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Abstract— This study aimed to evaluate the perception and self-
assessment of soft skills development among bioengineering
students using problem-based learning (PBL) methodology. A
survey was conducted to assess the relevance perception and self-
assessment of seven soft skills with different attributes, before and
after the PBL course. The study found that bioengineering students
recognized the importance of developing soft skills alongside
technical expertise. Communication, critical thinking and problem-
solving, entrepreneurship, ethics and professional moral,
leadership, continuous learning and information handling, and
teamwork skills were consistently improved with the PBL course.
The PBL methodology had a positive impact on the development of
soft skills attributes, as students either improved or maintained
their skill levels. However, significant differences were observed in
five of the seven soft skills attributes. The use of technology for
making presentations and the impact of understanding the external
factors were the least developed attributes among students. The
study suggests that PBL may not have included enough
opportunities for students to develop these skills, and specific
activities may need to be incorporated in the future. Overall, the
results underscore the importance of integrating soft skills
development into bioengineering education and training programs,
as these skills are crucial for success in the field.

Keywords- Soft skills, bioengineering students, Problem-based
learning, innovative education.

1. INTRODUCTION

Soft skills are becoming increasingly important for
engineering students as they prepare for their future careers.
These skills include communication, critical thinking and
problem solving, entreprencurship, ethics and professional
moral, leadership, and teamwork|[1-3]. Hence, to succeed in
today's fast-paced and globalized workplace, engineers must
be able to collaborate effectively with colleagues from diverse
backgrounds and cultures, communicate technical information
to non-technical audiences, and adapt to changing
circumstances and technologies[3,4].

In addition, industry expectations for soft skills among
engineering graduates are high. Employers are looking for
engineers who are not only technically proficient, but who can
also work well in teams, communicate effectively, and
demonstrate leadership potential[1,5]. According to a survey
by the National Association of Colleges and Employers
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(NACE), 80% of employers said that communication skills
were essential for their new hires, while 74% cited teamwork
skills, and 70% cited problem-solving skills[6].

Evidently, soft skills are increasingly important in today's
workplace, and universities play a crucial role in preparing
students for these skills. Universities can provide opportunities
for students to gain the associated abilities through
coursework, experiential learning, and other activities, such as
leadership skills through student organizations, volunteer
work, and leadership development programs.

There are different teaching and learning approaches that
can be used to develop soft skills. By providing hands-on
learning experiences, opportunities for collaboration and
feedback, and mentorship and support, students can develop
the skills they need to excel in any field. Among them,
Problem-Based Learning (PBL) has emerged as a popular
pedagogical approach in recent years[7-9]. PBL is a student-
centered approach that emphasizes the development of critical
thinking, problem-solving, and collaboration skills. It involves
presenting students with real-world problems and challenging
them to work together in multidisciplinary teams to find
solutions[8]. PBL has been shown to be particularly effective
in promoting the development of soft skills, such as
communication, teamwork, and leadership, which are essential
in today's rapidly changing and interconnected world.

In this article, we examine the impact of PBL on the
development of soft skills in bioengineering students.
Bioengineering is a rapidly growing field that combines
engineering principles with biological and medical sciences.
As such, bioengineering students need to be equipped with a
range of soft skills in addition to their technical knowledge.
We review the literature on PBL and soft skill development
and present the results of a study conducted on a cohort of
bioengineering students who participated in a PBL program.

The aim of this article is to provide evidence-based
insights into the effectiveness of PBL in promoting the
development of soft skills in bioengineering students. We
hope that this article will be of interest to educators and
researchers in the field of bioengineering and beyond, who are
looking for innovative pedagogical approaches to prepare
students for the challenges of the 21st century.

1I. BACKGROUND

A. Soft skills for Engineering students
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In the current highly competitive job market, students
cannot rely solely on their knowledge and technical skills to
be competitive. It is crucial for graduates and students to
enhance their value by developing a wider range of skills and
adapting to the changing performance expectations. They need
to capitalize on their traditional technical skills while also
acquiring broader skills to remain competitive[7,10,11].

