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Abstract—Team project-based learning (TPBL) combines two
learning techniques: 1) project-based learning (PBL) and 2) team-
work. This combination leverages the learning outcomes of both
methods and places students in a real work situation where
they must develop and solve a real project while working as
a team. TPBL has been used in two advanced database subjects
in Jaume I University (UJI)’s Computer Science degree program.
This learning method was used for four years (academic years
from 2018/2019 to 2021/2022) with positive outcomes. This study
presents the project development, which includes teamwork for-
mation, activities, timetable, and exercised learning competencies
(both soft and specific). Further, the project’s results were eval-
uated from three different perspectives: 1) teamwork evaluation
by teammates; 2) students’ opinions on the subject and project;
and 3) subject final grades.

Index Terms—Learning competencies, peer evaluation, project-
based learning (PBL), teamwork.

I. INTRODUCTION

EAM project-based learning (TPBL) combines teamwork

and project-based learning (PBL) methods. PBL is based
on a project as the main axis of the learning process [1], which
guides students through the development of a subject by posing
a challenge that cannot be solved solely by applying super-
ficial knowledge. In addition, PBL encourages an active and
motivated student attitude since they must take decisions when
proposing and defending solutions. The basic idea of PBL is
to place students in real situations that require them to analyze,
design, implement, and evaluate projects that have real appli-
cations, beyond the classroom examples. In this way, students
will be able to apply what they have learned to solve problems
in their future professional activities or propose improvements
in the communities where they work.

PBL has been applied as a teaching technique in several dis-
ciplines and learning levels. It has been widely used in higher
education levels [2], [3], [4], including Computer Science
degree programs [5], [6], [7], [8].
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Teamwork is extremely effective and appropriate in the
classroom, allowing students to not only expand their knowl-
edge and retain concepts and information over time but also
develop communication skills [9], [10], [11]. Particularly,
teamwork in a project is considered an essential skill
to be developed during the education of new profession-
als [12], [13]. The combination of PBL and teamwork allows
the active development of specific and basic skills, such as
the collection and interpretation of information, the issuance
expression of opinions and judgments, and the presentation of
arguments, thus promoting the transfer of ideas and consensus.

This study not only describes the TPBL method but
also investigates how it was implemented in two sub-
jects on advanced databases at Jaume I University (UJI)’s
Computer Engineering degree. In these subjects, the design
of information systems (ISs) is studied in-depth by applying
relational databases. The specific competencies of the subjects
focus on the definition, design, implementation, and mainte-
nance of ISs, and providing solutions to integrate problems
based on Information Technology (IT).

The aforementioned specific competencies are directly
related to the knowledge of real-world ISs. However, combin-
ing PBL with teamwork facilitates the achievement of learning
results and encourages the acquisition of basic skills, such as
problem solving, leadership, and critical reasoning. In sum-
mary, TPBL is a technique that is well suited to competencies
addressed in these subjects.

This study presents the experience and results of the gradual
implementation of the PBL combined with teamwork during
the last four academic years (from 2018/2019 to 2021/2022),
culminating in the full adoption of TPBL in the final year.
Results from three different perspectives, such as 1) students’
peer evaluation; 2) students’ opinions on the project’s impact;
and 3) subject final results, were analyzed.

Section II presents the context of the project implementa-
tion. Subsequently, Section III describes the project, activities,
competencies, and evaluation method in detail. Section IV ana-
lyzes and presents the results. Finally, Section V presents the
conclusions of our TPBL learning experience and the issues
that will be considered to continue with the presented learning
method within the Educational Innovation Group, of which the
signatories of this study are members.

II. BACKGROUND

The TPBL methodology presented in this study is developed
within the framework of the subjects Design of Database
Systems and Design and Implementation of Databases. These
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subjects, are, respectively, part of the ISs and Software
Engineering (SE) specializations offered in the syllabus of
the Computer Science bachelor’s degree program at UJL
Whereas IS specialization deals with information processing
for organizational procedures and systems, SE focuses on
developing software solutions using advanced algorithms and
data structures [14]. Thus, databases play a crucial role in both
specializations.

