and
analysis and discussion of �ndings.
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Generic skills: Oral communication, writing ability, teamwork, critical search of information, time
management, and autonomy.
Group dynamics: Participants scored their agreement to the following statements: “During the
brainstorming session, the ideas of all group members were considered”, “All group members contributed
to the research”, “All relevant aspects were discussed with all the group and a common synthesis was
carried out”, and “All group members collaborated in writing up the �nal report”.
Learning experience:
Satisfaction with the PBL activity
Usefulness of the PBL activity

In the open section part of the questionnaire, participants commented the following dimensions:

Development of creative thinking skills: Participants answered the question: “Do you consider that the
Problem-Based Learning approach contributed to developing your/the students’ creative skills? Please
justify your answer.”
Strengths and weaknesses of the PBL
Open comments and opinions

In addition, data and results obtained from the previous study based on the PBL-module used the same
questionnaire used in previous surveys (Carrió et al., 2011; Mar Carrió et al., 2016, Carrió 2018), making it
possible to directly compare the outcome of the implementation of the two models.

Finally, �eld notes were collected during the tutorial sessions, to complement the qualitative results and to
analyze the development of creative thinking skills during the different PBL phases.

Data Analysis
Data were analysed both qualitatively and quantitatively. The SPSS software was used for statistical
analysis. The Pearson correlation was used to analyse the correlation between the quantitative variables,
as all variables have a linear relation. To determine whether there were differences between medical and
biological students, the independent samples t-test and Mann–Whitney U-test were used, depending on
the variable (18). Finally, to analyse the student and tutor open-ended questions, the qualitative content
analysis approach was used as a technique within a constructivist paradigm. Codes and categories that
emerged during analysis were re�ned after multiple coding iterations of the content (19–21).

For the analysis of the creative thinking skills through PBL phases, the process of codi�cation was
guided by the Burnett and Keller-Mathers (2017) framework (22). Creative skills described by this
framework were identi�ed through student and tutor comments and �eld notes from PBL tutorials
observations.

Results

Comparison between the PBL-Module and PBL-Courses
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Generic and Research Skills Dimensions
Scores were given by students to each skill included under Generic Skills dimension (Fig. 1). Overall, the
scores of PBL-courses were signi�cantly higher than those of PBL-module approach. The same was true
for research skills: students from PBL-courses gave higher scores than those from PBL-module (Fig. 2).

Figure 1. Mean scores given by students in the generic skills dimension in the PBL-module (n = 233
students) and PBL-courses (n = 277 students). ** p < 0.01

Figure 2. Mean scores given by students in the research skills dimension in the PBL-module (n = 233
students) and PBL-courses (n = 277 students). ** p < 0.01

Scoring of the two models of PBL implementation showed that students in PBL-courses assessed the
development of generic and research skills dimensions with high scores (means of 7.96 and 7.70,
respectively), which were signi�cantly higher than those that participated in the PBL-module (means of
6.63 and 6.57, respectively) (Table 2).

Table 2. Statistical analysis of the scores given by students (S) and tutors (T) on their perceptions on the
development of skills included in the generic and research skills dimensions, as well as the learning
experience dimension, in the PBL-module (n = 330 students, n = 34 tutors) and the PBL-courses (n = 277
students, n = 10 tutors). See Methods for details.
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  Skills development Learning experience