In the field of bioengineering, it is essential for students to
develop a range of soft skills that complement their technical
knowledge and abilities (hard skills)[3,4,12,13]. Soft skills are
a set of personal attributes that enable individuals to interact
effectively and harmoniously with others. These skills are
highly valued by employers and are essential for success in the
workplace, as they facilitate effective communication,
teamwork, problem-solving, and leadership. Table I includes
the seven soft skills previously identified by Ngoo et al.[1]
which have the greatest impact.

Graduates and bioengineering students must adapt to
changing performance expectations by developing a broader
range of skills that complement their traditional technical
skills[1]. While graduates are aware of the need for soft skills,
such as communication, analytical, professional, and
teamwork skills, employers now expect graduates to have
"business awareness" and sensitivity towards current issues.
However, both students and employers have reported that
many university accounting programs fail to deliver both
professional and non-technical skills[5]. Universities play an
important role in bridging the gap between graduates and
employers[2,14,15].

TABLE I
SOFT SKILLS EVALUATED THROUGH STUDENT’S PERCEPTIONS
Soft skill Attribute evaluated (Ability to)

Communication = Confident communication (written and oral).
= Active listening.

= Effective presentations.

= Technology use in presentations.

= Negotiation and consensus-building.

= Effective cross-cultural communication.

= Expand one's own communicative skill.

= Use non-oral skills.

Critical thinking and
problem-solving

= Problem identification and analysis.

= Critical thinking and evaluation

= Think out of the box.

= Evidence-based decision making.

= Focus and attention to tasks.

= Adaptability to new environments and cultures.

Entrepreneurship = Identify business opportunities.
= Business planning and estimation.
= Effective opportunity creation and exploration.

= Self-employed (entrepreneurship).

Ethics and
professional moral

* Understanding impact of external factors.
= Ethics analysis and decision making.
= Ethical behaviour and social responsibility.

Leadership = Project leadership.
= Leadership and follower role adaptation.
= Contribute to teambuilding and work.

= Supervise team members.

Continuous learning
& information
handling

= Information research and management.
= Self-learning and idea reception.
= Curiosity and desire for knowledge acquisition.

Teamwork = Team collaboration towards common objectives.

= Flexibility to alternate between leadership and
follower roles.

= Cultural awareness and respect for others.

= Effective planning and coordination abilities.

Effective communication is one of the most important soft
skills for bioengineering students to develop. Bioengineers
must communicate effectively with their colleagues, clients,
and stakeholders to convey complex technical information in a
clear and concise manner. They must be able to listen actively,
understand the perspectives of others, and communicate their
own ideas effectively. Developing strong communication
skills will enable bioengineering students to work
collaboratively with others and to build effective relationships
with clients and colleagues.

Teamwork is another essential soft skill for
bioengineering students. Bioengineering projects often involve
collaboration between interdisciplinary teams, including
engineers, scientists, clinicians, and other professionals.
Effective teamwork requires good communication, trust,
mutual respect, and a willingness to collaborate and
compromise. By developing their teamwork skills,
bioengineering students can contribute to successful project
outcomes and build strong professional relationships.

Problem-solving is another key soft skill that
bioengineering students must develop. Bioengineering
projects often involve complex technical challenges that
require innovative solutions. Students must be able to analyze
problems, identify potential solutions, and evaluate the pros
and cons of each option. By developing their problem-solving
skills, bioengineering students can contribute to innovative
and effective solutions that improve health outcomes and
advance the field of bioengineering.

Leadership is another important soft skill for
bioengineering students. Bioengineering projects often involve
managing teams, budgets, and timelines. Students must be
able to motivate and inspire others, delegate tasks effectively,
and provide -constructive feedback. Developing strong
leadership skills will enable bioengineering students to take on
leadership roles in their careers and to contribute to the
advancement of the field.