Both subjects are taught together because they share the
same characteristics in their respective specializations, such
as the same extension, academic year, and competencies.
Students share classrooms, contents, lecturers, and evaluations.

These subjects are taught in three parts: 1) theory (12 ses-
sions of 1.5 h); 2) problems (13 sessions of 1.5 h); and
3) laboratory practices (9 sessions of 2 h). Laboratory sessions
start in the sixth week, once the needed theoretical contents
have been introduced.

The evaluation of the subject is divided into the following

two parts.
1) The continuous assessment (60%) consists of the
following.

a) The delivery of activities in the theory/problems
sessions (20%).

b) The delivery of the practice bulletins at laboratory
sessions (20%).

¢) The development of a final team project (20%).

2) A final exam (40%).

Students must obtain at least 50% of the grade in each of the
two parts to pass the course.

During the last four years, the subject’s teaching staff has
worked on incorporating TPBL into the teaching methodology.
To achieve this, the subject’s teamwork was modified, and it
became a larger project, in which teams had to develop differ-
ent activities throughout the three parts of the classes (theory,
problems, and laboratory practices). During the project imple-
mentation, the following generic and transversal competencies,
which are essential to obtaining a graduate degree in Computer
Engineering at UJI, were worked on.

1) Capacity for analysis and synthesis.

2) Organizational and planning skills.

3) Oral and written communication in mother-tongue

language.

4) Ability to manage information.

5) Problem resolution.

6) Teamwork promoting respect for diversity, equity, and

gender equality.

7) Autonomous learning.

III. ACTIVITIES
A. Description

The set of activities designed to implement this potential
learning method is divided into two groups. The first group
includes simple tasks used to introduce basic database con-
cepts. The other group involves complex activities, identified
as core activities. These activities are studied, discussed, and
performed by working teams, with the proposed project being
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the main axis. Core activities refer to database design cov-
ering all levels: conceptual, logical, and physical, as well
as database implementation in a specific database manage-
ment system (DBMS), the creation of different business rules,
and a final report which includes a backup of the database.
The eight core activities proposed to the students are as
follows.

1) Description of Requirements: In the first teamwork ses-
sion, the teacher assumes the role of a client and
describes the company to be modeled. From this point,
the team analyzes the IS requirements.

2) Conceptual Design of the Data Model: In this part, the
semantics of the company’s data are defined considering
the data and the different user perspectives. The physical
representation is excluded at this stage. The result is a
conceptual schema.

3) Logical Design of the Data Model: In this activity the
conceptual schema is transformed into a logical one
in which the data structures of the database model are
identified.

4) Physical Design—Designing Tables: This involves
implementing the database from the logical schema
defined in the previous step. This new task involves
defining a set of tables and their constraints and creating
them in a specific DBMS.

5) Physical design—The Business Rules: These rules model
specific constraints on the IS for a particular com-
pany. This activity involves proposing the business rules
according to the project. Each team member’s activity is
determined by this proposal. Then, they are implemented
in the database and tested together.

6) Physical Design—Roles and Views: This is the third
activity related to physical design. The data model is
analyzed from a security and access perspective. Teams
must define the roles of the different users and their
views to access the data.

7) Physical Design—Business Rules on Views: This is the
last task in the design stage. Here, the business rules are
implemented based on the previously defined views.

8) Final Delivery: This is the final task and it matches
the end of the course. At that time, the teams must
deliver the project in a predetermined format, includ-
ing a copy of the database implementation. A template
that specifies the sections and format of the report is
provided.

B. Development

The project is divided into theory, problem, and laboratory
sessions throughout the academic semester. The first three core
activities (description of requirements, conceptual design, and
logical design) are developed in two sessions, as follows.