PBL-module Generic skills Research skills Satisfaction Usefulness

S T S T S T S T

Mean 6.63 7.03 6.57 6.83 5.41 7.52 5.77 7.73

Median 6.80 7.12 6.75 7.00 6.00 8.00 6.00 8.00

SD 1.34 1.14 1.17 1.17 1.97 1.60 2.03 1.55

Variance 1.81 1.30 1.38 1.37 3.90 2.55 4.14 2.40

PBL-courses                

Mean 7.96 8.13 7.70 8.15 7.75 9.20 8.27 9.30

Median 8.00 8.00 7.75 8.25 8.00 9.00 9.00 9.50

SD 1.00 0.37 1.25 0.43 1.82 0.63 1.61 0.82

Variance 1.00 0.14 1.57 0.18 3.32 0.40 2.59 0.68

Notably, the tutors’ perceptions of the development of generic and research skills through PBL scored
higher than students in both PBL-module and PBL-courses (Table 2). Signi�cant differences were also
observed between the perception of tutors who participated in the newer PBL-courses and those who
participated in the PBL-module. Tutors felt that generic and research skills were better developed in
PBL-courses (means of 8.13 and 8.15, respectively; non-signi�cant differences were found) than in
the PBL-module (means of 7.03 and 6.83, respectively; non-signi�cant differences were found).

Learning Experience Dimension
The student and tutor evaluations of satisfaction and usefulness of the PBL approaches are depicted in
Table 2. The students gave high scores to the variables of satisfaction and usefulness in the PBL-courses
(means of 7.75 and 8.27, respectively). These values are signi�cantly higher than those obtained with the
PBL-module (means of 5.41 and 5.77, respectively). As observed for the skills evaluation (see 3.1.1),
tutors scored both variables higher than the students (Table 2). Similar to students, tutors scored the
satisfaction and usefulness of the methodology as higher in PBL-courses (means of 9.20 and 9.30,
respectively) than in PBL-module (means of 7.52 and 7.73, respectively).

Analysis of PBL-courses

Comparison between HB and M Students
PBL-courses were implemented both in HB and M Bachelors. Student perceptions of skills development
and the learning experience dimensions are shown in Fig. 3. Statistical differences were found between
HB and M students in satisfaction and usefulness variables: HB students scored them with a 7.40 and
8.02, respectively, while M students scored them with 8.08 and 8.51, respectively.
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Figure 3. Scores of student perceptions in the undergraduate Bachelors of Human Biology (n = 133) and
Medicine (n = 144) for the development of generic and research skills and learning experience dimensions
(satisfaction and usefulness variables) in PBL-courses. Data are expressed as mean and SD. ** p < 0.01
(satisfaction, p = 0.01; usefulness, p = 0.005).

Assessment of Group Dynamics Dimension
Group dynamics was assessed to identify whether the group was working cooperatively. Students and
tutors gave high scores for group dynamics (mean of 7.78 and 8.12, respectively), which indicated that
the learning process was not hindered by dysfunctional group interactions. All four different items of
group dynamics that were assessed were rated high (from 7.57 to 8.43) (Fig. 4). No differences in ratings
from HB or M students were found.

Figure 4. Assessment of the students’ and tutors’ perception of the development of group dynamics in the
PBL-courses (n = 277 students, n = 10 tutors). Data are expressed as mean and SD of each variable.

Correlations Among Skills Development and Learning
Experience
All the correlations between the analysed variables in PBL courses were statistically signi�cant (0.01
level) (Table 3). A strong correlation (> 0.6) was found between the development of generic and research
skills (** r = 0.62). Additionally, statistically signi�cant (p = 0.01) medium correlations (0.3–0.6) were
found between the level of the group dynamics and the development of generic and research skills.

Moreover, there was a strong correlation between the satisfaction with the PBL-courses and their
perceived usefulness (** r = 0.767). Other signi�cant correlations have been found between the
satisfaction and the development of generic and research skills (** r = 0.509 and ** r = 0.558, respectively)
and between the usefulness of the courses and the development of generic and research skills (** r = 
0.444 and ** r = 0.567, respectively).