B. Problem-based learning (PBL)

PBL has its roots in the medical field and was developed
in the 1960s at McMaster University in Canada. The original
intent of PBL was to help medical students better prepare for
the complexities of clinical practice by engaging them in
authentic problem-solving activities that resembled the real-
life scenarios they would encounter as practicing
physicians[8,16].

Over time, PBL has been adopted by other disciplines and
is now widely used in various educational contexts, from
primary to higher education, to help students develop critical
thinking, problem-solving, collaboration, and communication
skills[8,9,17]. PBL differs from traditional lecture-based
learning in several ways. In a lecture-based learning
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environment, the teacher assumes a dominant role, and the
students are passive receivers of information. The focus is on
the transfer of knowledge from the teacher to the student, and
the emphasis is on memorization and recall[10,12].

In contrast, in a PBL environment, the students take
responsibility for their own learning. The teacher or facilitator
acts as a guide, and the students work in groups to solve
complex, real-world problems. The emphasis is on developing
problem-solving, critical thinking, and communication skills,
rather than just acquiring knowledge[17].

PBL is an effective and engaging teaching and learning
approach that has several benefits. Firstly, it promotes active
engagement by providing students with real-world problems to
solve, which encourages deeper understanding and retention
of knowledge. Secondly, it emphasizes collaboration and
teamwork, as students work in groups to solve complex
problems, helping them to develop interpersonal and
communication skills. Thirdly, it encourages self-directed
learning, as students take responsibility for their own learning
by identifying their own learning needs and developing
strategies to address them. Fourthly, it promotes the
development of transferable skills, such as problem-solving,
critical thinking, and communication, which can be applied in
real-world situations. Lastly, PBL is a student-centered
approach that emphasizes the development of practical skills
rather than just the acquisition of knowledge, making learning
more relevant and meaningful to students[8,10,16]. Overall,
PBL is a powerful teaching and learning approach that can
help students develop the skills they need to succeed in the
21st century.

Several studies have investigated the impact of PBL on
the development of soft skills in engineering students. For
example, Schmidt and Moust[18] found that PBL had a
positive impact on the development of teamwork skills in
engineering students. Similarly, Hsieh and Knight [17] found
that PBL was effective in developing communication skills in
engineering students. However, few studies have investigated
the impact of PBL on the development of soft skills in
students of bioengineering. Given the multidisciplinary nature
of bioengineering, it is important to investigate the potential of
PBL to develop soft skills in this field.

Overall, the theoretical framework of this study is based
on the principles of PBL and its potential to develop soft skills
in students of bioengineering. The study aims to investigate
the impact of the assessment activities implemented in a
problem-based learning class for bioengineering students in
the ranking and level of achievement of soft skills. This with
the purpose of improving engineering education in Latin
America and the Caribbean.

III. METHODOLOGY

A.  Participants and data collection

The study consisted of 24 students who were currently
enrolled in the 6™ semester in the School of Engineering and
Sciences at “Tecnoldgico de Monterrey”. The students
belong to the fields of Bioprocess Engineering, Food
Engineering, or Chemical Engineering.

B.  Problem-based learning classes and activities

Following a problem-based learning approach, the class
dynamics consisted of organizing the 24 undergraduate
students into multidisciplinary teams. Within each team, at
least one student from each major is present in every team.
Four teams of five students and two teams of four students
were formed. Based on real industry problems, each team was
assigned a different problem directly linked to a local small
and medium-sized enterprise (SME). In general, all the
problems were based on reformulating or formulating a
product according to the needs of the SME, considering the
impact it will have on its quality from a nutritional, sensory,
microbiological, among other perspectives. Its technological
feasibility must be maintained, and sustainability principles
should be considered in decision-making. Innovation in this
product may involve changes in formulation or adjustments to
the process that lead to achieving, for example, a label with
certain claims, or with a specific shelf life.

