

  education-14-00653




education-14-00653







Educ. Sci. 2024, 14(6), 653; doi:10.3390/educsci14060653




Article



PBL Impact on Learning Outcomes in Computer Engineering: A 12-Year Analysis



Pedro José Lara-Bercial *, María Cruz Gaya-López, Juan-Miguel Martínez-Orozco and Silvia Lavado-Anguera





Department of Science, Technology and Design, Universidad Europea de Madrid, Villaviciosa de Odón, 28670 Madrid, Spain









*



Correspondence: pedro.lara@universidadeuropea.es







Citation: Lara-Bercial, P.J.; Gaya-López, M.C.; Martínez-Orozco, J.-M.; Lavado-Anguera, S. PBL Impact on Learning Outcomes in Computer Engineering: A 12-Year Analysis. Educ. Sci. 2024, 14, 653. https://doi.org/10.3390/educsci14060653



Academic Editor: Brian M. McSkimming



Received: 23 April 2024 / Revised: 28 May 2024 / Accepted: 13 June 2024 / Published: 17 June 2024



Abstract

:

This article describes an evaluation of the Project-Based Learning (PBL) methodology implemented in the STEAM School of Universidad Europea in the Computer Engineering degree. The study raises research questions related to the perception of technical and soft skills acquired by students who used or considered PBL as their primary learning methodology compared to those who did not. Students’ motivation and adaptability to work after graduation have also been examined. The sample of students includes graduates from the last 20 years and therefore analyzes both the period in which the methodology was already implemented (from 2012) and some previous years. The study concludes that students who have identified or experienced PBL as their main learning methodology perceive a better acquisition of technical competencies and some soft skills, as well as better motivation and adaptability to the work environment.
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1. Introduction


In this section the Project-based-learning methodology implementation at the School is described, and the analysis for the present research contextualized.



1.1. Why PBL 12 Years Ago?


Even before the implementation of the European Higher Education Area (EHEA), early analyses recognized the need for career guidance programs to ease students’ transition to the labor market [1] and looked for ways to increase students’ motivation with their future professions [2]. To pursue both objectives, it was necessary to find a learning methodology that could develop the professional competencies of graduates and provide enough motivation during the process to reduce dropout rates [3].



In Europe, the EHEA forced a redefinition of the competencies to be developed during engineering studies, identifying the learning outcomes that every graduate should achieve. These results were described in terms of their depth using Bloom’s taxonomy [4], later revised to include assessment in addition to learning [5]



In addition, the experiential learning models described by [6] laid the groundwork for a new teaching approach called Project-Based Learning (PBL) [7]. Since then, PBL as a teaching methodology [8] has been widely adopted by many middle and higher education institutions. Some, such as Aalborg University, were among the pioneers in using it in their classrooms [9] and have continued to do so with the necessary evolutions [10]. From the vanguard of the PBL approach, it is promoted that project-based education is inherently multidisciplinary and produces better results than other methodologies thanks to the active participation of students.



At the STEAM School of the European University of Madrid (UEM), experiential learning has been a means to develop a more meaningful learning experience for our students, which meets the requirements of fostering deep learning and motivation. Research, innovation, and practical implementation of new teaching and learning methods using PBL are evident in numerous publications over the years [11,12] and even the impact of PBL on student behavior, especially their motivation, has been analyzed [13]



PBL has been applied and assessed in various fields, subjects, and curricula. In [14], the authors propose PBL to approach problems, relating it to the design thinking method. In [15], PBL is suggested as a method for learning “computational thinking”, a structured and methodical way of approaching complex problem solving.



Hence, in 2012 at the Universidad Europea de Madrid (UEM), after several years of implementation of the EHEA and considering the good results that PBL had given in other institutions, it was decided to start some PBL experiences in certain degrees, including Computer Engineering [16].




1.2. PBL History in the School and in the Degree


This implementation of PBL at the UEM aimed to enhance motivation; deepen learning competencies required for an engineering profession, both specific competencies and soft skills; and establish a link between the classroom and the real engineering world.



Over the past twelve years, the implementation of PBL in the school has gone through three main phases: an initial phase, where projects were introduced as learning activities spanning multiple subjects; a second phase, where specific project-related subjects were introduced in some curricula; and a final phase, aimed at reinforcing the methodology by systematizing and ensuring its effective use.



1.2.1. Phase 1: Let’s Use Projects


The first phase has already been described in detail by some researchers at the university [17]. That article explained how each academic year, students participated in comprehensive projects that covered parts of the content of multiple subjects, with several professors contributing to each project. The integrative projects were designed exclusively with subjects from the same year (horizontal integration) but could belong to different terms. The results of this phase were quite promising, although not without some unwanted effects.



Both teachers and students experienced an increase in motivation. Students perceived project integration as a valuable tool to foster deep and lasting knowledge of specific skills. The opportunity to participate in projects with external companies was highly appreciated by the students, further increasing satisfaction with their professors.



However, there was an excessive specialization of the members of the working group within the projects, which was not conducive to the acquisition of the learning outcomes by all students equally. It was also noted that good results depended mostly on the commitment of teachers, and that the use of the methodology varied significantly between different majors, as it was not a mandatory requirement in the design of the curriculum.




1.2.2. Phase 2: Project-Centered Subjects


As a result of the initial analysis, run in 2015 and published in [17], the STEAM School decided to update the curricula to include specific project-related subjects. For example, in the Computer Engineering degree, five subjects titled “Project in…” were added, allowing students to apply the knowledge acquired in other subjects within the same year on a project tailored to their level.



In the first year, students encountered a subject called “Engineering Project”, where they put into practice knowledge based on competencies in areas such as mathematics, physics, programming, and business. In the second year, computer engineering skills, including advanced programming, software engineering, databases, and microcontrollers, were developed in a “Computer Science Project” split into two subjects (one in each term). The following year specialized in computing through a “Computing Project”, where advanced database knowledge, artificial intelligence, and user interfaces were put into practice. In the fourth and final year, no PBL projects were carried out to allow students time to work on their mandatory final thesis, a requirement for all undergraduate programs in Spain.