1) The teamwork begins in a problem session. In the class-
room, each team undertakes the assigned activity by
resolving its doubts with the teacher, who acts as the
client. This activity can be completed outside the class-
room and it must be delivered two days before the next
problem session.
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TABLE I

SUMMARY OF MILESTONE ACTIVITIES AND THEIR DESCRIPTION

Type of session  Session Core Activity Description
Problems P2 Requirements description The }nformatlon system to be modeled is presented. Teams must define the description of
CORE 1 requirements. o B
. . . Each team evaluates the description of two other teams. At the end of the activity, a
Theory T3 Evaluation of requirements N .
common description is available for all teams.
Problems P3 Conceptual design Each team develops its conceptual design based on the requirements description.
CORE 2 . . Each team evaluates the conceptual design of two other teams. Each team continues with
Theory T4 Evaluation of conceptual design . . .
its proposal. Discrepancies are resolved on the blackboard.
Problems P4 . . Each team models the logical design from the conceptual design.
Homework H1 CORE 3 Logical design Development of the proposed model in an SW tool.
Homework H2 CORE 4 Physical design The physical part of creating tables starts from the logical design.
Laboratory L2 Database implementation The physical design is implemented in the laboratory. In addition, data must be entered.
Laboratory 13 Triggers. Tntegrity rules In the session, a trlgggr is created to control project’s integrity rules. Each team member
prepares a different trigger.
. . J An audit trigger is created to keep track of the update operations. Changes to the database
Laboratory L4 CORE 5 Triggers for audits introduced by different users must be registered.
Laborato LS Trieeers. Business rules This practice session is focused on the development and implementation through triggers
Ty £gers. of different business rules of the project. Each team member prepares a different trigger.
This practice session is an extension of the activity developed in the sixth problem session.
Laboratory L6 CORE 6 External schemes and views The external schemes and views of the project are implemented. Each team member
prepares a different schema.
Laboratory L7 Views and triggers In this practice session, a database update is exercised through views and triggers.
Laboratory L8 CORE 7 Triggers and data maintenance In thls'p'ractlcr; session, the physical design is qulﬁed and an attribute is added to a table.
In addition, triggers must be generated to keep it always updated.
Homework H3 CORE 8 Final project document In this activity the team must produce a final document describing all project works

performed done during the course. The report includes a backup of the database.

2) Then, in the first part of the following problem session,
each team must perform a peer review of the solutions
provided by two other teams. With this knowledge of
alternative solutions to the task, students can incorpo-
rate some of the features of these alternative solutions
into their proposals. The teachers, who have previously
reviewed the delivered activities, discuss each team’s
proposed solution and offer modifications or alternatives.

Once the logical design is complete, each team must execute
the next activity outside the classroom. This activity includes
the physical design and the tables. The resulting database must
be deployed on the database server. This activity must be
completed before the next problem session.

The remaining physical design activities are distributed as
follows.

1) Teams make a first theoretical proposal for an activity

in the first related theory session.

2) Then, a subtask of the theoretical proposal is assigned
to each team member.

3) Each team member implements his/her assigned subtask
in the corresponding laboratory sessions.

4) Once the laboratory practice is completed, teams inte-
grate all subtasks of the core activity and implement
them into their database.

The final project delivery, which is the last core activity,
is performed outside the classroom. The deadline for submit-
ting the project report is the day of the final exam, which is
normally two weeks after the end of the classes.

The PBL is developed in two rounds of four core activities.
Every student on the team must lead an activity in each round.
The first round is considered completed once all teammates
have led one core activity. All the students will lead another
activity in the second round.

Table I describes, per core activity, the milestone activities
for the course and the distribution among homework and
classroom sessions.

C. Competencies

Although evaluating the impact of the TPBL learning
methodology on the development of competencies is challeng-
ing, the authors believe that some of them have been enhanced.
Let us analyze the reasons for these positive effects on the
basic and specific competencies under consideration. There
are the following basic competencies.

1) Analysis and Synthesis Capacity: This competence is
ensured as the work team must study the elements of
the proposed project and extract the requirements for the
database system. Mainly concerned with core activity 1.

2) Management of Information Capacity: This competence
is applied when modeling the IS and database of the
enterprise proposed in the project. It is mainly applied
in core activities 1 and 2.

3) Organization and Planning Skills: The project comprises
various activities with several deliverables. The mem-
bers of each group must plan the different activities
and distribute the work for each one. This competence
is difficult to apply in subjects based on independent
exercises or problems to be performed individually. It is
mainly applied in the core activity 1 because students,
after defining the project specification, must think about
the tasks and timings for its development. In any case,
this competence is exercised accross all activities, as the
work distribution is required in each of them.