Table 3. Pearson correlation analysis between the student perceptions about the development of generic
skills, research skills, and group dynamics, and their evaluation of satisfaction and usefulness, for the
PBL-courses (n = 277 students). ** p = 0.01 (bilateral).
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  Generic
skills

Research
skills

Group
dynamics

Satisfaction / Usefulness

Generic skills r = 1 – – – –

Research skills r = 0.622** r = 1 – – –

Group
dynamics

r = 0.416** r = 0.354** r = 1 – –

Satisfaction r = 0.509** r = 0.558** r = 0.444** r = 1 –

Usefulness r = 0.444** r = 0.567** r = 0.333** r = 0.767** r = 1

Development of Creative Thinking Skills
Overall, 86% of the students felt that PBL contributed to helping develop their creative thinking skills,
while 14% felt that they did not (Fig. 5). Tutors were less convinced about this aspect: 61% of them
agreed that PBL fostered creative thinking in the students, but 32% felt that the courses did not contribute
to this skill. To complement these data, we qualitatively analysed students’ comments on the
questionnaires, as well as the �eld notes taken while observing the PBL tutorial sessions, to better
understand how creative skills were developed throughout the different PBL phases (Table 4).
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Table 4
Development of creative skills in PBL (+, low grade; ++, medium grade; +++, high grade).

PBL Phases Creative Skills Findings

Phase 1. Problem
presentation and
brainstorming

Problem-
solving + + +

Students de�ne a problematic situation—the PBL scenario
—and analyse different ways to address the problem.

Produce and
consider
many
alternatives
+++

Students generate many options and ideas that could be
related to the PBL scenario through a brainstorming
session.

Be �exible ++ After brainstorming, students identify and generate
different categories of ideas to organise the many
alternative solutions to the problematic situation.

Combine and
synthesise ++

Students design a working plan by putting together and
making connections between the different ideas and
categories.

Societal + Students identify science and societal aspects of the
presented problem.

Phase 2. Sharing the
results and answer
the research
questions

Highlighting
the essence +
+ +

Students share the research they have done during the
week with their peers, analysing and exposing the essence
of their research.

Elaborate- but
not
excessively
+++

During discussions, students add information and develop
more the ideas and research presented in this session.

Keeping an
open mind ++

Students keep an open mind to the emergence of new
ideas or perspectives as solution of the problematic
situation during and after the collaborative discussion.

Combine and
synthesise ++

Students put together all the discussed information and
combine previous and new ideas to elaborate a new
working plan.

Phase 3. Elaborating
the �nal conclusions

Be original ++ Students use originality to propose three main complex
questions.

Highlighting
the essence +
+ +

Students analysed critically all the research they have
done and expose the essence in the �nal PBL task.

Combine and
synthesise
+++

Students combine and synthesise all information to
formulate and answer three complex questions in the �nal
PBL task.

Put ideas into
context +++

Students relate all concrete research and information as
well as the complex questions with a bigger framework,
the problematic situation.

Figure 1.
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PBL Phases Creative Skills Findings

Be aware of
emotions ++

Students talk about their feelings regarding the learning
process in an auto-evaluation session.

Figure 1.

Figure 5. Responses of students and tutors in the PBL-courses to the question: “Do you consider that the
PBL approach contributed to developing your/the students’ creative skills?” (n = 277 students, n = 10
tutors). Data are expressed as percentages.

Table 4.

Qualitative Analysis of Implementation of PBL-Courses
We also analysed the development of generic and research skills using qualitative data obtained from the
student comments on the PBL-courses. In this analysis, we identi�ed two main categories: the learning
process and the learning outcomes.

Students highlighted the bene�ts of social interactions in the process of knowledge construction that
takes place in PBL cycle. Speci�cally, they commented that working with peers made them integrate each
one’s ideas, perspectives, and points of view. They also recognized that having to analyse, cooperatively,
the situation and propose ideas to apply and integrate knowledge from different �elds to look for a
solution of the problem facilitates their learning process. Some examples of comments are: “Through
cooperative work, we learn to share and collaborate and also to integrate each other’s ideas”, or “We learn
while solving a problem in a group with knowledge that we have to �rst look for and then apply”.