1.2.3. Phase 3: PBL 2.0


In addition, in 2021/2022, two new initiatives were launched focused on evaluating the implementation of PBL in schools. On the one hand, a consulting company specialized in the implementation of PBL in educational institutions was hired to evaluate our School. Simultaneously, an external professor specializing in neuroscience and active teaching methods was invited to join our faculty for a month. Both the consultant and the teacher had the opportunity to review documentation, attend our classes, and interview students, faculty, and school board members.



This experience revealed that teachers had significantly different concepts of what an academic project was in the context of PBL, cooperative methodologies in the classroom could be improved, and implementation was uneven between undergraduate, graduate, and online degree programs. After a decade of implementation of PBL in the School, it became evident that improvements are needed mainly related to the systematization of certain processes. Among these, the process of defining the project, the evaluation of the students and the evaluation of the PBL implementation process. All of them were already considered areas for improvement by other authors, such as [14], who identified “transfer”, understood as “knowing how to apply what has been learned in one context to new contexts”, as an unresolved issue. Other experiences identified other critical success factors, such as the gradual introduction of PBL from the early years [18], as well as a comprehensive list of questions and answers, after implementation and implementation in three different Spanish universities [19].



In the 2022–2023 academic year, the need to understand what was really happening in the classrooms was addressed, pursuing three main objectives: (i) to establish a common vocabulary for all teachers on the essence and implementation of PBL in the School, (ii) to disseminate this shared vocabulary among all teachers, and (iii) to provide teachers with methodological tools that they could apply effectively in their classrooms.





1.3. Justification for the Analysis


Even though many references talk about a positive impact of PBL in students learning outcomes [11,13], there are no real studies that analyze how much PBL contributes to a better acquisition of specific competencies in Computer Engineering studies. Even more known effects of the application of project-based methodology, such as the increasing of motivation or a deep development of soft skills have not been study in the computer’s higher education programs. A review to identify some gaps and future research were developed in [20], but not from the perspective of the impact on technical and soft skills for computing engineers.



Some previous analysis [11,12] focused on existing literature regarding the factors that influence the effectiveness of PBL (both knowledge and thinking skills) but none of them are specifically designed to computer engineering discipline.



The primary goal of this study is to contribute to the assessment of the outcomes of implementing the PBL methodology in the Computer Engineering degree at the UEM over the past twelve years. The study aims to address multiple critical questions, including:




	
Depth of technical competency acquisition: Does the application of PBL genuinely lead to a deeper acquisition of technical competencies?



	
Development of soft skills: To what extent are soft skills developed through PBL?



	
Enhanced student motivation: Does PBL increase student motivation for learning, contributing to the goal of comprehensive student education?








To answer these questions, we plan to gather student feedback and opinions. We want to ascertain whether the following aspects are achieved, according to the perceptions of the students:




	
Enhanced student motivation: Does student motivation improve in PBL-based courses?



	
Deeper learning of technical competencies: Do students perceive a deeper understanding of technical competencies?



	
Awareness of soft skills development: Are students aware of the development of soft skills?



	
Transition to the Professional Environment: Do our students adapt more easily to the professional environment, and has the time required for on-the-job training been reduced?








By addressing these questions and collecting data from student perceptions, the study seeks to provide valuable insights into the impact of PBL on technical competence acquisition, soft skills development, student motivation, and overall student education. The findings will help design future curricula and identify teaching methodologies to improve the learning experience and outcomes for Computer Engineering students.





2. Materials and Methods


This study is presented within the framework of the University’s current PBL 2.0 project, and its purpose is to evaluate the process of PBL implementation during the last decade. The research is specifically aimed at knowing the perception of the graduates of one of the degrees of the School about the effect that the teaching method used during their studies has had on their learning process and subsequent professional performance. To this end, feedback has been collected from graduates of the University’s degree in computer engineering through a questionnaire related to their perception of the professional skills and competencies achieved. The results of the questionnaire are used to validate the objectives pursued with the methodology.



In addition, the data collected during the last decade have been analyzed, as part of the University’s quality assurance processes. Fundamentally in terms of academic outcomes: pass rate, failure rate, success rate, and satisfaction with learning. The objective of this additional analysis is to refute or confirm some of the results obtained with the graduate perception questionnaire.



2.1. Research Design and Selected Sample


The population considered for the analysis was that of all graduates who have graduated from the degree in Computer Engineering at UEM during the last 20 years. The study carried out with these graduates consisted of a quasi-experimental research with a post-test design with which to compare the results obtained in an experimental group (PBL group), those graduates who used the PBL model in their studies, and a non-equivalent control group, which has used traditional learning methods. For the study, it is assumed that the PBL pedagogical method is the independent variable, and that the acquisition of technical and transversal skills and other aspects related to motivation, professional adaptation or workload are the dependent variables in this study.



The sampling was incidental and unintentional since it is a time range that allows evidence to be obtained from the experimental and control groups. This population also includes various teaching formats, in face-to-face (F2F), online and hybrid modalities.



To carry out the research, a questionnaire was sent by e-mail to more than 600 graduates in Computer Engineering from the UEM, of which 114 graduates responded (Table 1). The level of response obtained is generally considered adequate in terms of size and representativeness, representing 19.5% of the total number of postgraduate students distributed in the different strata of interest for research.



56% of the responses correspond to students who identified PBL as the methodology used by their teachers (PBL group), while 35% did not identify PBL as the main methodology, so they considered that they studied according to a traditional model. This means that even though PBL was already the main methodology used, some of the students had the perception that they had not used it, so it was considered interesting to treat them as a different group from the sample. In addition, another different group was considered to be those who began their studies after the implementation of the PBL methodology in the School in 2012. In this case, the percentage of participants in this group rises to 67% (regardless of whether they identify PBL as the methodology used or not). That is why some results are also presented using this group as an experimental group (PBL2012 group), since it is of interest to compare the three groups: those who started to study before 2012 (No PBL running at all), those who started to study after 2012 that identify PBL as the main methodology (PBL Group) and those who started to study after 2012 regardless if they identify or not the methodology (PBL2012 Group).