The students work in small groups to identify the key
issues, generate questions, and develop a plan for addressing
the problem. They then conduct research to gather information
and develop a hypothesis that explains the problem. The
students test their hypothesis through experimentation, data
analysis, and critical thinking. As part of the class dynamics,
students were responsible for scheduling, leading, and
organizing meetings directly with a representative of SMEs.
Thus, students were in control of defining, devising, and
negotiating the scope and deliverables to be provided to the
entrepreneurs at the end of the class.

Throughout the process, a group of 4 teachers developed
the role of guiding the students and facilitators, providing
guidance and feedback as needed while covering enough
content so that they have the knowledge bases to solve the
problems. During the 10 weeks that the class lasted, different
evaluation activities were implemented to evaluate their
performance in a continuously observed and feedback
environment (Table II).

TABLE I
ASSESSMENT ACTIVITIES IMPLEMENTED IN A PROBLEM-BASED
LEARNING CLASS FOR BIOENGINEERING STUDENTS FOR 10 WEEKS.
Type of ‘Working

activity mode Details of the developed activities

Content review.

Laboratory practices (guided

according to the topics seen in class).

= Class activities (research of specific
topics and present the results to the
whole class).

= Development of the prototype for the

solution of the problem, considering

Learning Collaborative

Procedural

Collaborative
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a design of experiments (laboratory)

= Progress presentations of the
problem solution proposal (following
the design thinking methodology)

Integration

Concij; wal Collaborative | = Written technical'report explaining

and the proposed'solutlon to the' problem,
procedural results obtained, 'conclus1ons and
fnowledge future recommendations.

= Written argumentative exam.

Individual .
U * Oral argumentative exam.

The class activities culminate in a presentation and report
that summarizes the findings and solutions. Overall, the PBL
methodology encourages active learning, collaboration, and
critical thinking, and helps students to develop a range of
skills that are valuable in both academic and professional
settings.

C. Data collection and Indicators

A self-evaluation soft-skills test was conducted to allow
participants to assess and reflect on their own performance,
skills, abilities, and progress. The seven soft-skills and their
respective assessed attributes are presented in Table 1.
Specifically, participants were asked to rank the set of
attributes corresponding to each skill in order of perceived
importance. After the ranking, students were asked to rate the
level they consider to have in each attribute (level of
dominance) according to a rating scale (Table III).

During self-evaluation, participants were set specific
criteria against which they assess themselves. They consider
their accomplishments, challenges faced, feedback received
from others, and personal observations. This type of
evaluation was chosen since it considers self-reflection,
introspection, and a honest appraisal of one's own abilities
and actions. Additionally, it involves critically analyzing
one's strengths, weaknesses, areas for improvement, and
overall growth. It was based in a questionnaire developed
by Ngoo to measure the attitude of participants towards soft
skills [12].

TABLE III
SOFT SKILLS RATING SCALE FOR SELF-ASSESSMENT TESTS.
Level Description
Outstanding Extremely good performance which could

serve as a model example for others.

Higher or better than what is considered the
norm or average.

Satisfactory performance but could improve.
Lower or worse than what is considered the
norm or average.
Absence of
development.

Above average

Average
Below average

Lacking attribute, requires fully

The surveys were implemented at the beginning of the
class and at the end (after the 10 weeks it lasted). This with the
intention of evaluating the impact of the assessment activities
implemented in a problem-based learning class for

bioengineering students in the level of

achievement of soft skills.

ranking and

IV. RESULTS AND DISCUSSION

A. Relevance perception of soft skills

The perception of the bioengineering students about the
relevance of soft skills remained constant with respect to the
beginning or end of the class (data not shown). As revealed by
the survey questionnaires, a problem-based learning class has
no effect on the students' perception of the top two most
important soft skills attributes (Table IV).

TABLE IV
PERCEPTION OF BIOENGINEERING STUDENTS ABOUT THE RELEVANCE OF
SOFT SKILLS. TWO MOST RELEVANT ATTRIBUTES.