4) Autonomous Learning Capacity: The subject’s basic
content is taught in the classroom. However, when
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applying this knowledge to a real situation, doubts, and
insecurities emerge. In a long-term project, students
must focus more on completing the specific learning
gaps adapted to the particular case of the project. It
must be considered that students have to evaluate and
compare their solutions with those of other groups (core
activities 1 and 2) and individual propositions within
the team must be debated and integrated into the project
(core activities 5-7).

5) Problem Resolution Ability: This basic competence can
be applied both in classical teaching and in TPBL meth-
ods. The difference is that in the classical teaching case,
students must work more independently and are forced
to find practical solutions to the encountered problems.
However, in the applied methodology, the solutions of a
team will be further compared with those proposed by
other groups. This competence is mainly applied in core
activities 5-8.

6) Teamwork Capacity, Respecting Diversity, and Gender
Equality: The project is divided into phases or activi-
ties. Students must plan and collaborate in all activities,
implying that the capacity for teamwork is exercised.
Moreover, as previously explained, all members of a
group must lead at least two activities (one in each of
the two rounds of the project). The activity leader is
responsible for assigning tasks to the members of the
group, incorporating the solutions proposed by team-
mates, and ensuring that the activity’s objectives are met.
The activities are organized in such a way that there is
no discrimination in the teams and that all members play
all roles.

7) Writing Communication Capacity: The use of this com-
petence is ensured by the fact that the last activity,
core activity 8, entails drafting a technical report on
the project. This document has a bigger scope than the
elaboration of independent explanations of different and
unconnected exercises. The technical report contains a
copy of the implementation of the database, as well as
a general description of the project with explanations of
the design decisions that have been made.

From the specific competencies of the Computer Science

degree, the subject must achieve the following.

1) Capacity to solve problems of information integration.
The exercise of this specific competence is ensured as
the students must analyze the project description and
provide a formal specification on which the project will
be based.

2) Ability to integrate IT solutions and business processes.
This is the main goal of the proposed project. This abil-
ity is significantly exerted during all project development
as the students must arrive at a technological solution for
the real practical case presented at the beginning of the
project.

3) Ability to specify, design, implement, and maintain IS.
These abilities are directly related to the activities to be
developed during the project and consequently, students
will improve their skills in all these aspects.
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D. Students’ Evaluation

During the project development, members of the teams are
requested to perform a self-evaluation and to peer-evaluate the
performance of their teammates by filling out a questionnaire.
This questionnaire is used twice, once at the end of the two
phases in which the project’s activities are organized. In each
round, all members of a team have already assumed the lead
role of one activity. In addition, in each round, the results of
these peer qualifications are sent to the students to get feed-
back. However, they only receive the average grade assigned
by their teammates; they are unaware of the marks awarded
by each member of the group.

Evaluation questionnaires among teammates have been thor-
oughly described in [15]. These are based on the rubric of [16],
which in turn followed the proposal of [17]. In these rubrics
the following teamwork soft skills are analyzed.

1) Contribution (CO): Proposition of

improvements.

2) Participation (PA): Involvement in the team’s goal.

3) Manners (M): Promotion of team’s healthy discussions.

4) Responsibility (R): Compliance with the deadlines.

5) Attendance (A): Do not skip team meetings.

6) Punctuality (PU): Arrival on time to the

meetings.

7) Conflict Resolution (CR): Suggestions of new alterna-

tives when disagreements occur in the team.

8) Leadership (L): Fair management of the workload dis-

tribution and motivation capability.
The questionnaire is presented through Google Forms with
the Corubrics tool extension, following the example, and
recommendations of [18].

Corubrics supports the rubrics-based evaluation process.
Once the form with the rubric is created, it is sent to the
team members, so that they can anonymously evaluate their
teammates. After completing the forms, Corubrics collects the
data in a spreadsheet and optionally presents charts with the
results.

As previously mentioned, after each evaluation round, stu-
dents receive a radar chart showing the marks awarded by
the other teammates. The second radar chart, corresponding
to the second evaluation round, includes the marks of the first
evaluation, to highlight their progress. Note that there are two
implicit evaluations.