Students identi�ed generic and research skills as the main learning outcomes. They were aware of their
own development in generic skills, such as cooperative work, communication skills, critical search of
information, and self-directed learning, as exempli�ed by comments such as: “We learn to dialogue and
communicate better among ourselves” and “It empowers our autodidactic ability, since we have to know
what we have to learn”. They also gained experience in research skills, formulating hypothesis from an
unstructured scenario, analysing problems, looking for solutions, and evaluating their �nal outcome, as
shown by statements such as: “We have learned how to analyse complex mechanisms” and “We have to
think about new questions and discuss what we know to solve a problem”. Integrating different
perspectives, formulating new ideas, relating knowledge from different �elds, and doing research makes
students develop their creative thinking, as they also state: “We ask questions and then research them, so
we analyse knowledge deeply, and we can think and re�ect differently than before”, and “Working with
different peers make us integrate different perspectives and think about different hypothesis and
questions”.

The students’ learning experiences through the PBL methodology was also analysed using qualitative
data obtained from the student comments. Five main categories were identi�ed: satisfaction, usefulness,
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role of tutor, evaluation, and limitations.

Satisfaction: Students were satis�ed with the methodology and perceived that PBL promotes long-term
retention of knowledge and acquisition of skills: “This methodology is more effective than traditional
learning because we consolidate knowledge in a better and deeper way”.
Usefulness: Students see PBL as useful for their future professions. Medical students emphasize this
aspect more than human biology students. Students start learning how research is performed and
consider the skills they learned to be important for their development: “I think this kind of methodology is
very positive and essential for our development as future professionals of health sciences”.
Role of tutors: Students identi�ed the role of the tutor as relevant. They pointed out that there are different
kinds of tutors; most considered tutors with previous experience in PBL, who guides and acts as a
facilitator, to be ideal. “It would be nice if all tutors had the same, concrete indications to guide the
sessions in a proper way, and if too directive tutors could be avoided”.
Evaluation: Students perceived the evaluation in a positive way, although they noted that some criteria
are subjective, and that the tutor can in�uence the quali�cations. “I think that in some evaluations, some
criteria are subjective and differ according to the tutor”.
Limitations: Students identi�ed some limitations of the methodology, such as organisational issues,
variability of tutor instructions, and small group issues: “Small groups are suitable for performing PBL,
however, sometimes there is tension between us” and “Some tutors make fewer comments than others.
PBL is easier for the groups that have a tutor who gives more guidance”.

Discussion
This study examines the development of generic and research skills through the implementation of
interdisciplinary PBL courses in the Bachelors of Medicine and of Human Biology. Based on the
assessment of a previous pilot experience (17), these courses were designed to improve the development
of generic and research skills, promote students’ creative thinking, and increase their satisfaction with the
methodology. For this reason, the implementation model shifted from a PBL-module within traditional
subjects, to fully integrated PBL-courses.

Student and tutor perceptions about the development of generic and research skills were signi�cantly
enhanced in the PBL-courses. This improvement can be attributed to the clari�cation of learning
outcomes, skills-oriented evaluation and the role of the tutor as facilitator. In PBL-courses, learning
outcomes are clearly focused on generic and research skills, while in PBL-module, these skills could be
blurred within the other learning outcomes from the traditional subjects. Consequently, assessment in
PBL-courses is skill-oriented and uses different tools, such as rubrics and observation grids, to foster
metacognition and guide the skills development. The results suggest that students in PBL-courses have
better assimilated the intended learning goals, and that assessment tools might have contributed to
improving their skills development.
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According to Chng et al. (2014), the tutor plays a role in facilitating student learning; thus, rather than
simply conveying knowledge, the tutors question, make suggestions, and challenged the ideas raised by
students (13). They have to make the transition from teacher as knowledge provider, to tutor as a
manager and learning facilitator (8). This task demands a great amount of time and preparation; further,
the better the tutor knows the students and the group interactions, the better he/she can guide the
students’ learning processes. In PBL-courses, the same tutor was present for the full 10-week course; in
contrast, in the PBL-module, the tutors changed for every problem, and each tutor was only present for 3
weeks. Therefore, we partly attribute the improvement of the students’ skills development to having long-
term tutors, who were in a position to better guide the learning processes. In this study, students
recognised the pivotal role of the tutor in their development and considered that an ideal tutor should
facilitate and guide the learning processes as well as promote creative thinking. Whenever the tutor had
not maintained this role, he/she was identi�ed as a limitation of the PBL methodology.