By age, 22% are under 25 years old, 38% between 26 and 35 years old, and 40% are over 35 years old. The gender distribution is well in line with the current situation of the degree, with an 86/14 male/female graduate split. Most students (68%) have completed their studies in a face-to-face modality; the remaining proportion have taken them online or in a hybrid blended format.




2.2. Questionnaire Design


The questionnaire was designed to assess the degree of acquisition during studies of some soft skills and technical competencies established in the degree. These competencies have been selected from among those indicated in the current legislation that regulates the profession of Computer Engineer and are representative examples of the competencies that a professional must acquire.



The questionnaire questions were pre-tested with a small group of the sample who recommended some fine adjustments to the way the topics were presented to make them more self-explanatory. The results obtained in this validation phase were implemented in the final tool.



In the case of technical competencies, three have been selected by been considered particularly relevant: (i) ability to lead the activities that are the object of the projects in the field of Informatics; (ii) ability to define, evaluate, and select hardware and software platforms for the development and execution of computer systems, services, and applications; and (iii) ability to conceive and develop centralized or distributed computer systems or architectures integrating hardware, software, and networks.



In the case of soft skills, seven have been selected related to skills required in the professional environment: (i) teamwork; (ii) strategic communication; (iii) autonomous learning; (iv) resilience; (v) creativity; (vi) ethical-social competence; (vii) digital competence.



For each of these competencies, an evaluation rubric has been developed where the respondent is asked to identify the level of achievement of the competency that best matches their situation, according to a scale of five levels based on Bloom’s taxonomy. Thus, the graduate is asked whether, because of the studies, he or she can (i) remember, (ii) remember and understand, (iii) apply if told how to do it, (iv) analyze and evaluate situations to decide how to apply autonomously, or (v) create novel solutions to the problem (Figure 1).



In each of the rubrics, the graduate is asked about some items related to the competence, the details of which can be consulted in Appendix A.



The questionnaire also includes other questions related to the role of the teaching method in motivation, the workload derived, the ease of adapting to the activity and dynamics of the professional environment, and the level of autonomy at the beginning of the professional activity. These questions are answered using a 5-item Likert scale (in the low-high range), and additional comments or ratings are also solicited through open-ended questions.



Finally, the respondent is asked for their opinion on the methodology used during the studies, for which they must list the three aspects that they consider best, the three worst aspects, and what are the changes that they consider should be made. In order to identify the personal profiles of the respondents, the questionnaire collects information on the year of the start of the studies, current age, gender and teaching modality used in the studies.




2.3. Analysis Method of the Results


The results obtained in the questionnaire have been analyzed using a combined quantitative-qualitative methodology. The quantitative study consisted of descriptive (mean) and correlational (Pearson’s chi-squared test) analysis of the sample. To obtain the mean values, the levels of Bloom’s taxonomy have been converted into an ordinal numerical scale ranging from 1 to 5. In this scale, 1 represents the level of remember, and 5 represents the creative level. For chi-square tests, it has been considered that there is a significant dependence between variables when p < 0.05.



As mentioned, in addition to the data collected through the questionnaire, other academic results have also been quantitatively analyzed, as well as various quality indicators associated with the degree in the last ten years (those of PBL implementation). This analysis is therefore aimed at validating or refuting some of the results obtained from the questionnaire, with the aim of demonstrating the real impact of the PBL methodology in relation to two of the main objectives of its implementation: to motivate students, develop soft-skills, obtain a deeper knowledge of technical skills, and bring students closer to the work environment.



On the other hand, the qualitative study of the data has consisted of a content analysis using coding techniques and interpretative analysis [21].



The fields of open answer associated with the questions considered key have been analyzed: motivation, workload, professional adaptation, professional autonomy. In addition, the questionnaire closes with two free fields to indicate the main positive and negative aspects. A qualitative analysis has been applied to all these fields following the indications in [22].



The process followed has 3 phases: (i) initial reading (we proceed to the reading of all the literals obtained underlining the highlighted parts); (ii) categorization (categories and subcategories are associated with each of these literals); and (iii) connection (the results are associated with the context, in our case with the teaching methodology that is previously identified in the questionnaire). These steps have been carried out for each of the free text fields used in the questionnaire.





3. Results


3.1. Quantitative Analysis of the Questionnaire Responses


Based on the data collected with the self-perception questionnaire. The analysis was carried out using two data sets.



	
First, the perception of the level of acquisition of competencies based on the learning methodology that each participant identified as the most used during their studies. This first analysis aimed to answer the following research question: did students who identify PBL as their fundamental learning methodology perceive a higher level of competence acquisition?



	
Second, the correlation between the year in which they began studying and their perception of the level of competence acquired was analyzed. This analysis is especially important because it is known that only those who started studying after 2012 did so with a PBL model, regardless of whether they perceived it that way or not. This second analysis, therefore, answers the following question: did students who studied with the PBL methodology already implanted perceive a higher level of competence acquisition?






Although both studies may seem very similar, both add value, since of the 79 students who started at the School from 2012 (i.e., “ PBL2012 group”), only 56 chose PBL as the fundamental learning methodology (“PBL group”), the rest opted for other methodologies such as Problem-Based Learning, lectures or the case method. These data establish certain differences between the perception that graduates have about the methodology they used and the one they actually used, which would deserve an interesting analysis in the future. In any case, it is especially relevant to carry out the analysis from both points of view to try to eliminate the effect that the erroneous perception of the methodology could have on the results.



In addition, the impact of the methodology on other variables such as overall satisfaction with their studies, motivation, workload, adaptation to their first job and professional autonomy once they have graduated has also been analyzed.



Finally, although other demographic variables such as modality, gender and age of graduates were also analyzed, no significant results were found in the comparison between men and women or between the different age ranges. While it is true that some results suggest that there may be some differences, the sample size for women is not large enough to be able to draw relevant conclusions.



The results obtained from the self-perception questionnaire in each of the two analyses are discussed below. These results identify only those aspects dependent on the methodology, both in terms of the perception of the methodology used (PBL group) and the year in which they studied (PBL2012 group). To this end, Pearson’s chi-square test has been used, accepting as dependent only those aspects with values of p < 0.05 as usually recommended.