1) The student’s perspective compared with the apprecia-

tion obtained from the rest of the team.

2) The student’s evolution compared with their individual

evaluated performance.

In this regard, students are not only evaluated by the lec-
turers; instead, the results of the rubrics are used to compute
part of their final mark.

The metrics obtained from the rubrics have been used
to measure students’ performance within their teams. Each
member is expected to express their appreciations to their
teammates. Rubrics’ results are presented as radar charts,
allowing students to be categorized. Fig. 1(a)—(c) show exam-
ples of these radar charts. The marks range from 0 to 4, with
4 being the maximum grade. Further, the red line represents

ideas and

team
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Examples of radar charts illustrating the different detected behavior. Red lines correspond to the self-evaluation, while blue lines represent the results

of the peer evaluation obtained by the student. (a) Fair. (b) Overestimated. (c) Underestimated.

the self-evaluation, while the blue line represents the average
the rest of the teammates’ peer evaluation.

These charts have allowed us to identify three categories of

students.

1) Fair: The team members’ appreciation is similar to their
self-appreciation. Fig. 1(a) shows an example of this
category.

2) Overestimated: Members of the team consider that
an individual’s performance is lower than their self-
appreciation. This behavior may also be understood as
optimistic. Fig. 1(b) shows an example of this category.

3) Underestimated: Members of the team consider that
the individual’s performance is higher than their self-
appreciation. This behavior can indicate that the student
undervalues their effort. Fig. 1(c) shows an example of
this category.

IV. RESULTS

In the academic year 2021/22, the results of this educational
experience have been analyzed from different perspectives:
1) the evaluation of the project by the teaching staff and
the students’ working groups; 2) the general opinion of the
students about the project; and 3) the final students’ marks.
Further, these results are compared with results obtained from
previous years.

A. Project and Teamwork Evaluation

As previously explained, each student makes a self-
evaluation and is peer-evaluated by their teammates after each
of the two rounds of the core activities. These evaluations pro-
vide important insight into students’ evolution as the project
progresses.

Fig. 2 shows the percentage of students classified into the
different categories (fair, overestimated, and underestimated)
in the two evaluation rounds. The figure shows an increase in
overestimated students at the expense of the fair class. The dif-
ferences between the two evaluations could be due to several
(and probably interrelated) factors, including the following.

1) In the first questionnaire, students do not adequately

evaluate their mates, assigning them extremely high
values, which is difficult to overcome in the second
questionnaire.

34%

34%

19%
38%

EFair EOverestimated Underestimated

Fig. 2. Classification of students after comparing their self-evaluation with
the peer-evaluation of their teammates. The inner circle corresponds to the
first round and the outer circle to the second.

2) In the second evaluation round, students have a bet-
ter understanding of both, their teammates and the
questionnaire.

3) The workload of the students when the second ques-
tionnaire is answered is higher, not only due to this
subject but also due to the addition of homework from
the other subjects. Consequently, some students have
reduced their participation in the working group.

Table II contains the aggregated evolution of how the stu-
dents have evaluated themselves. This table classifies the evo-
lution of the self-evaluations into three groups corresponding
to students who have not changed their evaluation (“same”),
others who report a decrease in performance (“worsen”), and
finally those who consider that their contribution has increased
(“improve”). Most students evaluated themselves equally in
both rounds. Nevertheless, there are differences in some met-
rics. The self-evaluation for the “contribution metric” (CO)
shows an increase in students who are performing worse.
However, in general, students regard themselves as more punc-
tual (PU) and better leaders (L) once they have finished the
project.

In the case of the peer-evaluations, Table III shows how stu-
dents have evolved from one round of evaluations to another
from their teammates’ perspectives. Again, the predominant
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pattern is to have the same evaluation for the two rounds.
However, the “same” rate, in this case, is lower than that
in the self-evaluation. Teams appreciate greater behavioral
diversity among their members. Generally, the team members’
performance worsens.

The students were asked to estimate their project’s final
mark in a final form. Fig. 3 contains the project mark (in red)
and the self-estimated mark (in blue) for each student. In the
figure, students are grouped by project teams.