Soft skill Most relevant attributes
Communication 1. Confident communication (written and 71 %
oral).
2. Active listening. 50 %
Critical thinking | 1. Problem identification. 75 %
and problem- 2. Evidence-based decision making. 38 %
solving
Entrepreneurship | 1. Effective opportunity creation and 88 %
exploration.
2. Identify business opportunities. 63 %
Ethics and 1. Ethical behaviour  and social 88 %
professional responsibility.
moral 2. Understanding impact of external 88 %
factors.
Leadership 1. Leadership  and  follower  role 88 %
adaptation.
2. Contribute to teambuilding and work. 79 %
Continuous 1. Curiosity and desire for knowledge 79 %
learning and acquisition.
information 2.Self-learning and idea reception. 71 %
handling
Teamwork 1. Team collaboration towards common 75 %

objectives.
2. Flexibility to  alternate
leadership and follower roles.

between 50 %

Overall, these results suggest that bioengineering students
recognize the value of a broad range of soft skills in their field
and understand the importance of developing these skills
alongside technical expertise. Communication is a crucial skill
in any field, and the emphasis on confident communication
and active listening reflects the need for bioengineering
professionals to be able to articulate their ideas effectively and
understand the needs of others.

Problem identification and analysis, as well as thinking
out of the box, demonstrate the importance of critical thinking
and innovation in the bioengineering field. Bioengineers must
be able to identify problems and come up with creative
solutions to address them. Additionally, the emphasis on
entrepreneurship and identifying business opportunities
suggests that bioengineering students are aware of the growing
role of entrepreneurship in the field, as many bioengineering
innovations are commercialized through startup companies.
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The focus on ethical behavior and social responsibility, as
well as understanding the impact of external factors, reflects
the need for bioengineers to consider the social and ethical
implications of their work and to be mindful of the broader
impact of their innovations on society. Furthermore, the
emphasis on leadership, follower role adaptation, and team
building shows that bioengineering students recognize the
importance of collaboration and teamwork in achieving
common goals.

Finally, the emphasis on curiosity and desire for
knowledge acquisition, as well as self-learning and idea
reception, highlights the importance of continuous learning
and development in the rapidly evolving field of
bioengineering. Overall, the perception of bioengineering
students about the relevance of soft skills underscores the
importance of the soft skills in bioengineering education and
training programs.

B.  Self-assessment of soft skill levels

In particular, the evolution of soft skills was compared as
an effect of the problem-based learning methodology that was
applied. For example, as shown in Fig. 1, at the end of the
class, more than 80 % of the students had either improved or
maintained their level of teamwork skills. In contrast, this
result was significantly higher than the students who
experienced a negative impact on the development of the
attribute (ca. 17 %; p<0.05). This trend was observed for all
seven soft skills evaluated (data not shown).

Team work B incipient  ® Consistent

Team collaboration

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Fig. 1 Impact of the learning method based on problem solving on the
attributes of teamwork skills. a-b: means with the same letter in each attribute
are not significantly different according to t Student test (p <0.05).

When facing real-world problems in the field of
bioengineering, students must seek new and creative solutions
to address the challenges, analyse and evaluate complex
information to find effective solutions and learn to
communicate effectively and collaborate with others to
achieve a common goal. This helps them develop social and
emotional skills, such as empathy, conflict resolution, and
teamwork. Overall, an improvement was observed in the level
of development of the attributes of each evaluated soft skills.

However, when evaluating between consistent attributes,
significant differences were observed in five of the seven soft
skills, noticing that critical thinking and teamwork skills were
the only ones that did not have a significant difference
between their attributes (Fig. 1; p<0.05).

C. Communication skills

In the communication skills, the learning activities carried
out during the class, showed that the attribute least developed
among the students was the use of technology for making
presentations (Fig. 2). The use of technology for making
presentations involves knowledge and management of specific
tools, such as presentation software and hardware. While these
skills may be useful in the workplace, they are not necessarily
required in all situations. Therefore, it is possible that in the
context of problem-based learning, these skills may not be
significantly developed.