Thus, our results suggest that both students and tutors perceived that the students developed a high level
of generic and research skills in PBL-courses. Additionally, the results showed that a strong correlation
existed between the development of generic skills and that of research skills. These results are also
aligned with comments from both students and tutors.

Active learning and student-centred methodologies, such as PBL, imply that learners play an active role in
planning, monitoring, and evaluating the learning process. Thus, students have to consider different ways
to approach a task, set clear goals, select strategies for achieving these goals, anticipate what has to be
done, and evaluate the process and the product of the learning cycle (2). Development of both generic
and research skills are intrinsically tied to this process. In this light, the strong correlation between the
acquisitions of these two sets of skills is not surprising. In fact, the ability to become a knowledge seeker,
to be able to collaborate and communicate, and to regulate and self-direct this learning process are
essential skills necessary for de�ning a problem, analysing the situation, and integrating and applying
knowledge to develop solutions for new situations (9,11,12). Additionally, students and tutors think that
this methodology can also enhance creative thinking. There is a general consensus that domain-
knowledge and skills are major components of creativity, and that creativity occurs when investigating
various aspects of a problem (23,24). Scienti�c exploration and activities, such as de�nition of scienti�c
problems, hypothesis formulation, design of a research, and evaluation of evidence, are considered key
elements in scienti�c creativity development (25).

Our hypothesis that cooperative work during the PBL learning process can enhance the development of
generic and research skills was con�rmed. The quantitative results show moderate correlations between
the group dynamics and the development of generic and research skills. These results are also aligned
with student comments. Students considered that, during the processes of learning and of knowledge
construction, working with peers helped them to analyse different perspectives, integrate different points
of view, and build on each other’s ideas to reach the solution of the problem presented. In fact,
collaboration during the learning process involves mutual interaction and a shared understanding of a
problem: participants have a common goal, share responsibilities, and need to reach an agreement
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through mutual interaction. In this situation, learning and development of skills may be enhanced by
elaborations, verbalisations, co-construction, and cognitive and socially constructive criticism (2).

The PBL collaborative learning environment is also favourable to cultivating creativity. A high percentage
of students (86%) thought that they developed their creativity through these PBL-courses. Based on the
creative skills described by Burnett and Keller-Mathers (2017), we determined how these skills are
developed during the PBL phases. In the �rst phase, students are encouraged to produce and consider
many alternatives to solve the problem, and then they have to combine the different ideas and synthesise
them into a working plan. In the second phase, students must share their research results and highlight
the essence, while keeping an open mind to new ideas or perspectives as possible solutions to the
problem, and then elaborate their own answers. In the third phase, students require originality to present
their �ndings, and they put their new ideas into a bigger framework, based on the problematic situation.
They also perform a self-evaluation about their participation in the group, during which they become
aware of their emotions, an aspect that has also been linked to creativity. Identifying how these skills are
implicit in the PBL learning cycle can help educators to emphasize them and hence better promote
creative skills development.

Both students and tutors in the PBL-courses were more satis�ed overall than those in the PBL-module,
and those in PBL-courses scored the usefulness of this pedagogical approach higher. Notably, however,
signi�cant differences between the students of the different Bachelors have been found in PBL-courses.
Because satisfaction and usefulness show a strong correlation to each other, the differences in these two
items can be attributed to the perception that medical students �nd learning through PBL more useful for
their future professional lives than do human biology students. Indeed, the skills applicability is very clear
for the medical profession, and less clear for human biology students (whose career goals are often less
clear), even though all develop essential skills for their future professions.