On the other hand, data collected over the last 12 years have also been analyzed, referring to the academic results of the students and their satisfaction with those subjects directly linked to the application of the methodology. This satisfaction was measured while the subjects were being taken using Likert scale questionnaires from 1 to 5.



3.1.1. Did Students Who Identify PBL as Their Fundamental Learning Methodology Perceive a Higher Level of Competency Acquisition?


Of the total sample, 56% identified PBL as the main methodology used by their teachers (PBL group). When comparing the results of this group with the rest of the participants, some interesting results emerge that are detailed below:



In relation to technical skills, there is a significant correlation between the participants of the PBL group and their perception of the ability to lead projects in the field of computer science. Especially in the identification of the phases and activities of the projects (p = 0.006) and in the use of the resources needed during them (p = 0.000). In the same way, this group perceives itself to be more competent when it comes to analyzing and evaluating software languages and technologies than the rest of the groups (p = 0.000). It is noteworthy, in any case, that the average evaluation of self-perception at the level of acquisition of all technical skills is 3 tenths higher in the PBL group compared to the rest (3.8 vs. 3.5 out of 5).



Regarding soft skills, there was only significant dependence between the individuals in the PBL group and their ability to communicate strategically (p = 0.035), but not with any of the other competencies evaluated. However, once again, the average evaluation of their level of acquisition of all the soft skills evaluated is almost 2 tenths higher in those who belong to the PBL group (4.2 vs. 4.0 out of 5).



Finally, Pearson’s chi-square test reveals that there is a very large dependence between motivation and the perception of autonomy when joining the first job and the fact of identifying PBL as the learning methodology used (p = 0.011 and p = 0.003 respectively). It is also interesting that, in relation to the workload associated with the methodology, those belonging to the PBL group report, on average, a lower workload than the rest (3.56 vs. 3.59 out of 5). Although it is small, the difference contrasts with the belief that PBL implies a greater effort for the student. Both variables, motivation, and workload, could explain the higher overall satisfaction indicated by individuals in the PBL group compared to the rest (4.2 vs. 3.6 out of 5).




3.1.2. Did Students Who Had Already Studied with the PBL Methodology (from 2012) Perceive a Higher Level of Competence Acquisition?


Of the total sample, 67% indicate that they began their studies at the School in 2012 or later, that is, once the implementation of the methodology began. However, only 70% of them recognize PBL as the basic methodology used by their teachers, which is, in fact, an interesting result. In any case, comparing the results of all those who started in 2012 or later years (PBL2012 group) with the rest of the participants, the results differ slightly from those obtained with the first analysis, but point in the same direction:



In relation to technical skills, for example, the dependency between the level of acquisition of these skills and the fact of having started studies before or after 2012 disappears. However, the difference in the average evaluation of the self-perception of the level of acquisition of all technical competencies is greater, which is 4 tenths higher in relation to the management of the project phases (4.3 vs. 3.9 out of 5) or 6 tenths higher in terms of knowledge of project development methodologies (4.0 vs. 3.4 out of 5) in favor of the group that began their studies from 2012 onwards. The same situation is repeated when talking about the mastery of software development languages and methodologies (4.3 vs. 3.8 out of 5). And in general, the self-assessment of all technical aspects is 2 tenths higher in group PBL2012.



Regarding soft skills, the fundamental change when comparing the groups before and after 2012 is that there is a very high dependency that had not appeared in the first analysis among those in group PBL2012 and the perception of their own capacity for resilience (p = 0.003), in addition to maintaining dependence on the ability to communicate strategically in favor of those who belong to group PBL2012. In the same way as in the first analysis, again the average evaluation of their perception in the level of acquisition of all the soft skills evaluated is 2 tenths higher for students in group PBL2012 (4.2 vs. 4.0 out of 5).



Finally, Pearson’s chi-square test confirms the dependence that was already detected in the first analysis between the PBL2012 group and motivation during their studies (p = 0.001). This trend can also be observed if we analyze the average score obtained by the assessment item in both groups (4.1 vs. 3.3 out of 5). In relation to the workload associated with the methodology, the result is repeated, the PBL group perceived a lower workload and slightly increased the difference between the perception of both groups (3.57 vs. 3.63 out of 5). Likewise, those in the PBL2012 group continue to perceive greater overall satisfaction with their time at the university (4.0 vs. 3.4 out of 5).



Another interesting result is that, if we analyze the overall satisfaction with their time at the university, which they declare to have had after some time of graduating, we can see (Figure 2) that satisfaction has been increasing, with each cohort, as progress has been made in the implementation of PBL, going from a 3.4 in the early years to a 4.0 in the last years.





3.2. Quantitaive Analysis of Academic Results along the Last Decade


To carry out this last quantitative analysis, academic data relating to thirteen subjects of the bachelor’s degree in Computer Engineering have been analyzed. These thirteen have been selected because they are those that are directly related to the PBL methodology, according to the following criteria: a subject is related to PBL if it is a specific subject of work on a project or if it is one of the subjects, with a more traditional methodology, which provides the necessary knowledge to carry out the projects. Table 2 shows the subjects selected by year and how they are classified into two groups: traditional and project-based.



Regarding the information used, the analysis has focused on the evolution in the percentage of passes, fails, not presented and the success rate (students passed among those who take the exam). Student satisfaction has also been analyzed.



Based on the number of passes in the subjects under study, it can be seen (Figure 3) that the average percentage of passes in traditional subjects has been gradually increasing from 60–65% in the years prior to the implementation of PBL, to figures close to 85% in the 22–23 academic year.



It is important to note that the 19–20 and 20–21 academic years were affected by the global health crisis resulting from the COVID-19 pandemic and that this has undoubtedly had an impact that is difficult to measure, but that it seems to have particularly affected the more traditional subjects. As for the project subjects, it seems to have had less impact and the pass rate has been gradually increasing since the first year of implementation. However, there is some irregularity that could be due to the specific project chosen in each year.



As for the number of no-shows, a criterion that allows us to assess whether the objective of increasing motivation and reducing the dropout rate is achieved (Figure 4), the evolution has been very positive, both in traditional subjects and in project subjects. Dropout rates have dropped from 20–25% to rates between 5% and 10%. Once again, the impact of the pandemic and subsequent years is noteworthy, where the number of students who did not show up was slightly increased, but in no case reaching the levels of the first years.