Students expected higher marks than they received. This
deviation should be studied in the future since there is not
enough information to analyze this fact. However, given that
the actual marks follow the patterns of the estimated marks
(i.e., they seem to be correlated) a possible cause is a commu-
nication problem between the teacher and students about how
the evaluation of the project.

In summary, Fig. 4 shows the difference between the aver-
age actual project mark and the expected average mark per
team. Most groups were realistic about their marks since they
are within the range of £1 point. In particular, group #1 and
#10 were the less realistic.

B. Students’ Opinion on the Subject and the Project

During the last four years, students have completed a vol-
untary questionnaire to determine their opinions on both the
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Fig. 3. Comparison of the estimated and actual marks of the project for the students grouped by their teammates.
TABLE II 0,50
EVOLUTION OF SELF-EVALUATIONS
0,00 o .
CO PA M R A PU CR L o I I
2 -0,50
Same 33 32 33 30 36 34 29 32 §
&
Worsen 5 4 3 4 2 1 5 2 = -1,00
~
Improve 2 4 4 6 2 5 6 6 5 _150
p=
TABLE III -2,00
EVOLUTION OF PEER-EVALUATIONS
-2,50
CO PA M R A PU CR L 1 2 3 4 5 6 7 8 9 10
Same 23 23 18 23 26 20 20 24 Team 1D
Worsen 8 110 11 11 16 8 10 Fig. 4. Difference between the averaged final and expected project marks
Improve 9 6 12 6 3 4 12 6 per team.

subject and the project. This supplementary form is performed
at the end of the course after the students have received their
grades. The questionnaire uses a Likert scale ranging from 0
to 5, with O representing the maximum disagreement.

The following are the evaluation questions for the TPBL
methodology and other teaching techniques used in the
subjects.

1) At what point was the subject interesting to you?

2) State whether the subject has represented an excessive
workload for you outside the classroom (with a score of
5 representing an excessive and unappropriated load, 3
an adequate load, and 0 no load at all).

Rate the methods used in theoretical lectures, which are
based on deliverable exercises and peer evaluation.
Rate the method used in practical classes, consisting of
a workbook and related exercises.

At what level do you consider that the project has been
helpful to acquire better knowledge about the subject’s
contents?

Fig. 5 shows the mean values of the above questions. The
percentage of students who complete this questionnaire varies
between 64.5% and 71%. This figure shows that the stu-
dents rated the project positively. The opinion of the students
improves in successive years, probably due to the teachers’
accumulated experience in TPBL.

3)
4)

5)
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Student survey results
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Fig. 5. Results of the student opinion survey for four academic years.
TABLE IV
MEAN OF THE FINAL MARKS BY SESSION TYPE. THE FINAL MARK
DEPENDS ON THE WEIGHTS OF EACH PART. THE LAST COLUMN
CORRESPONDS TO THE ENROLLED STUDENTS PER YEAR

Year Exam  Laboratory  Project  Final = %Success  Students
2017/18 52 8.2 79 7,7 65,7 35
2018/19 6,2 8,3 8,0 8,0 78,3 25
2019/20 6,5 8.8 83 83 89,7 29
2020/21 6,2 8,5 83 8,1 79,0 38
2021/22 6,5 7,6 7,7 8,0 80,0 40

Question 2 is designed to provide an insight into stu-
dents’ perceptions of the workload introduced with the TPBL
methodology. Fig. 5 shows that the perception of the work
to be done improves in the first three years. Thus, activities
outside the classroom were reviewed and simplified. In this
regard, this value has decreased in the last year. Nevertheless,
students’ perception of the workload remains at values close
to 3, implying that it does not cost them more than they
expectated.

C. Final Results

Table IV presents the final results of the last five academic
years, with the percentage of the students passing the subject
and the number of enrolled students in the last two columns.
TPBL was not introduced as a teaching methodology in the
first academic year, 2017/2018, and instead, traditional aca-
demic work was done. In the last academic year, 2021/2022,
only the marks of the first exam session are included, since
the second exam session has not yet been done at the time of
writing this article.