Students who took the PBL-courses stated that they were satis�ed with this methodology as it allowed
them to develop useful skills, which is also demonstrated by the high correlation between satisfaction
and usefulness, and the self-perceived generic and research skills acquisition. Also, students perceived
that they retained the knowledge gained over the long term. Thus, this study demonstrated that PBL
promoted the development of generic, domain-speci�c, and self-re�ection skills and long-term knowledge
retention that should enable individuals to gain and apply new knowledge and skills as needed, as has
been previously shown (26,27). These higher cognitive abilities, such as problem-solving, collaboration, or
creative thinking, will be required to confront new future and social challenges in our ever-changing world
(26,28,29).

The increase of student satisfaction for PBL-courses as compared to that for PBL-module could also be
attributed to the recognition of, and adjustment to, the student workload, which was identi�ed as a critical
aspect in the PBL-module. In that �rst model, students noted their dissatisfaction with the fact that the
amount of workload was not rewarded enough in the �nal course mark (16). This problem was solved in
PBL-courses, as the �nal marks were independent from traditional teaching. Students evaluated
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positively the different evaluative tasks, and the only weakness they noticed was the role that subjectivity
played in some cases. Student perceptions of assessment are in�uenced by previous experiences; this
means that any intervention involving assessment can be perceived in various ways by students, and
thus can affect them and their learning process (30). In this study, the student perceptions about
assessment had to be considered to help clarify student concerns.

Our study has several limitations, the most important of which is related to its own characteristics. The
overarching aim of the study was to explore whether changing the PBL implementation model enhances
student learning outcomes and satisfaction with the learning experience. It was performed in a
naturalistic academic environment, and no experimental interventions were carried out. In this non-
interventional design, many variables changed between the two models that were compared.
Consequently, we cannot identify which factors contributed the most to enhancing the aspects analysed
(e.g., the perceived improvement of learning outcome and better satisfaction with the courses). Another
limitation is the lack of evidence of the real student development in generic (including creative thinking)
and research skills in each model. This was not possible as the assessment methods used in these
models were not comparable; therefore, we focused the study on perceptions of students and tutors.
However, we consider that our results are of interest as they show signi�cant differences between both
models, and describe how these skills were developed, from the students’ and tutors’ perspectives.

Conclusions
We conclude that the shift from PBL-module (integrated within traditional subjects) to full PBL-courses
(with courses devoted to using PBL) improved the student perceptions about their improvement in
developing generic and research skills, their opinion about the educational value of this pedagogical
approach, and their satisfaction with their learning experience. It is important to outline that tutors also
considered PBL activities and learning experiences to be satisfactory and useful. Evaluating the
individually scored PBL implementation strategies also showed that PBL-courses were scored higher than
the PBL-module. Correlation analyses showed the important relationship between the acquisition of
generic and research skills as well as between perception of the usefulness of the PBL activities and
satisfaction with the experience. This is especially important as student satisfaction may enhance the
student engagement, thereby leading to improved learning. Our study also showed how creative skills are
obtained in the different steps of PBL tutorials. We hypothesise that the main educational settings in the
PBL-courses that contributed to this improvement were i) the use of assessment tools that were better
aligned with desired learning outcomes (which encourage students to re�ect about their own learning
processes) and ii) maintaining the same tutor for the entire course duration. Finally, the results of this
study suggest that PBL-courses are a suitable pedagogical approach to develop generic and research
skills, which have been identi�ed as 21st century skills that must be taught and assessed in higher
education (31).

Declarations



Page 17/22

 

Ethics approval and consent to participate: The Academic Coordination O�ce board of the School of
Health and Life Sciences approved the study protocol. The protocol required that: i) participants were
informed of the objective and the methods of the research; ii) participation of students and tutors was
voluntary and anonymous; and iii) students’ decision had no consequence in any way. Participants were
later informed of the study characteristics, gave their oral consent to participate, and accepted to follow
study requirements. Written informed consent was collected for classroom observations.

 

Availability of data and material: The datasets analyzed during the current study is available from the
corresponding author on reasonable request.

 

Competing interests: The authors declare that they have no competing interests.