Finally, when looking into the evolution of the success rate (Figure 5), defined as the number of credits passed compared to those presented, it can be seen that the rate increased in the first years and, with the arrival of project subjects, there was a slight decrease in both project and traditional subjects, which subsequently tended to converge at levels above 90% in the last years of the study.



In relation to student satisfaction with the methodologies used, no significant differences were found between project subjects and traditional subjects, maintaining a similar trend over the years (Figure 6).



Finally, when inquiring into the self-perception of what has been learned (Figure 7), it is observed that, although similar values have been maintained over the years in traditional subjects, project subjects were perceived in the early years as less useful for learning, but their assessment has been improving and their fluctuations are also equal to the more traditional ones. This change in trend could be due to a change in the focus of the subjects of the projects after the first years, carried out from the 20–21 academic year. This change was motivated by the need to focus more on the life cycle of the project, how to organize, how to plan or distribute the work, without neglecting the more technical part, but giving greater importance to the attitude of professionalism when facing the first-year project.




3.3. Qualitative Analysis Results


This section describes the process and the results derived from the qualitative analysis described in the methodology section of this article. The subsections align with the open-ended text questions included at the end of the survey, which were as follows:




	
What was the best? Name the 3 most favorable aspects.



	
What was the worst? Indicate the 3 most unfavorable aspects.








As mentioned in the previous section, the quantitative data point to a better acquisition of certain competencies among students who recognized PBL as the majority methodology used during their studies and among those who started from 2012, the first year of implementation of PBL in the School. The qualitative analysis presented here helps to identify the two most important aspects of PBL’s impact on students: motivation and professional adaptation, and also identifies which aspects were the best and worst valued in relation to the methodology used.



3.3.1. Motivation


The categories used were: “motivating”, “partially motivating”, “not motivating”, and “online”, referring to the teaching methodology used. The subcategories included “adaptation to the work environment”, “practical application”, “deep learning of technical skills”, “use of innovative technologies”, “self-learning”, “teamwork”, “dropout”, “dependence on teachers”, “utility of what was learned”, “research spirit”, “evaluation”, “content”, “project development”, “work-life balance”, “teacher guidance”, “transversal skills”, “critical thinking”, and “engineering methodology.” These subcategories aimed to capture the themes of all the survey items, and all of them were duplicated with a “no” prefix when expressing their absence.”



In Appendix B, some examples of the categorization performed with the obtained literals are presented. We preserved the original language to maintain the initial expression of the students.



In the connection phase, efforts were made to associate categories with the methodology most selected in their respective programs. The findings are presented in Table 3, where the number in each cell denotes the frequency of occurrences for the category represented in the column with the identified methodology in the corresponding row. For instance, the methodology “Project-Based Learning” was categorized as “Motivating” 37 times. Blank entries occur when respondents either do not provide a literal or when the provided literal cannot be linked to an associated category.



55% of respondents identify the project-based learning methodology as motivating compared to 21% for other methodologies.



Table 4 displays the occurrences of each subcategory identified in the rows, corresponding to the methodology identified in the columns. Two values are presented for each cell, the first being positive and the second negative. For instance, the 7/0 value in the first cell indicates that on 7 occasions, the project-based learning methodology was identified as positive for adaptation to the work environment, with no instances of negative identification. The ‘conciliation’ row is shaded in grey because it can be inferred from the literals that respondents considered it an ‘online’ methodology not available for selection in the preceding questionnaire questions, and therefore, it does not contribute information to this analysis.



It can be observed that the most frequent subcategories for project-based learning are “adaptation to the work environment”, “practical application”, and “deep learning of technical skills.” The most common negative aspects of the methodology are “lack of teamwork”, “lack of content”, and “lack of teacher guidance.” In the first case, it is derived from the difficulty that the respondent considers teamwork to have. In the second case, it is mentioned in the verbatim “[…] they had more theoretical knowledge, but at a practical level, it made a difference”, referring to colleagues from other universities (understood to use different methodologies). In the last case, it refers to the excerpt “[…] It’s very easy to come to the classroom, sit down, and say ‘do this,’ without explanations or prior basic knowledge […]”, this feeling may be due to a poor implementation of the methodology by the teacher or because the students, accustomed to more guided and less active training activities, initially express rejection.



In the case of “others”, combining the responses from the methodologies of “lectures” and “problem-based learning”, the most frequent subcategories are “practical application”, “self-learning”, and “dependence on the teacher.” This indicates that the motivation felt during the teaching-learning process depended on the teacher’s ability. The most common negative subcategories are “lack of practical application” and “non-engineering methodology”, reflecting the idea that studying engineering degrees requires a more practical approach than what is achieved with other methodologies.




3.3.2. Adaptability to the Job


Table 5 displays, in the first column, the categories considered for the open question about professional adaptation. Once again, it is evident that many respondents either did not provide a response or the obtained response did not allow classification into any of the categories (out of a total of 114 responses, only 48 could be categorized). Ninety percent of the responses that identified project-based learning believe that their adaptation to the professional environment was easy, compared to 47% for the rest of the methodologies.



Appendix C shows the subcategories and the number of occurrences for each of them for PBL and for other methodologies.



The highest values correspond to the subcategory ‘thanks to PBL’. All responses are from subjects who have studied with PBL, with 9 of them considering that the ease of their professional adaptation is due to the use of the PBL methodology. One of them explicitly states that their ease of adaptation was not due to PBL. Another interesting piece of information in the table is related to the subcategory ‘use of methodologies seen in university’. There are 6 students who used PBL methodologies, and they indicate that they applied methods and methodologies learned in university, which later facilitated their integration into the profession.




3.3.3. What Was the Best?


The categories mentioned as the “best thing” are displayed in Appendix D and are arranged in order based on the frequency of mentions by the surveyed group that identified PBL as a teaching methodology.



In the case of PBL, respondents mention that teamwork and professors were the best aspects, with 25 and 13 occurrences, respectively. They are followed by practical application, faculty proximity, simulation of reality, and professional adaptation, each with 8 occurrences. In third place, they indicate methodology, the use of current technologies, and content with 7, 6, and 5 occurrences, respectively.