Communication skills e

= Consistent

WRITTEN AND ORAL INTERACTION  PRESENTATION TECHAUDIOVISUAL ~ NEGOTIATE  INTERCULTURAL

EXPAND  USE NON-ORAL SKILLS

Fig. 2 Impact of the learning method based on problem solving on the
attributes of communications skills. a-b: means with the same letter between
attributes are not significantly different according to t Student test (p <0.05).

Furthermore, the methodology used in problem-based
learning may not have included enough opportunities for
students to develop their skills in using technology to make
presentations. In this case, it may be necessary to consider the
inclusion of specific activities, such as workshops or projects
focused on the use of technology for making presentations, to
develop these skills.

D. Entrepreneur skills

A similar behavior was noticed in the development of the
entrepreneurship skills, where significantly the attributes that
were most developed were the identification of business
opportunities and the effective opportunity, creation and
exploration of opportunities (Fig. 3).
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Entrepreneurship skills

u Incipient
Consistent

s

Identify oportunities

Business plan Business oportunities Self-employed

Fig. 3 Impact of the learning method based on problem solving on the
attributes of entrepreneur skills. a-b: means with the same letter between
attributes are not significantly different according to t Student test (p <0.05).

In the context of business, problem-based learning can be
particularly useful for developing skills in identifying and
exploring business opportunities. By working on real-world
problem-solving in the business environment, students can
learn to recognize patterns and trends and identify business
opportunities that may not have been evident otherwise.

Furthermore, the focus on practical problem-solving in
problem-based learning encourages creativity and innovation.
When faced with complex business challenges, students can
explore new ideas and approaches to address the problem,
which can lead to the identification of unique and
unconventional business opportunities.

E.  Ethics and professional moral skills

In the ethics and professional moral skills, the learning
activities carried out during the class, showed that the attribute
least developed among the students was the impact of
understanding external factors (Fig. 4).

Ethics and professional moral

m Incipient
Consistent
a

L factors Anali: k Ethical behavior

Fig. 4 Impact of the learning method based on problem solving on the
attributes of ethics and professional moral skills. a-b: means with the same
letter between attributes are not significantly different according to t Student
test (p <0.05).

Problem-based learning focuses on developing skills to
solve specific problems through the application of previous
knowledge and skills. Although it may involve discussion and
reflection on professional ethics and morality in relation to a
particular problem, it does not necessarily focus on
understanding external factors that may influence these
aspects of the profession.

Therefore, problem-based learning may not be the best
methodology for developing a deep understanding of
professional ethics and morality in relation to external factors.
Other methodologies, such as critical analysis, ethical
reflection, and group discussion, may be more effective for
this purpose[9,17].

The teaching methodology to strengthen the importance
of considering external factors when developing a solution in
the field of bioengineering within the framework of the soft
skill of professional ethics and morality should combine the
identification of external factors, case analysis, discussion, and
reflection. External factors, such as cultural beliefs, social
norms, political policies, and economic conditions, can
significantly influence the ethical decision-making process in
bioengineering.

If bioengineers fail to consider external factors when
developing solutions, they run the risk of creating unintended
consequences that can have negative impacts on society and
the environment. For example, the development of new
medical technologies and treatments must consider the social
and economic context in which they will be implemented, as
well as the potential impact on vulnerable populations. Failure
to consider these factors can result in the perpetuation of
inequalities and the exclusion of certain groups from accessing
vital healthcare services.

Within the learning activities that should be included to
improve the level of awareness of the ethical and moral impact
of the proposed solutions to problems in the bioengineering
area, it is suggested case studies activities, where the students
can engage in group discussions and reflection sessions to
analyse the case studies presented and identify the external
factors that may have influenced the ethical decision-making
process. This may allow students to consider different
perspectives and gain a deeper understanding of the
importance of considering external factors.