 

Funding: The project was funded by CLIK (Center for Learning Innovation and Knowledge) at Pompeu
Fabra University and it did not play any role in the study design.

 

Authors' contributions: GR made substantial contributions to the study design, acquisition, analysis and
interpretation of data. She was responsible for surveying the participants through the questionnaires,
observing the PBL tutorial sessions, analyzing the data (quantitative and qualitative) and drafted the
conclusions. She has also been involved in writing the manuscript and has also given �nal approval of
the version to be published. MC has contributed to the study design, data collection, analysis and
interpretation of data. For the qualitative data analysis process, she carried out analysis of the data
independently, then discussed and agreed themes jointly with GR. She was the academic coordinator of
the PBL-module and PBL-courses that are analyzed in this research. She has also been involved in writing
the manuscript, revising it critically and giving the �nal approval of the version to be published. JEB and
has been involved in revising the manuscript critically for important intellectual content and has also
given �nal approval of the version to be published.

 

Acknowledgements: We would like to thank all the students and teachers that participated in this study
and accepted to be observed during the teaching sessions and �ll the questionnaires. This study has



Page 18/22

been possible thanks to their generosity in sharing the beliefs and opinions about this pedagogical
approach.

 

References
 

1. Carrió M, Agell L, Banõs JE, Moyano E, Larramona P, Pérez J. Bene�ts of using a hybrid problem-
based learning curriculum to improve long-term learning acquisition in undergraduate biology
education. FEMS Microbiol Lett. 2016;363(15):1–7.

2. Dolmans DHJM, De Grave W, Wolfhagen IHAP, Van Der Vleuten CPM. Problem-based learning: Future
challenges for educational practice and research. Med Educ. 2005;39(7):732–41.

3. Vygotsky LS. Mind in society. Cambridge: Harvard College; 1978.

4. Schmidt HG, Rotgans JI, Yew EHJ. The process of problem-based learning: What works and why.
Med Educ. 2011;45(8):792–806.

5. Downing K, Kwong T, Chan S-W, Lam T-F, Downing W-K. Problem-based learning and the
development of metacognition. High Educ. 2009;57(5):609–21.

�. Piaget J. The development of thought : equilibration of cognitive structures. Viking Press; 1977. 213
p.

7. Derting TL, Ebert-May D. Learner-Centered Inquiry in Undergraduate Biology: Positive Relationships
with Long-Term Student Achievement Terry. Cell Biol Educ. 2010;9:462–72.

�. Savery JR. Overview of Problem-based Learning : De�nitions and Distinctions. Interdiscip J Probl
Learn. 2006;1(1):13.

9. Hmelo-Silver CE. Problem-based learning: What and how do students learn? Educ Psychol Rev.
2004;16(3):235–66.

10. Geisinger KF. 21st Century Skills: What Are They and How Do We Assess Them? Appl Meas Educ.
2016; 29(4):245–9.

11. Joham C, Clarke M. Teaching critical management skills: The role of problem-based learning. Teach
High Educ. 2012;17(1):75–88.

12. Murray-Harvey R, Curtis DD, Cattley G, Slee PT. Enhancing teacher education students’ generic skills
through problem-based learning. Teach Educ. 2005;16(3):257–73.

13. Chng E, Yew EHJ, Schmidt HG. To what extent do tutor-related behaviours in�uence student learning
in PBL? Adv Heal Sci Educ. 2014. 20(1):5-21.

14. Barrows HS. Problem-based learning in medicine and beyond: A brief overview. New Dir Teach Learn.
1996. 68: 3-12.

15. Hung W. Theory to reality: A few issues in implementing problem-based learning. Educ Technol Res
Dev. 2011. 59:529–55.



Page 19/22

1�. Carrió M, Agell L, Rodríguez G, Larramona P, Pérez J, Baños JE. Percepciones de estudiantes y
docentes sobre la implementación del aprendizaje basado en problemas como método docente.
2018;21(3):143–52.