It is worth noting that “methodology” is mentioned as the best aspect on 7 occasions and 0 in the rest of the options. Furthermore, in the case of lectures, it is mentioned once as a negative aspect.



“Practical application” and “self-learning” are the two aspects identified by the problem-based learning methodology group, while “faculty proximity” is identified by the lecture-based classes.




3.3.4. What Was the Worst?


Appendix E shows the categorization done for the responses where participants indicated what was the worst. It’s important to highlight that the initial categorization resulted in values that were too scattered, leading to the need for a second round:



	
Workload. It is the most frequently mentioned category. Various aspects are referred to: (i) it is considered that at times the workload required for the project is not calculated accurately, (ii) self-imposed demands lead to a lack of time to deliver a project “up to standard”, (iii) project implementation requires more day-to-day effort, (iv) in some cases, teachers do not coordinate to establish delivery dates, (v) good initial planning is crucial, (vi) it is of particular importance during “peak moments”.



	
Project definition. The identified aspects are: (i) it is crucial that the objectives are well-established, (ii) in some cases, the utilized project excludes certain subjects considered of interest, (iii) integrative projects within a single course should revolve around a unifying theme, (iv) they should be simulations of reality, (v) it is difficult to include theoretical foundations, (vi) when each group carries out a different project, it is perceived as disorganization, and finally, (vii) it would be a very good idea to include multidisciplinary by involving students from other fields.



	
Teachers. In this case, the following points are highlighted: (i) lack of uniformity in the application of Problem-Based Learning (PBL), with cases where it is not applied at all, (ii) lack of support, direction, guidance, or explanation in project implementation, (iii) in some cases, a lack of subject matter expertise is identified, (iv) lack of coordination, and finally, (v) there is a need to enhance teacher training in PBL.



	
Teamwork: In this case, there are multiple instances of team members not actively contributing, exhibiting variations in skill levels, motivation, maturity, or expectations. Additionally, there is an identified need for providing specialized training in teamwork for both students and instructors.



	
Project Development: Involves (i) a lack of guidance from the instructor, (ii) additional challenges when projects are conducted remotely, (iii) difficulties arising when building upon products developed by other teams in previous subjects due to a lack of quality, (iii) the use of outdated technologies, and finally, (iv) a perceived lack of organization in some instances.






The group of students who did not use PBL precisely identified the methodology as the worst aspect. The arguments they put forth include: (i) classes are too theoretical, lacking practical application, (ii) they lack more hands-on labs and (iii) activities that are more closely related to professional reality. They use adjectives such as tedious, monotonous, or repetitive. They believe that, at times, many activities are used, which, in many cases, are not useful.






4. Discussion and Conclusions


This study shows that the Project-Based Learning methodology seems adequate to acquire certain technical competencies and soft skills, or at least this is how it is perceived by the graduates who have used it.



Although it is always uncertain when analyzing perceptions, it seems that there is a direct relationship between the use of the methodology and students’ perception of success and satisfaction in certain competencies. Some soft skills such as autonomous learning, strategic communication or resilience benefit greatly from the methodology. However, in other skills such as teamwork or decision-making, there does not seem to be a particularly positive impact of PBL.



In the case of technical competencies, the results indicate that those students who perceived PBL as their fundamental learning methodology do have a perception of having acquired a higher level of competence, especially in those competencies related to project management and planning. In the same way, students also admit to being more motivated when learning with the PBL methodology. Likewise, from the most objective point of view, dropout rates in subjects are lower when PBL is used compared to the use of other methodologies such as lectures.



Although a specific analysis would be necessary, it seems to be intuited that the better acquisition of technical and soft skills, and the increase in motivation or autonomy associated with PBL, may also be the most likely cause of the observed improvement in grades. Over the past twelve years, academic results, subject success rates, and achievement rates have improved. The decrease in dropout rates is very noticeable, as well as the improvement in grades, not only in the Projects subjects, but also in the more traditional subjects related to the Projects.



Regarding the students’ workload, it is observed that the relationship with the application of PBL is inverse and, contrary to what might be expected, the use of the method requires, according to the students’ perception, a lower workload. However, one of the main problems of the methodology, perceived by the students, is related to teamwork or the autonomy required to plan and seek solutions independently.



Finally, the use of PBL also improves other aspects related to incorporation into the labor market, such as the perception of autonomy in problem solving or the ability to easily adapt to new contexts.



Undoubtedly, all these results are still circumscribed to a specific implementation of the methodology, in this case that of the School, so this study opens the door to new research: in other degrees, with other student populations, with other implementations of PBL or, for example, focusing on other competencies and learning outcomes.
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Appendix A. Items Included in the Rubrics for the Assessment of Technical Competences and Soft Skills




	Technical Competences



	Ability to direct the activities that are the object of projects in the field of Informatics:

- the identification of activities that are part of projects in information technology.

- the methodologies applicable to a project in the field of computer science.

- the resources required for a project in the field of computer science.



	Ability to define, evaluate and select hardware and software platforms for the development and execution of computer systems, services, and applications:

- software involved in any computer system, service, or application.

- hardware involved in any computer system, service, or application.

- possible architectures of a computer system, service, or application.



	Ability to conceive and develop centralized or distributed computer systems or architectures integrating hardware, software, and networks:

- methodologies applicable to systems integration.

- distributed systems.

- network architecture.



	Soft Skills



	Teamwork

- Roles in the team, interdependence and individual and group responsibility, work planning, analysis of functioning, people management, identification of needs and improvements.



	Strategic Communication

- Oral and written communication skills, handling of technical/scientific texts.



	Autonomous learning

- Ability to design and create learning according to the objectives pursued.



	Resilience

- Ability to adapt to adverse, unexpected, or stressful situations.



	Creativity

- Ability to create new ideas or concepts from known ideas and concepts.



	Ethical-social competence

- Ability to carry out the necessary transformations within their area of influence to acquire ethical behaviors and social commitment in the performance of professional activity.



	Digital Competence

- Ability to manage, integrate and innovate in the use of ICT tools available for data search and analysis, research, communication, and learning.