Table IV shows that there has been a slight improvement
in the percentage of success since the TPBL methodol-
ogy was implemented in the academic year 2018/2019. This
upturn is mainly attributed to better results in the final exam,
given that the TPBL methodology help students for a better
understanding and application of concepts.

V. CONCLUSION

TPBL makes the learning process more attractive. The syn-
ergy created by combining teamwork and PBL place students
in a real work situation, which a group of people must address
a real problem from an organization or institution.

This study presents a PBL methodology applied to advanced
database subjects. In this experience, a complete IS must
be implemented for an entrepreneurial scenario. The subjects
were comprehensively taught using the TPBL learning tech-
nique in the academic year 2021/2022, based on the experience
obtained in previous years of PBL implementation; all sessions
(theory, problems and laboratory) are focused on the problem
to be solved by teams of four students.

Thanks to the different types of activities (simple and
core), timetable, and teamwork, students learn subject-specific
competencies and develop soft skills, such as analysis and
synthesis capacity, problem resolution, autonomous learning,
critical thinking, and leadership.

The results of the project development have been assessed
from three different perspectives: 1) peer evaluation within
groups and individual self-evaluation were performed using
specific rubrics; 2) students’ opinions on the project’s impact
in their learning outcomes regarding the subject; and 3) the
subject final results.

A positive impact was observed with the adoption of the
TPBL methodology. After using TPBL, final marks were
slightly improved and maintained stable at around 8 out of
10. Further, the survey to know the student’s perception of
the use of the TPBL confirms that it helps them acquire and
develop new skills. Thus, it can be concluded that the project
motivates students.

The positive results observed in this teaching experience are
a motivation for the ABP2INF'! innovation teaching group to
improve the Computer Science degree by applying the TPBL
methodology to other subjects.

However, some issues should be reconsidered in the future.
The TPBL methodology is more demanding than classical
techniques for teachers’ workload. When there are more than
five teams, it becomes difficult for a single teacher to ade-
quately manage the projects, as meetings and doubt-solving
sessions with the teams consume a significant amount of
time. A discoordination and disparity in the development of
some activities (particularly core activities 5-7) have also
been observed. These facts have affected the quality of the
final product presented by different teams. To address this
problem, specific guidelines need to be developed for the fol-
lowing course. Finally, delivering the project at the end of the
semester, close to the exam period, has a negative effect. A
way to minimize this drawback is to split the project delivery
into two parts: one for the database design (after core activity
4) and the other at the end of the project including the triggers
and views for the database, and the final report.

REFERENCES

[1] J. W. Thomas, “A review of research on project-based learn-
ing,” Autodesk Found., San Rafael, CA, USA, Rep., 2000.
[Online]. Available: http://www.bie.org/research/study/review_of_projec
t_based_learning_2000

[2] P. Guo, N. Saab, L. S. Post, and W. Admiraal, “A review of project-based
learning in higher education: Student outcomes and measures,” Int. J.
Educ. Res., vol. 102, May 2020, Art. no. 101586. [Online]. Available:
https://www.sciencedirect.com/science/article/pii/S0883035519325704

1 https://www.uji.es/serveis/use/base/UFIE/innoedu/registreGie/detall ?p_
grupo_id=157



[3]

[4]

[5]

[6]

[7]

[9]

[10]

This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.

A. Rosa-Guillamén, P. J. Carrillo-Lépez, and E. Garcia-Canté. “Learning
based on projects. A didactic experience from the physical education
area,” 2019. [Online]. Available: http://hdl.handle.net/10481/53934
H.-C. Kuo, Y.-C. Tseng, and Y.-T. C. Yang, “Promoting college
student’s learning motivation and creativity through a STEM interdis-
ciplinary PBL human-computer interaction system design and develop-
ment course,” Think. Skills Creativity, vol. 31, pp. 1-10, Mar. 2019.
[Online]. Available: https://www.sciencedirect.com/science/article/pii/S
1871187118301093

T. M. Connolly and C. E. Begg, “A constructivist-based approach to
teaching database analysis and design,” J. Inf. Syst. Educ., vol. 17, no. 1,
pp. 43-53, 2006.