F.  Leadership skills

The development of leadership skills among
bioengineering students through a problem-based learning
approach, showed no significant differences between their
adaptation in the role that they play in a group, the
contribution to teambuilding and work to achieve a common
goal nor the supervision of team members (Fig. 5; p<0.05). In
contrast, that the attribute least developed among the students
was the ability to lead a project.

Leadership skills = Incipient

Consistent

ab ab

role work per

Lead a project

members
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Fig. 5 Impact of the learning method based on problem solving on the
attributes of leadership skills. a-b: means with the same letter between
attributes are not significantly different according to t Student test (p <0.05).

Problem-based learning focuses on developing skills to
solve specific problems through the application of previous
knowledge and skills. Although this methodology may require
students to work in teams and collaborate in problem solving,
it does not necessarily focus on developing leadership skills to
lead projects.

The ability to lead projects requires a combination of
technical and soft skills, such as the ability to communicate
effectively, set clear goals, motivate team members, and
manage resources efficiently. Although problem solving may
require some of these soft skills, it does not necessarily focus
on their development in the context of project leadership.

Therefore, other teaching methodologies may be more
effective in developing leadership skills in the context of
projects. These methodologies may include project leadership
simulations, practical activities in which students can lead real
or fictional projects and receive feedback on their
performance, and opportunities to work in teams and develop
collaboration and effective communication skills.

G. Lifelong learning and information management skills

Finally, attributes of the continuous learning and
information handling skill also showed significant differences
(Fig. 6). Surprisingly, the attribute that showed less impact
due to the learning method used was the management of
relevant information (p<0.05).

Lifelong learning and information management
o Incipient
Consistent

b

Management of releva

Fig. 6 Impact of the learning method based on problem solving on the
attributes of lifelong learning and information management skills. a-b: means
with the same letter between attributes are not significantly different
according to t Student test (p <0.05).

Problem-based learning is a teaching methodology that
focuses on the problem-solving process as a means of
developing students' learning. This methodology involves the
identification and resolution of problems, which requires
students to search for and analyze relevant information to find
a solution. However, it is possible that an exclusive focus on
problem-solving may not allow for significant development of
search and management skills for relevant information. This is
because the methodology is focused on solving a specific
problem, rather than developing broader search and
information management skills.

To effectively develop search and information
management skills, it is necessary to integrate them into the
problem-solving process and teach them explicitly. This
means that students must learn to identify reliable sources of
information, evaluate the quality of information, and use
search and analysis tools to find relevant information. In
addition, since the field of bioengineering presents a range of
complex ethical and moral issues that require careful
consideration. To improve the level of awareness among
students regarding the ethical impact of proposed solutions to
problems in bioengineering, it is recommended to include case
studies activities in the learning activities.

V. CONCLUSIONS

In conclusion, this study highlights the importance of soft
skills in the education and training programs for
bioengineering  students. The results showed that
bioengineering students recognize the value of a broad range
of soft skills in their field and understand the importance of
developing these skills alongside technical expertise.
Communication, critical thinking and problem-solving,
entrepreneurship, ethics and professional moral, leadership,
continuous learning and information handling, and teamwork
were identified as the most relevant soft skills for
bioengineering students.

Therefore, the implementation of problem-based learning
methodology proves to be a strategy that positive impacts on
the development of soft skills in bioengineering students, with
significant improvements observed in five out of seven
attributes evaluated. However, specific skills such as using
technology for making presentations may require additional
attention in future curricula. Overall, this study emphasizes the
importance of focusing on the impact that teaching
methodologies have on the development of soft skills in the
School of Engineering and Sciences students. Feedback is a
valuable component in evaluation, since it promotes student
learning by emphasizing the goal to be achieved, provides
them with information on how their performance has been,
and guides them in the improvement actions that students must
carry out to achieve the sub-competences levels assigned to
this class.

To our knowledge, this is the first time that the
development of soft skills in bioengineering students has been
evaluated considering the impact of a problem-solving
methodology.
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