Appendix B. Examples of the Categorization Performed for Motivation, with the Acquired Literals









	Literal
	Motivation

Category
	Motivation

Subcategories



	I think that when we set ourselves problems, there is no more room to combine studies with the practical aspects that we see on a day-to-day basis
	Motivating
	Practical application



	What moved me wasn’t the methodology, it was the goal of getting the degree out
	not motivating
	



	Let’s see, it depends on the case, I think that not everyone in my case used the same methodology or at least each one applied it in the way that they considered most appropriate, there were some that I consider motivated me more and others less.
	Partially motivating
	dependence on teachers



	It helped me become self-taught and more involved in my day-to-day work.
	Motivating
	self-learning



	I am motivated to carry out a project and to move forward in it
	Motivating
	project development



	By applying a project-oriented type of teaching, it was very easy for me to understand concepts that were sometimes too abstract in theory. For example, there’s nothing better than creating your own web tool to understand how web technologies work.
	Motivating
	deep learning of technical skills



	The online methodology allows a better reconciliation with our personal/work life and in that way allowed me to carry out the studies, which otherwise would have been impossible.
	Online methodology
	conciliation



	It was an enriching experience, as it teaches how to develop later in real work environments, but perhaps it was weighed down by some problems typical of group work of students, such as some of them not being involved in the project.
	Partially motivating
	Adaptation to the work environmentNot teamwork



	Creating large, team-based projects adapts very well to what we will encounter in working life. In addition, students are encouraged to go one step further and apply new and cutting-edge technologies.
	Motivating
	Adaptation to the work environment Use of innovative technologies



	Poorly applied PBL does not motivate the student. Many times, the motivation arose among the students themselves to continue incorporating interesting functionalities in the projects, not because of the participation or motivation of the teachers. It is very easy to come to the classroom, sit down and say, “do such and such”, without prior explanation or basic knowledge, since many PBL subjects overlapped with the subjects that could provide us with the knowledge to deal with them.
	not motivating
	Non- teacher guidance



	Venía de otra universidad donde se aplicaba una metodología muy teórica, donde no podía ver para qué servía lo que hacía.
	Motivating
	Nonuse of innovative technologies



	I think it encouraged proactivity and the drive to keep learning more than what was given in class.
	Motivating
	research spirit



	The case-based methodology helped me a lot to solve and make a difference with the rest of my classmates from other universities. Such. They had a more theoretical knowledge but on a practical level it made a difference
	Motivating
	Non-Content Adaptation to the Work Environment



	I consider the pedagogical approach of teaching important not only to obtain good results at the level of subjects and courses, but also to cultivate the curiosity and motivation of the person, as well as the development of soft and personal skills. Particularly, in my case I would hope to encourage the collaborative model even more.
	Motivating
	research spirit transversal skills



	It motivated me to want to create projects and innovate and made me think for myself
	Motivating
	critical thinking



	Strict methods, with no room to explore or innovate, a system that penalizes creating something new or out of the reach of the student’s knowledge. It is rewarded for following the rules, meeting the objectives, or copying what others have done
	not motivating
	Not critical thinking



	When I started the degree I didn’t understand if you want the concept of programming and other technical terms, now a lot of progress has been made in schools and institutes and they arrive at the university with some idea, in my case many changed their degree, I was lucky enough to have young teachers who related and showed a lot of enthusiasm to their students and told us real experiences of the application of what we learned
	not motivating
	dependence on teachers

drop-out



	A methodology based on lectures or mere learning can be applied in certain areas of the Humanities, but it does not make sense in Engineering. Those subjects that used a mainly practical methodology aroused my attention more and have been more useful in my subsequent career.
	not motivating
	Non-Engineering Methodology







Appendix C. Occurrences of Each Subcategory Related to Professional Adaptation




	Subcategory
	PBL
	Other



	Auto-learning
	2/1
	0



	Good onboarding planning by the company
	0
	1



	Soft skills
	2
	0



	Depends on the individual
	1
	0



	Unlearning
	0
	1



	University-business level difference
	0
	1



	Faculty availability
	0
	1



	Very theoretical teaching
	0
	1



	Very theoretical teaching
	1
	0



	Flexibility
	1
	0



	Basic training
	0
	2



	On-the-job training
	0
	1



	Thanks to PBL
	9/1
	0



	Thanks to internships in companies
	1
	0



	Felt prepared
	0
	1



	Better than peers
	1
	0



	Less workload than in university
	0
	1



	Not traumatic
	0
	1



	Worked previously
	1
	0



	Teamwork
	0
	1



	Used methodologies learned in university
	6
	0







Appendix D. Categorization of the “What Was the Best?” and Occurrences of Categories Associated with Learning Methodology




	Category
	Problem-Based Learning
	Project-Based Learning
	Lecture
	Case Method



	“Teamwork”
	2
	25
	2
	1



	“Teachers”
	1
	13
	4
	1



	“Practical Application”
	5
	8
	4
	0



	“Faculty Proximity”
	1
	8
	6
	0



	“Reality Simulation”
	0
	8
	4
	0



	“Professional adaptation”
	2
	8
	2
	0



	“Methodology”
	0
	7
	0/1
	0



	“Current Technologies “
	0
	6
	3
	0



	“Content”
	0
	5
	3
	0



	“Deep Learning “
	2
	4
	1
	0



	“Self-learning”
	3
	4
	1
	0



	“Flexibility”
	0
	4
	2
	0



	“Learning by Doing”
	0
	3
	0
	0



	“Autonomy”
	0
	3
	2
	0



	“Communication “
	0
	3
	0
	1



	“Planning”
	0
	3
	1
	0



	“Projects”
	0
	3
	3
	0



	“Soft skills”
	0
	2
	1
	0



	“Creativity”
	0
	2
	0
	0



	“Problem/Conflict Resolution”
	1
	2
	0
	0



	“PBL”
	0
	2/1
	0
	0



	“Short Lectures”
	0
	1
	0
	0



	“Project Development”
	0
	1
	0
	0



	“LMS (Learning Management System)”
	1
	1
	2
	0



	“Resilience”
	1
	1
	1
	0



	“Theory/Practice Balance”
	1
	0
	0
	0



	“Work-Life Balance”
	0
	0
	0
	0



	“Knowledge”
	0
	0
	1
	0



	“Discipline”
	0
	0
	1
	0



	“Useful”
	0
	0
	1
	0







Appendix E. Categorization of the “What Was the Worst?” and Occurrences of Categories Associated with Learning Methodology