R. Nattassha and F. N. Azizah, “Database analysis and design learning
tool based on problem/project-based learning,” in Proc. Int. Conf. Data
Softw. Eng. (ICoDSE), 2015, pp. 65-68.

R. Garcia-Robles, F. Diaz-del Rio, S. Vicente-Diaz, and A. Linares-
Barranco, “An eLearning standard approach for supporting PBL in
computer engineering,” IEEE Trans. Educ., vol. 52, no. 3, pp. 328-339,
Aug. 2009.

R. Caceffo, G. Gama, and R. Azevedo, “Exploring active learning
approaches to computer science classes,” in Proc. 49th ACM Tech.
Symp. Comput. Sci. Educ., 2018, pp. 922-927. [Online]. Available:
https://doi.org/10.1145/3159450.3159585

B. Oakley, R. Brent, R. M. Felder, and I. Elhajj, “Turning student groups
into effective teams,” J. Student Centered Learn., vol. 2, no. 1, pp. 9-34,
2004.

M. Sulaiman, Z. H. Mat, M. A. M. Nizah, and L. A. Latif, “The impact
of teamwork skills on students in Malaysian Public Universities,” Social
Sci., vol. 12, no. 9, pp. 1682-1686, 2017.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

IEEE TRANSACTIONS ON EDUCATION

V. J. Pitsoe and P. Isingoma, “How do school management teams
experience teamwork: A case study in the schools in the Kamwenge
district, Uganda,” Mediterr. J. Social Sci., vol. 5, no. 3, pp. 138-145,
2014.

E. Berry and R. Lingard, “Teaching communication and teamwork in
engineering and computer science,” in Proc. ASEE Annu. Conf., 2001,
pp. 9379-9389.

E. De Prada, M. Mareque, and M. Pino-Juste, “Teamwork
skills in higher education: Is university training contributing
to their mastery?” Psicologia Reflexdo Critica, vol. 35, p. 5,
Feb. 2022.

Computing Curricula 2020. Paradigms for Future Computing

Curricula. New York, NY, USA: ACM/IEEE Comput. Soc. Press,
2020.

V. R. Tomds, S. Iserte, and M. Perez, “Learning databases using project-
based learning,” in Proc. 15th Int. Technol., Educ. Develop. Conf., 2021,
pp. 4035-4039.

V. R. Tomas, S. Iserte, M. Perez, P. Boronat, M. Castillo, and L. Amable,
“Improving basic competences through project-based learning and team-
working,” in Proc. VI Congreso Int. Sobre Aprendizaje, Innovacion
Cooperacion, 2021, pp. 256-261.

E. Chica and M. Resumen, “A proposal for evaluation group by
heading,” Escuela Abierta, vol. 14, pp. 67-81, Nov. 2011. [Online].
Available: http://www.ceuandalucia.es/escuelaabierta/pdf/articulos_
eal4pdf/eal4_chica.pdf

M. Marqués. “Disefio de ridbricas y evaluaciéon con CoRubrics.”
Universitat Jaume 1. 2019. [Online]. Available: https://www.uji.es/
institucional/estrategia/plans/uji-digital/formacio-digital/cursos/curs-cor
ubrics




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Helvetica-Condensed-Bold
    /Helvetica-LightOblique
    /HelveticaNeue-Bold
    /HelveticaNeue-BoldItalic
    /HelveticaNeue-Condensed
    /HelveticaNeue-CondensedObl
    /HelveticaNeue-Italic
    /HelveticaNeueLightcon-LightCond
    /HelveticaNeue-MediumCond
    /HelveticaNeue-MediumCondObl
    /HelveticaNeue-Roman
    /HelveticaNeue-ThinCond
    /Helvetica-Oblique
    /HelvetisADF-Bold
    /HelvetisADF-BoldItalic
    /HelvetisADFCd-Bold
    /HelvetisADFCd-BoldItalic
    /HelvetisADFCd-Italic
    /HelvetisADFCd-Regular
    /HelvetisADFEx-Bold
    /HelvetisADFEx-BoldItalic
    /HelvetisADFEx-Italic
    /HelvetisADFEx-Regular
    /HelvetisADF-Italic
    /HelvetisADF-Regular
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