17. Carrió M, Larramona P, Baños JE, Pérez J. The effectiveness of the hybrid problem-based learning
approach in the teaching of biology: A comparison with lecture-based learning. J Biol Educ.
2011;45(4):229–35.

1�. Connolly P. Quantitative data analysis in education : a critical introduction using SPSS. Routledge;
2007. 268 p.

19. Elo S, Kääriäinen M, Kanste O, Pölkki T, Utriainen K, Kyngäs H. Qualitative Content Analysis. SAGE
Open. 2014;4(1):215824401452263.

20. Graneheim UH, Lindgren BM, Lundman B. Methodological challenges in qualitative content analysis:
A discussion paper. Nurse Educ Today. 2017;56:29–34.

21. Graneheim UH, Lundman B. Qualitative content analysis in nursing research: Concepts, procedures
and measures to achieve trustworthiness. Nurse Educ Today. 2004;24(2):105–12.

22. Burnett C, Keller-Mathers S. Integrating Creative Thinking Skills into Higher Education. In: Zhou C, ed.
Creative Problem-Solving Skill Development in Higher Education, 1st ed. Hershey (PA): IGI Global;
2017. p. 283-304.

23. Hu W, Wu B, Jia X, Yi X, Duan C, Meyer W, et al. Increasing Students’ Scienti�c Creativity: The “Learn
to Think” Intervention Program. J Creat Behav. 2013;47(1):3–21.

24. Barrow L. Encouraging Creativity with Scienti�c Inquiry. Creat Educ. 2010;1:1–6.

25. Huang PS, Peng SL, Chen HC, Tseng LC, Hsu LC. The relative in�uences of domain knowledge and
domain-general divergent thinking on scienti�c creativity and mathematical creativity. Think Ski
Creat. 2017;25:1–9.

2�. Waldrop MM. Why we are teaching science wrong, and how to make it right. Nature. 2015;523:272–
4; doi: 10.1038/523272a.

27. Spronken-Smith R, Walker R. Can inquiry-based learning strengthen the links between teaching and
disciplinary research? Stud High Educ. 2010;35(6):723–40.

2�. Bosch G, Casadevall A. Graduate biomedical science education needs a new philosophy. MBio.
2017;8(6):25–9.

29. Justice C, Rice J, Roy D, Hudspith B, Jenkins H. Inquiry-based learning in higher education:
Administrators’ perspectives on integrating inquiry pedagogy into the curriculum. High Educ.
2009;58(6):841–55.

30. Vaessen BE, van den Beemt A, van de Watering G, van Meeuwen LW, Lemmens L, den Brok P.
Students’ perception of frequent assessments and its relation to motivation and grades in a
statistics course: a pilot study. Assess Eval High Educ. 2017;42(6):872–86.

31. Geisinger, KF. 21st Century Skills: What Are They and How Do We Assess Them? Appl Meas Educ.
2016; 29(4): 245–249.



Page 20/22

Figures

Figure 1

Mean scores given by students in the generic skills dimension in the PBL-module (n = 233 students) and
PBL-courses (n = 277 students). ** p < 0.01

Figure 2

Mean scores given by students in the research skills dimension in the PBL-module (n = 233 students) and
PBL-courses (n = 277 students). ** p < 0.01



Page 21/22

Figure 3

Scores of student perceptions in the undergraduate Bachelors of Human Biology (n = 133) and Medicine
(n = 144) for the development of generic and research skills and learning experience dimensions
(satisfaction and usefulness variables) in PBL-courses. Data are expressed as mean and SD. ** p < 0.01
(satisfaction, p=0.01; usefulness, p= 0.005).

Figure 4

Assessment of the students’ and tutors’ perception of the development of group dynamics in the PBL-
courses (n=277 students, n= 10 tutors). Data are expressed as mean and SD of each variable.
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Figure 5

Responses of students and tutors in the PBL-courses to the question: “Do you consider that the PBL
approach contributed to developing your/the students’ creative skills?” (n = 277 students, n = 10 tutors).
Data are expressed as percentages.