	Category
	PBL
	Other



	Workload
	17
	4



	Project definition
	15
	4



	Teachers
	15
	5



	Teamwork
	14
	5



	Project development
	11
	4



	Curriculum
	7
	1



	Project execution
	6
	2



	Evaluation
	6
	3



	Content
	4
	1



	Methodology
	3
	10



	Nothing
	3
	2



	Theoretical subjects
	2
	2



	Level
	2
	1



	Resources
	1
	3



	Communication
	1
	0



	Prestige
	1
	0



	Personalization
	1
	1
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Figure 1. Example of an assessment rubric used in the questionnaire. 
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Figure 2. Overall satisfaction of students with the university. 
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Figure 3. Percentage of passes by type of subject. 
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Figure 4. No shows ratio by type of subject. 
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Figure 5. Success ratio by subject group. 
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Figure 6. Satisfaction with methodology by subject group. 






Figure 6. Satisfaction with methodology by subject group.



[image: Education 14 00653 g006]







[image: Education 14 00653 g007] 





Figure 7. Satisfaction with Learning by subject group. 
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Table 1. Proportion of the sample to the total number of graduates, and distribution by learning modalities.
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Group

	
Sample

	
% of Total Sample

	
Modality




	
F2F

	
Virtual






	
Control Group (PBL Group)

	
64

	
56%

	
39

	
25




	
Control Group (PBL2012 Group)

	
79

	
69%

	
47

	
32




	
Total

	
114

	
19.5% of total alumni

	

	











 





Table 2. Traditional and project-based subjects considered in the study.
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Traditional Subject

	
Project-Based Subject






	
First Year

	
Object Oriented Programming

	
Engineering Project




	
Second Year

	
Programming with Linear Structures

	
Computer Science Project I & II




	
Data Bases




	
Programming Advance Techniques




	
Third year

	
Artificial Intelligence

	
Computing Project I, II & III




	
User Interfaces




	
Intelligent Systems and Knowledge Representation











 





Table 3. Categories linked with learning methodology for motivation.
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	PBL
	Other





	Motivating
	37
	10



	Partially Motivating
	3
	2



	No motivating
	1
	15



	Online
	1
	3



	Blank
	25
	17



	Total
	67
	47



	% Motivating
	55%
	21%



	% No motivating
	1%
	32%










 





Table 4. Categories linked with learning methodology for motivation.
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	PBL
	Other





	“Adaptation to the work environment”
	8/0
	1/1



	“Practical application”
	7/0
	4/3



	“Deep learning of technical skills”
	7/0
	0/1



	“Use innovative technologies”
	1/0
	0/0



	“Self-learning”
	6/0
	2/0



	“Teamwork”
	3/1
	0/0



	“Dropout “
	0/0
	1/0



	“Dependence on teachers”
	4/0
	2/0



	“Utility of what was learned “
	2/0
	1/0



	“Research spirit”
	2/0
	0/2



	“Evaluation”
	0/0
	0/1



	“Content”
	0/1
	0/2



	“Project Development”
	2/0
	0/0



	“Conciliation”
	1/0
	2/0



	“Teacher Guide”
	0/1
	0/3



	“Transversal skills”
	1/0
	0/0



	“Critical Thinking”
	0/0
	1/0



	“Engineering Methodology”
	0/0
	0/3










 





Table 5. Categories linked with learning methodology for professional adaptation.
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	PBL
	Other
	Total





	Easy
	90%
	47%
	34



	Medium
	10%
	13%
	5



	Difficult
	0%
	40%
	6



	Total
	30
	15
	45
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theoretically
appropriate situation

| correctly apply various
types of HW, and | know
how to analyze and
evaluate their
performance, making
informed decisions in
practice

| can analyze and
evaluate the
performance of
different types of HW
to create innovative
combinations that
better suit the
requirements

In relation to
potential
architectures of
a system,
service, or
computer
application

| remember different
types of HW & SW
architectures, but |
don't fully understand
the differences
between them

| remember different
types of HW & SW
architectures, and | fully
understand the
differences between
them

| understand different
types of HW & SW
architectures, and |
am able to apply each
one in the
theoretically
appropriate situation

| correctly apply various
types of HW & SW
architectures, and |
know how to analyze
and evaluate their
performance, making
informed decisions in
practice

| can analyze and
evaluate the
performance different
types of HW & SW
architecture to create
innovative
combinations that
better suit the
requirements






media/file5.jpg
90%
5%
0%
75%
70%
65%
60%
55%
50%

1011 1112 1213 1314 1415 1516 1617 17-18 1819 1920 2021 2122 2223

«++Percentage of Passes In Project Based Subjects = Percentage of Passes in Traditional Subjects





media/file3.jpg
L
RRERESLEE

Global Satisfaction

<2006 2007-2011 20122017 20182021






media/file1.jpg
Rty o defin, asess, and selec hardvare nd software lafors o the development and execlon of computer systems, ervies

Toreionto | remember dferer | remember fret | Tonderand afeer | 1carectysohyvaios | e s rd
sftware | s of W ngunes | s o W ngunges | sl S el Wianguages | oot
nvcivedin sy | andtchologis b1 | s chologs nd | aguagessnd | s tchncogs
e, sari, | Sort s | fbyonderondihe | tcholopan sad1 | Lnowhon s amte
rcomprar | e sreces frence b | bl sppy e | nd evin
et | beween e e et et s

eeresiy ormed ducios

e sin | e

Torton o[ Tememberdferer | Tremenber afrey | Tondesard fer | Teomeciy oy aios | e snoie 3
e | s . bu o | o, | Sy W, 11 | pe o,

kv sny | Rbyordasondthe | undastandtne v e

e, snie, | Gftvuncesbeween | Gieancesbeween | cra i e

arcomprar | 